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PREFACE

Membrane electrochemistry and Black Sea Conferences

We do not realize that our every movement fromflilkk of the wrist to the
spiritual impulse is a membrane process. Maybe wgenat even aware that the
faces of the conference participants are the mesttiful of the membranes, and
that all functions determining our life are the nieames’ functions.

The first person who took this idea from naturethe simplest form and
used it for the human’s good was French scientidtabobé Jean-Antoine Nollet. In
1748 he used a pig bladder as a membrane and wxpdhee most exciting
substances for man, water and alcohol. From tlehigtory of membrane science,
we choose another event that has occurred jushondred years ago. In 1912,
Loeb and Beutner have established the phenomenageledtive permeability of
cations across an apple skin as a membrane.

Apples have always been a reliable object of kndgde ranging from the
apple, which Eve plucked from the tree of knowledged including the apple
whose falling led Newton to the discovery of thes laf universal gravitation. In
our time, the company Apple is trying to continbes tradition.

Let us return from the trip through time to the ib@eghg of our conferences
on membrane electrochemistry. From 1975 to 1993 wWexe annually held in the
village of Dzhubga on the Black Sea. Their organw@s Nikolai Petrovich
Gnusin, Titan in life and work. The conferenceshledd allowed the scientists of
the Soviet Union working in the field of membraneatrochemistry to form a
united scientific community. Its distinction was@mbination of friendly relations
between colleagues with a productive criticism amttual aid. We did not meet
other communities in which friendship and adherdogerinciples were combined
so lucky. A feature of the Dzhubga conferences imalsservance of time limits, as
guestions and discussions were not limited, andetheas a case of their
continuation during a whole night until morning.

Since 1994, the organizer of the conference wastoWidvanovich
Zabolotsky. The peculiarity of the Conference 1986 holding it completely in
English. There was extensive involvement of Eurapgaentists, which became
possible due to research activity by Victor Vasilth Nikonenko at the Paris 12
University and his scientific contacts with scistgifrom France. Millenium 2000
was held in Sochi, and then the annual conferelbegan to be held in this blessed
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place, near Tuapse. By this time, the ranks ofgasibnals in electrodialysis were
cut so that the conference had to expand its scHpwever, the community

maintained a high scientific potential through gragticipation of the outstanding

scientists of the institutes of the Russian AcadeshySciences and Moscow
University, who reported on a variety of issuesimafrganic chemistry, physical

chemistry and electrochemistry, coupled with theobpgms of membrane

electrochemistry. Now the number of participantg@ases from year to year, and
the English language becomes more and more fluentommunications and

discussions.

Andrey Borisovich
Yaroslavtsev
participates actively in
the Conference since
2000. Now he is the
Chairman of Organizing
Committee.

The Young Competitions
have the increasing
popularity. They are
organized annually within
the framework of Conferend
as tradition.




There are still a lot of unsolved problems challeggactivities within our
scientific community. Let us mention some of them:

1. There are no mathematical models of real electigmbes, such as EDI with
ion exchange bed filling the intermembrane space.

2. We can not measure concentration fields in the nmanas.

3. The problems of membrane scaling and fouling dugtegtrodialysis are not
fully resolved, which prevents the wide use of thmhalysis for
demineralization and purification of waste watemmf of heavy metals and in
other application.

4. There are no ion exchange membranes with an dakree on the substrate like
membranes for reverse osmosis.

5. Despite the fairly large number of ion exchange im@mes produced in
different countries, there are no membranes, whitth meet the specificity of
particular electromembrane processes. There asatrgfactory membranes for
fuel cells, no stable anion exchange membranethéseparation of solutions
containing large organic anions (dairy industrypagation of amino acids, etc.),
no low-cost and quality bipolar membranes, no meambs for high-
temperature electrodialysis.

6. There is no microscopic theory of membrane transpothe basis of quantum
chemical and molecular dynamic methods.

To the problems listed above, | would add the mwbbf visualization of
solution electroconvection in electrodialyzer compents, although it can be
solved by laser Doppler anemometry with the samecess with which the
problem of visualization of concentration fieldssasolved by the method of laser
interferometry. John Bernal believed that it is mugore difficult to see a problem
than to find a solution for it. But in this casketvision of problems so far not led
to their solution. Richard Bowen said: "If you dired of membranes, you are tired
of life." We are not tired of membranes, or of lifleecause there are a lot of
unresolved problems stimulating our activity, and wish to the participants of
the Conference success in their solution.

Vladimir Alexeevich Shaposhnik,
Professor at Voronezh State University
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Introduction

Nowadays, the study of hydrogen-containing multipoment gas mixtures separation is of
great importance because the demand of hydrogémcisasing. Hydrogen is used in many
important chemical process industries, such as dagdacking, methanol production,
manufacture of silicon, fuel cells, etc. Due to thevironmental concern, clean-burning
characteristics of Hmake it attractive as vehicular fuel, especiatly drban areas. There are a
lot of available gas mixtures seems to be promismgces for hydrogen production for example
bio-sources (bio-hydrogen obtained by means ofebi@c{1,2] and bio-syngas produced as a
result of solid organic waste or wood pyrolysis3[L, The problems of hydrogen recovery from
multicomponent gas mixtures assume the developmokestfe technologies with low power
consumption. Membrane and adsorption methods amm@hes of such processes, since they do
not require energy for phase transition.

Experiments

This study is focused on the recovery of hydrogemnf multicomponent gas mixtures by
integrated membrane/PSA system. The paper presieatsollowing results: computational
estimation of the six-component mixture »(EO/CQ/N,/CH4/H,S) separation by means of
membrane modules; estimation of the integrated manedPSA system efficiency; experimental
results of gas mixtures separation by integratednibnane/PSA system with commercially
available membranes (GENER®Nollow fiber membrane module and PVTMS flat sheet
membrane module). The experiments were carriedusuy model gas mixtures (He/@O,
which imitates H/CO,/CO mixture and He/HCO,/Ny).

Results and Discussion

It is shown that hydrogen recovery degree may aeh#0-97% for bio-synthesis gas and
petrochemical gas in case of 70% hydrogen pre-cdrat®n at the membrane stage. As a
result, the hydrogen of 99.9 % purity may be oladiat the PSA stage. Obtained results could
be considerably improved by application of new meanb materials and new adsorbents. The
H,S, CO and KO permeability through the membranes was estiméedneans of the
correlation analysis. Prospects of suggested hyecidnology are considered as well.

Acknowledgements: This work is partially suppotigdcKMNe 16.516.11.6139
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Introduction

This study shows the properties of experimentatrogieneous bipolar membrane samples [1]
which were analyzed by the electrodialysis apparafith industrial solutions.

Experiments

Three compartment electrodialysis stack was asssmbd study properties of bipolar
membranes. This stack is shown in Fig.1 and it ist;isof three compartments: diluate
compartment (2, 5, 8) concentrate (acid and bas@partment and electrode compartment (1,
11). The cell in the electrodialysis stack considteation-exchange, anion-exchange and bipolar
membranes.

o
moe

SALT BASE ACID ELECTODE

Figure 1.Scheme of the stack configurations by electrotiitysis with bipolar membranes

It is a standard three-compartment stack in cortjonavith the electrodes [2]. All membranes
in cell were heterogeneous type. In table 1 you s quantities analysis of initial industrial
solutions.

Table 1: Composition of salt solution

Parameters Unit industrial

solution
pH 3-4

conductivity mS/cm 60 — 65

Na;SO, g/ 65— 85

cl mg/! 800 — 1000

ca”, mg/| <30
Mg mg/l <30

U mg/l <005

Table 2 presents test conditions of electrodialgpigaratus with model solution (A) and real
solution (B).
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Table 2: Conditions of electrodialysis apparatus

Condition B
type of apparatus EDR-Z
active area of the membrane in the cell S, cm  ° 64
type of assembly (three-compartment) AM|BM|CM
compartments number 6
membranes numbers

bipolar (BM) 6
anion-exchange (AM) 6
cation-exchange (CM) 7
solution Na ,SO, real
salt volume V(Na ,S0,), L 50
volume of chamber in the stacks for 0,5
generations acid and base V(H ,0), L

unit voltage U (V/cell) 1,5-5,0
solutions circulation rate, v I/h 25
work apparatus regime batch

Results and Discussion

In the Table 3 there are process parameters atdtesnhditions. There are also final acid and
alkali concentrations including current efficiencproduction rate and specific energy
consumption. The optimum process voltage is betvdeehV per cell. Increasing voltage above
4 V doesnt have effect on acid and alkali produttiand only lead to increase energy
consumption.

Table 3: Electrodialysis Process Parameters

. Current . specific energy
U, ime ConC(e:ntrz/iltlo efficiency n, produc/:urc])n rzte , consumption
No. |(Vicell | I, Am? | 10 | NGO % eq/(h m?) W, Whig
) H,SO, | NaOH | H,SO, | NaOH | H,SO, | NaOH | H,SO, | NaOH
1 1,5 68,75 1100 | 49,8 53,3 | 52,10 | 68,17 | 1,42 1,13 3,22 2,48
2 2,0 71,88 1100 | 62,4 71,1 | 55,83 | 59,00 | 1,95 1,93 2,62 2,22
3 3,0 228,12 | 1100 | 94,3 | 102,5 | 64,43 | 42,90 | 3,03 3,01 9,26 5,72
4 4,0 342,19 | 1100 | 117,5| 117,1 | 65,70 | 42,65 | 3,79 3,98 | 12,85 | 7,97
5 5,0 376,56 | 1100 132 | 118,1 | 54,60 | 30,31 | 4,47 3,82 | 17,14 | 12,29
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Introduction

Narrow pores, produced by the track-etching prooedselectric foils, have been successfully
used as model cylindrical channels with electricalharged walls since the 1970s [1, 2]. The
uniqueness of the track-etching technology arisa® the possibility to independently vary the
pore number and the pore size. Moreover, the peoengtry can also be varied at will. Recently,
several etching methods were developed which allowthe formation of pores of pre-
determined configuration. Sophisticated irradiatiequipment makes it possible to produce
single tracks, or regular arrays of tracks, in pady foils. Therefore, the ion track technology is
a good platform for developing engineered microd aanoporous membranes, the transport
properties of which can be finely tuned. In thesprd report, different irradiation and etching
procedures that allow for the fabrication of nanops membranes, with pre-set pore geometry
and pore number, are presented. Such membrandsecased for nano- and ultrafiltration, for
the development of sensors, ion pumps and othexflodtic devices.

Experiments

The membranes were produced from polymer foils imodganic thin films. Polyethylene
terephthalate (PET) and polycarbonate (PC) foileevii®-23 um thick. Silicon oxide and silicon
nitride films were 300-500 nm in thickness. Irrddia with heavy ions was performed on the U-
400 and IC-100 cyclotrons of the Flerov Laborat¢dNR, Dubna), the linear accelerator
UNILAC (the GSI Helmholtzzentrum fuer Schwerionersithung GmbH, Darmstadt) and the
Tandetron tandem accelerator (INBZ). These accelerators provide ion beams withgesser
from 0.1 to 11 MeV/u. Further chemical etching wasformed using appropriate reagents,
depending on the particular material.

Asymmetric diode-like nanopores

One-sided etching with electro-stopping providesical nanopores [3]. Asymmetric etching
using a surfactant-doped etchant opens up thelplitysof creating longitudinal profiles other
than conical, i.e., with a degree of taper thategaalong the pore [4]. One-sided pre-treatment
with ultra-violet radiation and subsequent two-dideching in the surfactant-doped alkaline
solution makes it possible to fabricate pores withighly-tapered (bullet-like) pore tip (Figure
1A). In electrolyte solutions, the asymmetric poneth a highly-tapered tip exhibit substantially
non-linear current-voltage characteristics (Figu@). The formation of nanopores with different
tip shapes is based on the interplay between cladtiiack by alkali and the protective effect of
surfactant. These two components of etching solutiffuse into the pore at different rates.
Varying the etchant component concentrations makssssible to tune the degree of taper and,
thus, the ion current rectification properties bk tnanopore. Among all of the structures
fabricated and tested, the asymmetric bullet-likeep, with a tip radius of 13 to 20 nm and a
base radius of 100 to 150 nm, showed the highesfication. In contrast, the relatively short
conical pores that widen too much (see Figure I®wed almost symmetric current-voltage
characteristics. Therefore, we have found an optinshape of pores to be used as nanofluidic
diodes.
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1 um

A B C

Figure 1. A, B — FESEM images of asymmetric pard®BT foils with a highly-tapered tip
and a wide cone angle; C — the |-V characteristitthe pores with the bullet-like tip. The
numbers at curves denote KCI concentration. The plcameter on the upper side of both

membranes is 50 nm

Nanopores in thin inorganic matrices

To provide improved membrane robustness, allownfiariaturisation and integration with
other ionic and electronic devices, silicon-baskdf@rms are the perfect choice. Attempts have
been made to develop nanopore membranes of sibixiole and silicon nitride. Silicon nitride is
extremely radiation-resistant. We succeeded iningeta satisfactory nanopore structure by
irradiating SiN films with particles as heavy asi@ns at an energy of 710 MeV. The obtained
ultrathin freestanding membranes (with a thickre#s00-300 nm, and a pore diameter of 3-100
nm) feature excellent selectivity based on the peten charge and size [5]. Due to their small
thickness, membranes with extremely low diffusiesistance can be fabricated.

S5AAAA:

Figure 2. Nanopores in freestanding thin film, watt average diameter of 70 nm. left: $i0
irradiated with 1 MeV/u Xe ions and etched in 4% &R 2C; right: SiN irradiated by Bi ions
and etched in BP0, at 143C

Regular nanopore arrays

For nanotechnological applications, an array of oRapertures with a regular spatial
distribution is favored, whereas the normal ioradration technique distributes ion tracks at
random. The microbeam facility at GSI (Darmstadtrr@any) allows a,deterministic' irradiation
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so that a regular pattern of a pre-set number mjlesitracks, placed at certain distances, is
produced [6]. SEM images in Fig. 3 show the appesaf the membranes having conical pores
spaced at a 5 um interval. Due to the highly asytmoad shape, the narrow pore tips can be
considered as pinholes in a thin partition to bedusn atomic beam optics and in sensor
applications. All the transport characteristicshed membrane can be precisely adjusted either by
pore geometry and number of pores.

L AL

N

Lol et
‘.‘.‘_.. |
OREAL LI
TN

) L 3000x e _:
Figure 3. Arrays of regularly distributed conicabges produced using the microbeam
irradiation [6] and the asymmetrical etching [4] eft: polycarbonate foil 2@m thick; right:
PET foil 4um thick. The larger pore diameter is aboyir®, and the smaller pore diameter is
about 50 nm in both membranes. The smaller pommelier is below the observation limit at the
magnification used. Scale bars: 1

The same principles allow control over the hyd@aukesistance of the membrane. The
diameter of a wide part of the pores provides forektively high flow rate through the
membrane, whereas the small diameter of pore rggokarns the retention properties. Our study
shows that the degree of tapering and, thus, tbeous flow rate can be varied at will [7]. A
wide variety of engineered porous membranes, widtific architecture, can be fabricated and
used in micro- and nanofluidics.
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Introduction

Numerous biological, physical, chemical, photochehor electrochemical processes were
developed for water treatment. Electrochemical @sses are particularly interesting because of
their relative simplicity and the possibility torggrate in situ oxidizing species. Electrochemical
techniques are for example used to eliminate ocgemnpounds such as pesticides or dyes via
the electro-Fenton reaction in which hydroxyl radscwith a strong oxidizing ability are electro-
generated [1]. Two mains routes are used to insyituhesize hydroxyl radicals. The first one is
the dioxygen reduction on carbon electrodes to ywbtydrogen peroxide which is chemically
reduced to hydroxyl radicals by #eised as catalysis, according to equation (1).

Fe' +H,0, - Fe" +OH™ +OH’ (1)

The second route is water oxidation on boron dapachond which directly electro-generates
radicals because of the high overpotential of orygeoduction on this materials. The main
drawback of the use of boron doped diamond is itje édquipment cost.

For this purpose, we focused our attention on thkogation of electronic conductive carbon
materials to produce porous membranes that willsed as electrodes for the electro-Fenton
reaction. Carbon membrane materials are becoming maportant in the area of membrane
technology due to their high selectivity, perme&piland stability in corrosive and high
temperature operations [2, 3]. With the aim to dgy@raphitic porous membranes, we describe
here the synthesis and characterization of carbesed tubular supports and their use as
contactors for the electro-Fenton reaction.

Experiments

Different graphite carbon powders (Timcal CorpamatiSwitzerland) with various particles
sizes (25, 44 and 150 um average particle size)mixed with a phenol-formaldehyde resin
solution and organic additives. The formulation westruded and treated at different
temperatures under nitrogen atmosphere to get dirpbrous tubular support with a highly
uniform porous structure. The composite membrane a&nalyzed by scanning electron
microscopy, X-ray diffraction, Raman spectroscagy] mercury porosimetry. Conductivity and
mechanical resistance were also determined.

First results showed the porosity and the conditgtof the tube which constitutes the support
can be sharply controlled depending on the orgaddlitives nature, carbon particles size and
carbonization temperature. The optimal carbonizatemperature is 1000°C leading to average
conductivity values of 10 oheni® (Fig. 1).
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This porous carbon tube was then used as suppprepare micro-filtration active layer. The
mineral charge used in the formulation developedtf@ slip casting process is a graphite
powder of 4um average particle size. Layers of @@ thickness with a mean pore size of 0.8
pum were obtained (Fig. 2).

2 T
Figure 2. SEM micrograph of porous carbon tube iithation layer

Performances of the as-prepared porous graphitebnages were determined toward the
electro-Fenton reaction. Best chemical and elelbewical conditions to produce hydrogen
peroxide were determined.

The Acid Orange 7 (AO7), a common dye, was theml @ésea model molecule to determine
the ability of the membranes to mineralize thislygaht. Spectrophotometric measurements
were conducted on the treated solutions as a fundti chemical and electrochemical conditions
to determine the degradation kinetic of AO7.

Mineralization rate (i.e. the turn of organic camto inorganic carbon) was also measured as
a function of time (Fig. 3).
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Figure 3. Decolorization of AO7 solution during &l®-Fenton process with porous graphite
membrane

A total decolarization of AO7 solution at 10-5 M sveecorded after 40 minutes in the best
conditions. Nevertheless the total mineralizatibthe dye was not effective after several hours.

Figure 4 presents the evolution of the UV/Vis speat of AO7 solution during the electro-
Fenton process with carbon membrane. All the peaksbe attributed to different molecule
groups. The TOC (total organic carbon) is due ®dlow degradation of aromatic rings (228,
254 and 310 nm).
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Figure 4. Evolution of AO7 solution during elecffenton process with porous graphite
membrane

This study shows that porous graphite membraneseeaily be used as electrode in an
advanced oxidation process, the electro-FentonegscWork in progress consists in the
optimization of this process via (i) the optimizati of the electrochemical and chemical
conditions, (ii) the study of the relation betwestnucture and properties of the membrane
material and (iii) the optimization of the membranaterial elaboration.
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The investigations of synthesis and propertiesoohmosite membranes MF-4SC/polyaniline
(Flourans) are carrying out in Membrane Materialbdratory study of Physical Chemistry
Department, Kuban State University. Variety of #ymthesis conditions permits to elaborate a
number of preparation methods, which allow to obt@idifferent type of surface and bulk-
modified by polyaniline MF-4SC composite membran@iysico-chemical properties and
electrochemical behavior have been studied witlp lél up-to-date experimental techniques
such as Atomic Force Microscopy, Electron ScannMigroscopy, Differential Scanning
Calorimetry, membrane conductometry, voltammetrgl alectroosmosis. New effects of PAn
influence on the nanostructure of flouropolymer rbesmes are:

. evolution of morphological and transport propertiesrelation with PAn localization in
fluorocarbon matrix nanostructure;

. the peculiarities of transport properties in demgm@ on membrane orientation by
polyaniline layer to ions and water fluxes;

. the varying of parameters of current-voltage cuvas etc.

The scale of ratio between diffusion and conducpixegperties and structure of composites is
represented.

The description of conductivity, diffusion, eleaismmotic properties of composites are
performed with help of micro-heterogeneous and ethmnductive model approaches,
percolation theory and others. The set of paramébat reveal interaction between structure and
transport properties is offered.

The effects of PAn influence on composite chargties are used to evaluate application
fields for composites family obtained. The barneoperties of surface-modified membranes
towards water transference are employed to incredegrodialysis concentrating efficiency.
Composites with asymmetric diffusion permeability which PAn intercalation leads to
hydrophility and proton conductivity stabilizati@and thermostability increase can be used for
application in membrane-electrode assembles ofnpedyelectrolyte fuel cells. There is the
ability to select fluoran-type composites condutyivn range from 0.15 to 5 S/m by means of
synthesis conditions fitting. The bipolar functiohsurface modified membrane in polarization
conditions due to the presence of interpolymer dempetween S@-groups and nitrogen-
containing aromatic chains of PAn was discoverezh tercalation causes ‘locking effect to
proton flux and could be applied for membrane dwatcand diode devices. Anion-exchange
function of PAn layer on the surface of non-chargedfiuorinated matrix can be used as pH-
sensor.

Fluoran-type composite
MF-4SC/ polyaniline

Sensory unit: / \ ——
Electrodialysis

concentrating and
Relayanddiode Solid polymer separation
detectors electrolyte fuel cells
The authors are thankful to the Russian FoundafitwrBasic Research for financial support
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22



References

1. Berezina N.P., Kubaisy.4.-R., Alpatova NW., Andreev V.N., Griga E.I/ Electrochimiya
2004. V. 40Ne3. P. 333-341.

2. Loza N.V., Kononenko N.A., Shkirskaya S.A., BaediR.// Electrochimiya. 2006. V.42.
Ne8. P. 907-915.

3. Berezina N.P., Kubaisy A.A.-RElectrochimiya2006. V. 42Ne1. P. 91-99.

4. Berezina N.P., Kubaisy A.A.-RTimofeev S.V., Karpenko L.¥. Journal of Solid State
Electrochemistry. 2006. DOI 10.1007/s10008-006-0259.1-12.

5. Kubaisy A., Smolka R., Sukhatskiy/Aesalination2006. Vol. 200. P. 443-445.

6. Loza N.V., Berezina N.P., Kononenko N.A., Shkiesk&A.// lzvestya Vuzov Northen
Caucasus region. Natural Science. Application. 280@. P. 51-58.

7. Berezina N.P., Schirskaya S.A., SytcheXaA.-R., Krishtopa M.V., Timofeev S.V. //
Sorbtion and chromatographic processes. 2007 .N¢.Z.P. 544-547.

8. Compan V., Riande E., Fernandez-Carretero F.J.,eBea N.P., Sytcheva A.A.-A.
Journal of Membrane Science 2008, V. 318, P. 283526

9. Berezina N.P., Schirskaya S.A., Sytch¢vA-R., Krishtopa M.V// Kolloidny jurnal. 2008.
V.70.Ne4. P.437-446

10.Berezina N.P., Gnusin N.P., Dyomina O.A., Annikb\a& // Electrochimiya 2009. V.45,
Ne 11. P. 1325-1332.

11.Berezina N.P., Kononenko N.A., Sytcheva A.A.-Ra V., Shkirskaya S.A., Hegman N.,
Pungor A/ Electrochimica Acta. 2009. V.54. P. 2342-2352.

12.Compan V., Molla S., Sytcheva A.A.-R., N.P. BeseBnarez K., Solorza O, Riande E. //
The Electrochemical Societ009. V.25. P.645-658.

13.Sytcheva A.A.-R., Falina I.V., Berezina N/FElectrochimiya. 2009. V.45 1. P. 114-121.

14. Filippov A.N., Iksanov R.H., Kononenko N.A., Beradl.A., Falina 1.V// Kolloidny jurnal.
2009. V. 72Ne 2. P. 238250.

15.Berezina N.P., Kononenko N.A., Filippov A.N., Slgkaya S.A., Falina L.V., Sytcheva
A.A.-R. /[ Electrochimiya2010. V. 46)\¢5. P. 515-524

16.Protasov K.V., Shkirskaya S.A., Berezina N.P., ltafioy V.I. // Electrochimiya. 2010. V.
46,Ne 10. P. 1209-1218.

17.Falina 1.V., Berezina N.R/ Polymer Science. Series B. 2010, V. 52, NoRR244-251.

18.Berezina N., Falina I., Sytcheva A., ShkirskayaT8nofeyev S// Desalination and Water
Treatment. 2010. V.14. P. 246-251.

19.Munar A., Suarez K.; Solorza O; Berezina, N.P., @amV. //J Electrochemical society
2010. V. 4.

20.Berezina N.P., Schirskaya S.A., Kolechko M.V., Rafi.V., Sentchichin I.N., Roldugin V.
/Il Electrochimiya, 2011, V.4 Ne 9. P. 1066-1077.

21.Kolechko M.V., Schirskaya S.A., Berezina N.P., f@emw S.V.// Sorbtion and
chromatographic processes. 2011, V.Xel5, P. 663-672.

22.Kolechko M.V., Schirskaya S.A., Berezina N.Ruban Science. 2012%e3. P. 11-16.

23.Falina 1.V., Berezina N.P., Sytcheva A.A.-R., Res&o E.V.// Journal of Solid State
Electrochemistry. 2012. V. 16p5. P. 1983-1991.

Patents

1. Schirskaya S.A., Sytcheda4.-R., Berezina N.P., Timofeev S.V., Krishtopa .MPatent RF
Ne2411070 Conposite ionexchange membrane Publishé@.2011. Priority 18.08.2009

2. Berezina N.P., Schirskaya S.A., Kolechko M.V., T@mo S.V.Patent RFNel11775
Multilayered composite membrane Published 27.12.2P1iority 03.05.2014

3. Berezina N.P., Schirskaya S.A., Kolechko M.V., fémo S.V.Invitation applicationNe
2011117676 Method of multilayered composite memdgareparation. From 03.05.2011.

4. Berezina N.P., Schirskaya S.A., Kolechko M.V., f@mo S.V.Invitation applicationNe
2012113799 Method of preparation of composite mambrwith fixed polyaniline layer
thickness. From 06.04.2012.

23



MICROCRYSTALLINE STRUCTURES FORMATION UNDER
SUPERSATURATED HIO3; SOLUTION FLOW THROUGH TRACK MEMBRANE
PORES

Vladimir Berezkin, Alexander Vasiliev, Vladimir Art ~ iomov, Nickolas Kiseliov,

Boris Mchedlishvili
Shubnikov Institute of Crystallography RAS. Moscow, Russia, E-mail: berezkin38 @mail.ru

Introduction

The track membranes (TM) was shown to be effectivbe some processes of the liquid and
gas mixtures separation [1-3]. The results of itigatons devoted to TM application in
template nanostructures formation are publishedhaeently in last decade [4]. Particularly, it
was shown the metallic nanostructures of extendethee formation possibility with metal
plating in TM pores [5-6]. On our opinion, it iSryeinteresting to investigate the water-soluble
crystal nanostructures formation with TM ability tieese structures can possess with special
properties as compared with macrocrystalline ones.

Experiments

The goal of investigation was the process of thd BtO3; microchips formation in the TM
pores. The Hi@crystals are optically active and the ones candeel in the light high harmonics
generation. The acid HiJs applied in acoustic line of optoacoustical @guent generation, in
medicine, in definition of carbon monoxide microqtiges, in gas mask as absorber.

The SEM microscope JSM-740 1F was applied torgetophotographics of the TM surface
and cleavage. Prior investigations have showndrdihary membrane staying in supersaturated
solution (supersaturation was around 20 %) didesuit in crystals formation in TM pores.
Apparently, it was stipulated with depletion of stgllization solution in boundary layer. The
flow of supersaturated HKOsolution through TM pores in the dead-end filtvaticell (Fig. 1)
was used to realize the supersaturated solutioplysup crystallization centers at TM pores

surface.
lCompressed gas

Figure 1. Filtration cell scheme: 1 — cell body:=2ell base; 3 — track membrane; 4 — HIO
supersaturated solution; 5 — silicone gasket; 6acrmporous substrate

TM with pore diameter of 110 nm and surface porasidg 1 cm® were used in
experiments.

The membrane was putted on macroporous substrdterassurized with silicone gasket. The
HIO3 supersaturated solution was embedded in the meélf@aced through TM with compressed
nitrogen under transmembrane pressure of 0.4 kgf/€mexperiments are executed under room
temperature. The supersaturation varied from 1@% 22 %.
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Results and Discussion

Crystallization process qualitatively differentgga was shown to be registered under solution
concentration increase with step of 1.5—2 %. 3itaom from lack of microchips falling-out in
TM pores to partial covering of pore walls with muchips was observed at first (Fig. 2). The
microchips overlapped the pores considerably atatiso flow through membrane decreased
under solution supersaturation increase up to 1b6igp 3).

% g

GB-H SEI 1.0kV X9,500 W|;)7_9mm 1um H SEI 1.0kV X37,000 WD78mm 100nm

Figure 2. First stage— microchips cover the Figure 3. Second stage — TM pores overlapped
TM pore walls with microchips

Greater supersaturation (up to 20 %) resulted mg lmicrochips formation on both sides of
membrane. It must be noted that formed microchipeeionger at the membrane side faced to
solution flow. Effect of microchips growth was weakat the membrane opposite side.
Apparently it was result of the solution depletiam growth zone stipulated with pore
overlapping and solution flow decrease. Cross sreisdirection of microchips corresponded to
the ones of membrane pores (Fig.4). The formed auigps cutting correspond to HO
crystallographic one. The founded crystallizationgess was shown to be mass one. It covered
considerable membrane surface (Fig.5).

A :
: :
SE GB-H SEI 1.0kvV X8,000 WD 7.7mm 1pm SEI 1.0kV X2,000 WD7.7mm 10um

Figure 4. Third stage — the microchips Figure 5. The evidence of the microchips
formed in the pores arise above TM surface formation mass character

Microphotography of track membrane cleavage prdve pores role in observed mass
crystallization phenomena (Fig.6). This photo wasrfgrmed with element composition
attachment. lodine content is highlighted with wtablour.
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SE SEM COMPO  5.0kV *3.700 WD 8.7n;m 1um
Figure 6. The TM cleavage reveals the pore famctn microchips formation

Presented investigation results have proved thaersaturated crystallization solution

filtration through track membrane pores result$oimation of monocrystalline structures with
cross sizes and direction corresponding to the poes.
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INVESTIGATION OF DIMETHYLACETAMIDE AND ISOBUTYL ALC OHOL
INFLUENCE ON THE OBTAINING LITHIUM HYDROXIDE BY
ELECTRODIALYSIS WITH BIPOLAR MEMBRANES FROM
TECHNOLOGICAL SOLUTIONS
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Kuban State University, Krasnodar, Russia, E-mail: kirpichenko@inbox.ru

Introduction
The necessity of technological solutions neutetlan containing dimethylacetamide, isobutyl
alcohol, lithium chloride, hydrochloric acid and teafor producing paraaramide fibers appears
in industry. Electrodialysis with bipolar membrara®ws reagent-free producing hydrochloric
acid and alkali from solution containing lithiumlghide instead of consumption of lithium
hydroxide. As a result the cost of paraaramid §beés reduced. Information about the
characteristics of electrodialyzer-synthesizer (ED& the processing of aqueous-organic
solutions is required for determination of the pptm operating conditions of industrial
electromembrane device. The purpose of this worls wWa determination of the basic
electrochemical characteristics of the laboratoBSElesigned to obtain the lithium hydroxide
from solution of lithium chloride and comparisontbé process characteristics depending on the
composition of technological solution.
Experiments
In this work the electrodialysis process of lithitaydroxide and hydrochloric acid obtaining from
the aqueous-organic solutions was studied. Conusiof these solutions are given in the Table 1.

Table 1: The chemical composition of the initial ofechnological solutions

Technological solution Concentration of components
DMAA, % IBA, % H,0, % LiCl, M
1 0 0 98,7 0,3
2 24.9 24.1 49.8 0.3
3 40.6 38.10 20.0 0.3

Effective area of each membrane in electrodialgzethesizer was 1 dinthe intermembrane
distance was 0.9 mm, the width of the working memérarea was 5 cm, length—20 cm. Chambers
were filled with net-shaped separator for preventaf membranes bending due to pressure
difference between chambers and in order to inerdaes limiting electrodiffusion current at the
membranes as a result of the decrease of the #sslaof diffusion layers near the membranes. Free
volume of each chamber filled with separator wa8686f the chamber volume. Industrial
heterogeneous MB-3 bipolar membranes, MC-40 caamange membrane and MA-40 anion-
exchange membranes were used in the membrane dftaglkctrodialyzer-synthesizer (Fig. 1).
During investigation of the process the densitgugfplied electric current was 1 A/8m

In order to investigate the main electrochemicalrahteristics of EDS the device (Fig . 1),
that allows to determine current efficiency of ilitim hydroxide and hydrochloric acid, specific
productivity and specific power consumption of EDS lithium hydroxide and hydrochloric
acid was used. Investigation of electrodialyzertisgnizer electrochemical characteristics was
made in a circulation mode.

Current density, which was used in the experiméhi&/dn?, galvanostatic regime), was less
than the maximum electrodiffusion current densityttle membranes, which constrain the
chamber 4. The difference of potentials acrosstkembrane MC-40 and MA-40 was measured
out using capillaries Luggin — Haber, which werkedi with solutions, the composition and
concentration which coincided with the compositaond concentrations of solutions in contact
with the membrane. The capillaries were connedaiesilter chloride electrodes.

Differential current efficiency; (Fig. 3a), specific power consumptidhi, (Fig. 3b) and
specific productivityPs, (Fig. 3c) of EDS on lithium hydroxide and hydromfit acid were
calculated from the formulas:
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whereF—Faraday number, C/mole:-number of unit cell, pc¥/—volume of treated solution, L;
—EDS supplied current, Ajun.cei—unit cell voltage, VS— effective area of membraneZ.nThe
dependence of amount of lithium hydroxide and hgdiaric acid (Fig. 2) in the contours of
chambers 2 and 3 on the timeas approximated by second-degree polynomial.

Solution:IBA, DMAA,
H,0, HCI, LiCl

Solution: LiOH 0.05 M

lMB-S lMB-S
MC-40YMA-40 ¥ ca  MC-40 v MAH0 MC-40

CA

2 3 4 s |||Ul] © t

H, 0,
@ ) H| | o™ H" || OH @
oI LiCl cr -
" > LiOH
L Ne) L

LiOH . LiOH |
LiOH

0,3M HCl
LioH |- 9 l T

Figure 1. Scheme of electromembrane device fantgst EDS, intended for reagent-free
producing from lithium chloride, contained in thagion, lithium hydroxide, used for neutralizing
the technological solution. 1 — cathodic chambe¥ &cidic chamber; 3 — alkaline chamber; 4 —
salt chamber; 5 — acidic chamber; 6 — anodic chambe- volume with spent neutralized
technological solution, which passed micro-filtcatj 8 — reservoir with solution, in which lithium
hydroxide is accumulated; 9 — reservoir with littmdnydroxide solution, which circulates through
the electrode chambers; 10 — reservoir with sohytia which hydrochloric acid is accumulated

Results and Discussion

Fig. 2 and 3 shows that the rate of accumulatiahdifierential current efficiency of lithium
hydroxide and hydrochloric acid in alkaline 3 amdda2 circuits are close. The differential
current efficiency of alkali and acid reduces witsrconcentrations increase due to increasing of
co-ions transport numbers through the bipolarpcaéixchange and anion-exchange membranes.
Current efficiency of acid is always lower than aikregardless of technological solution
composition. It may be related with acid consumptim protonation of secondary and tertiary
groups of MA-40 anion-exchange membrane while ac@tcumulation in the solution,
circulating through chamber 2. The decrease otudfitial current efficiency of acid and alkali
results in reduce of EDS productivity and increaspower consumption.

n, mmol

160 - A HCl solution 3 = LiOH solution 3
140 -

120 - 1

Figure 2. Dependence of amount of lithium
hydroxide and hydrochloric acid, produced in the
- electrodialyzer-synthesizer from solution 3 on
time

100 -

80

60

40

20 4

0

0 25 4‘0 éo - mint;o
The table 2 shows that current efficiency of aad alkali and specific productivity of EDS
is greater but specific energy consumption is snaflinitial solution isl. Increase of specific

energy consumption in salt solution with increasic@ncentration of organic compounds
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(solutions 2 and 3) is explained by reduction dadctical conductivity of solution, thereby
increasing the voltage at the unit cell.

n W, kWth/kg ) ) )
0,70 4 4 HCl solution 3 m LiOH solution 3 7 4 HCl solution 3 m LiOH solution 3

0,65 - 6 .,,_._’—‘——"”"’_.’J

0,601 * ‘__‘M
2]

0,55 -

0,50 -

0,45 -

0,40 ‘ ; : : : ‘ 0 : : : : : ‘
000 005 010 015 020 025 030 000 005 010 015 020 025 030

a b
Sgo, kg/(m**year) . . )
| Lo mrotdms Figure 3. Dependence of differential current
700 1 —— efficiency of lithium hydroxide and
hydrochloric acid (a), specific power
1 consumption for producing one kilogram of
ol t——e product (b) and specific productivity of the

membrane stack (c), obtained from solution
3 on concentration of lithium hydroxide and
200 - hydrochloric acid

0,00 0,05 0,10 0,15 0,20 0,25 M 0,30
c,

400 ~

c
Reduction of the current efficiency of acid andadilland specific productivity of EDS is due
to both a decrease in the transport numbers ofteoions through the cation-exchange and
anion-exchange membranes in consequence of anagecrde rate of dissociation of water
molecules at the membrane—solution boundary a@dnfluence of organic components on the
structure of the cation- and anion-exchange mendstahs a result transport numbers of co-ions
across membranes are increasing and current efficis reducing.

Table 2: The average values of the electrochemicatharacteristics of the EDS measured
using 1 — 3 solutions

TeChHOIOgical n n Pacid ' Pa|C1 Wacid s Walc ’
solution (HCl) | (LIOH) | kg/(m“*year) | kg/(m“*year) | kWtth/kg | kWt*h/kg
1 0,620 | 0,640 742 520 1,34 1,54
2 0,589 | 0,630 702 500 1,57 2,30
3 0,564 | 0,623 672 489 4,50 6,20
Conclusions

The use of electrodialysis with bipolar membrankswa obtain lithium hydroxide and
hydrochloric acid from the aqueous-organic solwgiof lithium chloride with different content
of organic components with comparable current iefficy Specific power consumption of
electrodialysis process increases when contentrgdnic compounds in solution increasing.
Investigated electrodialysis process of obtainittgum hydroxide from lithium chloride using a
bipolar membrane is a basis for the complex indalsttectromembrane technology for reagent-
free neutralization of spent technological solutwith further removing of lithium chloride by
electrodialysis and its concentration. Basic etsdtemical characteristics of EDS allows to
evaluate the cost-effectiveness of implementingrieéhod of reagent-free neutralization

This work was supported by Foundation for Assistatec Small Innovative Enterprises in
Science and Technology, State Contsct8669/13954 and grant of RFBRe 09-03-96527

r_yug_a.
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Introduction

Increasing information content stimulates the deafcnew principles of information storage
and transformation. Structures with memristor d@ffé¢ are of great interest. Works [2, 3] show
the possibility of creation of switching deviceglwimemory and logic elements using solid-state
electrolyte on the argentum halogenide basis. Timeiple of these strictures operation is based
on changing conductance of tunnel gap by massféraaed oxidized/reduction reaction on the
borders of ionic conduction layers

Experiments

We have seen the opportunity of application vactummel-thin barrier instead of membrane
from organic dielectric (polystyrene) layers anadqus silicon (PS). Porous silicon layers were
produced both by an electrochemical etching anéduyeous non electrolitic etching method.
We observed Ag mass transfer through layers witicioonduction directly under the electronic
beam in SEM effect.

Results and Discussion

We used as nanometer ionic conduction layers, diger$ created by direct iodine vapor
interaction with metallic argentum film and nandpaes Agl coated with PVP shell on metallic
argentum film. Figure 1 presents Ag clusters preducnder the influence of Agl layers
exposure by electronic beam on Ag wafer in SEM.

It has been found experimentally that interactiénodine vapor with Ag surface leads to
creation of non solid films (at starting stage).dgldransfer through discontinuous film is not
observed. Agl Nanoparticles consists of Agl cord BWP shell. Nanoparticles interacting with
electronic beam produce more solid production ofcAgters on the surface as compared to Agl
films. Thus, Ag transfer through PVP shell is stlate

In our work we have shown the opportunity of creata switching device with memristors
effect on the basis of Ag-AdIK-nSi structure. Silicon wafeKOC — 0.01 (111) and Cr film
evaporated on Ag layer function as ohmic contadim@ contacts (square 1 mm2) were

produced by resistance evaporation method in vacuum
e B AT
¢ A8

SEM HV: 30.00 kV WD: 3.953 mm Lol o] MIRAWTESCAN  View fiel 07 pm  SEM HV: 30.00 kV/ I
View field: 5,330 ym  Det: InBeam £ Det: InBy WD: 3.872 mm 1 pm
SEM MAG: 62.04kx  GalushkaWV n Dx 10411112 Performance in nanospacen

a b

Figure 1. Ag mass transfer in Ag —Ag structuresaunride effect of electric beam in SEM
a - Agl nanolayer produced by iodination of Ag,AH nanoparticles in PVP on Ag wafer
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Volt-ampere characteristic structure show thatstasice is changing from 12 to 1.5 KOm
under operating voltage less then 1.5V. Voltagestiswn concerning Si wafer. Resistance
changing are shown with arrows. Threshold voltagicking is less than 1.5V. Current linear
dependences from voltage let us not to take intideration barrier effects rectification on the
borders of layers.

I, mé

Figure 3. Structures scheme consists of PS layeéranAgl

The produced memristor structure is schematicdiipws on fig. 3. Reversible resistance
change of structure is determined by Ag transfresugh ionic conductor and filling or releasing
of pore PS layer. Thus, it is shown that porousail layers and PVP posess with membrane
effect and could be used in structures with relaégsonic masstransfer.
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Introduction

Homogeneous perfluorinated sulfonated cation-exghagoolymeric membranes and tubes
MF-4SC, which are Russian analogues of Nafion©ewesed as an electrodoactive material in
PD-sensors for the quantitative determination daéndins and pharmaceuticals in polyionic
aqueous solutions and dosage forms [H4]. The meeseof hydrophobic (i.e.,
polytetrafluoroethylene chains) and hydrophili@(i.sulphonate ionic groups) regions in such
membranes provides the matrix with labile strudtuwwamponents, which allows for the
electrochemical properties of MF-4SC membranes @ocbntrolled by changing the ion-
molecular composition of the membranes.

The protolytic and ion-exchange reactions at theerfaces of ion-exchangers and test
solutions are potential determinating for the PDsses. As a consequence, hydrophobicity of
the MF-4SC membranes matrix and complete absenamasfopores together provides the
increasing of analytical signal, sensitivity andca@acy of PD-sensors in comparison with
hydrocarbonic membranes. The treatment of MF-4S@lonanes with polar organic electrolytes
(alcohols, glycols, amides, etc.) leads to inversid sulphonate ionic groups to the surface,
expansion of pores and channels, and an increasgdnation number of ion-exchange groups
both in the phase and on the surface of the polymer

The possibility of use perfluorinated sulfocatiorcleange membranes, doped with zirconia,
as electrodoactive material of potentiometric ses)sehich are sensitive to organic anions in
multiionic aqueous solutions was investigated.

Experiments

Initial and modified membranes MF-4SC were usedrasctive material in electrode. PSP
membranes doped with zirconia were obtained viarhethods described in [5].

The individual aqueous solutions of HCI, HY®CIl and KGly (equimolar solutions of KOH
and amino acid glycine withH ranged from 6.54+0.05 to 11.61+0.05) were invedéd for
estimation of influence counter- and co-ion natumehe response of PD-sensors.

The aqueous solutions of amino acid cysteine (@ys) potassium hydroxide (KOH) were
investigated for estimation of the possibility afyanic and sulfurous anions determination in
multiionic aqueous solutions by MF-4SC -based Pisses. Such solutions contain excess of
KOH (pH ranged from 9.71+0.05 to 13.55+0.05). The ionimposition of such solutions is
presented by anions GEOCOO’, HS, OH and cations K NH,". Analytical concentrations of
the vgzrious solution components in individual andltiionic solutions ranged from 1.0-1@o
5.0-10° M.

Results and Discussion

ZrO; incorporation into MF-4SC results in the increagen conductivity in comparison with
unmodified membranes. The highest value of ion gotwdty is observed for the MF-4SC
modified with 5 wt.% of Zr@. Conductivity value amounts to 6152 Ohm*sm* at 25°C that is
0.5 order of magnitude higher that conductivity initial membranes. Moreover MF-4SC
modification results in the decrease in the valfidhe conductivity activation energy from
13.7%0.2 kJ/mol for unmodified membranes to 10-12rol for modified membranes.

Diffusion coefficients of MF-4SC membranes dopethvid and 7 wt.% Zr@in 0.1 M NaCl
solution amount to (7.00+0.08p® cm’/s, (9.41+0.0510° cn¥/s, accordingly that is lower for
the initial membrane ((7.00+0.08p® cm?/s) correspondingly. Cations diffusion rate is gsea
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higher than anions diffusion rate in the membraibsis diffusion permeability is limited by the
anion diffusion rate. Thus zirconia incorporati@sults in the considerable selectivity increase.

It was shown, that sensitivity of PD-sensor based MF-4SC with gradient zirconia
distribution to counter-ions decreases insignifigam comparison with unmodified MF-4SC -
based PD-sensor. The use of membrane with gradie@: distribution for PD-sensor
organization leads to significant contribution afans into analytical signal of sensor in contrast
to unmodified samples. It is important to note t tb@efficients of calibration equations, which
define sensitivity of sensor calibration to cati@msl anions, have opposite sign.

The difference in electrochemical behaviour of udried and modified with Zr MF-4SC,
samples depends on next factors. Firstly, conceorreof available cation-exchange fixed
groups of membrane (-$SB) decreases after Zgncorporation due to reduce of free volume of
pores and channels. Secondly, Zparticles in modified membranes display both catiemnd
anion-exchange properties [5]. So co-ions conceatraear modified MF-4SC/ test solution of
electrolyte interface increases in comparison wiitial membranes. This allows to increase
sensitivity of gradient modified MF-4SC -based Rihsors to co-ions in aqueous solutions. The
influence of co-ions nature on the response ofaumifdistribution modified MF-4SC - based
PD-sensors is insignificant. The reason of thih& co-ions concentration gradients on the MF-
4SC/ test solution and MF-4SC/reference solutioterfaces are oppositely directed and
compensate each other.

Obtained results evidences of the possibility &f osdified K-type MF-4SC samples with
gradient on the length ZgQdistribution as electrodoactive material in PDsses, which are
sensitive to organic anions in aqueous solutionhSPD-sensors with set of ion-selective
electrodes can be used for determination of organd sulfurous anions in multiionic agueous
solutions.

Acknowledgements
This work was financially supported by the RFBRjgets 12-08-00743-and 11-08-93105).

References

1. Bobreshova O.V., Parshina A.V., Agupova M.V., TeéewfS.VRF Patent 2376591, 2009,
Byull. izobret., 2009, no. 35, 6 p.

2. Bobreshova O.V., Parshina A.V., Ryzhkova HE.Russian J. of Anal. Chem. 2010. V.65. P.
866-872.

3. Bobreshova O.V., Agupova M.V., Parshina A.V., Pekimaya K.A. //Russian J. of
Electrochem. 2010. V.46. P. 1252-1262.

4. Bobreshova O.V., Parshina A.V., Polumestnaya K.itnpfeev S.VI/ Petroleum Chemistry.
2011. V. 51 P. 496-505.

5. Voropaeva E.Yu., Stenina I.A., Yaroslavtsev A.Bhilrnal neorganicheskoi khimii. 2008.
V.53 P. 1677. (Russ. J. Inorg. Chem. 2008. V. 5B797).

33



ELECTROMEMBRANE REGENERATION OF SALINE ACID FROM

ACIDULOUS PECTIN EXTRACTS

Irina Bodyakina, Vasiliy Bagryantsev, Vladimir Koto v, Alexey Loukine
Voronezh State Agricultural University, Voronezh, Russia E-mail: irina.bodyakina@inbox.ru

Introduction

Pectin is a polyelectrolyte of plant origin, whiallakes physiological processes in our body
work without a failure. It is used in food techngjoas a structure building element. Also, it is a
detoxicante of the human body. The pectin moleaasists of a series of chains of
polygalacturonic acid. Some of its carboxy groups methoxyled. Pectin is extracted from
horticulture products with help of acids, mainlyirsa acid. This is followed by neutralization and
ethanol precipitation [1]. Such a method, howevegds to a waste of saline acid. In our
experiment we used electrodialysis with ion excleangmbranes in order to extract saline acid
from pectin extracts for reusing it. In this waysitpossible to reduce the amount of alkali reagyent
as well as pollution level of the precipitator ahd environment.

Experiments

We analysed pectin extracts made from sugar beetrabapple press with help of saline acid.
The original amount of HCI was 0.05 moles per lifoe each one. The extracts underwent
electrodialysis in a 4-section machine consistihgrmde-anode section (1)—a membrane MK-40—
the concentration section (2) - a membrane MA-d@tanization section (3) - a membrane MA-40
—cathode section (4)— cathode. The size of thtoss was 100 cfrand the working area of the
membranes was 30.8 éniThe experiment was repeated 5 times and the ntudensity was
5mA/cnf within an hour. The extracts were put into the digiation section (3), from which
chloride-ions were transferred through the membiseparating sections 2 and 3. Chloride-ions
together with the hydrogen ions, generated on tiogl@ and transferred through membrane MK-
40, formed saline acid. Hydroxyl ions, generatedtlom cathode, were transferred through the
membrane MA-40 into the deionization section (3)eve the saline acid was neutralized. After
the experiments, the solutions in sections 2 ande® analyzed argentometrically in order to
identify chloride-ions. The results then were useddentify the degree of acid regeneration,
namely: the number of chloride-ions concentraticas wompared with that in the deionization
section. The demineralization degree was establigim®ugh identifying the difference between
the initial and final number of chloride-ions iretideionization section and the initial number as
well as that of transferred in the membrane MAM8ing ethanol, we then extracted pectin from
the extracts and solutions, which underwent elalgsls. The pectin was analysed
potentiometrically in order to identify free andezgfied carboxy groups [1].

Results and Discussion
Table 1 illustrates the results of the research.

Table 1: Concentration of HCI after electrodialysisin the concentration section (G) and
the ionization section (G), mmoles per litre; concentration of transferenceanumber of
chloride-ions in the membrane MA-40 (¢)), the degree of the acid regeneration (P, %) and
the demineralization of the extract (R, %)

Pectin C, Cs to P, % R, %
from apples 0,0485+0,0035 | 0,0059+0,0016 0,826+0,052 97,0+7,0 88,2+3,2
from beetroot 0,0492+0,0038 | 0,0068+0,0003 0,831+0,064 98,4+7,6 86,4+0,6

The figures show that a final amount of the salo&l becomes close to its concentration
necessary for extracting pectin (0.05 moles/l, pBDL As for the number of transportations of
chloride-ions in the membrane MA-40, it is loweaithusual (0.94) [2]. It is due to the fact that
pectin molecules in the deionization section, sirbe the membrane MA-40 which separates

34



sections 2 and 3, form some potential barrier fdoride-ions. It is also the reason for a lower
degree of demineralization of the extract as coewpaith the degree of the acid regeneration.

Table 2 illustrates how electromembrane processimectin extracts influences the functional
composition of pectin molecules.

Table 2: The number of free (Gee), esterified (Cesterfied) Carboxy groups and their total
number (Cita)) (Mmoles/l) in pectin

Pectin C free Cesterfied Chotalb
Extracted from
beetroot
before _ _ 1,95 1,56 3,51
electrodialysis
after 1,46 2,42 3,38

electrodialysis
Extracted from

apples
before _ _ 1,66 2,49 4,15
electrodialysis
after 1,52 2,72 4,24

electrodialysis

After the electrodialysis the molecules of bothlapmnd beetroot pectin show the decrease in
the number of free carboxy groups and the increagee number of esterified groups. This change
is more vivid with the beetroot pectin, thoughisitapparently due to the fact that the beetroot
pectin has lower molecular weight than the apptip¢3]. It seems that during the electrodialysis
the most low-molecular fractions of beetroot peatith a higher containment of free carboxy
groups are transferred through the membrane MAAD as a result, the pectin is enriched with
molecules with higher ester groups.

Conclusions

Electrodialysis with ion-exchange membranes of wdoigs pectin extracts makes it possible to
fully regenerate saline acid necessary for reudtibgctrodialysis of the pectin extracts results in
the decrease of free carboxy groups and the iredassterified groups.
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COMPOSITES ON THE BASE OF METALOXIDES (TIO ,, ZNO) AND CARBON

NANOTUBES FOR ELECTRICAL DEVICES

Alina Chanaewa, Beatriz Juarez, Horst Weller
Hamburg University, Hamburg, Germany

In this thesis carbon nanotubes were combined wigial oxides such as zinc oxide and
titanium dioxide. They were tested in several eleat devices. Therefore, CNTs were coated
with ZnO nanoparticles as well as a few nanomehter TiO, film, representing two very
different morphologies. To achieve a high degreecmferage wet chemistry methods were
applied to pristine CNTs. CNTs were not covaleffitigctionalized preserving their electronic
structure, which ensures the outstanding trangpogerties of the CNTs. ZnO-CNT composites
were investigated particularly in regard to theunatof binding between nanoparticles and the
graphitic surface of CNTs. Raman spectroscopy amasinission electron spectroscopy along
with computer simulations indicate electrostatiteractions being the reason for nanoparticle
attachment to CNTs. Furthermore, the influence NITE on ZnO-NP synthesis was studied in
oriented attachment and Ostwald ripening regimesvas found that CNTs can efficiently
prevent the formation of elongated structures (@gnted attachment). In contrast, they do not
show any impact on the Ostwald ripening.

By using a ZnO-DWCNT composite as s field-effeensistor channel, oxygen and light
sensitivity of the formed device was ascertained ttansfer characteristics. Comparable
behaviour of blank devices with untreated DWCNTs wat observed.

In addition to commercial CNTs, which were usedsuspensions, three dimensional CNT
arrays were integrated into the coating procedline. CNT arrays were produced via chemical
vapor deposition using two different ovens. Botlerm represent novel steady-state setups which
were developed and built up in the course of thissis. CNT growth was performed on
transparent ITO substrates using iron as the taBhanges in the synthetic procedure yielded
nanotubes with an average length of 200 nm or svi#gngth of 3-6 um. It is worth to emphasize
that CNT growth on ITO substrates is not triviaedo its chemical and thermal instability.

Electrocatalytical activity of the CNT-ITO electmdvas monitored using the Fe[(GNY
Fe[(CN)]* redox pair. Cyclic voltammetry analysis showed led increase in activity
compared to a simple ITO electrode.

Finally, suitability of metal oxide CNT-ITO electles for the use in photovoltaic devices was
studied. ZnO coated CNT-ITO substrate was intedratéo a P3HT/PCBM-based solar cell,
which showed rather low efficiency of 0.07%. Nehefless, the efficiency is expected to be
improved in future by optimizing the manufacturteghnique.

The coating of CNTs with nanometer thick metal exidms was performed successfully
using a low-cost wet chemical procedures. The ¥ahg integration of composite materials into
electrical devices demonstrated several exampteapilication-oriented material design on the
nanometer scale.
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FREE-STANDING ELECTROSPUN CARBON NANOFIBERS MAT AS
EFFICIENT ELECTRODE MATERIALS FOR BIOELECTROCATALYS IS OF O,.
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Institut Européen des Membranes (IEM) UMR 5635, ENSCM / CNRS / UM2, Place E. Bataillon, CC
047, Montpellier, France, E-mail: sophie.tingry@univ-montp2.fr

Introduction

Electrospinning is a simple and versatile technifgugreparing nanofibrous materials from a
variety of precursors including organics and inoigs[1]. The resulting electrospun membrane,
with high specific surface area, is a weblike st composed of continuous fibers with
diameters ranging from tens of nanometers to sevarerometers. In order to produce
conductive nanofibers, an efficient method consists subsequent carbonization at high
temperature of the electrospun nanofibers prepioed polymer precursors with high carbon
yield [2]. Investigation of these materials to fiahte electrodes with good conductivity and high
specific surface has been carried out to evalinmsie performance as suitable supports for redox
enzyme immobilization applied to oxygen reduction.

Experiments

In this research, carbon nanofibers electrodes Hmeen synthesized by electrospinning.
During this process, the nanoscale fibers are geerbrby the application of a strong electric
field of a polyacrylonitrile (PAN) solution, folloed by convenient stabilization treatment at
250°C and carbonization between 700 and 1400°C. rékaelting mat consists of a carbon
residue with high mechanical properties and condtygt[3]. The appropriate conditions of
electrospinning and thermal treatment have beegrméied. The morphology of the nanofibers
was characterized by IR, Raman and XRD techniques.

Two nanofibrous mats, with electrical conductivitiy30 S crit and different thickness (50
and 90 um) were prepared by varying the deposiitine (5 h and 10 h, respectively) during the
electrospinning process. For the thicker nanofisnmat, we demonstrated the potentiality of the
CNFs mat as efficient electrode material for laecdasmobilization, known to catalyze the four-
electron reduction of ©completely to HO [4]. The enzyme was co-immobilized with the 2,2-
azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABT& redox mediator within a polypyrrole
matrix adsorbed on the CNF electrode (fig. 1).

ARTS

Brocathode
Figure 1. Electron transfer processes at the etzaidr

Results and Discussion

The fibrous morphology of the electrospun nanofibgas observed by SEM (Fig. 2). During
the chemical conversion of PAN nanofibers to carlmamofibers, structural changes were
induced and the diameters of the nanofibers deedefiom ~ 250 nm to ~ 180 nm, due to the
weight loss resulting. When used as an electrdue résulting electrospun mat did not need
adding any polymer binder or conductive material te structure affords an easy handling.
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nanofibrous mat

By varying the temperature of the heating-treatmg@mm 700 to 1400°C), the carbon
nanofibers present higher electrical conductivitpduced to more ordered carbon
microstructures, observed by Raman spectroscopeg. ifluence of the nanofibrous mats
thickness on the electrochemical properties ofefleetrodes was evaluated from characteristics
of the voltammograms of a redox probe in solutibne results suggested the benefit effect of
thicker electrospun nanofibers mat (90 pum) that ergyance electron transfer kinetics.

Finally, the benefit effect of the electrospun CN&Ss efficient conductive support for the
immobilization of laccase enzyme was evaluated ftoenelectrocatalytic reduction current of O
to water observed on the current density vs. veltagves (Fig. 3). In the absence of the redox
mediator ABTS (square curve), the current densities~ 0.5 mA cif and the oxygen reduction
current on the biocathode begins at 0.42 V vs AGlAmdicating that the CNFs are sufficient to
promote the adsorbed enzyme orientation for dieéattron transfer between the electrode, the
copper centers of laccase and the oxygen. In gsepce of immobilized ABTS (circle curve), the
bioelectroreduction of s enhanced, as reflected by a more positive teatupotential (0.58 V)
and intensified cathodic current densities (~ 1 om?), two to six times higher than results
previously reported. The contribution of the CNIesults in higher performance by inducing

higher loading of active species and faster kisedidhe electrode surface.
Voltage' V vs. AgidgCl
02 03 od

00 04

0.5 0.6

_Current Density/ uA em”
J P \
&

Figure 3. Polarization curv‘é-s of laccase/ABTS mediCNFs in @-saturated CPB solution
(pH 3, 0.1 M) obtained initiallya) and after 3 ¢) days, respectively. Comparison with the
polarization curve of laccase modified CNE3.¢ =10 mV.g
The specific interactions between laccase-ABTS-CI&d to efficient electrode materials for

mediated bioelectrocatalysis. The simple and fapitecedure makes the CNFs electrode
promising prospect in developing bioelectrochemitmalices.
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INFLUENCE OF MODIFICATION STRONG BASIC ANIONEXCHANG E
MEMBRANE MA-41 AT CHEMICAL STABILITY UNDER OVERLIMITING
CURRENT MODE

Ruslan Chermit, Mikhail Sharafan, Victor Zabolotsky
Kuban State University, Krasnodar, Russia

Introduction

Until now, detailed studies of ion-exchange membsawith a wide variety of theoretical and
experimental approaches were mainly carried outdédion-exchange membranes. So far, the study
electric transport properties of anion-exchange brames has been paid less attention. However, the
actual process of electrodialysis separation efficy of various ions determined by the propertfes o
membrane pairs. Since the functional groups inatlien-exchange membranes are less stable than
the cation-exchange samples, and more susceptilpieisoning in the process of electrodialysis, the
transport and chemical properties of these membrane essential in membrane processes. Also
important is the fact that the hydroxyl ions forgniluring reaction of water dissociation can
significantly modify the structure and chemical qusition of the surface layer of anion exchange
membranes.

It was shown earlier [1] that the OH- ions provaie@mohydrolysis quaternary ammonium
groups, which takes place on the border of aniam&nge membrane / solution from the reaction of
Hoffmann, by changing the composition of the sweféayer of anion-exchange membrane. During
the Hoffmann's cleavage of quaternary ammoniumsase formed tertiary ammonium base, olefin
and water [2].

| +
[YCH—C—N £]OH" -+ >c=c{ +N £+ H,0
|

This approach explains the high intensity of thesdciation of water molecules in the
strongly basic anion exchange membranddH and MA-41, containing mainly quaternary
amine groups, which according to the series (1)ig3jot active in the dissociation of water.
Thus, it remains an open question about the sdaraliays to improve the chemical stability is
strongly basic anion-exchange membranes at higlsitie=n of electric current in membrane
systems, as well as finding new ways to improve itess transport and the operational
characteristics of these membranes.

The purpose of this paper is to study the regugaribf the processes masstransfer and
dissociation of water and study of chemical stabif the original MA-41 and modified anion-
exchange membrane MA-41M in condition of overlingtcurrent mode, using the installation
with a rotating membrane disk (RMD). The investigatmethodology of EMS by RMD method
was described in detail in [4].

Results and discussion

Current-voltage characteristics electromembrandgesyscontaining the initial membrane
under study are shown in (Fig. 1). It is seen tbaa membrane MA-41 form CVC differs from
the classical form due to conjugate effects of eotr@tion polarization.
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Despite the fact that the original strongly basioa-exchange membrane MA-41 initially
contains mostly quaternary ammonium bases and diogoto the catalytic activity of ionic
groups in relation to the dissociation of watertba border of the membrane / solution should
not initiate it [3], in reality there is quite affdirent picture. At the beginning of the experiment
the dissociation of water is about 25% of the totalss transfer on the initial anion-exchange
membrane MA-41, (Fig. 2a, points 1), whereas afterours (Fig. 2a points 3) the part of a
current transported by hydroxyl ions through thenbeane is about 40%.

Maximum diffusion current of salt ions are praciigainchanged, and the transport of salt
ions decreases in condition of overlimiting currdaé to decrease the amount of space charge in
the surface layer of the membrane and reduce @wretonvection and mass transfer of salt

ions, as evidenced by Fig.2b
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Figure 2. The partial current-voltage characterestiof hydroxyl ions (a)
and chlorine (b) EMC containing membrane MA-41.010M NacCl solution at a rate of rotation
of the disk membrane 100 r / min: where 1 - thginal membrane, 2 - after 6 hours of work,

3 - after 10 hours of work

Analysis of the partial current-voltage charactasssof chlorine and hydroxyl ions for the

original MA-41 and modified MA-41M is shown in (Figa, b).
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Figure 3. The partial current-voltage characterestiof hydroxyl ions (a) and chlorine (b) EMC-
containing membranes MA-41, and MA-41M in 0.01 MCNsolution at a rotation speed 100 rev
/ min with 1-MA-41 after 2 hours, 2 - MA-41 afteh@urs of work, 3-MA-41M after 2 hours,

4 - MA-41M after 8 hours

As seen from (Fig. 3 a) dissociation of water moles is much lower on the modified
membrane than on the original and only begins wherpotential jump\e = 4V, while in the
original membrane this process begins alreadjgat 2V. At the same time on the modified

40



membrane MA-41M observed a significant increasemiass transfer of salt ions (35%), as
evidenced by the partial current-voltage charasties of the ions Cl-(Fig. 3. b, points 3 and 4)

In Fig. 4 shows the dependence of the limiting enir{found by the method of tangents) of
the square root of angular velocity)(for all investigated systems. The dotted linghiis figure
shows the calculation of the dependence of thdifimcurrent of the/w in conformity with the
theory of Levich.

. 2
i, mA/lsm

20+

16

12 1 '._,"—‘. ““““ Levich

w’® (rad/s?‘5
Figure 4. The dependence of the limiting curremtsity on the square root of the angular
velocity of the membrane disk: dashed line - caltoih by the theory of Levich;
points - experimental limiting currents for memtea: 1 - MA-41, 2 - MA-41M, 3 - AMX

The figure shows that the values of the limitingfudiion current in all speed range of the
rotating membrane disk for the modified MA-41M @mamogeneous AMX membrane is almost
identical and slightly higher than the values ohiting currents, calculated by the formula
Levich. Thus, developed heterogeneous anion-exeharembrane MA-41 allows to completely
suppress the reaction of dissociation of water mus at the boundary of the membrane /
solution (in operating voltage range), while sigrahtly increasing a mass transfer in the system
(+35%), and by modifying the initial heterogeneauembrane impart this membrane (MA-
41M) the properties of homogeneous membranes AMX.

This work was supported by RFBR gramte 11-03-96504p e y and RFTP
M02.740.11.0861.
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CORRELATION BETWEEN STRUCTURAL AND SELECTIVE PROPER TIES

OF ION-EXCHANGE MEMBRANES
'Mariya Chernyaeva, 'Natalia Kononenko, 2Yurii Volfkovich, 3Marina Kardash,
3Georgii Aleksandrov
'Kuban State University, Krasnodar, Russia
*Frumkin Institute of Physical Chemistry and Electrochemistry of RAS, Moscow, Russia
3Engels Technological Institute (branch) of Saratov State Technical University, Engels, Russia

The aim of this work is the estimation of membras&ectivity from the structural
characteristics. The porous structure of ion-exgeamembranes was studied with method of
standard contact porosimetry. The maximal valuavafer content\(p), the specific internal
surface areaJ] and the distance between the fixed groups Were calculated from the
porosimetry curves of the relative water cont&ftgs a function of the effective radii of pores
(nm) in the membrane:

s=zj"°iz( v Jdrzz“’d—v | L= |>
or\dinr o QN,

where dV is the differential of water conten@Q is the ion-exchange capacitils is the
Avogadrads number.

Selectivity is provided by only micro- and mesogsoire gel with effective radius no more than
100 nm. The fraction of these pores in the totatepovolume V4ef/Vo) is parameter for
characterization of membrane selectivity. Membraelective properties were investigated also
experimentally with help of membrane potential noeesient in 0.1/0.24 NaCl solutions. The
transport numbers of counter-ionsg,f) were calculated using equation:

1 E
t+(app) _§[1+ E j

ideal

whereE is themembrane potentialieq is the concentration potential.

The porosimetry curves of the ion-exchange memligraare shown in Figure ITable 1
presents structural characteristics and the trahspmbers of these membranés. can be seen
from the table, the paramet¥ye/Vo has greater value in the case of MF-4SC membrdnes.
correlates with measurements of transport numbemsdmbrane potential method.

0,8 v, cm¥g 0,8 1V, cm®/g 0,1
5

MA-40 15
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MF-4SC 29

Igr (r, nm) lgr (r, nm)
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a b
Figure 1. Integral curves of water distribution tire effective pore radii (r, nm) for ion-
exchange membranes (The curve number (b) corresporttie pressure of Polycon pressing
P, MPa)
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Table 1: The structural and selectivity characterisics of ion-exchange membranes

Vo, cm? Q, mmol/g S, m2/g L, nm Vgeil Vo tapp

H,O/g
MK-40 0,54 1,67 421 0,52 0,78 0,97
MA-40 0,62 2,30 514 0,60 0,87 0,92
MF-4SC 29 0,23 0,93 207 0,51 0,98 0,97
MF-4SC 0,21 0,70 167 0,57 0,95 0,96

It was revealed the correlation between structanal selective properties of new membrane
materials Polycon, which contains phenolsulfocatiomatrix and fibrous component. The
compacting pressure of sampldy (aried from 5 MPa up to 20 MPa. Figurb g¢hows the
curves of water distribution in these samples. $tractural characteristics and the transport
numbers of Polycon membranes are summarized ifdb&e 2. As indicated in Figure, thg
value of Polycon samples is higher than for memésdrase on perfluorinated and polystyrene
matrix. The presence of macropores in regiofl At in Polycon samples are caused by
formation of structural defects at the interfacénaen the resin and polyacrylonitrile fibers. It
results in lower value o¥ye/Vo parameter. According to Table Y4e/Vo parameter varies from
0.82 to 0.89. Thus the selectivity of these sam@dewer in comparative with heterogeneous
ion-exchange membranes; however it is sufficiehilyh for fibrous materials. The value of
Vgel Vo parameter correlates with the value of the trartspambers of Polycon membranes.

Table 2: The structural and selectivity characterisics of fibrous composite membranes

Polycon
Number of . o acting pressure | Vo, cm®g | S, m¥ Vger, €M/ Va/V. t
sample p ap 0y g ' g gels g gel’ Vo app
1 - 0,71 751 0,63 0,89 0,80
2 5 MPa 0,61 655 0,53 0,87 0,89
3 10 MPa 0,52 596 0,43 0,83 0,80
4 15 MPa 0,61 646 0,52 0,85 0,79
5 20 MPa 0,34 407 0,28 0,82 0,90

The fraction of gel pores volume/f/V, parameter) can be applied to characterize the
membrane selectivity, but this estimation has axiprate character.

The present work is supported by the Russian Fdiordéor Basic Research (projest 10-
08-00074a).
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CELL MODEL FOR A MEMBRANE CONSISTING OF PARALLEL CY LINDERS

UNDER HYDROMAGNETIC AXIAL FLOW
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Introduction

In this work we propose to study the flow of ancaieally conducting fluid through a
membrane composed of an array of parallel circatar conducting cylinders using cell model
initiated by Happel. The flow is taken along thesf the cylinders and the magnetic field in a
fixed direction transverse to the flow. It may bamarked here that we have not taken the
induced electric/magnetic field to be zero as isedby many authors; non-vanishing of the
induced electric field is exhibited in the sequel.Hartmans paper too this induced field is
present. In Golds [1] study of magnetohydrodynapijme flow, which has motivated us to take
up this MHD problem, induced electromagnetic fiedgigpear and are significant. Also, it is seen
that the problem is not axial symmetric and quaastiare functions of both radial distance r and
polar angle. It should also be noted that in thabfem there is only one component of velocity
along the axes of the cylinders and then as inctmeerned references [2] and [3] mentioned
earlier the four cell flow boundary conditions aaé identical. Electromagnetic boundary
conditions are also needed. The system is simulbte@ single cylinder enveloped by a
concentric cylindrical enveloping surface with axflaw. The analysis leads to the evaluation of
the permeability parameter. The results are thaphacally presented and discussed. The effect
of magnetic field is seen to increase the permiabilhe similar problem neglecting induced
electric field for a swarm of partially porous piéggbcylinders was investigated in [4].

Theory

We have seen that in the cell method, the problets iggduced to the investigation of a single
particle enveloped in a cell. Here the single platis an impenetrable cylinder of radius 1 with
axis along the z axis and the cell is a concegtiimder of radius c. The external flow, induced
by constant axial pressure gradientjgaleng the axis of the cylinder. The applied maigrietld
is uniform field g along the transverse x-direction (Fig. 1).

€x

=c r=c

Figure 1. Transverse (left side) and longitudinaglit side) view of the cell in non-dimensional
form

As observed earlier the problem is not axial symimielhence we cannot take quantities to be
function of r alone. These will be functions of lhatand y in Cartesian coordinates or both r and
0 in polar coordinates. Thus, we take for vectorgedbcity and magnetic field

u=ulx;ye, =u(r;f)e (1)
B=¢ +b(X;y)e =€ +b(r;0)e (2)

Here, since all conditions are satisfied, we maguage that the induced magnetic field b is
only in the z-direction and then find that
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u x B =u(x;yke, 3)
Thus, providing non-zero
ou

OfuxB)= 3 (4)
Therefore, we have induced electric field

E=Ee +Eg§g (5)
where in terms of electric potential

E=-0¢ (6)

Using (1)-(6) the system of dimensionless MHD et (not presented here) can be reduced
to the following three equations:

M 2
p(x v 2 o B P (7)
2
DZU - M_@ =0, (8)
R, 0X
ou
-0°b=R,—, 9
Rn o 9)
wherep is a pressuray is an axial velocityR,, is a magnetic Reynolds numbgf,is a Hartman
number, P = —? is a constant pressure drop applied along z-@xis.above MHD equations
z

(8), (9) are in terms of flow field and induced magnetic fieldlcorresponding to Gold's paper
[1] but for our purpose it will be more conveni¢ntuse the flow fieldi and the electric potential
@; the equations then are expressible as

D%u+ M? (6¢ uj=—P (10)
24 = 0U
D¢—0y (11)

Since the boundary conditions are conveniently @sgible in terms of the radial distance r, we
shall render the equations (10) and (11) in cyloampolar coordinates (8; z):

D%u+ M (16¢ cosd +— ¢ sing - u) -P, (12)
roe or
26 =294 050+ 2 sirg (13)
rog or

These equation are to be solved under the bourdaitions, no-slip and no normal current at
the non conducting cylinder boundary 1:

u@=022(3=c a4)
no stress and no surface current at the cell boymdac:

)=

o (c) =0, 66?( c) = cu( g cod (15)
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Results and Discussion

As it is a stupendous task to analyze the systermgdoeral value of Hartman numbdr we
applied the perturbation method to obtain the smiuffor small values ofM?% hence we
substitute

u=u,+ M?u, g =¢,+ M, . (16)

in equations (12) and (13) to obtain the zero asd drder solution.

Using obtained analytical solution in the form @6) (not presented here), the dependence of
hydrodynamic permeability on magnetic field is ad@d in Fig. 2.

L I
[ | | 100k
nf / [ M=0 |

[ ,-"I M=0.2/ t
1oL i | M=02

8- 60-

40+

S L

1 1 1 .
1.5 20 2.5 3.0 3.5 4.0 Ll i = I I-- I L L - L L I ¢
0.2 04 0.6 0.8 1.0

Figure 2. Variation of permeability L with ¢ (lefide) and d=1/c (right side) for different valuds o
Hartman number M

From the left figure 3 we conclude that the effe€tmagnetic field is to increase the
permeability but this increase gets smaller/neplegivhen ¢ < 1:5 implying that greater the gap,
greater is the effect of magnetic field. Also itsisen that the effect of increasing the gap is to
increase the permeability, and takes place fothalvalues of M. From the right figure 3 we
again conclude that the effect of magnetic fieltbigncrease the permeability. But this increase
gets smaller/negligible when d > 0.6 implying tlsaballer the gap, greater is the effect of
magnetic field. Again it is seen that the effect in€reasing the gap is to increase the
permeability.

We believe that taking into account external magnéeld allows us to describe more
accurately the influence of magnetic stirrers cow8 of conducting liquid through porous
membranes.

The present work is supported by the Russian Fdiordéor Basic Research (projects nos
10-08-92652_IND and 12-08-92690_IND).
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Introduction
A search in new barrier materials with unusual props is in progress due to the increasing
importance of gaseous feed streams for industryesmgigy generation. Poly(2-methyl-5-vinyl
tetrazole) (PMVT) is distinguished from other pols by its unique chemical composition—
[C4sN4Hg]~ The backbone of its macromolecule is decoratétth wide groups which are
heterocycles primarily composed of nitrogen atoiffss chemical composition has triggered
interest for studying sorption and permeabilityPdVT with respect to gases §NO,, etc.).
Experiments
PMVT with M,,=68400 was synthesized by method described elseWhprPermeability and
diffusion coefficients of nitrogen, oxygen and carldioxide for the PMVT film with a thickness
of 50 pm were measured at a feed pressure of@&bar and at temperatures of 25@hising a
constant volume/variable pressure experimentapgd&¥SS Time-Lag Machine) [2].

Results and Discussion
PMVT gas permeability was studied for the firstéinThe Arrhenius plots were built (Fig. 1)
from which is seen that permeability coefficientidases in an order: P(@O-P(G)> P(NL).
The diffusion coefficient decreases with increagimg molecular diameter of penetrant (Table 1)
and with decreasing temperature. High permealtiigfficient for CQ is attributed to its high
solubility coefficient. Such gas transport charastes make PMVT an attractive material for
further studies in gas separation.
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Figure 1. Temperature dependences of gas permiatilefficients for PMVT

Table 1: Diffusion coefficient of N, O, and CO, at different temperatures in PMVT

Temperature, °C 25 35 45 'g;e;:gtg?lﬁr?]ugg]r
D(CO,), 10® *cm?/s 0,4 0,9 1,9 0,407
D(N,), 10® *cm?/s 2,3 6,8 11,1 0,370
D(0,), 10® *cm?/s 3,6 7.2 15,8 0,358
This work was partially supported by RFBR
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Introduction

Membrane technologies are an attractive alternatiibe existing conventional technologies
of separation and purification. To be useful inratustrial separation process, a membrane must
exhibit the following characteristics: high flux dénselectivity, tolerance to the process
conditions, manufacturing reproducibility [1]. Ihi$ case composite membranes, consisting of
thin selective polymer layer atop a porous supmppear to be attractive. The following
techniques of composite membrane fabrication wepdoeed over the last decades: solution
coating, interfacial polymerization, plasma polymation and dynamical coating [2]. The first
two methods are commonly used in large scale indliprocesses.

This work is focused on the elaboration of commositembranes based on high-permeable
glassy polymer poly[1-(trimethylsilyl)-1-propynePTMSP) for application in organic solvent
nanofiltration (OSN), membrane gas desorption (MG&nd termopervaporation (TPV)
processes.

Experiments

Thin film composite (TFC) membranes are usuallyitated using ultrafiltration level porous
supports such as polyacrylonitrile [3, 4] with, Nermeance typically below 2003%8TP)*
(m**h*bar)™. Unfortunately it eventually results in insuffioidy high flux of composite
membrane due to the resistance of porous suppaadaransport. In this work commercially
available high-flux microfiltration membranes wiipecific for each application features were
carefully selected, pretreated and used as supfabig 1).

Table 1: Support material features.

Membrane Industrial Required properties N , permeance, pore size, ym
application material m3(STP)*
(m Z*h*bar) -1 max mean
MGD metal-ceramic Stability at 100°C, 40 bar, 638 0,50 0,15
(MC) pH 212
OSN Polypropylene Chemical stability in 707 0,57 0,30
(PP) organic solvents
TPV PVDF-PTFE Hydrophobicity 756 0,48 0,31
(copolymer)

Solution coating for lab and pilot scale fabricatiof composite membranes was employed.
Standard test method, namely gas-liquid displacémas applied for determination of pore size
characteristics of porous supports [5]. Pure n@grognd carbon dioxide permeance of porous
supports and composite membranes was measuredvwadimgetric method at pressures up to 40
bar and temperature 45. The PTMSP/PVDF composite membrane was appligddrprocess
of butanol recovery from model fermentation bratisghg the TPV method described previously
[6]. The PTMSP/PP composite membrane was appliedrdmoval of dyes from ethanol
solutions using the OSN method described elsewfigre

Results and Discussion

Gas transport characteristics of elaborated merebraare presented in table 2. The
PTMSP/MC membrane was annealed at 1000C and itsegagice decreased by a factor of 20
after 150 hours of exposure to high temperaturavé¥er the same membrane showed stable
performance for the next 200 hours of annealin@CitoC keeping nearly the same CO2/N2
selectivity. Upon desorption of CO2 from the sateda 50% aqueous solution of N-
methyldiethanolamine at 40 bar and T00no liquid phase flow through the aged membranes
annealing at 15Q) takes place. Therefore, the as-prepared compustabranes can be used
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for the regeneration of chemical absorbent€ 0P at elevated temperatures and pressures and
this approach makes it possible to solve two follmyproblems: (i) to provide higeO2 flux

and (ii) to ensure high barrier characteristicshwispect to a liquid absorbent (the absence of
hydrodynamic flow of an absorbent through the meme). The PTMSP/PVDF composite
membrane exhibited a flux of 0,43 kg (m2 h) -1. FIeMSP/PP composite membrane exhibited
ethanol flux of 5,5 kg (m2 h) -1 at 5 bar.

Table 2: Gas transport characteristics of elaborateé composite membranes at 2€

Membrane application MGD OSN TPV
Gas permeance, N2 7,7 3.5 3.5
m*(STP)*
(m>*h*bar) * CO; 36,3 16,7 16,6
Selectivity, a(CO,/N,) 47 47 47

The membranes for TPV and OSN can be optimizedhdurin terms of layer thickness to
provide optimum flux/selectivity combination. Théyee they represent a perspective alternative
to commercial PDMS membranes. To the best of oomkedge the membrane developed for
MGD has the highest COpermeance at the given conditions in combinatiath vearrier
properties to liquid absorbent.

This work was partially supported by Presidium &iSR(PRAS-3)
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Introduction

Despite worldwide reduction of usage of highly toxnercury its application in chlorine
industry, measuring and lighting device productiomsstill in use. So to decrease ecological
danger of such productions it is necessary to &ffdctive methods of treatment of mercury
containing wastes which allow both to protect thei@nment and to return precious mercury
back to the process. From this point of view thpliaption of electrodialysis (ED) has many
advantages in comparison with conventional techeschut requires detailed study of membrane
properties in contacting solutions.

Experiments

In this research the influence of mercury (ll) dac&ochemical properties such as electrical
conductivity (EC) and total water content (WC) afan-exchange membranes MA-40 and MA-
41 in mercury (II) chloride and nitrate solutionmgdaheir behavior during the process of ED was
studied. Some characteristic of the membraneshen@rsin Table 1. Calculations made with the
use of equilibrium and material balances accordimgl] show that in chloride solutions
mercury exists mostly in neutral and negativelyrgkd chloride particles.

Table 1: Characteristics of the Membranes under Stdy

. . Exchange Capacity,
Membrane Type Type of Matrix Functional Group mg-ea/g an [2]
Copolymer of ethylene =N-
MA-40 diamine and =N: 2,19
epichlorohydrin [m
=NH
) Styrene N(CH-)."
MA-41 divinylbenzene (CHa)s 144

Results and Discussion

It was obtained that electrical conductivity of b@bembranes in mercury (Il) nitrate solutions
is much higher than that in mercury (1) chlorid@sble 2). It is explained by low mobility of
negatively charged complicated mercury (ll) chleridns.

Table 2: EC of the membranes in 0,02 eq mercury céaining solutions

Membrane Type EC of the membranes, mS/cm
HgCl, Hg(NO3),
MA-40 0,019 2,0
MA-41 0,012 2,6

The presence of mercury (ll) in sodium chlorideusiohs changes significantly as total WC
so as free and fixed water fraction which was messlby means of gravimetric method and
differential scanning calorimeter DSC respectivdlge WC of the cation-exchange membrane
MK-40, for example, remains nearly the same (T&)leThis phenomenon can be caused by
specific interaction between functional amino-greupf anion-exchange membranes with
mercury ions which was also proved by changes iag&ctra and X-ray diagrams [3].
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Table 3: Hydration characteristics of the membranes

. Free water Fixed water
0,
Membrane Solution (0,02 eq) |Water Content,% fraction, % fraction, % n
MK-40 NacCl 61,82 19,52 42,30 7,23
HgCl, +NaCl 53,37 21,43 31,94 7,51
MA-40 NacCl 59,02 30,60 28,42 4,52
HgCl, +NaCl 15,20 6,22 8,98 1,98
MA-41 NacCl 41,22 25,89 15,32 4,20
HgCl, +NaCl 17,10 7,71 9,39 3,09

n—the number of water molecules per a functignaiip

The (ED) of sodium chloride solutions containingrowey ions with "hollow" cells formed by
membrane pairs d¥1C-40 andMA-40 under current densities below limiting ones Baown
presence of material balance, absence of hydroxidemation and decrease of mercury
concentration in desalination cells by 70-76 %lirklthe desalination cells with granules of ion-
exchange resin oAV-17-8 type increases the degree of mercury dest#dim up to 95-97%

(Figure 1).
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Figure 1. Efficiency of ED of Sodium Chloride SmiatContaining Mercury lons in Desalination
Cells: 1, 1’ — concentration changes of NaCl anddHgespectively 1*,1*— the same in packing

ED

Thus, the presence of mercury in the contactingitsw slightly decreases the transport
properties of anion-exchange membranes. It is shthah ED may be used as an effective
method of non-detergent waste water treatment friarcury compounds.

wnN e

References

Butler J.lonic Equilibrium, Reading, Massachusetts, 1964.
Zabolotskiy V.I., Nikonenko V.Yan Transport in Membranes.-M.: Nauka, 1996.-392 p
Dyukov A.V, Shishkina S.V., Zheludkov ABNectrochemical Properties of lon-Exchange

Membranes in Chloride Solutions Containing lons IHg(on Transport in Membranes,
abstracts book, Tuapse, 2006. P. 178.

51



ION-EXCHANGE RESIN DOPED WITH ZIRCONIUM HYDROPHOSPHATE:
SELECTIVE SORPTION

YYuliya Dzyazko, *Ludmila Ponomarova, 2Yurii Volfkovich, ?Valentin Sosenkin,

Viadimir Belyakov

vernadskii Institute of General & Inorganic Chemistry of the NAS of Ukraine, Ukraine

E-mail: dzyazko@ionc.kiev.ua

Frumkin Institute of Physical Chemistry & Electrochemistry of RAS, Moscow, Russia,

E-mail: yuvolf40@mail.ru

Introduction

Composites based on ion-exchange resins are useatdlytic and electrocatalytic processes
particularly for oxygen removal from water and lidjtnydrocarbons as well as for ion exchange
processes [1]. The ion-exchangers, which are setetd As(l1l) u As(V) anions, were obtained
by modification of anion-exchange resins with HAg(bxide [2]. Regarding to heavy metal
cations, zirconium hydrophosphate (ZHP) can be idensd as a prospective dopant due to
selectivity towards these species [3]. Moreoveraarg-inorganic materials demonstrate high
rate of ion exchange [4]. Polymer ion-exchangensesre characterized by complex porous
structure, which involves micro- and mesopores @ioirig functional groups (gel phase), spaces
between gel fields (mesopores) and structure defesacropores) [5]. The dopant can occupy
both gel fields and spaces between them. Locatiopadicles of the inorganic constituent
undoubtedly determines functional properties ofdbenposite material.

Experiments

Strongly acidic gel-like cation-exchange resin Dew¢CR-S has been chosen as a model
matrix. The resin was immersed with a sol of hyellatirconium dioxide followed by treatment
with H3PQ,. The synthesis procedure was repeated 1 (sampBgdample 2), 5 (sample 3) and
7 (sample 4) times. Porous structure of the sampéesinvestigated with a method of standard
contact porometry, which can be applied to polynji&r€]. The method allows us to investigate
only polymeric constituent since the pretreatmemntditions (heating at 353 K) cannot provide
water removal from HZP surface. Also €dH" exchange from individual and combined
solutions was investigated both under static ancanhyc conditions. Morphology of the samples
was researched using transmission electron micpysco

Results and Discussion

The composite ion-exchangers contained 31-52 mag&H® TEM and SEM images show
large ZHP aggregates, which consist of brick-liklbed fragments (Fig. 1). The fragments are
formed due to aggregation of the nanopartickE0(nm). The aggregates of micron size are
evidently located in structure defects. Smallerraggtes (from=50 nm) have been also found.
They can be placed both in spaces between gelsfialti also in mesopores containing
functional groups.

JSM-6700F SEI  150kv X130,000 ~100nm WD 7.8mm

Figure 1. ZHP aggregates

Differential pore distributions demonstrate severaxima (Fig. 2). Regarding to the initial
resin, the maximum | (logf(nm)) and probably maximum Il (logt.4(nm)) can be related to
pores, which contain functional groups [5, 6]. Thaxima Il (logr3.2 (am)) and IV (loge4
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(nm)) are attributed to cracks on the particle atef Spaces between the particles give the
largest pores. It is possible to observe a shifthef maxima | and Il towards lower r values
(modified samples). The maxima Il are seen as sleosilof the maxima |. Three constituents are
visible instead of the maxima Ill (sample 1). Theaks at logt3.3 and 3.4 (nm) correspond to
pores, when the dopant is located. The sharp gegk=B.7 (nm)) is related to pores, which are
free from ZHP. These pores become regular dueltoro stretching.

Decrease of size of pores | and Il can be causeddd®crease of swelling pressure and also by
squeezing of these pores under the influence o&gfgeegates. Ribbed fragments can provide a
small contact surface between the particles ané palls. As a result, the pressure due to
inorganic constituent can be comparable with swgllpressure={1.5x10" I1a). This causes
incomplete filling of pores with water and decrea$é¢otal ion-exchange capacity. For instance,
the total capacity of the initial resin is 4.2 mngdl The content of polymer in the sample 4 is 48
mass %, thus the contribution of the polymer imt@ltcapacity is 2 mmol However the total
capacity of this sample is only 1.8 mma! i spite of ZHP.

Intensity of the maxima | as well as microporositgrease within the order: sample>4
sample 3> sample 1> sample 2. A change of porosity is probably duedmpetition of several
factors: decrease of the polymer content, incoradi#ing of pores with water and stretching of
pore walls caused by squeezing. Stretching of thenper leads to increase of distance between
functional groups and more complete hydration afnter-ions of functional groups.

Intensity of the maxima at log8.7 (nm) decreases within the order: samptganple 1
2>sample 3sample 4 probably due to competition between stiegcof the polymer and filling
of the macropores with ZHP.

Isotherms of C& — H" and Cd* - H* exchange are described by the Langmuir equatiisn (F
3, hereMis the number of modification cycle):

c_ 1 N C

A Ak A
where C is the concentration of equilibrium solutiod) is the exchange capacityd, is the
capacity of monolayerK is the constant, which corresponds to energy tefaction of sorbed
ions with a surface.

dvid(logr), crig(nm?) kedKca Al (A oA X0

2 3 4 0 2 4 6 8

logr, (nm) n
Figure 2. Differential distributions of pore Figure 3. Relations ok-4/k, (1, 2) and

volume for initial resin (1) and samples 1 (2), Ayl Ayt Ag) (3, 4) as functions of a number

2(3),3(4).40) of modification cycle. Initial resin and samples

1-4 (1, 2), individual ZHP (3, 4)
The K values for the modified samples and individual Z&E close to each other, thus ion-
exchange properties of the composites are detedrinyethe dopant. It was found that the

relation of K.y /K, , is larger than 1 both for inorganic and orgamiarganic ion-exchangers
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(Fig. 3). A minimum of theK.y / Kc, = n curve am=3 can be caused by a competition of two

factors. The first one is a decrease of microptyasfithe polymeric constituent, the second one
is an increase of ZHP amount in the composites.

Cey mmol drii® As found, all the modifiedsamples
0.0} demonstrate better selectivity towar
' o1 Cd®* during deionization of combining
solution, which contains also €aand
ool Mg* (Fig. 4). The lowest Cd
' concentration at the column outlet has

been found in the case of composite ion-
exchangers, at the same time the worst
results have been obtained for the non-
modified resin. The largest relations of

AL (AL + A,y)  (here A is the
breakthrough capacity) have been found

_ . v, om? both for composite materials and
Figure 4. Cd" concentration at the column outlet a%ndividual ZHP (see Fig. 3). A shape of

a function of volume of passed solution, which
contained initially (mg di): Cd** -4, C&*-57,
Mg?* - 12. Samples: initial resin (1), individual ZHPandAL, /( AL, + A(,lg)— n is similar. This
(2), sample 1 (3), sample 2 (4), sample 3 (5) indicates correlation of data obtained
under dynamic and static conditions.
Thus ion-exchange properties of the composite iahangers are determined by inorganic
constituent.

0.01+

0.00 :
0 200 400

the curves of Kc/Ke,— n

Conclusions

Modification of cation-exchange resin with inorgardopant causes transformation of
porous structure of the polymer influenced by aggtes of ZHP nanoparticles. The method of
standard contact porometry, which allows us to stigate only polymeric constituent, was
applied. Analysis of differential pore distributicghows, that this transformation is due to
squeezing of pores, which contaiBO;H groups, and stretching of the polymer. Moreovesse
pores are evidently free from water. Thus the iaarg constituent determines ion-exchange
properties of the composites. They are remove mblg CE* ions from combining solution,
which contains also Gaand Md".
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Introduction

One of the membrane technology and particularly sggsaration processes keynote goals is
research and development of new membrane matenigts high separation and transport
properties at thermal and chemical stability [1ftefative way for solving of this challenge task
is modification of already existing materials andmbranes. Nowadays a lot of different methods
for membrane post treatment are known: chemicaktrelchemical, plasma chemical, surface
modification, including gas-phase fluorination agtd. One of the most effective methods is a
direct gas-phase fluorination method which is tradally used for polymeric membrane [2-3].
However, inorganic nanoporous materials which destrate very perspective gas separation
properties, for example, zeolites and carbon basa&ttix also could be modified by this method.
Particularly this modification method can seriousifluent on surface gas flow and as result on
separation properties of nanoporous materials. @meteresting materials for fluorination is the
nanoporous graphite foils (GF) based on pressedceiated graphite compounds which provides
high H,/CO, and C4H1¢/CO, separation [4]. In the present work the influenfehe direct gas-
phase fluorination treatment on GF gas transpalisaparation properties was investigated.

Studied objects

In the present work gas separation properties efnliembranes base of exfoliated graphite
foils produced by Inumit Co (Russian Federation)hwiange of density 0,98-1,50 g/tmand
thickness 0,3—-0,6 mm were studied.

GF based on exfoliated graphite was obtained blpwvahg technique provided required
thickness and density of foil samples: the intextmal graphite was prepared from graphite
nitrate of Il stage by following method [5]: natugraphite had been treated by 98 % nitric acid
at mass relation 1:0.8. Then intercalated graghatebeen treated by hydrolysis, and then it was
termo-expanded at 90W to obtain exfoliated graphite. Then pressing pdoce was used to
obtain GF with high mechanical properties.

Fluorination technique

The modification of GF by gas-phase fluorinatiorsvearried out by following technique: the
samples were placed in a closed reactor, aftetthieateactor was degassed till vacuuni10?
Torr), than the reactor was heated up in oven. Imo8r (under continuous de-gassing)
temperature reached the steady-state values tha vegied from 195 to 350 °C and pure
fluorine was pumped in the reactor till pressuraeadd bar is reached. Pressure in the reactor
was kept constant (1.00+0.02 bar) and time of tmeat was varied from 1.5 to 2.5 hours.
Samples weight was measured before and after flaton.

Gas permeance experiment

The permeance of He,,NH,, CO, CH4, CGiHg and n-GHjp was measured by differential
method with chromatography analysis using two tephes:

- sweeping of permeate by carrier gas (He, Argmperature range 296-373 K;

- evacuation of permeatepfpn ~ 10%atm).

Results and Discussion

It was found that GF gas-phase fluorination leadstreasing of samples weight by 23 %
depending on modification conditions. No variatioh samples weight was mentioned after
permeability experiments.
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Gas-phase fluorination of GF resulted in decreasihghe permeance dile, N,, H, and
especially CQ (CO, permeance decreased almost in 2 times). Howdvembdification didnt
seriously influence on the n;8;0 permeability. It should be mentioned that fluorioat
provides enough high level of gas permeance in eoisgn with initial samples to use modified
membranes in separation processes. Thus the dileref CQ and hydrocarbons achieved
permeability differenc€4H;0/CO, selectivity increased approximately in 1.5 times.

Temperature dependenciestdf, CO,, N, permeance were studied for initial and fluorinated
GF with different density. It was shown that thes germeance decreasing of fluorinated GF is
less significant and has monotonous form in conspariwith initial ones with temperature
growing. It can be result of the significant destiag of surface flow contribution in overall flow
through the membrane, especially in the case of. @@alysis of obtained experimental data
shows that molecular diffusion became more impaftacomparison with initial samples at not
so significant decrease of gas flux. In this caseflux decrease can be connected with changing
of the least pore diameters as result of fluoriretules influence.

Conclusion

In the present work it was demonstrated that lemg-tdirect gas-phase fluorination of GF
significantly affects on gas transport propertiestadied membranes, especially on temperature
dependences of gas permeability.

Thus the results demonstrate the possibility ofiegion of the direct gas-phase fluorination
modification method for improving of gas transpprbperties not only of polymeric but also of
inorganic carbon-based membranes.
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Introduction

Milk permeate is the by-product of milk processihy ultrafiltrationto produce protein
concentrates. Permeate contains the soluble patteeanilk or whey; dairy salts and lactose.
Permeate has many different applications. For elangpray dried permeateis used in
confectionary products or as a filler for food pwots or a carrier for seasonings.In additional
whey and milk ultrafiltration permeate are base ¥@rious beverages [1]. In our studies
nanofiltration (NF) andelectrodialysis(ED) were diséo compare the influence of these
processes on technological properties of permete [

Experiments

Skim milk permeate (Table 1) was processed on tilgnatibn pilot plant (Test Unit M20
(Alfa Laval)) withpolymericroll membranes. The pess temperature was 2 the process
pressure was 20 bar, the concentration factor wak Zhen part of concentrated permeate was
demineralized on ED-Y pilot plant. The process temafure was I'®, heterogeneous ion-
exchange membranes Ralexwere usedand the denuaéimalilevel was more than 90%.

ResultsandDiscussion

The composition various types of permeate showrainle 1, sensory characteristics shown in
figure 1.
Table 1: The composition of permeate after nanofitation and electrodialysis

Permeate
Parameter : NF NF and ED
native

treatment treatment

Total dry extract, % 5,1+0,1 17,540,1 15,2+0,2

Lactose % 4,640,2 12,740,2 13,0+0,3
Total protein, % 0,19+0,12 0,60+0,13 0,65+0,15

Conductivity (mS) 5,6+0,1 15,6+0,3 0,940,1
pH 6,06+0,01 4,56+0,03 3,32+0,01

Appearance
10

Unpleasant

Flavor - Native Permeate
aftertaste

Concentrated Permeate

Demineralized Permeate

Sweetness Taste

Figure 1. Sensory characteristics of permeate

According to the results demineralized permeatesists less amount of mineral substances;
its taste is sweeter and cleaner. Therefore, dealined permeate is the preferred raw material
in the manufacture of beverages.
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Introduction

Although pressure driven membrane methods for watdutions separation are applying
widely, the electrodialysis (ED) process for a nembf practical applications has no alternative.
The theoretical and practical investigations of soED applications are carrying out in the
membrane technology department of the MUCTR.

Experiments

The technology of vat residue deactivation after liquid radioactive wastes treatment was
introduced in the last decade. This technologynalto obtain the non-radioactive brines with total
salinity ca. 100-150 g/Il. The brines are consideasdhe source of chemicals (alkali and acids
solutions primarily) for nuclear power plants ogena In this case the problem of brines disposal
from overloaded storages will also solve. One @& thost demanded product of the brines
utilization is boron acid. The two-chamber ED withtion-exchange and bipolar membranes
proposed as a stage of boron acid recovery pratess. The laboratory experiments with model
solutions (NaN@+N&B,0Oy) as the previous before real solutions were chwoig.

The modern apatite (calcium halogen phosphate) mepheline (sodium and potassium
aluminosilicate) processing technology related daogé amount of mineral acids using and
mineralized waste water generation. These wasteg bea utilized with acid, alkali and
demineralized silica solutions obtaining. The ammdl alkali solutions may be recycled, and silica
solutions may be used in construction materialsufamuring. For this process investigation the
ordinary three-chamber ED with bipolar membrangzaposed. The laboratory experiments with
model solutions (potassium alum and aluminum sjifaind solution after the opening of the
nepheline were carried out.

Results and discussion

In the experiments with the two-chamber ED solgiohsodium hydroxide with p#2.5 and
nitric and boron acids blend with pf#l.5 were observed. The sharp change of pH in tite ac
chamber were detected (fig.1).
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In the experiments with aluminum containing solagidhe typical picture of acid and alkali
generation while initial solution desalination. Aglh concentration of aluminum in initial solution
does not lead to membrane fouling.
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Introduction
Methods of membrane technology are increasinglyd use various fields of industrial
production, and therefore physical-chemical andtedehemical property demands to the ion-
exchange membranes are raised. Currently direet@atls for the source of reactive compounds
and synthesis based on these different types oftraras for electrodialysis processes is carried
out.
Experimental

The synthesis of interpolymer membranes was peddrin a three-necked reactor with a
polymeric binder - polyvinyl chloride (PVC) in thetal solvent. Next, into the reactor was
placed an ether (diglycidyl ether of resorcinol (B9 and vinyl ether of monoethanolamine
(VEMEA)), allyl bromide (AB) and amine (polyethylen polyamine (PEPA),
hexamethylenediamine (HMDA), polyethyleneimine (PBpre-dissolving in cyclohexanone
(CH). The reaction temperature was maintained & 76r two hours stirring. Then the reaction
mixture was cast onto a smooth surface and drieéridV light [1-4].

Results and Discussion

In order to find optimal process conditions theeeffof the ratio of initial components and
their nature on the electrochemical and physicokaeical properties of indicators of the
formed membranes is investigated. Definition of ibaslectrochemical characteristics was
carried out on laboratory electrodialysis cell. Weand that most static exchange (SEC-4.2 mg-
equiv./g) have ion-exchange membranes at a wegit DGER+VEMEA+AB+amine+PVC =
70 : 30 wt.%. The samples have a low electricabtiegy and sufficiently high to unreinforced
membrane mechanical strength. Further increaséa@nconcentration of the amine has little
effect on changes in SEC membranes (Table 1).

Table 1: Electrochemical properties of interpolyme membranes on the basis of
VEMEA, DGER, AB and binding PVC received in the presence of diffent polyamines

Membranes on the SEC of 0,1 n HCI | The resistivity, Transfer Specific water
basis of solution, mg- Ohm[@m number, permeability,
VEMEA:DGER: AB in equiv./g % K 00, cm®Beclg
the presence of
PEPA 2,9 90 0,98 1,3
HMDA 3,2 65 0,97 1,8
PEI 4.2 54 0,98 1,9
MA-40 3,4 240 0,94 —
Note: MA-40 — industrial membrane brand.

The structure of obtained ion-exchange membranetitong in its composition the different
porometry (Figures 1, 2).

Figure 1. Microphotography of samples of synthekina exchange membranes
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Figure 2.Pore distribution with radius in synthesizion exchange membranes on the basis of
VEMEA, DGER4B and PEPA

The study of the relative and volume porosity ofnmbeanes is of some theoretical and
practical interest, since their number and relagesition in the ion exchanger has a significant
influence on the sorption and electrochemical priigee of the final products. The structure of
the dry samples is significantly different from ith&tructure in the working swollen state, as the
swelling leads to a multiple increase in pore vadutiie to hydration of functional groups [5].

The porosity ion exchange membranes of interpolytyee based on DGER, VEMEA, AB
and PEPA depends on the duration of curing andreatiuithe starting monomers. It was found
that they are characterized by the specific poyosit0.2 to 2.0 mg/g, which decreases with
increasing length of curing.

It is shown that the samples synthesized &€ 6tve the most homogeneous pore structure in
all the film thickness. Raising the temperatur8®C and increasing the duration of curing to 24
h leads to an increase in SEC and a decrease ielttere volume porosity of the membranes
from 12.9 to 0.8 cilg, depending on the nature of the starting monemierfollows that the
increase in temperature leads to a decrease irspr@nd thus reduce permeability.

The study of the porous structure of synthesizéerpolymer membranes by the method of
mercury porometry showed that the samples genecaltyain pores of radius 1.9-2.6 nm and a
slightly smaller number of pores of radius 5.4 nihe relative specific porosity of the
membranes is 6,8-1,0 éfg [6].

Thus, on the basis of the available reactive momsrard oligomers the ion-exchange resins
and membranes with a high sorption, physical, meiclh and electrochemical properties are
synthesized. By standard and mercury porometry odsththe sizes of pores of the received
membranes are determined. Sizes and most narrawbdisn of pores with radius of the
synthesized membranes indicate that they are whnn structure with homogeneous, which
opens up broad prospects for their practical appba [7].
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Introduction

The main problem in perfluorinated membranes appba in polymer electrolyte fuel cell
(PEFC) is retention of high humidity and proton doctance at working temperatures [1].
Nowadays the composites based on Nafion type memabrand electron conducting polymer
polyaniline (PAn) are widely explored to resolvéstproblem [1,2]. The aim of this work is to
reveal the influence of membrane modification mdthhy PAn on the water management and
thermal characteristics of basic matrix. For thima ¢he differential scanning calorimetry (DSC),
termogravimetry (TGA), FTIR-spectroscopy, membram®nductometry and diffusion
permeability methods were used.

Experiments

We explored composites MF-4SC/PAn prepared by twtierdnt methods: under
concentration gradient (successive diffusion metiwith surface PAn layer placed afterwards
(fig. 1la) and under simultaneous action of conedimin and electric fields (fig. 1b). As the
polymerization initiator FeGlsolution was used. These samples possesses mcoalalectro-
transport properties: reduced anisotropic diffugg@nmeability and conductivity close to initial
MF-4SC membrane (fig. 2, where is conductivity of membrane, P is diffusion pertiéty
coefficient of unmodified samples Bnd R, are diffusion permeability coefficients in casdsenw
composite membrane is faced by modified and unremti$urfaces towards electrolyte flow
correspondingly).
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Figure 1. Schematic presentation of cells for Figure 2. Relative presentation of

chemical template synthesis of composites conductivity and diffusion permeability data
MF-4SC/Pan: (a) successive diffusion method of initial MF-4SC and composite
and (b) synthesis in external electric field MF-4SC/PAn membranes

Results and discussion

The FTIR-analysis of membrane detected peaks a8 Bl 1620 cifcorresponding to
benzoid and quinoid rings vibration with equal mgy. This indicates the presence of PAn in
middle oxidation and most conductive state - endénel
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TGA-analysis showed that for composites desulf@magirocess begins at higher temperature
by 3-5C than for initial membrane. Its caused by intei@ttbetween PAn chains and fixed
sulfur-groups of template matrix. The magnitudesolid residue for MF-4SC/Pan (b) is higher
than for MF-4SC/Pan (b), that points to a greatgangty of Pan introduced in electric field
synthesis conditions.

On fig. 3a the DSC-profiles for composite and basiembranes are presented. For MF-
4SC/Pan (b) sample the temperatures of I, I, ttensitions are higher than for the basic
membrane. Analysis of areas under Il and Ill pedi®vn, that PAn intercalation causes water
reorganization between intermediate (Il transitianyl cluster zones (Il transition). Comparison
of DSC-data with porosimetric curves obtained landard contact porosimetry method (fig. 3b)
showed that main water displacement occurs in perds effective radii 1-100 nm (nanosize
level). This area corresponds to Il transition be DSC-profiles. For MF-4SC/Pan (a) sample
significant changes in water organization do ngip®m, except slight increase of Il transition
temperature.
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Figure 3. DSC profiles (a) and porosimetry curviesfor bare MF-4SC membranes (1,3)
and for composites MF-4SC/PAn (2,4). 2 — MF-A4SC/EAn4 — MF-4SC/PAnN (A)

Presented results show that PAn chains and fixesl iorm in membrane phase interpolymer
complex, which contains water molecules. The aramehains of PAn localize both in the
intermediate area and in the cluster zone and ehaagosystem of the basic matrix. As a result,
the composite purchases greater thermal stabitign tthe initial MF-4SC membrane. The
formation of interpolymer complex MF-4SC/PAn prom®tretention of water quantity enough
to provide high protonic conductance at operatiagngeratures of PEFC. The influence of
electric field on the PAn synthesis process cossist following: anilinium and F& ions
(counter-ions relative to basic matrix) hastenectlegtric field, easily enters into the membrane
bulk. As a result the PAn chains form across thegport channels of the template matrix.

On the base of performed research the influenca@nafiltaneous action of concentration and
electric fields (under the rest equal conditions)tbe Pan distribution in the basic matrix is
revealed and corresponding structural model is sstgg. When the composite membrane was
modified under concentration gradient the PAn thistes in matrix volume in a random way
mainly in the intermediate area (figa)4 This leads to reduction of conducting and diffus
characteristics.

In the case of PAn synthesis under simultaneousraof concentration and electric fields the
pore walls arelaminated with PAn chains (fig.)4blence the modifier localizes in cluster zone
near the fixed ions, it does not make the stemdtance for the diffusion transfer (with the
exception of the PAn compact layer on the surface).
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Figure 4. The character of Pan distribution in dieischannel structure of basic matrix.
a — random distribution, b — “lamination” of trangpt channels

The conductivity of lengthy PAn chains contributeto the total conductivity of the material
and permits to possess the high conductivity lef¢he composite MF-4SC/PAn (b) comparable
with the initial membrane. When the synthesis sied out in the external electric field the PAn
distribution could be regulated and the materiaated possesses by yhe optimized complex of
physico-chemical properties.
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Introduction

Synthesis of nanorod arrays, containing nanogramakgerials on Si substrate and utilizing
the enhanced magnetoresistive (MR) effect, showshnpuomise for the design of Si-compatible
magnetoelectronic devices [1, 2]. In this work wady the carrier transport and magneto-
transport properties in the bundles of Ni nanor@msNanoRods-In-Pores — NRIPs) embedded
into the n-Si/SiQ porous template created by selective etching oft sweavy ion tracks in a
SiO layer when the pores are filled with nickel nandipées.

Experiments

We used underpotential electrodeposition of Ni mamtcles into the nanopores in a $iO
layer as a template created on the phosphorousddop8i(100) substrate with 4{Gm
resistivity to produce magnetosensitive nanostrmestun-Si/SiQ/Ni. A SiO, layer with the
thickness 700 nm was thermally grown on the Si(18@)strate by the standard procedure
(1100°C, 10 hours, pure oxygemo produce a nanoporous SiCayer, scanned beams of
350 MeV **’Au?®* ions were employed for the bombardment of the iagill Si wafers with
fluences of about ®0° cmi®. The pores were formed by chemical etching ofnfateacks in a
dilute HF acid for a whole depth of the Si@yer down to the Si substrate. The regimes and
electrochemical properties of the samples studietewdescribed in [3]. Etching resulted in the
formation of the nanopores randomly distributed rotlee sample surface and shaped like
truncated cones with heights about 400—500 nmdan¢h/upper diameters of 100/250 nm. The
nanopores filled with Ni nanoparticles enable opefdarm a system of NRIPs randomly
distributed within the Si@layer.
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Figure 1. I-V characteristics at 25 K for the magodield inductions B =0 (1) and B = 8 T with
B-I configurations i =1 (2) or i = 2 (3) shown insert (b). Inserts show a schematic view Ni-
NRIPs and In probes in n-Si/Sii nanostructures (a) and a scheme of mutual a&igents of
magnetic induction vector B, current vector | andg@bstrate plane at MR measurements
(configurations i = 1,2)
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Electrodeposited Ni-NRIPs had granular structuréghwhe Ni particles having the face-
centered cubic structure and dimensions of about7@0vm. The |-V characteristics and DC
resistance of n-Si/SKINi nanostructures were measured at temperatures2= 300 K and
magnetic fields B up to 8 T between two electripinbes shown in the sketch of the sample in
insert (a) in Fig. 1. As is seen from insert (b)Fig. 1, measurements were performed for two
different mutual alignments i of vectors B and Idathe substrate plane in n-Si/SINi
nanostructures. For i = 1 vector B is parallel teIRs axis and normal to vector in them and to
Si substrate plane. For i =2 vector B is pardtbeNRIPs axis and vector | in them but parallel
to vector | in Si substrate plane.

Results and Discussion

Fig. 1 shows that the |-V characteristics of n-BE¥#Ni nanostructures exhibit non-linear
behavior and strong dependence on mutual alignenaénhagnetic induction vect@, current
vectorl and Si substrate plane (NRIPs axis). The symnitgto$ |-V branches and the behavior
of I-Vs at different temperatures shows that twaorad bundles (contacting the Si substrate)
under the electric probes electrically resemble ®uiNi Schottky diodes serially joined and
switched-on opposite to each other.

The typical temperature dependences of the resisigi V/I for n-Si/SiQ/Ni nanostructures
measured & = 0 and plotted in logarithmic scale are showrim 2a.

10°; >
4 1
10’4 34
S =
X 21
10°A 2
1 i
3
105_ 0 ~
10 Tk 100 10 T.K 100
a b

Figure 2. a - Temperature dependencies of resigtatd® = 0 (curves 1 and 2)andatB=8T
(curves la and 2a) for different measuring curreftsla — 1000 nA; 2,2a — 100 nA. Mutual
alignments of vectors B, | and Si sudistr plane corresponded to configuration 1=
b — Temperature dependence of MR(B = 8 T) for D=nA (1), 100 nA (2) and 10 nA (3)

We would note the following main features of theseves. Firstly, position of R(T) curves on
ordinate scale in Fig. 2a is strongly dependenthermeasuring current | although their shape is
similar for different | values in the region 1@&D nA.

The second feature is that the shape of R(T) cufees-Si/SiQ/Ni nanostructures are
principally different from behavior of metallic gralar Ni films [4] which displayed metallic
progress of R(T) with positive sign of dR/dT. Assieen, for n-Si/Si@Ni nanostructures dR/dT
< 0 that is characteristic for semiconductors omsoof granular or disorderd systems. The
analysis of the observed behavior of R(T) suggélstd in the studied nanostructures at
temperatures ranging 15—-300 K the activation geeptial) carrier transport by the Si substrate
dominates—intrinsic carrier transport at T > XK08nd impurity transport in the region lower than
100 K.

As is seen from Figs.1 and 2, the application ofmagnetic field to the n-Si/SHNi
nanostructure for both measurement configurationslj2 caused strong increase of resistance
(MR > 0) approaching a huge values at around 2Bdte also, that at temperatures higher than
180 K, when measuring currents | decrease, magrsmst@ance become negative. This effect is
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more pronounced on MR(B) curves shown in Fig. 2bctvtwas calculated by point-to-point
subtracting of the curves in Fig. 2a measured Herdnt currents in B =8 T and B = 0
correspondingly. The MR(B) curves behavior presgirie=ig. 2b show that at low temperatures
MR strongly increases with measuring current desgregpproaching 200-600 % at temperatures
of about 20-27 K for 10 <1 <1000 nA.

As we observed, at T > 180 K, where conductanc8itsubstrate is predominant, the values
of MR effects in n-Si/Si@Ni nanostructures for configurations i = 1,2 weegative as for the
samples of Ni films studied. This probably meanat tithagnetoresistance in this temperature
region is similar to the anisotropic magnetoregesgffect [5] observed in Ni nanogranular films.

At temperatures lower than 100 K, where impuritpdactance is realized, MR valuies n-
Si/SIO/Ni nanostructures were always positive approacihmagimum at approximately 23-25
K. These results enable one to assume that a hogjévp magnetoresistive effect at these
temperatures in n-Si/SYNi nanostructures can be associated with two ptessontributions -
the influence of Si/Ni Schottky barriers and/or rament of electrons along the electron-
enriched Si/SiQ interfacial channel. To separate these two mecheniwe need to make
additional experiments.
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MATHEMATICAL MODELING OF THE MEMBRANE PROCESSES
Anatoly Filippov
Gubkin Russian State University of Oil and Gas, Moscow, Russia, E-mail: a.filippov@mtu-net.ru

Mathematical modeling is a powerful instrument tescribe quantitatively the variety of
membrane processes like as reverse osmosis, naiftoa-, microfiltration, electrodialysis and
etc. Thegoal of mathematical modeling is to providenple but effective modef the process
under consideration. When an investigator deswef®rimulatemathematical model for a new
processhe usually selectsne, two or maximum three main featutdsthe new phenomenon.
Then he tries to set up tiphysicochemical modelf the chosen features of the process. And
only afterwards the investigator turns to write guverning equations and boundary conditions
l.e. he formulates théoundary value probleniBVP). As a first stage of modeling the new
phenomenon only vergimplified set of quasi-state ordinary or partial differenéquations can
be written. Practically in all cases of the firsbaeling stageexact analytical solutiorof the
BVP can be obtained. Such solution presents thesuned quantity as a known function of
coordinates and/or running time in dependenceystem parametemshich were chosen at the
stage of preliminary physicochemical modeling. Hist stage was successful in the sense of
adequate descriptionf experimental data connected to the phenomemem the same or other
investigator starts to creatxtended mathematical model order to take into account other
peculiarities of the phenomenon. Usually the ex¢eindnodel ismulti-dimensional and
nonstationaryone and requires ontyumerical solutionSo, the importance of exact solution for
the simplified model is growing up because it isimplest way to check obtained numerical
results. As examples of simplified and extended ef®ih the membrane electrochemistry we
can bring the models for well-known electroconvattiphenomena in electrodialysis under
overlimiting regime. It is interesting to mentiohat sometimes even well-known scholars
confuse the term "mathematical model" with the folas for engineering calculations, which
are obtained by approximating the experimental esiflyy means of analytical expressions.

During the lecture several examples of mathematicaldels developed for different
phenomena in membrane systems will be considered:agymmetry of the diffusion
permeability [1-2], rejection coefficient [3-4] andurrent-voltage curves of ion-exchange
membranes; increasing of the flow rate through tapillary with internal porous layer [5]; an
influence of a slipping of tangential stresses @tops-liquid interfaces and external magnetic
field on the hydrodynamic permeability of a memlgrd6, 7]; interactions between a charged
particle and a charged surface of a membrane ggrarn appearance of flow of aqueous alcohol
mixtures through nanoporous membranes under agpbfiirans-membrane pressure drop and
etc. A very important question concerning boundasgditions for concentrations of ions and
electric potential at membrane-liquid interface$ e discussed also.

The present work is supported by the Russian Fdiord&or Basic Research (projects
nos 11-08-01043 and 11-08-96518).
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MATHEMATICAL MODEL OF ANISOTROPIC NANOCOMPOSITE
MEMBRANE FOR ESTIMATION OF ASYMMETRY OF CURRENT-VOL TAGE
CURVE PARAMETERS

'Anatoly Filippov, 2Sergey Dolgopolov, *Natalia Kononenko

'Gubkin Russian State University of Oil and Gas, Moscow, Russia, E-mail: a.filippov@mtu-net.ru

Kuban State University, Krasnodar, Russia

New mathematical model allowing description of céempelectro-mass transfer processes
trough modified ion-exchange membranes possessmgpteopic structure and asymmetric
transport characteristics is developed [1]. The ehasl based on the one-dimensional Nernst-
Planck equations for steady state ion fluxes thnongterogeneous membrane system with two
diffusion layers under applied external electrgdi (Fig.1).
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Figure 1. The scheme of the electrodiffusion invilike4-SC membrane with neighboring diffusive
layers

Structural peculiarities and functional propertiéshe membrane are taking into account by the
set of physicochemical parameters of the membrgsters like as the distribution coefficientg, (
the diffusivities (D, ) of electrolyte molecules in a bulk solution andhe membrane, values of
the fixed charge densities on modifigd) (@nd oppositepg) side of the membrane.

Equations for the ion fluxes have the followingnpriin diffusive layers:

in the membrane:
J, =-Dy(c.£¢9), (2)
whereg—dimensionless electric potentialR/RT units c, —ion concentrations.
Electroneutrality conditions are complimentary omethe diffusive layers:

c.(¥)-c(X=0 3)
and inside the membrane:
(0, - pl)} =0. @)

c.(-c.(¥) {pz -
The equalities of electrochemical potentials atrfsices< = Ou x = h lead to:

c,(=0) = c. (+0)y. expld; ),

Cc_(-0)=c_(+0)y. exptAg, ),

c.(h-0)y, exptAg, )= ¢ (h+ 0).

c_(h-0)y_exp@g, )= c (h+ 0),
and continuity of concentrations and electric pogtmon boundaries of diffusive layers provide:

G = €. (-9), ¢ (h+d)=¢., ¢(-0)=0 ¢(h+d)=-U (6)

(5)
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Additionally we should take into account the elengutrality beyond external boundaries of
diffusive layers:

Cy =Cy, =Cy_. (7)
The electric current density is determined by tik¥ing formula:
i=F(J,-J.). (8)

We introduced the following notations in the aboeetioned formulasAg,, Ag, - jumps of

electric potential through the membrane surfadeghe system voltage.

The model was successfully applied [2, 3] for eaibn of the asymmetry effect for the
diffusion permeability of several modified ion-exxige membranes. The model was expanded
[4] for description of current-voltage curves (CV@) bi-layer membranes accounting for both
diffusive layers §). Further development of the model leaded to sspipo about linear
distribution of the fixed charge density along th&ekness of the modified membrane [5]. The
supposition was based on the analysis of literagmarces considering the structure of
composites [6] when penetration of polyaniline asaiakes place through the membrane under
polymerization inside MF-4SC. It is seen from Tablg2] that charge densities on both sides are
equal p;=p,) only for initial unmodified membrane. After moitifition both valuep; andp;
were changed.

Table 1: Physicochemical parameters of the initiaMF-4SC and composite membranes
MF-4SC/PAnN [2] in dependence on the polymerizatiotime

Membrane | et WO | main® | moim® | moim® | D:mis | Dmmis |y
Initial 0,00019 -860 -860 50 2,8.10° 51.10™ | 0,26
1h 0,00021 -360 -200 50 2,8.10° 1,410 1,1
2h 0,00022 -300 -120 50 2,8.10° 1,6.10"° | 1,38
3h 0,00023 -290 -120 50 2,8.10° 2,2.10" | 1,33

We assume that electric potential is monotonic tioncinside the membrane under given
voltage U or electric current density i in the caddinear law for modulus of the fixed charge
densityp across the modified membrane:

X
,0=,02_E(,02_,01),,0>0,,02>01,01>0- 9)

We found exact analytical expressions for the Imgitcurrent densities under different
orientations of anisotropic membrane in a cell:

i (unmod) _ 2C,FD 1+ 16C; _ 16C;FD, Py _

| 5 ply:  hiply? o
2 2
- D o[ TG, 1R o, s
J Py hlp,ly P,

whereCo—bulk electrolyte concentration; h—membranekihess; F—Faraday number. The first
term in (10)-(11) is the main one and the seconu @etermines the asymmetry of the limiting
current. So, the asymmetry is larger when the @iffee betweep; andp, is stronger.

Theoretical calculations showed that CVC of modifimembrane is asymmetric one [4].
Experimental investigations of CVC for templatesdeaby method of matrix synthesis of
polyaniline inside surfacial layer of MF-4SC memiwavere performed to check the adequacy of
the model. (Fig.2).
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Figure 2. Theoretical CVC in dimensionless coortisd4] for h =02, % =1, P2 =17,

0 0

DE =10, y = 09 and experimental CVC for MF-4SC/Pan in 0)@%olution of HCI

m

Calculation of the magnitude of ilim under diffetenmientation of the membrane towards the
counter-ion flux was performed using formulas (10)(11). Necessary physicochemical
parameters were taken from Table 1 for the sampléiffed by PAn during 1 h. The thickness
of diffusive layersd was supposed to be constant for given hydrodyre&imegime and has been
evaluated by means of (10) or (11) undep,=p, using experimentally found magnitudeiof

for the initial MF-4SC membrane. We found thereftdrats equals to 1,85-10m and sd, =

lim

167 A/nf when modified side of the membrane is turned todanwhilei, =189 Alnf for
opposite orientation. The comparison between caledland experimental values of the limiting
current densities under current reversing revetilenl satisfactory agreement within error of 10-
15%. The last fact approves the adequacy of theetmmufygested to evaluation of the limiting
current for electromembrane systems with surfaciralbdified membranes.

The present work is supported by the Russian Fdiordéor Basic Research (projest 11-
08-96518).
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Introduction

During nanofiltration of water-organic mixturesdahigh hydrophobic membranes based on poly
(trimethylsilyl propyne) - PTMSP [1] and poly (4-thgl-2-pentyne)—PMP [2] there is a lack of
fluid flow through the membrane under considergiokssure drops depending on concentration of
organic matter (Fig. 1b). The effect is explaingdtie fact that the surface of the membrane is
hydrophobic, and to start the filtering proceseasessary to overcome the capillary pressure that
occurs in the pores of the membrane, which haveeacteristic distribution along the radius (Fig.
1a) [3]. The resulting liquid percolation threshadan important characteristic of the effectivenes
of nanofiltration of water-organic mixtures througblymer membranes. Weighing and volumetric
methods which are used to determine this quantiyvery time consuming. Therefore, the
development of express methods for assessing tashtbid of the liquid flow and optimize the
precision experiments is an urgent task. In dewetppuch procedures, dependence of capillary
pressure or flow rate of liquid through the pordsttee membrane on the wettability of the
membrane material by this liquid can be used [4].
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Figure 1. (a) Free volume element (FVE) size distions for PTMSP [3]; (b) Flux through
PTMSP membrane versus ethanol concentration fiareliit values of the membrane pressure drop

Theoretical Background
Upon application of the pressure differen@e= P, across the membrane, pores with radius
a, are opening and the filtration of water-alcohokture in all the pores whose radius is not
less thana, [4] is going on. In order to find the lowest dinseamless radiusr, of the pores
which are opened under pressuPe= P, , we need to solve the implicit equation of therfor
(P/R)LE, +a, E[h[1+ koex;{%j] =1 1)

20° cos,,
a,

distribution of membrane pore size, compositiontlod mixture filtered, and pore surface

where P = is the characteristic of capillary pressure, whidpends on the
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wettability, 4—Hamaker constanty, - area occupied by the alcohol molecule on the serédc
the membraneN, - Avogadro's numberX - equilibrium constant of adsorption procesg,-
scale of the pore radii (for example average r3dié§ - advancing angle of wetting, and
RT 16A
0 0= T3
o cosd,A,N , kTa
find the flow rate of water-organic mixture throutjfe membrane at the chosen trans-membrane

pressure drop, it is necessary to integrate thel kmwvs in all opened pores, the fluid motion in
which obeys the Hagen-PoiseuiIIe law:

:1 , ﬁrmax , B 85 e )
Q 87T80Nm i J' r* f(r)dr= rraON h rc,(l alln(1+ Igex;{rmD]J' ¢ f(r)dr(2)

Ter I

notations are useda = g, [t, a, = g,[T,, a

k,= KIIC,. To

where N,, - number of pores per unit area of the membrane,viscosity of the mixture, which
extremely depends on the bulk concentration ofataC,, h - membrane thickness, and
instead of r, we must substitute the solution of equation (1jiclw can be written as

(P/Po,al,az). Comparing the expression (2) with Darcy's law

Q=tucl,

G 3
we obtain that
La=gmN, [ @

¢(P/R,a1.a))
is the specific hydrodynamic permeability of themieane (m) with a partially opened pores at
a given pressure, and

1 Tmax
Lll—{—aﬂa0 J r*f(r)dr (5)

I'mlﬂ

is the specific hydrodynamic permeability of the miwane with all opened pores. Here
Fin :amin/ao rmaxzamax/ao - dimensionless radii of the smallest and largestes,

respectively andf (r) - dimensionless function of the distribution oéliiecof membrane pores.

Fig. 2 and 3 show AFM images of surfaces of PMP RSP membranes, respectively. We
see a large number of pores ranging in size fromraé nanometers to 20 (dark areas). And the
number of pores per unit membrane surface of PMifgiser than that PTMSP, and their size is
smaller. If we focus on the form of the distributiourve for the membrane pores of PTMSP
shown in Fig. 1a and close to a bi-logarithmicaltyrmal distribution, we can neglect the little
amount of small pores ranging in size from 0.3 # @m. For the remaining pores ranging in
size from 0.5 to 0.8 nm with a high degree of aacursufficient for practical applications, we

can choose the density distributidr(r) of the pores in the form of an isosceles triarizzise
from a,;, =0.5nmto a,,, =0.8nm and height of2/(a,,,, — a,;,) - At the same time as the scale
length, we can choose the average pore radjus(a,.,+ a..)/2, which accounts for the
maximum density. In this case, an analytical exgioesfor the functionf (r) is as follows:
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2

a+1
Z—tll(gi(r—l)ﬂj,if —Sosr<1
f(r)= , 6
(r) o (6)

ar_arl a1l it 1sr<
a-1\ a-1

2a
a+l

0,if r<

a+l

0,if r=

wherea = Bmex >1.
a'min

Experimental Part

In this work we studied the wetting and the modiifyeffect of aqueous solutions of butanol
in the concentration range C = (0,15 + 1,0) M wehkpect to poly (4-methyl-2-pentene) (PMP).
It is shown that the wetting tension isotherm hasaaimum at C = 0.125M, which appears to be
associated with a decrease in the concentratitwitainol in the solution which is in contact with
the surface of PMP, compared with the initial solutconcentrations G 0.125M. Using

method of Owens-Wendt-Kabli, we defined the pgtdy and dispersiory§, components of the

specific surface free energy for the initial PMPrnbeane and studied their variation for the
adsorption modification of the polymer by aqueoakitsons of butanol. It is found that with

increasing concentration of the modifying solutigrf, decreases angt?, increases to the

constant values for € 0.125M. This result may be related to decomprassidhe surface layer
of PMP, due to the inclusion of a polar liquid metpolymer. A comparison of the limiting
adsorption of butanol on the boundaries of "solsa@™ and "solution-polymer”, as well as the
calculation of the degree of hydrophilization oéteurface of the PMP, which is modified by
butanol solutions, show that a saturated monola/butanol is not formed on the surface of the
polymer, which is probably due to the depletioramal solutions in contact with the PMP.

_Height(Dac)

Lo 2 5 g 0.6 0.8 m

Figure 2. The atomic force microscopy image ofrtienbrane on the base of poly (4-methyl-2-
pentyne) — PMP (1000x1000 nm)
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Figure 3. The atomic force microscopy image ofrtleenbrane on the base of poly(trimethylsilyl

propyne) - PTMSP (1000x1000 nm)
Conclusions

The results show that the method of wetting canubed for rapid determination of the
percolation threshold, i.e. threshold concentratiop of oil and water sensitive organic
compounds in aqueous solutions, providing a maxinfiom rate during nanofiltration through
polymeric membranes. Besides, the formulas (1))-p{@sented for a fixed composition of
aqueous-organic mixture is allowed to determine dhiical pressure of the start of filtering
through the membrane and the pressure that yiattsxanum flow rate of the mixture.

The present work is supported by the Russian Fdiord#or Basic Research (projecs 11-
08-01043).
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Introduction

For many years electrodialysis (ED) has been sstdgs used on the dairy industry to
reduce the salt content in whey without changirg ghoteins or vitamins of the feed solution.
However, the long-term behaviour and degradatiochaeisms of ion-exchange membranes
(IEMs) still need to be understood in order to @eane many technical hurdles, as the decline of
IEM properties is accompanied by a decrease in &ffbpnance and a cost augmentation due to
membrane replacement.

In this investigation, we profoundly inquire abqitysicochemical, structural and mechanical
properties of a cation-exchange membrane (CMX-SBJ an anion-exchange membrane
(AMX-SB) associated with their utilization in ED rfovhey desalination. We have taken
samples from an industrial ED stack at 2000, 312 4637 h, and have compared the results
with a fresh new sample. The case studied wasechas the membrane durability is several
times lower than the standard durability of the sanembranes in this application.

Experiments

These membranes are based on a paste of styrenB\@dnixed with finely powdered
PVC,; the paste is coated onto a polymer cloth, #twedmonomers copolymerize at a certain
temperature in the PVC gel phase to be then fumalimed.

Exchange capacity measurements demonstrate thdtrb#gonal sites decreased by no more
than 20% even if membranes were used for more4b@0 h. Nevertheless, Fig. 1 shows that
some physicochemical characteristics of membraage dramatically changed. Up to 2000 h
of functioning, changes linked to an overall hydntipity reduction occurred for both CMX-SB
and AMX-SB. There is a decrease in conductivitgter content and thickness, accompanied
with an increase in membrane density which is &test with the diminution of membrane
volume.
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Figure 1. Conductivity, water content, thicknesd density of CMX-SB (a) and AMX-SB (b) in
0.1 M NaC

From 2000 h, all those properties remain practicsiidble until 3000 h of utilization. After
3000 h, the conductivity increases as well as theerwcontent in more than 25%he latter
modifications indicate that significant changesuwcm membrane structure. Moreover, it is
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seen that electrolyte permeability increases ak esbecially for the AMX-SB as solution leaks
through the membrane decreasing then its selactivit

Thanks to an energy-dispersive X-ray (EDX) analysiprogressive augmentation of calcium
and appearance of magnesium is observed in CMXa8tpkes, even if they go through cleaning
several times. These results are consistent Wwabket obtained from ICP-MS analyses realized
dissolving membranes in,80,;.

For used AMX-SB, there is an absorbance increaserebd by transmission FTIR at
1730 cn, due to new components coming from the feedingsBMtion which is observable
also with an EDX analysis. It shows an augmentaiio sulphur, oxygen and carbon on
membrane surface.

Calcium and magnesium are progressively preser@NtX-SB as they precipitate in the
membrane interstices. This causes a decrease irbraeen conductivity and water content
without important decrease in the exchange capagity3000 h of utilization, the structure
variation leads to a slight increase in the wabetent.

A Soxhlet extraction of organic matter in used ANBB-membranes with ethanol allows us to
identify the fouling by FTIR with the presence of@ bonding in the extractables which are not
present in the original membranes but are comidged from whey or from oxidation products
caused by cleaning agents in ED.

SEM images show that new samples are flat and $mobibwever, there is a progressive
degradation in the surface throughout the procatsd537 h there is a formation of roughness
and irregularities of 100-200 nm in CMX-SB surfeared formation of nanocavities of 50-100
nm on AMX-SB surface. This phenomenon is not olesgron the cross-section SEM images.
Accordingly, the specific surface area values -ateminined by BET porosimetry- increases
from 0 to 22 rflg for CMX-SB and from 0 to 212 ty for AEM.

A Soxhlet extraction during 48 h with THF allows tes isolate the soluble parts of the
membrane. It is seen that the percentage of eabksct which is identified by NMR
spectroscopy as PVC, decreases from 45 to 12%éoneéw AMX-SB sample and the used one
at 4537 h respectively. The residue is identiigd=TIR as the functional crosslinked polymer.
Therefore, the loss of PVC in the membrane caudessaof membrane rigidity, and a decrease
in breaking strength is confirmed by tensile stthrigsts.

The loss of PVC might weaken the mechanical strermft membranes. The AMX-SB
samples become brittle and fragile, and tear upsinguleakages through the ED stack
compartments. Moreover, it is observed a pergstuling of organic molecules; this is the
reason why membrane density does not decrease filraltyain spite of the significant
augmentation of water content and PVC loss.

Further research is needed to determine the cafisaembrane ageing; the development of
ex-situ tests to identify the consequences of teatpee, cleaning agents, and stack design on
IEM structures is crucial, and is currently in pregs.
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Introduction

Possibility of carrying out process in soft conalits, without expenses of chemical reagents
and an electricity allows to apply a dialysis (dfive process of separation of the dissolved
substances with different molecular weights througggmipermeable membranes under the
influence of a gradient of chemical potential [ih]biotechnology when receiving and cleaning a
number of biologically active substances and expensedicines. Low velocity and selectivity
of diffusion transport of compound through membranessential obstacle for implementing of
dialysis as a method. For its increasing it isassary to uncover the supplementary effect, which
can intensify mass transfer.

Experiments

Dialysis of solutions was carried out using two-gamiment flowing dialyzer of continuous
action. The height and width of the working areatled membrane were 4.2 and 1.7 cm.,
respectively. Examined solution was passed in@edtiwith velocity \{=4.5-10" m/s, and water
was passed through section 2 with velocigg®.8-10° m/s. All the experiments were done at
stationary conditions.

The individual and mixed solutions of non-polaryddkkomatic amino acid—phenylalanine and
mineral salt—sodium chloride were objects of aesle. The acidity of the amino acid solutions
were pH 5.20-5.60 for phenylalanine, value closéh®isoelectric point (pJ=5.91). As a result,
the amino acid existed in the form of bipolar ions.

At a dialysis used a heterogeneous sulphocatiohasge membrane MK-40P with
geometrical-nonuniform (profiled) surface. Zabokytd/. I. et al. developed the technique of
ion-exchange membranes profiling by wet hot pregsihich is patented in RF [2], and defined
conditions which are not degrading physical, chafittansporting and structure characteristics
of membranes.

Results and Discussion

The possibility of hydrodynamic intensification tife process of dialysis amino acid and
mineral salt through the sulphocation-exchange nmman#in the hydrogen form is studied. It is
established that the use of a profiled membraneases velocity of mass transfer components
in 6-8 times as compared to having a smooth surfabe effectiveness of mass transfer
intensification is accomplished by increasing theaaof mass transfer and flows turbulization at
protrusions on surface of modificated membrane.

The concentration dependence of the diffusion #utteough the membrane (fig. 1) showed
that in dilute solutions of phenylalanine flux isiah higher than the flow of the electrolyte, due
to the conjugation transfer amino acid from thenaical reaction in the membrane phase, the so-
called "facilitated transport” and Donnan exclusobrelectrolyte.

For diffusive transport of phenylalanine and sodicimoride from mixed solution through a
cation-exchange membrane revealed the competiataren of conjugation flowsComparative
analysis of the diffusion of phenylalanine and sadichloride solutions from the individual and
equimolar mixtures showed that the presence ofmineral component slightly reduces the flow
of amino acids. In turn, the presence of phenylalam solution significantly reduces the mass
transfer of sodium chloride through the membrakxpossible explanation for this phenomenon
is to reduce the moisture content of the membramingl the transition in the amino acid form
and the steric hindrance of transport of sodiunorti¢ due to the fact that some of the
counterions of hydrogen in the membrane phaseplaged by cations an amino acid formed of
large size.
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Figure 1. Concentration dependences of the phemyilad and sodium chloride diffusion fluxes
in dialysis of individual Phe, NaCl and equimolafigions Phe(NaCl), NaCl(Phe) through
profiled membrane MK-40P in hydrogen form

Depending on the separation factor & the concentration in dialysis mixed equimolar
solutions (a) and the relative concentrations aihponents in a solution of a mixture of
phenylalanine and sodium chloride (b) through pedfimembrane MK-40P in the hydrogen
form shown in fig. 2. When equimolar mixtures oélgsis, the maximum separation efficiency
was observed for solutions with concentration€ &f 3,010 M. In this concentration range the
acceleration of transport phenylalanine with hy@émgounterions had highest values and the
flow of the mineral component, which prevents tli&cilitated diffusion”, was still small. A
further increase in concentration of the componegdsilted in a reduction factor of separation,
due to the fact that the Donnan exclusion effecethiced and was observed a competitive mass
transport amino acid and mineral component. It khde noted that for all the investigated
concentration range is characterized by the sgkedtansport of amino acid and the separation
factor values remained greater than unity. Conjagabf phenylalanine fluxes and sodium
chloride in sulphocation-exchange membrane reguless efficient separation of substances.
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Figure 2. Concentration dependences of phenylakaimd sodium chloride separation factors
in dialysis of equimolar solutions (a) and the tela concentrations of components in a solution of
a mixtureCy(Phe)=0,025 M (b) through profiled membrane MK-46mydrogen form: 1- without

of conjugation flows, 2- with the account of comjtign flows

78



Dependence of separation factor in dialysis mixtirgphenylalanine and sodium chloride
concentration on the ratio of the components initiiteal solution has shown that a decrease in
the proportion of the electrolyte in a mixed saatof the separation factor increased.

The experimental results suggest the possibilitd@ielopment of environmentally sound
methods of dialysis separation of amino acids frmixture of products of microbiological
synthesis.
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SYNTHESIS AND STUDY THE DIFFUSION PROPERTIES OF MEMBRANES

AMEX, MODIFIED BY CERIUM OXIDE.
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Water waste treatment is in the focus of governmesgrams in different countries. The main
unsolved problem in this area is nitrates removiffgere is no economical technology abled to
output nitrate anion nowadays. Solution of this amdilar problems associated with the use of
membrane technology, which does not always satisfy needs of production, so work on
modification of membrane materials, and especiglfgparation of membranes containing
inorganic and macromolecular components extensigelyelope. There are two approaches to
the modification. First, in situ is synthesis ofnoparticles of the dopant in the pores of the
finished membrane. Second, the method of casting iadd precursor or the dopant in the
solution for the manufacture of membranes. Amomygitiorganic oxides, ability of cerium oxide
to selective chemisorptions of nitrate ions is &uea property. The purpose of this work is the
synthesis of an inorganic oxide in the pores arahobls by in situ method, and the study of
diffusion properties of resulting membrane.

Experiments
For the synthesis of modified samples anion-exchamgmbrane AMEX (MEGA) were
doped by ceria. To determine the transport progerof the obtained membranes ionic
conductivity and diffusion of membrane in differeanic forms (hydroxyl, nitrate and chloride)
were investigated. Determination of the ionic castoity was measured by impedance
spectroscopy.

Results and Discussion

The study of ionic conductivity of membranes in thgroxyl form (Fig. 1) shows that the
introduction of large amounts of dopant decreasesmnobility. With high probability it is due to
steric hindrances emerging.
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Figure 1. The temperature dependences of condiyctori initial AMEX and membranes in the
hydroxyl form doped with ceria obtained from thiigon of Ce(NO3)3. (1)-AMEX, (2)-
AMEX+Ce(lll)_0.1M, (3)-AMEX+Ce(lll)_0.2M

Conductivity activation energy decrease was obse(Vablel), which agrees well with the
semi-stretched pore model: the introduction ofdbpant leads to a broadening of the pores, and
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to the broadening of the channels, reducing theaain barrier. An additional reduction of the
activation energy can also be linked with the doganface involvement in the transport.

Table 1: The activation energy for membranes in tb hydroxyl form

Membranes Ea (kJ/mol)
AMEX 19.0+0.3
AMEX+Ce(lll)_0.1M 19.0+0.1
AMEX+Ce(lll) 0.2M 14.2+0.1

The conductivity of the modified membrane increaisethe nitrate form, and the hydroxyl
and chloride form decreases, as a result of laige&t conductivity is achieved for the modified
membranes in the nitrate form.
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Figure 2. The temperature dependences of condiyctori initial AMEX(1,3,6) and
membranes(2,4,5) doped with ceria obtained fronsthation of Ce(Ng)s in different salt forms
(1,4)- OH, (2,6)- NQ, (3,5)- CI

Also, for the modified membrane reduced the adtwaenergy of transport of nitrate anion is
observed. These facts can be explained by the eppmain the pores of membrane cerium
oxide, surface which reacts with nitrate anion.

Table 2: The activation energy for membranes in thelifferent salt forms, (kJ/mol)

lon Initial membranes Modified (Ce(lll)_0.1M)
OH 14,0+0,3 14,1+0,4
cr 17,1+0,1 17,1+0,5
NO3 18,0+ 0,4 16,5+0,6

In this study industrial membrane AMEX modified bgrium oxide was received. The ionic
conductivity in different ionic forms was investtgd. It is shown that the modification leads to a
significant increase in the mobility of the nitramion.
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REDOX SORPTION OF OXYGEN BY CATHODIC POLARIZED META L-ION

EXCHANGER NANOCOMPOSITE
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The redox sorption of molecular oxygen from thewflof deionized water with cathodic
polarized copper-ion exchanger nanocomposite lay@vestigated. Mathematical description is
given under the external diffusion transport modlkilike the known approaches the conditions
that are closed to the limiting diffusion curren¢ aealized. The conditions can be achieved by
separation of the granular layer into thin layerd aith the help of polarization of each layer a
current that is closed to the limit.

The study of electroreduction of oxygen was carriegt on copper-ion exchanger
nanocomposite CtKU-23 in H'-form to keep the invariance of the internal enmitent pH.
The quantity of copper is 10+1 mmol-ekv/EniThe size of copper particles is 5-10 nm
(transmission microscopy). Studies were carried @ut oxygenated deionized water.
Deoxygenation is carried out in the sorption-memabralectrolysis cell with special design [1].
The cell was made of a polymeric material and sepdrby cation-exchange membrane to
anode and cathode sections. The space betweentibe exchange membrane and the anode in
the anode section was filled by layer of sulphooratxchanger KU-23. Cathode section
includes seven cameras, hydraulically connectesenes, each having its own system of the
cathodes polarization. The space between the cathad the cation exchange membrane is
filled by a layer of nanocomposite.

The polarization was performed in galvanostatic eaothe initial value of the polarizing
current was selected that the process of electuotesh of oxygen was not followed to the
decomposition of water.

Previously the output curve of redox sorption oygen was taken without passing an electric
current ( = 0). In the absence of polarization the oxygenceotration at the outlet of granular
layer increases steadily. At the same time witlh@adit polarization over a long period of time
(400 hours), the concentration of oxygen at théebwtf granular layer was relatively low and
stayed even several lower in comparison to therétieally calculated. The total height of the
layer L is 10.5 cm, height of a single stap 1.5 cm.

Current which is required for oxygen reduction be layer heighy, is

1Y) = o 1~ €x0(-AY) ] (1)
wherel,,m—common (total) current required for restore wehible oxidizer, wich coming into the
column (y - ),

| com = ZFSUG. (2)
ThereS-cross-sectional area of the granular lagenumber of electron§—Faraday constani;-
linear flow rate co—oxygen concentration in the inlet of the column.

In a galvanostatic polarization maximum permittedtationary current density; can not
exceed the density of the limiting diffusion currég, at the end of the granular layer height
i.e. at the output of oxygen from the layer. Irstbase, the relative concentration of oxygen at
the outlet of the granular layer and the a statprrarrent density can be expressed by the

equation

() ) _ 1 -
¢ im(0) 1+A
and the power of a stationary current
ISt (6) —_ M
| 1+AC0

(4)

The density of the limiting diffusion current,(0) of oxygen at the inlet of the layer is calcatht
by the equation
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bim (O) = 20 (1+£j , %)
o Ro
whereD—the diffusion coefficientio—radius of the grain of nanocomposite,thickness of the
diffusion layer.
The constant is given by
A= Bmlim (0),
ZFUuRc,

therel - the coefficient of filling the column by grain$ nanocomposite.

We have worked out the patterns of redox sorptiboxygen on the granular layer of the
nanocomposite that is divided on individual step$eight /. Suppose that the total height of

(6)

the granular layek, height of of each step:%, where n—number of steps, current density at

thej-th stepi;.
Density of the limiting current can be expressed

. ZFDc, o : :
im (V) == (1”’%}"“"1'[3/‘(1‘1)5]’ (7)
and the maximum current density on the gites
ZFDc,
ij = it 1+£ 1 . (8)
o R, )1+ A
At the exit of a granular layer
L -n
ol ):(1+ ALJ . ©)
(o n
The power of a stationary current on thstepped granular layer with cross-sectgia
385 & .
I (L) ===>"i(j¢)¢ (10)
R =
I (L "
ﬁ = 1—(1+ Ahj : 119
com n
Power of a stationary current which given by eastep can be found by the equation
L RE
I =1 —|1+A—| . 12
= o n( n} (12)

Assigning a specific oxygen concentration at thélebuc(L)/c,, we can choose the
optimal size of the granular layer from the ratetviieen the total heigtt and the number of

stepsn:
Yn
_ Nl _% _
L= A({C(L)} 1}. (13)

A theoretical calculation parameters of the redosps8on of oxygen process was carried
out for given experimental conditions. Calculatwith the help of equation (2) gives the total
current l.om Which is required for complete reduction of oxiyge a given flow rate. For a given
values: flow rate of watew = 0.23 cm/secz = 4, F = 96500A-sec/mol, cross-sectional area of
the granular layeB = 3 cnf, ¢, = 2.5-10 mol/cnt, leom = 63 MA.

The calculation of a stationary current at the glanlayer was carried out by the equation
(12). In selected for the experiment parameteth®fayer height = 10.5 cm and the number of
stagesn = 1 the current does not exceed 12 mA. The relea$gdrogen is happen at higher
current. Increase the value of a stationary curiepbssible if the whole granular layer divided
into thin by layers (steps). In this case, eaclp si@n be polarized by different currents in
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according to various concentrations of oxygen, cgout of the layer. In this way we can
organized the process in the layered polarizabl®ec@mposite. Calculated values of stationary
currents for eacfrstep was performed with the help of equation (11).

The results of layered polarization are shown Ioletd.. As can be seen from the table, there is

a good agreement between theoretical and experziilnealueSc(L)/co. Some experimental
value indicates the further process in additiotheoelectroreduction of oxygen.

Table 1: Process parameters of redox-sorption of ggen on stepped polarized
nanocomposite

he heiah The relative concentration of oxygen in
heiguteof Number of steps T 0? e:(I:% t The total the water at the outlet of the granuled
layer of the electrolyzer step lcurren;\ layer ¢ ( L)/C0
n m -
L,cm /7, cm com: The calculation by the .
equation (9) Experiment
10.5 7 15 63 0.24 0.10£0.03

Under the conditions of stabilization process atdhthodic polarization of granular layer of a
nanocomposite the oxygen is mainly electrochenyigalluced. The system processes that occur
under the current can be represented:

Ist —_
the carbon anode H,O0 - O,+4H +4e (14)
on a copper cathode with the filling up of a narmoposite
—_— Ist
O,+4H +4e - 2H C (15)
O, H —2+
CuW - Cu +2& (16)

The bar over a symbol means that the ion in the@c@amposite is in the form of a counterion
near the fixed groups of the opposite sign of charg

Formed at the anode according to reaction (14¢tmter-ions of hydrogen pass through the
cation exchange membrane and are involved in teetrefeduction of oxygen on metal
nanocomposite according to reaction (15). Step (&6he spontaneous ionization of copper
nanoparticles under the influence of oxygen andnyarogen counterions with the localization

of the copper ions formed near the fixed grouf&d;. It provides the additional absorption of

oxygen.

The possibility of continuous maintenance of thggen level at the output of the stepwise
polarizable granular layer nanocomposite were éshkaa after long tests. Stability is provided
by the simultaneous reduction of oxygen by an gtectirrent as well as by chemical activity of
nanodispersed copper particles.

Improve the depth of water deoxygenation is posdilyl increasing the overall height of the
granular layer. The calculation showed that thegexycontent in the water after passing through
a 40-step granular layer of the overall height@t is less than 2 ppb.

This work was supported by the RFBR (proj#ztl1-08-00174aq).
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Over the last decades, membrane processes havBcaigty expanded, as they constitute
simple, cost-effective and low-consuming energyasaqion techniques. They quite often operate
continuously at room temperature and low pressuieese techniques are increasingly
diversified. In particular, ultrafiltration reliesn porous membranes which pore diameters are
about 10 to 100 nanometers and which play the oblselective barriers to compounds and
molecules depending on their sizes and charges.

In this work, we have characterized two membraeesntly synthesized by our groups based
on polycyanurates (PCNs) as well as a commerciahlon@ne as a reference. First, we have
performed a morphological analysis of the membramgag Scanning Electron Microscopy
(average pore diameter) and Differential Scannirmdp@metry (DSC)-based themoporometry
(pore size distribution). Second, we have focusedaodynamic characterization via the
determination of the streaming potential (electnekic properties of the membrane pores), the
hydraulic permeability (water flow) and ion permgip (ion selectivity).

The results of the morphological analysis show ttie pore diameters of the three
membranes under investigation are about 10-45 ronc&ning the dynamic characterization,
the synthetic membrane is more efficient than thearoercial one from the viewpoint of ion
selectivity. We have correlated the dynamic paramseto the porosity characteristics of the
membranes. The potential application of such syrtlstrafiltration membranes are expected in
water treatment for example.

Keywords: polycyanurates, nanoporosity, Scanningectébn Microscopy, DSC-based
thermoporometry, streaming potential, hydraulioypeability, ionic permeability.

85
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Introduction

The development of composition and synthesis methqgorepare stable nanoparticles with
metal or hollow core and Pt shell is one of thespective ways for electrocatalyst improvement.
Consecutive deposition of core metal and Pt shmlldc have some positive effects: essential
reduce of Pt loading accompanied by mass activitgreiase, more strong nanoparticles
anchoring to the carbon surface, increasing of MéQndary stability to the oxidation during
Fuel Cell operation. The aims of our investigatiware to find the alloying component and
develop a synthesis method for the preparation @RC electrocatalysts describable by high
mass activity and improved stability.

Experiments

Cu,@Pt/C and Ag@Pt/C catalysts were prepared by successive reducfiCd* (Ag*) and
Pt (IV) from water-organic solutions of their presors at room temperature. Influence of
catalyst composition and post-treatment conditimmshe microstructure, electrochemical active
surface area (ECSA) and oxygen reduction reacti@RR) specific activity of the
electrocatalysts was investigated. XRD, TEM, XRg&lic voltammetry and some other methods
were used for the characterization of preparedysita The corrosion stability of PtM/C was
investigated too.

Results and Discussion

Prepared CU@Pt/C and Ag@Pt/C (kx<3) materials contained from 20 to 53% wt. of
metals. An average crystallites sizg, Balculated by XRD data was from 3 to 15 nm, depend
on composition and synthesis conditions. As oppdse@®tM/C alloy catalysts some X-ray
diffractogramms of prepared core-shell materials maiestrated peaks overlapping
(superposition) for two phases—solid solutionseldeon M and on Pt (Fig. 1).

¥
| "
| ""f\'\!-k “r!w Ag;@Pt/C
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Figure 1. X-ray diffractograms of “alloy” AgPt/C and “core-shell” Ag3@Pt/C
electrocatalysts

The formation of nanoparticles with core—shellisture was confirmed by TEM data (Fig. 2).
It is important that a great number of nanoparsicléth core—shell structure were detected at the
carrier surface (Fig. 2a). Core — shell structufenanoparticles didnt fail after the 1 hour
treatment in the hot (~10C) 1M H,SO;, or HCIO, acids (Fig. 2a, Table 1). XPS data confirmed
increased surface concentration of Pt in the searfager of Ag@Pt nanoparticles in comparing
with*“alloy nanoparticles with similar compositiqifable 1). Cyclic voltammograms of“alloy and
‘tore-shell electrocatalysts essentially diffefeaim each other (Fig. 3).
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Figure 2. TEM of Cg@Pt/C electrocatalyst after 1 h treatment in 1 I&SEM at 100C
Table 1: Characteristics of PtAg/Cu Ag@Pt/C materials before and after treatment in

hot (90 — 100°C) 1M HCIO .,

o Metals atomic ratio Cell Average
Composition (X ray IM(;t_aIs parameter, diameter of
(Calcula':ed dl?y photoelectron O;NIVr;g, nm crystallites, nm
precursors loading) spectroscopy data) ' (XRD data) (XRD data)
PtAg/C Pt ,Ag; 34,6 0,4025 3,8
PtAg/C
1 hour posttreatment PlisAQ: 22,7 0.4011 41
Ag@Pt/C Pt2'54Agl 21,4 0,4030 34
Ag@Pt/C
1 hour posttreatment Plz17Ag: 158 0,3986 34

100

AgsPt/C Ag;@Pt/C

BUWJ

a

e Wmo 1400
E, mV
-50 \J’J"\/AV
-100

-150

Figure 3. Cyclic voltammograms of &Y/ C and Ag@Pt/C electrocatalysts i\ H,SQ,.
Potential rate 100 mV/s. Ar atmosphere

This work was supported by Russian Foundation mi®Research, projects nos. 10-03-
00474a and 11-08-00499a.
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Introduction

Membrane materials have found an application i gllabal areas like water purification and
alternative energetic. But quantity of differentramercial membranes carit satisfy the increasing
needs of today world. So, modification of existimgmbrane materials and studying of their
diffusion characteristics have both fundamental gmdctical importance. lon transport
investigation in membrane materials permits to wtddfusion processes passing on phase
boundary. And investigation of mixed alkali formisap opportunity to evaluate the influence of
phase boundary on the transport of individual catio

Experiments
Membranes MC-40 with surface modified by MF-4SChwinplanted inorganic particles
were obtained. Their diffusion characteristics amgic conductivity in different ionic forms
were studied. Diffusion properties were examingdstdutions listed below:
0.IM HCI + (x - 0.1)M NaCl /M NacCl (x=0.1, 0.2, 0.4, 0.6, 0.8, 1).
lonic conductivity was studied for membranes equélied with next solutions:
01M MCI and 0.1M HCI + xM MCI (x=0-0.9, M=Li, Na, KRb).

Results and Discussion
The ionic conductivity of membranes in mixeM* forms can be expressed as:

’E(D,K_ x D,@1-
o= q M ex + H ( X) ’ ( 1 )
KT (K, x+1 K_x+1
where x — c(Na)/(c(H)+c(Na)) in solution. And froraxperimental dependence of ionic
conductivity on concentrations in solution diffusicoefficients and ionic exchange constant can
be obtained. So, if we know ionic exchange constamst can characterize mixed alkali effect

(fig. 1).

1 -1
1.8x1024 % Ohm

1,6x107
1,4x10% 1
1,2x107 1

1,0x107

8,0x10°

0:0 I 0:2 I 0:4 X(KIC|) 0:6 I 0:8 I l,IO
Figure 1. The dependence of ionic conductivitthefrhembrane MK 40 from the mole
fraction of KCI in the solution. The dotted linethe theoretical curve for &= 2,27

The experimental data are well described by thexaleturves. The data obtained (table 1)
shows that surface modification increases protéfusion coefficients. For MF-4SC modificated
samples diffusion coefficients of lithium catiorsalincreases. But the incorporation of oxide
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particles decreases the mobility of lithium catiared increases the mobility of sodium and
potassium cations.
Table 1: Diffusion coefficients of cations

M bM),cm%s  DH), em¥s  [Ke HM'
MC-40

Li"|(0,750,08)-10° (2,8+0,1)-10° |0,84+0,01[0,5+0,1
Na'|(1,39+0,05)-10°%(2,78+0,06)-10%1,40+0,03|1,4+0,3
K" [(1,20+0,03)-10°%(2,63+0,04)-10%2,27+0,07[1,2+0,2
MC-40/MF-4SC
Li"| (1,7+0,2)-10° | (7,7+0,3)-10° |0,44+0,05[1,3+0,2
Na' (1,2+0,3)-10° | (6,8+0,3)-10° | 1,5+0,1 |1,1+0,2
K"| (1,640,2)-10° | (6,6+0,2)-10° | 1,8+0,1 [1,140,1
MC-40/MF-4SC+SiO,
Li"| (1,2+0,1)-10° | (6,9+0,1)-10° |0,40+0,051,1+0,1
Na'| (1,640,2)-10° | (6,8+0,3)-10° |1,65+0,1 |1,320,3
K'| (2,240,1)-10° | (6,7+0,2)-10° | 1,8+0,1 [2,3+0,3
MC-40/MF-4SC+ZrO,
Li"| (1,2+0,4)-10° | (8,0+0,5)-10° |0,50+0,051,0+0,3
Na'| (1,5+0,3)-10° | (6,4+0,3)-10° | 1,5¢0,1 |1,2+0,2
K'| (1,940,2)-10° | (6,8+0,3)-10° | 1,7+0,1 [1,0+0,2

NMR studying of different ionic forms confirms obiad results. For example, in table 3
there is NMR line widths for one of membranes. &nat mobility decrease for Ngorm and
increases for Kform.

Table 2: NMR line widths and chemical shifts for MG40/MF-4SC+ZrO> membrane in
different ionic forms

Keff

+

form 'H spectra M spectra
w o) w o)
H 413 6,54 - -
Li* 370 4,73 138 0,87
Na" 340 4,29 258 0,89
K" 354 4,09 - -

Similar plots can be obtained from the study oéidiffusion in various mixed alkali forms.
Evaluated changes in diffusion coefficients of @asi close to those obtained from data on the
ionic conductivity (table 3). But also this methaltbws to study the asymmetry of ion transport.

Table 3: Assymetry of diffusion coefficients of cabns

D(Na")-10'sm?s, | D (Na")-10',sm?s, | D (H") -10°, sm?s, | D (H") -10°, sm7s,
modified surf. nonmodified surf. modified surf. nonmodified surf.
MC-40 9,1+0,6 21+£04
MC-40/MF-4SC 4,1+£0,5 3,4+0,2 4,1+£0,5 1,5+0,5
MC-40/MF-4SC +SiO, 2,7+0,3 1,9+0,3 6,2+0,7 1,804
MC-40/MF-4SC +2rO, 50+0,5 3,9+0,3 44+0,5 1,4+£0,5

The main result of modification is the increasepodton mobility. For all samples transport
from modified layer is faster than from unmodifiéthe incorporation of silica particles results
in increase of proton diffusion coefficient, ancconporation of zirconia particles results in
increase of sodium diffusion coefficient, similarimpedance spectroscopy data. Consistency of
all obtained data shows the probability of usings thomplex of methods to membranes
characterizing.

This work was supported by the Progra¥v of RAS Presidium “The development of the
methods of the synthesis of chemical substancetharateation of new materials”.
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Introduction

Native and foreign industrial heterogeneous catiwchange membranes, used as
semipermeable partitions in electrodialytic devjchave similar structure and composition
containing an active component—ion-exchange yesid inactive components—inert filler and
reinforcing fibers.

The modern tendencies in development of membracéntdogies put forward new
requirements to the properties of the membranesedisas to the reinforcing systems. Lately,
special attention of scientists of Engels Technghginstitute was paid to investigation of
influence of manufacturing technological parametens their structure, electrotransport
properties and selection of effective materialsréanforcing heterogeneous membranes for the
purpose of producing materials with the desiregprtes [1].

An urge towards achieving more uniform distributiminchargers and better electrochemical
properties resulted in creation of cation-exchamgenbranes ‘Policon K, in which fabrics based
on novolac phenolformaldehyde (NPF) fibers are usedhe reinforcing system. The material
possesses the required and sufficient thermallisyafmractical temperature limit of continuous
maintenance up to 1500C in ambient air conditiord lom 200 up to 256C in absence of
oxygen), and stability to action of aggressive agen

Experimental
Studying the possibility and efficiency of the nta® phenolformadehide fabric fibers
sulfiding by the method of energy dispersion analy$able 1) allowed to define high reactive
ability of the vacant parapositions of the aromatigs.

Table 1: The elementary composition of NPF fibers

. Elements composition, % wt.
Material type Total

Carbon (C) Oxygen (O) Sulfur (S)

Nonsulfided NPS 75.2 248 0 100.00
fiber

Sulfided NPS fiber 65,4 30,0 4,6 100.00

Energy dispersion analysis proves, that sulfure&anin sulfided fiber reaches about 5% of the
mass. So, it is possible to speak about the higjregeof substitution of the aromatic rings
parapositions of the fiber-forming polymer, andiaeng the sulfur content corresponding the
strong acidulous cation-exchange resins of thdicesotype.

As far as the concentrated sulfuric acid was usetha sulfiding agent, the correspondent
tests of its influence on the physico-mechanicapprties of the reinforcing fabrics were carried
out. It was defined that the material retains iarage 70% of strength (Table 2) in the simulated
critical conditions (keeping in the concentratetisic acid during 24 hours under 1000 C.).

Table2: Change of the fabrics strength characterists in a result of sulfiding

_ Liquid limit at Al_ongat!on at Tensile Along_ation
Material alongation, MPa liquid limit, strength, ©pp, during
' &or. %0 MNa rupture, &€.5,%
Nonsulflljdaesci)wnh a 18,5 18,1 18,1 22.8
Nonsulfided by weft 9,6 16,0 9,4 16,1
Sulfided with a base 11,3 12,6 11,3 12,6
Sulfided by a weft 7,1 11,1 7,0 11,1
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It is necessary to note, that the sulfiding congdetfter 120 minutes, driving to the high value
of the exchange capacity (3,3 mg-eq./g) with minirdaterioration of physico-mechanical
properties.

It is necessary to mention, that during manufastumembranes of this type, it is possible
to achieve the high grade of the phase interaating to the availability of the hydroxyl
groups taking part both in chemical reaction ofssrbinking with the material matrix hydroxyl
groups and formation of a considerable number of ®a Waals bonds, that is proved by the
results of scanning electron microscopy (Fig.1).

20 ym

Figure 1. Microphotography of the cross sectionctire of the material “Policon” based on
nonsulfided NPF fiber: 1 — fiber, 2 — ion- exchamggtrix

The work has been carried out under the sponsordhthe Russian Foundation for Basic
Research (project No.10-08-00074-a.)
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Introduction

The aim of this work is the production of high-merhance, cationexchange chemosorbtion
fibrous materials on basis of phenol, formaldehygfuric acid, polyacrylonitrile (PAN) fiber—
«POLYCON K» [1].

Experiments

We carried out research to state structure chaistots, morphology and electrodynamic
properties of «<kPOLYCON K» formed on basis of PANefi with addition of super dispersed
admixture iron nanopowder [2].

It was defined, that introduction of additional érephase medium into monomer-
iIsomerization structure leads to changes in kisetitd thermodynamics of passing reactions.

Figure 1. SEM images of <POLYCON K»: PAN (a), PAN5% Fe (b), PAN + 5% Fe (c)

Results and Discussion

The increasing of thermal effect in curing reactsomd displacement of thermal peak to lower
temperature region was distinguished. Those faotdirmn the influence of super dispersed
admixtures on basic material.

The introduction of nanopowder abruptly changes tt@phology of basic material. The
surface becomes more dense, homogeneous with peesénpen pores. Rising iron percentage
the PAN folded character disappears. Areas withegpitic inclusions could be observed
(Fig.1).

We investigated electrodynamic properties of medifmaterials in a wide frequency range,
notably frequency dependences of capacity and aiegleloss tangent to define complex
dielectric permeability. We examined servicing euaeristics of sorption modulus for water
refining from petrochemicals. Introduction of Fenopowder permitted us to raise the sorption
capacity of petrochemicals up to 25 %.

This work supported by RFBR (Project Number 10-03406a)
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Introduction
The aim of this work is the production of high-merhance, cationexchange chemosorbtion
fibrous materials on basis of phenol, formaldehygfuric acid, polyacrylonitrile (PAN) fiber—
«POLYCON K» [1].
Experiments
We carried out research to state structure chaistats, morphology and electrodynamic
properties of «<POLYCON K» formed on basis of PARefi with addition of super dispersed
admixture nickel nanopowder [2]. It was definedattintroduction of additional heterophase
medium into monomer-isomerization structure leadshianges in kinetics and thermodynamics of
passing reactions. The increasing of thermal effecuring reaction and displacement of thermal
peak to lower temperature region was distinguisi@mse facts confirm the influence of nickel
super dispersed admixtures on basic material. fitneduction of nanopowder abruptly changes
the morphology of basic material. The surface bexsomore dense, homogeneous with presence
of open pores. Rising nickel percentage the PANMefdl character disappears. Areas with
spherulitic inclusions could be observed (Fig.1).
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Figure 1. SEM images of «<POLYCON K»: PAN (a), PAN5% Ni (b), PAN + 5% Ni (c)

Results and Discussion

We investigated electrodynamic properties of medifmaterials in a wide frequency range,
notably frequency dependences of capacity andatiieldoss tangent to define complex dielectric
permeability. We examined servicing characteristitsorption modulus for water refining from
petrochemicals. Introduction of Ni nanopowder péedi us to raise the sorption capacity of
petrochemicals up to 45 %. The received materiale la complex, multilevel system of pores,
which allows their usage in high velosity watemfldn this study, carried out we also studied the
effectiveness of water purification from ions oblg metals.

This work supported by RFBR (Project Number 10-0848a)
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Introduction

The ion-exchange membranes are applied widelyeictrel-membrane processes as well in the
separation and purification of organic solventgplkyaporation [1]. The transport characteristic
and membrane selectivity depends on the thermodgnanoperties of the water and ion-
exchange pairs. The goal of the work was to analymee water binding energy and the
dissociation of -SgH groups in polystyrene membranes MK-40 and periihaded membranes
Nafion-117 at various hydration levels (from 0 ogltl) using quantum chemical methods.

Computational Methods

The chemical structures of the studied membraneskaown in Figure 1. The quantum
chemical calculations were carried out for the meane models are marked with squares. The
calculations were performed by the Program ORCA T2k geometries had been optimized by
the Restricted Hartree Fock (RHF) method with th816& (d,p) basis set [3] and tight
optimization criteria. The quality of minima hasebechecked via frequency analysis. The
calculation of the binding energy of the membrarager complexes were carried out using the
local pair natural orbital - coupled-electron papproximation (LPNO-CEPA/1). From the
values of the electrons energy of dry{JFand hydrated membranes(&e) the specific binding
energy Eg) of the water molecules was computed by the folhgnexpression:

Ecluster - Edr

— y

Eg = X - EH20 (1),
where E,, , is the electrons energy of one water molecules té number of water molecules in

the membrane. The specific binding energy indictitesinding energy per water molecule.

I
—CH—CHZ?CH_ —CH,—+ T CH,— Csz—Ln —+CF;—CF—CF,—( CF;—CF,),—

SO,H

a) MK-40

|
(
|
|
|
CF, | X=7-12
|
|
|
|
|
| b) MF-4SK
|

Figure 1. Chemical structure of the membranes: &40 and b) MF-4SK. The membrane
models used in the quantum chemical calculatioeshaarked with squares

Results and Discussion

The optimized structures of the membranes withhydration levels X=0; 1; 3; 6 and 8 are
shown in Figure 2. As seen from the figure in meamlbrMK-40 the sulfonic acid groups are in a
non-dissociated state in the whole studied rangethef hydration level, while in the
perfluorinated membrane Nafion the dissociatiothefion-exchange group is observed f&3X
Moreover, the water molecules in the polystyrenenimane MK-40 are dislocated around the
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end-group, while the water molecules in the Nafoembrane locate under the end-group and
form a cluster.

Figure 2. Calculated geometries of dry membrangsut@ membrane fragments (b-e) at various
hydration levels: X=1 (b); X=3 (c); X=6 (d); X=8 JeProtons are marked with a dotted circle

Figure 3 demonstrates the distance between pratdrsalfonic groups as a function of the
membrane hydration level. As can be seen the distdetween-SQ...H "in MK-40 grows
very insignificantly from 0,948 (dry state, X=0) to 1,014 (X=8). The distance in MF-4SK
changes slightly from 0,951 (X=0) to 0,980(X=2), then increases to 1,5@8(for X=3-4) and
at the transition to hydration level from four toef sharply rises to 3,194, then grows slightly
again in the range ok&X<11.

4 - |, A 32+ -Eg, kJ/mol

A MK-40

@ Nafion 0T

28 T

1 26 T @ Nafion
X A MK-40
0 ' ' ' ! : : : : :
0 2 4 6 8 0 2 4 6 8 10
Figure 3. Distance between the proton and Figure 4. Specific binding energy of water vs.
sulfonic group as a function of the membrane membrane hydration level

hydration level
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Figure 4 presents the specific binding energy amaetion of the membrane hydration level.
As seen from the figure the water molecules arend@ironger in the Nafion than in the MK-40
membrane.

The obtained results show that the chemical nattitee membrane polymer matrix has some
influence on the dissociation of the sulfonic agrdup as well as on the building of the water

cluster in the ion-exchange membranes. The obsetissciation of —SQ,..H ™ in Nafion

membranes and well-networked water molecules prertia improved transport of the protons
by the Grotthus mechanism. The results explain sexperimental investigations which indicate
higher proton mobility in the perfluorinated menr@a in comparison to polystyrene
membranes [4-5].

The investigation was carried out in the framewatfkthe Austrian-Polish Cooperation
Project No.PL 08/2012 supported by the Austriannsgeof International Cooperation.
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TRANSPORT OF SALT MIXTURES THROUGH POLYLAYERED COMP OSITE

ULTRAFILTRATION MEMBRANE

Victor Kasperchik, Alla Yaskevich, GeorgePoleshko
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Introduction

In previous paper [1] we have observed transpdirafion characteristics of polylayered
composite ultrafiltration (UF) membranes for thdfatient types of individual salt dilute
solutions. For the system: aromatic polyamide (B8)initial membrane matrix — poly-[N, (2-
amino ethyl) acryl amide] (PAEAA) as modificatiomemt composite structures with high
rejection ability to electrolytes of 2-1 type aral rejection ability to electrolytes of 1-2 type
were obtained. It can be supposed that this congosembrane will be perspective for the
effective separation of the salt mixtures.

Experiments

Stirred filtration cell was used for the investigat of salt mixtures separation. Individual ion
concentrations in the bulk solutions and filtratesre determined on the ion chromatograph
Dionex ISC-3000. The rejection abilities of the qgmsite PA membrane to the different ions are
presented in the table.

Table: Rejection abilities of the composite PA memane to mono- and bi-charged ions
during ultrafiltration of the salt mixtures

Salt mixture Salt ratio in R* (%)
composition solution Na' cr Mg>* S0,%
MgCl,- NaCl 100:0 - 88 88 -
80:20 1 74 87 -
50:50 24 66 92 -
20:80 38 55 90 -
0:100 44 44 - -
MgCl, -MgSO, 80:20 - 42 51 67
50:50 - 33 42 51
20:80 - 25 33 38
0:100 - - 43 43
MgCl, - Na,SO, 80:20 7 48 64 73
50:50 12 24 50 39
20:80 11 12 41 19
0:100 12 - - 12

* Ra(rejection coefficients) at 0,35 MPa, 293 K and 5 s'. Total electrolyte concentration in all solutions
10° mol/l

Results and Discussion

As can be seen from the experimental data addimggbfons to MgC} solution is almost no
effect on the membrane rejection ability to ¥gFrom the other hand free transfer of mono-
charged cations through the membrane is obserdedvatartial concentration of Nan the bulk
solution (<20 %). Adding of Nato bulk solution to high partial concentrationééyup to 80 %)
leads to N& substantial increasing rejection ability (up to%83. After complete substitution of
Mg®* on N4 in the bulk solution membrane rejection ability faono-charged cations is still
increasing but not so sharp (up to 44 %).

Another situation was observed when,$@ns were added to MggCéolution. In this case
little adding of bi-charged anions to the bulk siwo leads to sharp decreasing of membrane
selectivity to Mg" (from 88 to 51%). Then membrane rejection abiliyMg?* is decreasing
slowly: to level of 43 % after complete substitatiof CI to SQ? in the bulk solution.

As can be expected the highest changes in the na@mbkiransport characteristics were
observed when different mono- and bi-charged catiand anions were added to the bulk
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solution. After adding of N&QO, little quantity to MgC} bulk solution substantial decreasing of
membrane rejection ability to Mg (from 88 to 64 %) and to Na(from 44 to 7 %) was
observed. Then increasing of Nend SQ”partial concentration to 80 % level in the Mg®Ulk
solution leads to gradual decreasing of membrajeetien ability to Mg* (from 64 to 41 %)
and little increasing of rejection to Néup to 12 %).

Thus it was established that presence in the lolikien of different ions was expressed more
complicated influence on the membrane transportacheristics as it can be supposed from
experimental data for the membrane separation divislual salts. In this case theoretical
interpretation of obtained results is difficult dte complicated interactions of bulk solution
mono- and bi-charged cations and anions with unemsgted charges in the composite
membrane matrix and its surface.
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POLYETHYLENETEREPHTALATE TRACK ETCHED MEMBRANES WIT H
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Commonwided track etched (T-E) membranes have synuale cylindrical pores. The
transition from a long cylindrical pores to diffategeometry, such as elliptical pores is a
promising area of technology of T-E. Elliptical per (pores with varying cross-sectional
eccentricity) are appealing because the changegrfed of asymmetry (ratio of the pore axes)
can substantially change their characteristics sascbfficiency and selectivity. The aim of our
work was to investigate the influence of polyménfthermo-elongation in different stages of T-
E production on T-E pore shape and characterisfiagsulting membranes. The second claim
was to investigate the electrokinetic charactessiof T-E membranes in different etching
solutions. Obtained data were used to producenfeBbranes with assymetrical pore shape.

The objects of our study were amorphous PET fil@ (B, subjected to irradiation and
subsequent ething in alkali solutions. The film wgabjected to thermo-elongation on different
stages of T-E formation (i.e. before irradiationfih with high energy heavy ions beam, after
the irradiation and elongation of formed membran€bg degree of stretching)(controlled by
birefringnanse index and by changing in sample nesg. Irradiation of films was carried out in
the cyclotron of JINR (Dubna) at the cyclotron Wd4tigh-energy ions Kr (fluence of 40 10
cm?, the energy of 1,2 - 3 MeV / amu.). Etching ofrfil was carried in a solution of KOH
concentration of 1 M under 70°C. Etching process aecompanied by mass logsr() of the
polymer, which was evaluated on the mass of thalsample (before etching).

Before the influence of orientation on the kinetié®tching and shape of pores was necessary
to determine the influence of irradiation on thehatg of non-oriented films.

25 T

Weight loss (%)

0 S50 100 150 200
Time (min)

Figure 1. Relative mass los#n() from the time of etching) (unoriented PET film. 1 -
unirradiated sample, 2 - irradiated sample

Etching of the unirradiated film (Fig. 1, curveshows a linear dependenceAsh t, while the
sample irradiated film (Fig. 1, curve 2) is chaeaized by an exponential dependence. This is due
to the fact that the process of irradiation leaglssignificant changes in the structure of the
polymer, especially in education latent tracks (Um)accordance with [2], the structure of LT has
a significant change: the central part - it wastrdged with a graphitized polymer center with a
diameter of 10 nm, then with increasing radiusofetd by the field with varying degrees of
destruction and decreasing cross-linking areas.s,Tthe irradiated sample has a significant
number of local defects - active centers (surfawk \alume), which leads to the acceleration of
etching in comparison with the unirradiated filns e etching of the film quickly etched defect
area than the rest of the films. This in turn lewscreased contact surface with KOH etched
areas of LT, which accelerates the degradationdnrdance with Fig. 1 (cur. 2).
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Figure 2. Dependence of mass logs| from the time of etching)( Unirradiated PET.
Multiplicity extract ¢): 1 —1;2-3.2;3-4.7;4-5

The nature of relationships in Fig. 2, 3 is similarthe established in Fig. 1. As expected,
the orientation of PET with increasingeads to a decrease in the etching rate of baddiated
and unirradiated films (Fig. 2 and 3).

25 -
= 20 4
S
o
@ 15 -
°
=
o 10 4
=
5 <
o; L ] L] L) L]
0 100 200 200 400
Time (min)

Figure 3. Dependence of mass loss from the time of gichiadiated PET (Kr, fluence 3
10° ion/snf). Multiplicity extract 4): 1-1; 2 - 1.8 3 - 3.7

Photomicrograph of the surface film obtained a#ttrhing-based sample shown in Fig. 4,
which shows that the orientation can receive T4tase with elliptical pores.

Figure 4. AFM image of PET film irradiated by
Kr (fluence 310° ion/snf), focused on 300%
and etched for 4 hours

- 3 =
Thus, we have shown that orientation elongationb=mnsed to produce T-E membranes with
elongated pores.
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PREPARATION OF COMPOSITES BASED ON MF-4SC MEMBRANE AND

POLYANILINE IN EXTERNAL ELECTRICAL FIELD

Natalia Kononenko, Ninel Berezina, Sergey Dolgopolo v, Irina Falina
Kuban State University, Krasnodar, Russia, E-mail: kononenk@chem.kubsu.ru

Introduction

Perfluorinated sulfocationic membranes of type olafiDu Pont, USA) and MF-4SC
(Plastpolymer, Russia) are used as a templatéhéosynthesis of conducting polymers, such as
polyaniline that exhibits unique electrical, electnemical and optical properties. Very often
such materials are obtained in static conditionlgmical template synthesis, where various
redox systems are electron acceptors during theéatixe polymerization of aniline [1, 2]. The
aim of this work is to study the influence of exigr electrical field on the synthesis of
polyaniline in MF-4SC membrane. One of the taskstlié work is to investigate the
electrotransport properties of the obtained contpssi

Experimental

Template synthesis of polyaniline in MF-4SC as sibanatrix was carried out with the help
of electrodialysis cell in two stages. The firgigd was saturation of the membrane by monomer
(ion GsHsNHs") in the electric field. The polymerization of @né under the action of the
initiator (FeC}) under the same conditions was carried out in gbeond stage. Working
solutions of monomer and polymerization initiatcgres moved to the desalting chamber, sulfuric
acid solution circulates in other chambers of thk dhe current density ranged from 40 to 100
A/m?, the timing of each stage was from15 min up t@@rk. The concentration of sulfuric acid
was 0.005 M HSQ,. It is100 times lower than by the synthesis ofypalline (PAN) in the static
conditions. The concentration of the polymerizatiomtiator solution was 0.01 M.
Characterization of the composite samples MF-4S@G/Mas carried out by the membrane
conductometry and voltammetry methods.

Results

Table 1 presents characteristics of a series opkmobtained in different conditions in an
external electric field. It presents also the props of the initial MF-4SC membrane and
composite membranes MF-4SC/PAn which were obtaiumeder static conditions during 3
hours.

Table 1: Characteristics of MF-4SC and MF-4SC/PAn rembranes

The current Time of contact with

Membrane density solutions Kiso, P.1?12’ liim ',
Ne i, Alm® Stage 1 Stage 2 S/m m°/s AIm
1 MF-4SC - - - 4,1 3-4 170-190"
2 MF-4SC/PAn 0 3h 3h 3,5 34 150+4
3 MF-4SC/PAn 83 3h 3h 3,0 - -
4 MF-4SC/PAn 54 2h 1h 3,5 4-5 18045
5 MF-4SC/PAn 54 15 min 1h 3,0 4-5 180+7
6 MF-4SC/PAn 40 30 min 1h 3,2 2,6-3,0 2007

Table 1 shows that all the composite membrane wiviete obtained in an external electric
field (samplesNe 3-6) have a sufficiently high ionic conductivitgqual~ 3 S/m). Diffusion
permeability P) and limiting current densityi;,) of these samples are comparable to those
characteristics for the initial membrane and contposIF-4SC/PAn which was obtained in
static conditions. It was found that a compositentoene MF-4SC/PAn can be prepared:

« with reduction of the current density up to 40 AfsampleNe 6),
» with reduction of the concentration of aniline s@n up to 0.001 M,

“Theijm value of initial membrane varied in dependentexhhological conditions of synthesis.
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« with reduction of the time of the8sNHs" ions saturation stage up to 15 min and the
polymerization aniline stage up to 60 min (sam@®).

Thus, the method of polymerization of aniline ie MMF-4SC membrane matrix in an external
electric field is faster and more resource-savimgared with static conditions.

The current-voltage characteristics of the inigad composite membranes are shown in
Figure 1. As can be seen from the figure, the slop¢éhe ohmic part of the curve, which
characterizes the conductivity of electromembragstesn, is practically the same for all
samples. It is consistent with the independentrdetation of samples electrical conductivity by
mercury-contact method. The length of the limitowgrent plateau increases by 30%. The same
effect is always observed for the composites MF/#2@. The asymmetry of current-voltage
curve is absent by the reversal of the currentve@r, 3, Fig. 1). It confirms the bulk character of
the modification of membrane MF-4SC by polyanilinen external electric field.

6007 i, Am? 5 7 Kk, Cm/m 3
1
500 -
2 4
400 - Ko | 1.
3 |
300 - |
3 |
200 1 27 2 |
|
100 14 :
AE, B |
O T T T T 1 I C, M
0 0,5 1 1,5 2 2,5 0 w ' ‘ )
0 0,05 CGx 0,1 0,15

Figure 1. Current-voltage curves of MF-4SC (1) Figure 2. Concentration dependences of the
and MF-4SC/Pan (2, 3) in 0,08 HCI solution conductivity of MF-4SC (1) and MF-4SC/Pan in
HCI solutions (3)

Figure 2 shows the concentration dependences ofcomeluctivity ) of template and
composite membranes in HCI solutions. Both iniieémbrane and composite sample have
identical value of th& near to the "isoconductivity" poinkif,-Ciso). There is essential decrease
of thek value in areaC <Cis, for a composite in comparison with a base membriinedicates
on the same conductivity of gel phase and incredsevolume fraction of an internal solution in
the MF-4SC membrane after polyaniline intercalation

The parameters three-conducting and micro-hetesmgen model of ion-exchange
membranes conductivity were calculated from theceatration dependences (Fig. 2):

ais the current fraction through the mixed charangél-solution;

b is the current fraction through a gel;

c is the current fraction through a solution;

d is the fraction of solution in mixed channel,

eis the fraction of gel in mixed channel;

f, is the volume fraction of gel phase;

f, is the volume fraction of inner solution phase;

a is the parameter characterising the arrangemephases in the materiadr € +1 for parallel
orientation of conducting phasesy= -1 for serial orientation of phases).

According to above-mentioned modal+ b+ c=1,d + e = 1,f;+f,=1. The model parameters
of initial and composite membranes which were olgtdiin different conditions are shown in
Table 2.
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Table 2. The model parameters of initial and compae membranes

Membrane a b C d e fqi fs a

MF-4SC [3] 021 | 079 | 53410° | 046 | 054 | 090 | 010 | 0,44

MF-4SC/Pan (5 h in static

" 0,32 0,68 8,3510” 0,22 0,78 0,93 0,07 0,19
conditions) [3]

MF-4SC/Pan (30 days in

108
static conditions) [3] 0,77 0,23 3,23'10 0,19 0,81 0,85 0,15 0,11

MF-4SC/Pan (in electric
field)

0,93 0,07 4107 0,25 0,75 0,77 0,23 0,10

As can be seen from the table, the essential re@aj#on of conducting ways takes place in
the case of composite preparation in an electfield. The increase of the contribution of the
mixed channel of conductivity correlates with dafathe standard porosimetry method. The
formation of specific morphology of polyaniline mmembrane was confirmed also by methods
of differential scanning colorimetry, thermogravimye and IR-spectroscopy. Polyaniline is
located on surface of the transport channels.

Conclusions

The new method of polyaniline synthesis in MF-4S€mbrane in conditions of an electrical
field was developed. The obtained composite madsefi@ve high conductivity and stable
hydrophility which is necessary for applicatiorfirel cells.
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Introduction

The study of electroconvection in membrane syst®) is important for understanding the
mechanisms of current-limiting, the intensificatiohmass transfer, manipulation of liquid flow
in microfluidic devices. At currents above the limalue appears the space charge, which is the
source of electroconvection in the MS. The largenber of papers devoted to mathematical
modeling of electroconvection (SS Dukhin, Derjagld¥, I. Rubinstein, B. Zaltzman, M.
Bazant, etc.), but mathematical theory of electnveation is still at an early stage of
development. This is due primarily to the studynshthematical problems and solving the
corresponding boundary-value problem for a couplgstem of equations, the Nernst-Planck-
Poisson and Navier-Stokes equations used to mbeeklectroconvection. We offer a rather
simple approximate analytic solutions based orafyenptotic analysis of this problem.

Mathematical model

The mass transfer in view of electroconvectionhi& ¢lectro-systems described by equations
of electrodiffusion Nernst-Planck-Poisson (1-4) ahd Navier-Stokes equations (5.6), taking
into account the spatial force. The vector recaydih this system for binary electrolyte in the
absence of chemical reactions in the dimensiomasables has the form [1]:

J =zDCE-DOC +PeCV, i=12 (1)
oC, L

P L = —d . =12 2

e =-divj, i=1 2)

erg = —(z2C, +2,C,) 3)

I =z],+2], (4)

NV i 1 - L

E+(\/D)v :—DP+R—EAV +£K_ EdivE (5)
div(V) =0, (6)

where [J- the gradient,A - Laplace operatory - the rate of flow of the solutionP - the
pressure,j;, j, ,C,,C,- flow and concentration of cations and anionsdhution, Z, Z,- the

charge of cations and anions, - current densityD, , D, - the diffusion coefficients of cations
and anions,g - electric potentialt- time. These equations to put natural boundaryditimms

[1], for example, no-slip condition at the membraneface for speed.
The dimensionless parameters have the followingipeangex [01], yI[O,L], and the

Vo

RT.& . _ _
number £ = ——2-%— varies from10™* to 10, the Peclet numbePe=
0

on the initial velocity V, and when it changes varies widely. When the floglogity

,depends linearly

VO>1JW%and width of the channeH =1wm Peclet number can be regarded as a large

parameter, and accordingly,=1/ Pe a small parameter, which varies frd® to 10™.
RT . . ,

an estimate. The formula it follows thak,, ~izso with a
pOVO VO

decreaseV, in value rapidly, with a decreasg from 10" t0 10X, K, increases from
C C

The parameterK,, =
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Ky =244 t0 K, = 244[10°°. The Reynolds numbeRe="2" is small and varies in the range
v

10-100. The above formula& - Faraday constantR- the gas constant] - the absolute
temperature,&,- the dielectric constant of an electrolyf - a characteristic density of the
solution ¥ the coefficients of kinematic viscosity.
The system of equations, in some cases, be up ree temall parameterg > ,0
A=1/Pe>0 ando =1/K,,.
The smallness of the parameters we use, and wediwen [1, 2] that with high accuracy

f = ¢ EdiVE = =
Il

concentration, which is near the cation-exchangenbnane can be approximated by a linear
function S(x, y) =-i X—a,y+y,where iav- the dimensionless current density in the chain,

'), where S(x,y)=C,+C, —%HEHZ- the generalized

a,>0a small number. Then from the above formula itdat thatf =(i_,,a,)". A small

section take of the channel desalting and asswuanedendental mode occurs in a small area near
the exit channel desalination.

Surface: Fx [Mjm3] Height: Fx [N/m®] Max: 0
T v x10°
[

Min: 5.04e-10

Min: -6,15525

Figure 1. Piecewise-linear model "point" force astdeamline the solution

The force of the electric field simulated with thse 0 - the function, namely, we assume
1?:(iav,a'0)T O(X—X,,Y—VY,)- The numerical calculations, the piecewise linggproximation
of the "point" forceso - function (Figure 1) and fluid flow lines are calated using equations
(5) (6).

Basic laws of electroconvection

It is known that fluid flow in a channel with no sthuctions (in the smooth channel) at low
Reynolds numbers and in the absence of externeg¢dawill be laminar Poiseuille parabola, and
wonder. However, if the input has a different dlsttion of velocities, even at a distance equal
to approximately three times the width of the clelne established from the beginning of a
parabolic distribution. If an external forde such thatrotF = Q by passing from the equations
(5.6) in variables "velocity-pressure” to an eqlewd system in the variables "stream function-
vorticity" can be shown that such a force has tieceon the stream function and vorticity and,
consequently, the rate of fluid flow, ie the movemef fluids in general. This force is
compensated by the change in pressure. It can densthat the strength of the electric field
acting on the space charge in the space chargengant with great accuracy. However, this
force changes at the boundary of the space chagyenrfrom almost zero to a constant value of
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the above. If this change in the first approxim@ative assume a linear, then the rotor of such a
force would be constant, both positive and necdgsaggative. Thus, the rotor of the electric
field force acting on the charge density, we caprexmate the constant function with, for
example, two non-zero value, and always one of therpositive and the other negative.
Incidentally, this explains the observed in all tadculations and experiments, the phenomenon
of the emergence of pair of vortices.

Figure 1 shows the distribution of electric fielddathe resulting vortex motio¥, =1cm/c,

Iy = 005A/xn*. It is evident that the primary vortex pair with rmaximum speed of
approximately equal6cm/c , causes a secondary pair of vortices. This éstduhe fact that the

velocity of vortex motion of the solution is muclgher than the initial flow rate of the solution.
The results are in qualitative agreement with tegcal results [3] and experimental data [4].
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Introduction

It is known that osmotic and electroosmotic watansport through ion exchange membranes
affects the process of desalting and concentratirgdectrodialysis. Mutual influence of ion and
water transport also takes place in other electrobmane devices including microfluidic ones. In
this paper we propose a two-dimensional transieathematical model of binary electrolyte ion
transfer through ion exchange membranes under twonsliwhere simultaneous transport of
water occurs; a similar 1D model is proposed eaflig It is assumed that the cation-exchange
membrane is porous, and together with the ions nat@lecules (convective transport) are
transported through it, while the anion-exchangenbrane is impermeable to convection. The
rate of water transport through the cation exchanggmbrane is considered as a given
parameter. The model allows to evaluate the immdcthe transfer of water through the
membrane on the transport of salt ions.

Mathematical model
The motion of a single electrolyte solution is ddesed through a desalting compartment
of an electrodialyzer. LeH and L be the height (=intermembrane distance) and thgtheof
the desalting chamber, respectively; is the initial (linear) velocity of solution flowetween
the membranes;x=0 corresponds to the conditional cation exchange Ipnane/solution
boundary,x = H relates to the anion exchange membrane/solutiandary, y =0 corresponds
to the compartment input, ang= L, to the output.

1. Equations
To simulate the ion and water transport, we useoapled system of equations of
convective diffusion and the Navier-Stokes equatiomith the condition of electroneutrality

2G=-2,G=C

a_V+(\75)\7 -l opsav @
ot 5

div(V) =0 (2)
% _ pac-divcV) D = DD, (2~ 2,) )
ot z,D,-z,D,

(x,y)d(O,H)x(0,L), t >0,
where L] is the gradientA is the Laplace operato\*z is the electrolyte solution velocityy,
is the characteristic density of the solutid?,is the pressure( is the electrolyte concentration,
z,, z, are the charge numbers of cation and anion, réspc D,, D, are the diffusion
coefficients of cations and anions, respectivélys the timeV is the viscosity coefficient. Here
P,V, C are unknown functions oh, X and y.

2. Boundary and initial conditions

Appropriate boundary conditions must be added ® Eo-(3).

1) We will consider a short fragment of desaltimmpartment where the variation of the
electrolyte concentration at the membrane surf@ges negligible:
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C(H,y,)=C
2) For the velocity at the surface of anion-excleamgembrane, we will use the slip
condition:

V,t,0y)=0, V,(t,0y)=0,
at the surface of cation exchange membrareH, yJ[0, L], t =0, the condition of seepage is
used:
_ _ (oC t,Dz M
V(t,H,y)-O,V-—(—j W1 W d[o,L],t=0, (4
2 Tl sty O

where t, is the water transport numbe},, is the water molars, is the membrane surface
fraction available for water transfeg( = 0.5), S is the membrane unit are& & 1 cm?), T,

and t, are the counterion transport numbers in the menebind in solution, respectively
(T,=1,t, =0.5).
3) At the entrance into the region under considematy =0, x[[0,H], t=>0), we

will assume a concentration distribution close tsteady state corresponding to the case where
the boundary concentration is equal ©. We use the parabolic approximation:

X X 1
C(t,x,00=C+6(G - G)—| I-— |, whereC, =— | C(t, x, 0)dx.
(t %, 0) (Qq)H( Hj =[x 0)
We will assume also that at=0 the fluid velocity is distributed according tiRoiseuilles
parabola: V, =0, V, = 6\/0%(1—%) , whereV, is the average velocity.

4) At the exit of the regiony =L, xO[0,H], t=0), we will use “soft conditions on
the concentration and set the pressure drop bettheegntrance and the exit:

9CEXL) -0, P(x0)-P(xL) =P -P = Ay, ®
oy (H/2)
5) Initial conditions,t =0, should match the boundary. When the initial cbods are as
follows:
X

t=0:V, =0, v2=a/0%(1—ﬁxj, CO.x,yF G+ § G- Q)ﬁx( }ﬁj’

a steady state is established very rapidly.
To solve the problem, we have used the finite el¢method.
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CHEMICAL AND ION-EXCHANGE REACTIONS IN METAL — ION

EXCHANGER NANOCOMPOSITES
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Introduction

A metal nanoparticles can be introduced into iooh@xnge matrixes by ion exchange and
chemical deposition in required quantity for an gmdcess [1]. A chemical reactions between
the nanoparticles and the reagents or a catalgactions between the reagents on the
nanoparticles can be the end processes. It isdafoental importance that the fixed ions are the
internal sources and sinks for ionic reagents. Egmantly the macrokinetics of the processes
take into account the bifunctionality of the metabn exchanger nanocomposites (NC). Our
purpose is to develop a mathematical model of #ygen redox sorption from water by NC so
that sorption process included the chemical reéaxtion and ion exchange.

Experiments

The investigation objects are the copper- and istdeataining NC on the basis of cation and
anion exchangers. It was determinated that thelrpattcles (sizes 5-100 nm) are combined in
larger aggregates. The microphotography of NCesgmted on figure 1.

Figure 1. Microphotography of the nanocomposit&®ig-23

The oxygen redox sorption is investigated by NCbawsis of the different ion-exchanger
matrixes. The obtained data allow to classify sivien exchanger NC by chemical or catalytic
activity (table 1). Some of them could be used»gen redox sorbents, other—as catalysts.

Table 1: Oxygen redox sorption rate versus naturefoAg°MC

Rise of chemical activity Rise of catalytic activity
~0o0o0oo0pooon oooooooooo -
. . - Strong acid cation exchangers in
_ Strong and week acid | - Week acid cation Ag'-form (KU-23):
Strong acid cation exchangers in H'-form ] ) ' )
. ; . - week alkaline anion exchangers in
cation . (Granion D113); ” .
. exchangers in . . complex forms (Fuji CS-07, Duolite A365
exchangers in * - week alkaline anion in NO.—f ]
H"-form Na--form exchangers in free n N 8 orm);
(KU-23) (KU-23, aminoform (Fuji CS-07, | - strong alkallge:\r;l(ir;_elécg\%ngers (AV-17-
Granion D113) Duolite A365) o - i
Cl, F, NO;~, OH -forms)
Redox sorbents of oxygen Catalysts

Kinetic curves of the oxygen redox sorption ratshiewn in figure 2.
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Figure 2. Kinetic curves of redox sorptiar(t) of molecular oxygen from water by %gU-

23(H") (1) and CAKU-23(H") (2). Points are an experimental values, Curvesamodel
calculations

Results and Discussion

Redox sorption consists of the reagents diffusiod eedox reaction between reagents and
metal particles. Reaction between the NC on bakisuiphonic cation exchanger matrix
[RSQ H ] -Mé and oxygen dissolved in water can be presented as:

4 RSQH| Mé+ zQ -~ # RSO -Me+r 2zH (1)

Here z is the metal ion charge.

At initial time, the surface of a nanocompositeigiaegins to react according to equation (1).
A concentration gradient di* and Mé" counter-ions between inside and outside grairorei
appears which results in their interdiffusion (FR). The rate of interdiffusion determines
medium pH in reaction zone and can therefore sobally influence the rate and mechanism of
the process as a whole. Hydrogen counter-ions aeeob reaction (1) participants, and their

concentration explicitly enters into the formal ddic equation for the rate of redox sorption.
4

Figure3. Scheme of hydroxygen and metal countes-@stribution in process of oxygen
redox sorption: 1 — metal particles, 2 — metal caunnons, 3 — hydrogen counter-ions, 4 — NC
granule

In this work a mathematical formulation of the peoh including the stage of the
interdiffusion of metal ions (metal oxidation prads) and hydrogen ions (matrix counter-ions)
is given [2]. The numerical solution to this prabléor the metal-containing NC and molecular
oxygen in water systems is analyzed. Proposal maeetribes satisfactorily the experimental
curves of oxygen redox sorption by copper- ancesibontaining NC (Fig. 2).
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The ions interdiffusion contribution in a total medsorption rate versus metal component
nature, concentration and particle size is estithaléhe ions interdiffusion contribution is
assessed by relative increasing of til& of the process completed for 85%. The most esdenti
impact of the interdiffusion stage is determinedHigh capacity metal NC (Fig. 4).

AT, %
14 |

12 ¢
10 1
8

6

E, mmo-eqv/cn®
Figure 4. Dependence df on the metal capacity E: 1 — AgV-23, 2 — CGKV-23
In addition, under the conditions of a sharp gmdief ionic participants, complete

mechanism changing is possible with the formatiérsalid-state products according to the
reactions

+ 4
4 RSQ| Mé -M&+ zQ - [ RSO |\?reE Me | )
4 RSQ| Mé -M&+ zQ+ 2zHO-. |4 RSO FKfe - e @), 3)

that causes oxidation deceleration.

Significant role of the reaction (2) is to incredbe internal medium pH. The reaction (3)
or (4) replaces the reaction (2). In result, théorereaction mechanism and the total redox
sorption rate are changed.

This work is supported by the RFBR (Rus. Fund sfdResearch, grante 11-08-00174q)
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ATOMIC FORCE MICROSCOPY FOR THE STUDY OF ION-EXCHANGE

MEMBRANE FBM SURFACE MORPHOLOGY
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Introduction

Study of a relationship between the morphologidaaracteristics of materials and their
physicochemical properties plays a very importavie.r The performance of ion-exchange
membranes in various processes depends on theastatgructure of their surface. Atomic force
microscopy (AFM) is a suitable method to charazeea membrane surface [1]. In particular, at
present, transport and equilibrium properties ofeachange membranes are considered with due
account for their structure heterogeneity [2].

Bipolar ion-exchange membranes are widely uselartéchnology of electrodialysis (EDBM).
Thus, the present study focuses on the surfacepiep of bipolar ion-exchange membranes.

Experiments

The object of this study is homogeneous bipolar breme Fumas&pFBM (produced by
Fuma-TecH, Germany). The membrane samples wespaped according to the technique
described in [3].

The AFM images were obtained using a Solver P4 &Eaaning probe microscope (NT_MDT,
Russia, Zelenograd) in a tapping mode in air &naperature of 25 = 1°C. The sensitivity of the
probe and the accuracy of the scanner made itlpedsi obtain surface images with a lateral
resolution of up to 20 nm and a vertical resolutignto 0.5 nm. The surface of ion-exchange
membranes was studied in two modes, i.e., topograpid phase contrast. We recorded the
surface relief in topography mode. The phase csintn@de was used to identify regions that differ
in chemical composition, adhesive behavior, amgtel properties [4]. The data were processed
using the FemtoScan Online software [5].

Results and Discussion
The three-dimensional images of the surface of Befiia=BM membranes (HCI-form), which

were obtained using atomic force microscopy in tibgography mode, are depicted in Fig. 1
(scanning area is 2x#n).

b)

Figure 1. Three-dimensional topographic images wi@sef§i FBM membrane surface: a —
anion-exchange layer, b — cation-exchange layer
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The topographic images of the membranes show hat surface is relatively flat, comparing
to the heterogeneous MK-40 membrane topographigesjaobtained in our previous work [2].
Cation-exchange layer seems to be more rough thimm-axchange layer. The both layers of
bipolar membrane (cation- and anion-exchange) héee same values of maximum level
difference about 50-60 nm. For heterogeneous meralitee values of maximum level difference
and roughness are much higher than for homoger@pakir membrane layers under study, and
reach about thousand nanometers, indicating ongaifisant difference in the structural
arrangement of the membranes.

The AFM images were obtained at the Center foiGbkective Use of Scientific Equipment at
Voronezh State University.

The authors would like to thank Dr. Bernd Bauerkmdly providing the membrane sample.
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Introduction

Today Nafion type membranes are of great intenedtase demanded for industrial purposes
as well as for research ones. MF-4SC is a Russialogue of the American Nafion membrane.
To maintain the profitability of such membranestive future, they must be modified to
address the following shortcomings: poor mechanmaperties of the polymer, small
operating temperatures range, and low conductaitiow humidity. Implementing various
types of nanoparticles in the membrane matrix oaprove their properties.

In this paper we report transport properties of riyimembrane materials based on
MF-4SC and ceria obtained by casting method.

Experiments

The samples were synthesized by the casting methddllows. An appropriate amount of
MF-4SC polymer solution in dimethyl formamide (1@%) was mixed with the calculated
quantity of cerium (lll) nitrate (Ce(N£), that is a precursor for the following ceria $yadis.
Then solution was cast in a Petri dish and heateérmove the solvent at 130°C for 15 h. The
recast membranes were detached from the Petrbgliskddition of bidistilled water. Then excess
of water was removed by filter paper and membravere hot-pressed at 130°C and 60 bar for 3
min to improve mechanical strength. Then all sasipigth the exception of initial MF-4SC
membrane were immersed into 10 wt.% ammonia solwiod stirred during 30 min at room
temperature to obtain cera nanoparticles from psecs. All membranes were treated one after
another by 5% solution of HNGnd twice by bidistilled water at 80°C. As a résamples with
0, 1.3, 2.5, 4.2 and 5.5wt.% of Ce@ere obtained. All obtained samples were visually
homogeneous, mechanically stable. Water uptake @imlonanes was determined by
thermogravimetric analysis with the use of Netz€h-Z09 F1 in the temperature range 20-
150°C in aluminum crucibles. The heating rate wasQ/min.

The sorption exchange capacity (SEC) of membrarees determined as follows. Weighed
air-dry membrane was immersed into 0.5 M NaCl sofuVnac, |) and obtained heterogeneous
solution was stirred for 24 hours. Then solutionswgecanted and titrated by 0.1 M NaOH
solution. Titration was carried out by pH-meter Exp001 (produces by “Econics-expert). SEC
was calculated using Eq. (1):

[V,

SEC= % no?, 1)

wherecy. - concentration of protons in NaCl solution afteembrane (mol/l), m—membrane
mass (g).

The proton conductivity was measured as a funatiotemperature in the range from 25°C to
100°C at 100% humidity and as a function on retabumidity (RH) at 25°C with the use of*2B-
T'impedance analyzer (frequency was ranged frordlA@ 1 MHz) in carbon/membrane/carbon
symmetrical cells, with the active surface arededafrom 0.2 to 0.5 cfn Conductivity values
were obtained by semicircle extrapolation to thestance axis.

The diffusion permeability was analyzed in the tetmmber cell. The electrolyte (NaCl or
HCI solution) was transferred through the membriate a bidistilled water filled compartment.
The electrolyte transfer rate was controlled by ¢baductivity measurement or pH technique
using a conduct meter Expert-002 (Ekoniks-expertMettler Delta 340 pH-millivoltmeter,
respectively.

Results and Discussion

SEC of the membranes has been studied. For thed mémbrane it is equal to 0.98 mg-eg/g.

Membrane modification with ceria leads to the SH€réase up to 1.03 mg-eq/g for the
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MF-4SC + 5.5 wt.% CefOmembrane. According to TGA data incorporation ofeceanoparticles
into membrane matrix results in the water uptalevgr (Table 1). It increases from 12.4 % to
19.2% with the ceria content increase.

Table 1: Water uptake of investigated membranes

The sample MF-4SC MF-4SC +1.3% CeO, MF-4SC + 4.3%Ce0O, MF-4SC+5.5% CeO,

W (H,0), % 12.4% 18% 18.2% 19.2%

MF-4SC membrane modification with ceria leads gaificant conductivity increase (Fig. 1). It
should be noted that dependence of conductiviyfasction on ceria content passes through a maximu
at 4.2 wt.% of Ce® The following increase of ceria content leadkéadecrease of proton conductivity.
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Figure 1. Temperature dependences of conductwitiiF-4SC+X wt/% Ce@membranes

Proton conductivity as a function on relative humtyidvas investigated also (Fig. 2). The
decrease of RH results in the considerable condtycteduction for all samples due to the water
uptake decrease that is followed by membrane chanaegthening and narrowing. MF-4SC
membranes doped with ceria show appreciably highdectivity than the initial MF-4SC
membrane under the same conditions.
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Figure 2. Dependences of conductivity as a funatiothe relative humidity for
MF-4SC+X wt.%% Ce®membranes
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Diffusion permeability coefficients of 0.1M HCI amdhCl solutions and interdiffusionHNa’
coefficients of investigated membranes were detegthi(Table 2). Diffusion permeability
coefficients decrease with the ceria content irsgeaSince MF-4SC is cation-exchange
membrane diffusion permeability is determined by thnion diffusion rate. Thus, the
incorporation of ceria into MF-4SC membrane leadthe cation selectivity improvement.

Table 2: The diffusion permeability coefficients anl H*/Na" interdiffusion coefficients
(cm?/s) of investigated membranes

5 MF-4SC+ MF-4SC + MF-4SC + MF-4SC +
D, (em°Fs) MF-4SC 1.3%Ce0, 2 5%Ce0, 4.2%Ce0, 55%Ce0,
0.1M HCl 1.37-10° 1.21-10° 1.16-10° 1.15-10° 1.01-10°
0.1M NaCl 2.63-10" 2.56:10" 253107 2.32:107 1.96:10"
OlM HCl/ 5 -5 5 5 -5

0.1M NaC 3.12:10 2.88-10 2.87-10 2.66-10 1.97-10

Obtained data are agreed with the model of the edasticity of membrane pores and
channels [1]. MF-4SC membranes modification withacexide results in the increase of water
uptake, increase ion conductivity, increases catammsport selectivity.

This work was financially supported by the fedetatget program “Educational and
scientific-educational staff on innovative Russiafor 2009-2013 years (project

GK 02.740.11.0847).
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Introduction

Electrochemical capacitors (ECs) (also known asemigpacitors, pseudocapacitors or
ultracapacitors), combining the advantages of tigh lpower of dielectric capacitors and the
high energy of rechargeable batteries, have playedncreasingly important role in power
source applications particularly for digital comneations, hybrid electric vehicles and short-
term power sources for mobile electronic devices, e

Currently, the anode material in asymmetric sugeacaors are such materials as conductive
fine carbon black, polymers, and transition metadgles [1, 2]. Among the various transition
metal oxide materials Rynd IrQ exhibit prominent properties as pseudocapacitdenads,
but the high cost of these noble metal materiatsoisoning nature of ruthenium oxide limits it
from commercialization. NiO is prominent candidates supercapacitors because NiO
inexpensive and exhibit pseudocapacitance behawiolar to that of ruthenium oxide.

Experiments and Discussion

There are many different various chemical techrsqfer the synthesis of nanostructured
NiO/C composite. Most of them are based on the siépo of nickel oxide from solutions of
nickel salts in the presence of different stabibzdollowed by calcining the material at high
temperatures [3]. This synthesis leads to accumunlaf impurities in the product, which affects
its properties negative, also results in signifieamergy consumption.

Our method is based on the oxidation and furthgpetgation of nickel foil under asymmetric
alternating current with simultaneous depositiockai oxides/hydroxides on a carbon support
(Vulcan XC-72) [4]. Such technique allows to obtaanoparticles NiO and prevents trace-
element contamination as well.

Scanning electron microscope images which demdedtrne morphology of nickel oxide

Figure 1. SEM image of NiO/C composite

XRD pattern shows the five broadened characteriggeks of the face-centered cubic
structure off3-NiO. The average grain size of synthesized madsegatimated using Scherrer
equation was 3 nm. However as indicates SEM imagel() NiO crystallites agglomerated into
thin plates, with an average size of 500-800 nntheee is an increase active surface area of the
material.

Low temperature N adsorption and desorption measurements were petbrusing a
Micromeritics ASAP 2020 Analyzer at 77 K. The spiecsurface area (SSA) was determined in
the relative pressure range OPpfn<0.20 according to the Brunauer-Emmett-Teller (BET)
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method. The total pore volume was calculated frbenrtitrogen adsorption isotherm at relative
pressure pip—1. Analysis of the pore size distribution was perfed with nonlocal density
functional theory (NLDFT).

Composite material NiO/C has properties of its congmts: mesoporosity, characteristic of
carbon black Vulcan-XC (D = 12-35 nm), macropornpsif pure NiO (D = 40-100 nm). The
composite has a relatively high specific surfa@adfl52,4 mg™) and the hierarchical structure
of the porosity, which is extremely important fonitransport in the presence of electrolyte.

Specific capacity is one of the important charasties of NiO/C composites. CV curves of
NiO/C and carbon support Vulcan are present in2FiGapacitance measurements were carried
out in galvanostatic condition using (i) stand#nceelectrode cell and (ii) two electrode cell
with the activated carbon as counter electrodechvhias capacity higher then capacity of the
investigated electrode (Fig.3). In the first caapacitance, calculated as integral characteristic,
are 650 F @, but in the second case capacitance are 18D F g

—=-Vulcan

20 10 -—-NiO/Vulcan / 500

15+

E, mV (carbon)

0 30 60 90 120 150 180
Q, Clg

-200 | 0 | 200 | 400 | 600
E, mV (Ag/AgCl)
Figure 2. Cyclic voltammogram of the NiO/C  Figure 3. Discharge curves of NiO/C (40%)
(1M NaOH), scan rate 5 mV/s at different time of the electrode charges

Thus, we have provided a simple electrochemicakeraoward preparation the NiO/C
nanocomposite with high specific capacity. Moreroweas low cost and high degree of purity
method. We suppose that synthesized NiO/C compositelld be promising for use in
supercapacitors.
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Introduction

The various phenomena were found during researgiydical and chemical behavior of the
anisotropic composites based on MF-4SC membran@algeniline (PANI). It is asymmetry of
the diffusion permeability and the current-voltaderacteristic [1, 2], barrier effect of a PANI
layer for electroosmotic flow [3], and also blocffieffect for the transport of protons in an
electrical field [4]. The aim of this work is tousty the pH change effects in sulfocationic MF-
4SC membranes, surface modified by PANI.

Experimental

A Nafion type perfluorinated sulfocationic membrakié-4SC produced by “Plastpolymer’
(St.-Petersburg, Russia) was used as a templatex f@t composites preparation. Composite
membrane was obtained by the chemical synthegslganiline in surface layer of membrane.
1 M aniline solution in 1 M HCI and 0.1 M (NMS;Og solution as initiator of aniline
polymerization were used for preparation of comigesMF-4SC/PANI.

The current-voltage curves were measured in the MONaCl solution with help of a cell
with platinum polarizing and silver chloride measgrelectrodes. The change of pH solution
was recorded in the chambers of the cell in thanmdtion condition in special experiments. The
membrane was kept in the fixed value of membranenp@al AE) consisting of 0.05 V (up to
limiting regime) and 1 V (limiting regime) in the@ M NacCl solution. The pH of solution was
checked every 30 minutes.

Results

The current-voltage curve of composite membranessored in 0.05 M NacCl is shown on the
Figure 1. IfL1E is order 2 V the system transits to the overlimgistate due to the water splitting
on the membrane/solution boundary. ‘Pseudo-linisitage of the system at low potentials region
(AE =30 mV) is observed. It indirectly indicates on thecurrence of fast ions at the inner
boundary MF-4SC/PANI (Fig.1b).

150 7i A/m?
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Figure 1. The current-voltage curve of the MF-4S&NIP composite membrane in the 0,05 M
solution (a) and the concentration profile of tr@rgposite membrane in the polarization
conditions (b)

The analysis of the pH solution in the chambersvshihat the water splitting takes place on the
membrane/solution boundary only if the unmodifiednnbbrane layer looks to the anode. The
behavior of electromembrane system in this casgnidar to the system with the unmodified
membrane. If the modified membrane surface lookhéanode the behavior of electromembrane
system is the same as the system with the typigalds MB-3 membrane (Fig. 2)
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Figure 2. The flow ions scheme and plots pH vafudé@time in the cells on the 0.05 M
NacCl solution(4E = 1 V) for the membranes MB-3, MF-4SC and MF-43Q|

However, the water splitting on the internal corgdmetween membrane sulfo groups and the
positively charged nitrogen atoms of polyanilinenst the only process in the composite
membrane. The chemical reactions and transformatibpolyaniline occur simultaneously with
the appearance of Haind OH-ions. So the electrochemical behavior of the cositpanembrane
system is distinguishes from the behavior of adgpbipolar membrane MB-3.

Conclusions

New information about the electrochemical behawibthe anisotropic composite membrane
MF-4SC/PANI in polarization conditions was gain#tdwas found that the source of hydrogen
and hydroxyl ions generation occurs on the inteiingrface at the certain orientation of
modified membranes. It looks like functions of theer boundaries in bipolar membranes.

The present work is supported by the Russian Fdiordéor Basic Research (projest 12-
08-01092).
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DEVELOPMENT AND RESEARCH OF ELECTRODIALYZER FOR
DEMINERALIZATION OF ELECTROLYTE SOLUTIONS BASED ON

PROFILED MEMBRANES
Sergey Loza, Victor Zabolotsky
Kuban State University, Krasnodar, Russia

The disadvantage of the known electrodialyzers itbfiled membranes is the presence of
bipolar contacts between shaped protrusions gbtbi#ed membrane and the smooth side of the
other membrane. The presence of such contactsedat® Idissociation of water on it and the
appearance of spurious current "leakage" [1, 2].

The aim of this work is to increase the currenicefhcy and to lower energy costs for
carrying out the process of electrodialysis. Thoalgs achieved by the proposed construction of
electrodialyzers with electrical contacts betwele® thembranes are broken by applying a thin
layer of insulating material on the top of the gdeaf membranes (Fig. 1, item 7), which
eliminates the bipolar contacts in desalinationl eld reduces thus the intensity of the
dissociation of water in the membrane system [3].

.

Figure 1. A Schematic representation of electrodie apparatus: 1 — Anode-chamber, 2 —
Cathode chamber, 3 — Smooth membrane, 4 — PrdBlemped) membrane, 5 — Desalting cell, 6
— Concentration cell, 7 — Electrical insulation

Studies were investigated on laboratory-size eddaiyzers with a working area of the
membranes 45x45 mm, number of paired cells in tbkywackage 10. Desalting chamber (Fig.
1, item 5) is formed by elements of the profiletbé membranes and in the concentration
chamber (Fig. 1, item 6) membrane separated bYirthngy of binded net." Tests carried out on
electrodialyzers with NaCl solution (C = 5 mmotljculating in the quasi-stationary regime [4].
The voltage on electrodialyzers was from 1 to 10t3/by pair of cells.

Laboratory electrodialyzers with membrane pairs BMEZMA-40P and MC-40/MA-40PI1 were
tested (index "P" means profiled (shaped) membrane the shaped membrane with the
insulating material deposited on the top of thefifras marked by the subscript "PI"). From the
data obtained by measuring the electrical conditgtand pH of the investigated solutions the
current efficiency and specific energy consumpfiondesalination was calculated, which are
represented in Table 1.

121



Table 1: Some characteristics of the desalinationrpcess of NaCl solution from the
concentration of 4 mmol/l to 0.4 mmol/l

. Energy consumption for desalination
The current efficiency, n (KWeh/m %)
v 2V 5V 10V v 2V 5V 10V
Prototype MC-40/MA-40P 0.53 0.29 0.16 0.11 0.26 0.78 3.48 10.00
The
proposed electrodialyzer 0.61 0.49 0.28 0.23 0.23 0.48 1.61 5.02
MC-40/MA-40PI

As can be seen from Table 1 electrodialyzer withppsed design provides an increase of the
current efficiency and lower specific energy conption for all values of voltage. Moreover,
with increasing voltage, this difference increases. example, when a voltage is 10V per a pair
of cells specific energy consumption for desalmatreduces two times after the insulation of
bipolar contacts.

Thus, in electrodialyzers of proposed design weaand the leakage of current through the
bipolar membrane contacts. The density of currentihg through electrodialyzers decreases,
and the output current increases. Total energywuopson for desalination can be reduced by
1.5- 2 times.
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Introduction

The thickness of the diffusion boundary layer (DB&)is one of the important parameters of
the membrane system, hence the development oféhesiNconception of diffusion layer and the
determination of its parameters is important fordenstanding the transport processes in
heterogeneous systems and for engineering caloogatiThe electrochemical impedance
spectroscopy (EIS) is the multipurpose method tadyng the properties of the membrane
system and evaluating the thickness of DBL.

Usually the EIS is associated with the vector repnéation of variables in phasor form [1, 2].
This representation, with the assumption of smaibl#ude oscillations of the AC allows
solving differential equations, eliminating the dadence on time. However, this approach is not
flexible enough: there are no analytical solutidas any complication of the problem with
changing the basic equations and boundary condition

Theory

In this paper we propose a new approach for thdenaatical description of the impedance
based on the numerical solution of unsteady tramggmations. The equations are solved for the
case when the current density is defined as thedfusteady-state current and the AC signal of
small amplitude. Further the resulting responspadéntial drop is processed in the same way as
during the experimental measurements of impedartoe proposed approach allows the use the
non-stationary model of ion-transport of any comjtie including taking into account the
dependence of the diffusion coefficients of thealamncentration of the solution.

We consider time-dependent model of ion transpodugh the membrane, which consists of
the membrane with two adjacent diffusion boundamets (DBL) and the two mixed solutions
with a constant concentration [2]. lon transporthie DBL described by the Nernst-Planck and
the material balance equations:

‘Ji = —Di (%+ yAe L%J

0x RT ox
oc _ 0]
ot 0X

where J; is flux, D; is diffusion coefficient,c; is concentrationg is the charge number of
thei - th ion, ¢ is electrical potential, the notatidd, TandF have their usual meaning; the
index "1" refers to the counterion (in this casmions) the index "2" - to the co-ion.

In the membrane ion flux densiti€lg,, are constant and equal to:

T,

o=
™ zF

wherei is the current densityl; is the effective transport number.

The total potential difference between capillargasculated by using the equation:

d+d

J % dx
50X
When we are using the concentration dependendeedfitfusion coefficient given in [3], the
shape of the impedance spectrum is the same & iapproximatiorD = const: the spectrum
corresponds to the spectrum for the Warburg otditéngth segment. However, accounting

dependenceD=D(c) brings to the expansion of "arch" of the spectrwith the other

0 d
U=-jo+ j%xﬂ%dﬁ
K ,0x ¢ 0X
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parameters constant. For a narrow of arches ofsgieetrum and ensuring of appropriate of
calculated and experimental spectra is necessarye@ smaller valu@compared with the case
D = const (Fig. 1): in the case of anion exchangenbtanes AMX and the stationary current

densityi = 1.25 mAcm™ fitted value ofd= 185um atD = const, whiled = 175 atD = D(c).
At the same time, the theoretical value calculdteth the Leveque's equation increases, when

given the relationshiD = D(c): whenD = Dy, J,,, = 230 m; when D =D(c), J,, = 240
Lm.
6
5 |
4 .
=
53]
527
1 |
0 T T T T T T
0 2 4 6 8 10 12 14
ReZ, Ohm

Figure 1.Experimental (points) and calculated (curves) speof low-frequency impedance
of the membrane AMX in 0.02 M NacCl solution at asity of DCi = 1.25 mAcm®. Curve 1 is

the result of the calculation for two cases: D 5 B@=185 microns andD =D(c), =175
microns, curve 2 is calculated whé&h=D(c) and J =185 microns

Conclusion

Taking into account the concentration dependencheotliffusion coefficient leads to a better
appreciation of the differences between the themlevalue o calculated without accounting
current-induced convection, and the valdeobtained in terms of concentration polarization
caused by the flow of direct electric current. Hiere, a more accurate mathematical
description of ion transport in the membrane sydesads to the conclusion that the contribution
of the current-induced convection to mass transfevuld be more important than it was
previously thought.
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INFLUENCE OF CRAZING ON PERVAPORATION PROPERTIES OF PA-6
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Introduction

The polymer used in this work was polyamide-6 (PAagth different degrees of uniaxial
stretching in dioxane, which wets the polymer, bwklling (i. e. absorbtion with the volume
change of the sorbent) does not take place. Inptioeess of stretching in such so-called
adsorption-active media, there form zones of mlagd@formation of the material, such zones
consist of highly-ordered fibril-pore structure.cBustructures are called crazes, and the process
of their forming is called crazing. Crazes formardirection perpendicular to the direction of
stretching, and crazing itself is caused by thetad@&zing action of mechanical stress and
instability of the polymer structure [1].

It is impossible to predict the change of transpodperties of crazed materiaspriori. The
‘Opening of the polymer structure and the increas¢he free volume upon swelling must result
in the increase of efficiency, but apparently cameha negative effect on selectivity. The goal of
this work is to ascertain the influence of crazorgpervaporation properties of polymers using
PA-6 as an example.

Experiments

The objects of the study were commercial PA-6 fimhshe brand PK-4 with the thickness of
100pm, MM =2.3x10" Da, and crystallinity degree of 35 %. The films revesubjected to
stretching by 50 %, 90 %, 130 %, and 180 % in di@xa typical adsorption-active medium for
crazing. Pervaporation experiments were conducte2D&C in the pervaporation into vacuum
mode. The selectivity of separation was charaadrizy the difference in the compositions of
the permeate and the initial solution. Aqueous temis of isopropanol with various
concentrations were used as model mixtures.

Results and Discussion

Figure 1 shows the concentration dependenciesurfdénsity of crazed PA-6 with different
stretching degrees in the pervaporation process.oltained data show that crazing results in
the increase of the membrane permeability. It gshbel noted that the most pronounced increase
of the permeability is observed for stretching @éegiA = 50 % and 90 %, while fox = 130 %
andA = 180 % the permeability decreases. In the fiages of the polymer stretching in liquid
media, a certain number of crazes with fibril-psteicture is generated on the surface. Upon
further stretching the crazes grow in a directi@mpgndicular to the axis of stretching of the
polymer until they cross the cross-section of #w@gle. In this process the main transformation
of the polymer into oriented (fibrillized) poroutate occurs. But when a considerable part of the
polymer turns into oriented fibrillized state, tdbegins the collapse of the porous structure,
accompanied by a decrease of the cross-sectioheotléformed sample, which leads to the
decrease of its porosity, the average pore sizkthanspecific surface.
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Figure 1. Concentration dependencies of flux dgnkih the system: crazed PA-6 — water —
isopropanol in the pervaporation process at’@) S =2 cri 1 -1 = 0%; 2 —A = 50%;
3 -1=90%; 4 -1 =130%; 5 -1 =180%

As seen in Figure 2, crazing does not exercisegaifgiant influence on the separation
selectivity. This result apparently means thahatused stretching degrees and the film thickness
the through porosity does not form, i. e. capillioyv is not added to the diffusion mass transfer
mechanism.

100

80

60

Cwaterin vapor, % viv

204 /

0 @ T T T T T T T T T 1
0 20 40 60 80 100

vaaterin solution, % v/v

Figure 2. Separation diagrams for the system: cdaRé-6 — water — isopropanol in the
pervaporation process at 2C, S=2cf 1 -1=0 %; 2 -4 =50 %; 3 -1 = 90 %;
4-1=130%;5-1=180 %
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A more informative quality characterizing the sepiamn efficiency is the excess partial flux
density of the target component, The excess partial flux density of pure targehponent (in
this case water) combines two main qualities of #eparation process: the permeability
(productivity) and the selectivity (the change b€ ttarget component concentration in the
permeate). It is equal to the flux density of ptaget component above its initial content in the
solution. For example, if 80% solution passed tghounit membrane area in unit time from the
initial 50% solution, then the excess partial filensity of the target component in relative units
is equal to 30.

Figure 3 shows the concentration dependencieseoéxiess flux density of water for crazed
PA-6 with different stretching degrees. The datawslthat at stretching degreas= 50 % and

90 %, the excess flux density of water is approx@tya3 times higher than through the initial
PA-6.

Cwateri” solution, % v/v

Figure 3. Concentration dependencies of the exitesslensity of water Jn the system:
crazed PA-6 — water — isopropanol in the pervapiorprocess at 26C, S = 2 cri
1-4A=0%;2—-4=50%; 3-1=90%; 4 -A=130%; 5-1=180%

The data obtained also show that the maximum effoy of pervaporation separation of
water-alcohol mixtures on PA-6 is achieved at shigig degrees\ =50 % and 90 %. For

stretching degreed =130 % and 180 % the separation efficiency deg®aand remains
approximately constant for all concentrations.

Thus, the presented results show that crazing of6Picreases the efficiency of
pervaporation separation of water-organic systeittsowt the change of selectivity.
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THE KINETICS OF ARGININE AND HISTIDINE SORPTION BY CATION-
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Nina Maygurova, Elena Krisilova, Tatiana Eliseeva, = Anastasiya Sholokhova
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Introduction

Studies of amino acids sorption are very importamtthe description of their mass transfer
processes in membranes. They are essential fatetreopment of techniques for the separation
and demineralization of amino acids by membranéhaakst and allow one to improve theoretical
concepts of the nature and mechanism of amino acatsport in synthetic and biological
membranes. Knowledge of sorption peculiarities asessary for a mathematical description of
transport processes in ion-exchange membranes [At2he same time, data on the sorption of
amino acids by ion-exchange membranes are limiet.[

Experiments

The objects of this study are amino acids — argir{ramino-5-guanidinpentanoic acid) and
histidine (2-amino-3-imidazolylpropanoic acid) a®lwas heterogeneous sulfocation-exchange
membranes MK-40 (produced by “Shchekinoazot Ra)sand Fumas€pFTCM (produced by
Fuma-TecH, Germany), homogeneous perfluorinatelfosation-exchange membrane MF-4SK
(produced by‘Plastpolymer, Russia).

The solutions of arginine are analyzed by the neetifgophotometry based on cooper complexes
formation [5] and histidine - by spectrophotometmethod [6]. The membranes are prepared
according to GOST State Standard 17553-72 and daavénto H'-form according to the
technique described in [7].

Amino acid sorption by membranes was studied in $t@ic conditions. The initial
concentration was 0.02 mol/dnThe initial pH value corresponded to the isoelegioint of the
amino acid used. The membrane peaces immersedino @od solution were shaked, and the
samples were taken and analysed periodically. T@uat of absorbed amino acid was calculated
from the change in its concentration in solutiomeTkinetic curves were presented in the
coordinates of the process completion degree (&)fasction of time (t).

Results and Discussion

The kinetic curves of basic amino acids sorptibtamed are shown in the Fig. 1.
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Figure 1. Kinetic sorption curveg:— histidine sorption by the different membranes,histidine
and arginine sorption by Fumasep FTCM membrane

The dependencies are of saturation curves typeegtiébrium in the system histidine solution—
the Fumasep FTCM membrane is reached in circa 360tes, in the system includingK-40
membrane - in 240 minutes. In the system includitig4dSK membrane process is completed by
90 % in 180 minutes, and the equilibrium is reacine®40 minutes (Fig. 1a). The equilibrium in
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the system arginine solution—Fumasep FTCM menebisaneached in circa 360 minutes as in the
case of histidine solution with the same conceomgiFig. 1b).

The experiment with phase contact interrupt is cotel in order to reveal the limiting stage of
basic amino acids sorption by the cation-exchanglpnane Fumasep® FTCM kiv-form. Fig.2
shows the initial section of histidine sorption édic curve with interrupt for the membrane
FumaseP FTCM (G =0.02 mol/dr).
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Figure 2. The initial section of the kinetic sogsticurve with interrupt for histidine (membrane
Fumasep FTCM)

The shape of the curve does not change after teerupt of phases contact. The similar
situation one can observe for arginine solutioris Bmables to suppose that the external diffusion
is the limiting stage in basic amino acids somptaocess for the studied membrane.
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STUDY OF MASS TRANSFER CHARACTERISTICS OF THE MODIF IED
MEMBRANES IN ELECTRODIALYSERS SIMULATING LARGE-SCAL E
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Introduction

Desalination/deionization of dilute solutions iseonf the largest ED applications [1, 2].
However, the process rate in this case is limitethke delivery of electrolyte from bulk solution
to the membrane interface. Under conventional atirdensities, this delivery occurs mainly as
electrolyte diffusion while the contribution of fmd convection is vanishing when approaching
the interface [3-5]. The usage of intensive curmotes might be of practical interest, since it
can significantly raise the ED process rate [1,T3lis work is aimed at study the behavior of
modified ion exchange membranes in conditions cltsethose applied in large-scale
electrodialysers.

Experiment

Two membrane pairs were studied: MK-40//MA-40 an&-¥D/Nf//MA-40M. MK-40 and
MA-40 are Russian commercial membrane manufactubnglSC “Shchekinoazot. The MK-
40/Nf membrane was obtained from a cation exchaigel0 membrane by casting a thin film
of a Nafion-type material on the surface. To pradtite MA-40M membrane, the surface of
MA-40 was processed with a strong polyelectrolystaining quaternary ammonium bases.

The principal scheme of experimental setup for miasssfer characteristics study is shown in
Fig. 1. The membranes forming desalination (DChcemtration (CC), and electrode (EC)
compartments are separated from one another bgeahnet spacer (S) of extrusion type with
rhombic cells, situated at 28 ingoing stream. The step of the spacer cé&lrism, the thickness
is 1.0 mm, and the porosity is 0.91.

The membranes under study are designated withtansks(MK-40*, MA-40%). They can be
commercial membranes or modified ones. Auxiliargnotercial MK-40 and MA-40 membranes
serve to separate the products of electrode remctiom the central compartment under study.

Two plastic Luggins capillaries (0.5 mm in externameter) are built in the spacer. Both
capillary tips are situated at the center of pakdiarea in CC at about 0.5 mm from the surface
of the membrane forming the central DC. Another efdeach capillary is connected to a
reservoir with a (0.02 M) NaCl solution where a swiang Ag/AgCl electrode is inserted.

The membrane stack imitates an industrial electtgsier with internal collectors. At the
stack entrance, each compartment has a non-palssexion of 5 cm length for hydrodynamic
stabilization of the solution flow. The polarizeeembrane area is 3 cm in widtd) @nd 10 cm in
length (), the total membrane length is 22 cm. Our previowsstigations [6, 7] showed that
the mass transfer characteristics obtained inck stBl. = 10 cm in length can be quantitatively
scaled to predict the behavior of industrial eledialysers.

An intermediate tank, inserted into the desaltimgasn (Fig. 1), contains a stirrer and sensors
to control temperature, pH and specific electramiductivity (x ). In the concentrating streams
(CS), a 0.02 M NaCl solution is supplied from a aepe tank (not shown in Fig. 1), it
continuously passes through auxiliary CC and D@ntkthrough EC and is discharged. The
average linear flow velocity in all compartmentedual to 2.5 cm &

Before the experiment, the tank, the central deadtn compartment and the hoses were
filled with 1200 mL of a 0.03 M NaCl solution. Then constant voltage controlled with the
Luggiris capillaries (Fig. 1) was applied and eledialysis process was realized at¥tah5 °C
maintained in the tank. The solution circulatedtigh the intermediate tank and the central DC
with volume flow ratéW. The salt concentration in the tank decreased twite because of the
electrodialysis desalination: the outlet concedmtCy, was lower than the inlet oné&.
Besides, there were changes in pH of the solutamsed through the DC due to different rates of
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water splitting at the cation exchange (MK-40 or MB/Nf) and the anion exchange (MA-40 or
MA-40M) membranes. In order to maintain pH=7 in siodution in the tank, alkaline (NaOH) or
acid (HCI) solution were added into the tank, dejrem on the sign of the pH changes in the
outlet solution. The desalination process was zedliin quasi-steady-state conditions, the
amount of the solution put in the system was sbalewed us to keep a slow (less than 1 % per
minute) [6] decrease in the electrolyte concerdratif the solution in the intermediate tank. The
total duration of every run was 8-10 hours. Thectele current, as well as the specific
conductivity of the solution (converted then inteetNaCl concentration) in the tank, were
measured as functions of time.

. Luggin
discharge U capillaries U

Ca W
Cr, WTl + 2 7

Pt & j N i
intermediate
tank tEr W2 R RN o

discharge

>

£°C, x pH

[o5] !
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¢ w Ec |/ bc | cc ] bc |i cc ¢ pc || Ec
MK MA MK* MIA* MK I‘u‘IIA
Figure 1. Principal scheme of the experimental getsed for measuring mass transfer
characteristics. A desalting (DS) and two concetmiga(CS) streams, desalination (DC),
concentration (CC) and electrode (EC) channelsapping platinum electrodes (Pt) are shown.
Dashed straight lines mark out the active sectibmembrane stack polarized by electric
current

Results and Discussion

Total (ko) and partial (N&and H ions through cation exchange membranes andu@ OH
ions through anion exchange ones, respectivelyjentrdensities are shown in Fig. 2 as
functions of the feed NaCl concentration. The datxe obtained at a potential difference
(registered with Luggins capillaries as shown ig.A) equal to 2.5, 4.0 or 6.0 V per cell pair. A
potential difference was fixed while the feed cortcation decreased with time since a fixed
volume of solution circulated through a centraladiesition compartment and a tank.

The data presented in Fig. 2 show that in all sthdiystems the current transport is carried
out mainly by ions of salt. Current efficiency ieased correspondingly, when the commercial
membranes were replaced with the modified ones.€efteet is maximum at 4 V per cell pair.
With increasing voltage to 6 V the difference deses between the behavior of the modified
and commercial membranes. Apparently, the reasonhggh water splitting rate, in spite of the
modification of both membranes.

Our investigations show that overlimiting electiagisis can be essentially improved by
applying specially modified ion exchange membrandste that the ways and materials of
modification are commercially available. In praatiderms, this means that there are new
opportunities to produce inexpensive ion-exchanganbranes effective in electrodialysis of
dilute solutions.
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Introduction

An interest to ion-exchange membranes that occoqpoitant place in modern technologies
has grown last decade. Perfluorinated sulfocatam@ge membranes such as Nafion and MF-
4SC membranes are ones of the most used mateHalwever, commercially available
membranes do not meet the requirements of moddusiry. It was shown that incorporation of
various nanoparticles, including silica with highrgtion ability, into the membrane matrix leads
to the considerable properties improvement. As @rigs of composite materials are determined
in general by the surface of the components, nafmglgorption capacity and specific area, it
was proposed that silica surface fictionalizatican dnfluence on the properties of hybrid
MF-4SC membranes. Silica surface was functionaligedroton-acceptor amino groups.

In this paper we report the properties of hybriderals based on MF-4SC membrane and
hydrated Si@ with unmodified surface and with the surface miedifoy hydrocarbon fragments
containing amino group (3-aminopropy4(), 3-(2-imidazoline-1-yl)-propylR>)).

Experiments

The hybrid materials were prepared by casting franpolymer solution containing a
calculated amount of precursors for further synthe$ SiQ and SiQ with modified surface
followed by precursors hydrolysis to obtain oxidégtraetoxysilane (Si(Ofls)4, Fluka, >98%)
3_aminopropyltrimethoxysilane  (97%, Alfa  Aesar) and3 (2_imidazolin_1_yl)-
propyltriethoxysilaneX98.0%, Fluka) were used.. All membranes were tdeate after another
by 5% solution of HCI and twice by bidistilled wat 80°C.

Results and Discussion

MF-4SC membranes doped by Sikave higher water uptake and sorption exchangactsp
(SEC) than the initial membrane (table 1). It wasven that dependence of ion conductivity on
silica content pass through the maximum at 3 wti@,.SThus ass the following experiments
with silica with modified surface were carried auth MF-4SC membranes doped with 3 wt.%
SiO,. Concentration of modified groups on silica suefagas varied: 5 and 10 mol.% Rf and
R, from silica content.

Table 1: SEC and water uptake of MF-4SC membranesaped by SiQ

Sample SEC, mg-eq/g SEC .4*, mg-eq/g w(H ,0), %

MF-4SC 0.93 0.93 14.2

MF-4SC+1.5 wt.% SiO , 1.07 1.09 15.2

MF-4SC+3 wt.% SiO , 0.95 0.97 19.5

MF-4SC+5 wt.% SiO , 0.89 0.94 6.5
MF-4SC+7 wt.% SiO , 0.92 0.99
MF-4SC+10 wt.% SiO , 0.89 0.99

MF-4SC+3 wt.% SiO ,+5 mol.%R ; 0.74 0.76 18.5

MF-4SC+3 wt.% SiO ,+10 mol.%R ; 0.65 0.67 13.7

MF-4SC+3 wt.% SiO ,+5 mol.%R , 0.88 0.91 12.6
MF-4SC+3 wt.% SiO ,+10 mol.%R , 0.73 0.75

* SECG.at is @ SEC divided to the cation exchanger weighf®eE SEC/Wjr.4sc V\4qu 4sG IS @
mass concentration of the membrane.
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Incorporation of silica with modified surface leadsthe water uptake decrease in comparison
with MF-4SC+3 wt.% Si@ (table 1). This phenomenon can be explained byfdbethat the
surface modification by bulk groups leads to therease of free space inside of the membrane
pore according to the model of the limited elasticif the membrane porethat is followed by
the displacement of a part of water molecules fthensystem of pores and channels.

The conductivity data of hybrid membranes dopedhvgilica with modified surface are
presented on the Figure 2. Incorporation of siigth modified surface into membrane matrix
leads to the conductivity increase on comparisoth whe conductivity of MF-4SC + 3 wt.%
SiO, despite of the less water uptake the same time the increase of modifying groaptent
on SiQ surface is accompanied by conductivity reductidme increase of the molecular weight
of modifying group results in the conductivity retion. The obtained data can be explained by
the fact that the incorporation of silica with amigroups into membrane leads to an increase in
the number of transfer centers, namely the progmhamino-groups, which are involved in the
ion transport processes in the membrane also.
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Figure 1. lon conductivity as a function on Figure 2. lon conductivity as a function on
temperature for MF-4SC+X wt.% SiO temperature for MF-4SC+3 wt.% Si@ith
membranes modified surface

Diffusion permeability coefficients of NaCl and HGblution and F¥Na interdiffusion
coefficients of the hybrid membranes have beensiiyated. Silica nanoparticles incorporation
into membrane results in the diffusion permeabilitgrease. As MF-4SC is cationexchange
membrane the limited stage of permeability prodeasion transfer through the membrane. The
highest anions diffusion rate is observed for membs contained 3-5 wt.% SiOrhat agrees
with the model of limited elasticity of the membesnpores and channels. Thus, the hybrid
membranes with small amounts of $i@re less selective that initial membrane, whilehker
increase of dopant concentration cause the increasselectivity of cation transport. For
membranes contained 3 wt.% $i®©5 mol.%R; andR, the diffusion permeability coefficients
decrease in comparison with MF-4SC+3 wt.% Si8t the same time increase of modified
groups content to 10 mol.% results in the sharpease of the anion diffusion rate (from 0.5to 1
order of magnitude).

Obtained data can be explained as follows. Thematant factor of ions diffusion rate in the
membranes doped with 3 wt.% of Si@nd 5 mol.% of modified groups is the increas¢hef
particles size that is followed by the reduce ekfspace in the pore. When the concentration of
the modified groups increases up to 10 mol.% difiupermeability increases sharply. This can
be explained by the interaction between proton @ocegroups of the dopant and sulfo-groups
of the membrane leading to the formation of thedbd\R ions. This assumption is prooved by
the SEC decrease. At the same the areas with theced cations and increased anions
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concentration may occur in the membrane. This Iéadse anions transfer acceleration and as a
consequence - to decrease the selectivity.

Table 2: Diffusion permeability and H'/Na" interdiffusion coefficients (cnf/s) of hybrid

membranes
D'ﬁ”,\;"e”r?]sgzzon 0.1 M NaCl / H,0 0.1M HCI/ H,0 0.1 M HCI /0.1 M NaCl
MF-4SC 5.21-10° 4.20-10" 6.34-10°
MF-4SC+1.5 wt.% SiO , 6.98-10° 6.27-10" 1.09-10°
MF-4SC+3 wt.% SiO , 2.33.107 1.21-10° 1.02:10°
MF-4SC+5 wt.% SiO , 2.77-107 7.98-10" 5.76-10°
MF-4SC+7 wt.% SiO , 1.56-10" 6.29-10" 4.60-10°
MF-4SC+10 wt.% SiO» 1.10-107 6.39-10" 1.08-10°
- 0, i
M a0 8.80-10° 468107 8.97-10°
- 0, i
MP-aStrs w0 SI0z 454107 2.79-10° 5.15.10°
- 1
- 0, i
MP-4SCrs wt X0 SI0 2+ 4.61-10° 2.13-107 6.62-10°
. 2
- 0, i
MF 4?5?0]"’5/'02 Si0 2+ 2.99.10-7 1.28.10-6 5.15.10-5
. 2

In this work the properties of hybrid materials éson MF-4SC membrane and $iO
nanoparticles with unmodified and with modified fage were investigated. It was shown that
modification of MF-4SC membrane leads to the impraent of its transport properties.

This work was financially supported by the RFBRjget 11-08-93105).
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HYDROGEN PERMEABILITY OF METAL FILMS OF CU,PD-ALLOY S BY THE

DATA OF POENTIOSATIC DOUBLE-STEP MEASUREMENTS
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Voronezh State University, Voronezh, Russia, E-mail: mnb@chem.vsu.ru

Introduction

The permeation of hydrogen into metal materialsiceably changes their corrosive-
electrochemical characteristics and causes sepoudems with a selection of constructional
materials for nuclear power, aircraft, shipbuildiagd other industries [1]. On the other hand,
hydrogen accumulation in metal causes consideiatdeest for the solution of problems of its
safe transportation and storage; here the palladindh its alloys are especially perspective.
Available methods of investigation of hydrogenatsse rather laborious, not express and hardly
sensitive to the estimation of a role of a struatstate of metal that is especially important in
case of thin metal films. The electrochemical mdthbthe estimation of hydrogenation level [2]
is alternative. This in situ method combines preessof a cathodic hydrogenation of metal,
usually at constant controllable potential, wittod@ dissolution of atomic hydrogen H from the
surface layer representing a diffusive zone onitktreduced H. The aim of this paper was the
determination of parameters of introduction andiessf atomic hydrogen on film electrodes
with a composition of 53 at. % of Cu and 47 at. #Pd used for precision purification of
gaseous hydrogen from impurity.

Experimental

The investigation were carried out on the film Qligbectrodes consisted of 53 at.% Cu and
47 at.% Pd. This alloy is prone to the orderinthwie formation of3-phase solid solution Cu-
Pd with the increased hydrogen permeability [1iditd film electrodes with a thickness of L =
2-8 microns were obtained by magnetron dispersyocomdensation in vacuum [3] on substrates
from Si (111), Si@, glass and fluorine-phlogopite (FP) at temperatufesubstrates ofsfrom
300 to 800 K (Table 1).

Table 1: Parameters of Film Electrodes

Number of

1 2 3 4 5 6 7
a Sample
Ts, K 423 573 300 800 300 623 623
Substrate Si (111) Si (111) Si (111) SiO, CTEKINOo SiO, FP
L, um 4 8 2 4 5 4 4

Unlike compact electrodes, membrane electrodes tvewesides— gloss (the side turned to a
substrate) and matte (outer side). These surfaffes id a roughness, a substructure and phase
composition; therefore the electrochemical invedians were carried out on two surfaces. The
hydrogenation of samples was carried out at paknofi hydrogen evaluation of.E-0.08 V
changing time of a hydrogenatian largely. Studying of ionization of H introduced imetal
was carried out by voltammetry and chronoammetti wsing the IPC-Compact with computer
management. Researches are executed in aqua sobdfitthM H,SO, deaerated by argon at
298 K. Potentials are given relatively SHE.

Results and Discussion

It was established that the hydrogenation (at chthpolarization) and a hydrogen release (at
anodic polarization) is limited by solid-phase ddion of atomic hydrogen in a metal phase.
Thus the stage of charge/ionization 6fHe — H is not equilibrium, and proceeds with a final
rate. The theoretical analysis foretells that i ¢tlonditions of solid-phase diffusion the cathodic
and anodic current transients after integratiom ik like follows:

QL) _ 4 QiM _ _a
S =1 ()0 ~2FK, and S = i, (017 + 2K, (1)
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Here |: (0) and i; (0) are the rates of charge and ionization of atonydrdgen at the initial

time, K, =c; D is a parameter of diffusion permeabilitg’ and Dy are the surface

concentration and the diffusion coefficient of atofmydrogen.

The cathodic Qc and anodia@harges were calculated from the current transiehtained
on membrane electrodes at different times of hyelnogccumulation. The anodic charge was
counted for 100 s, when the ionization current hedca constant value. Tha/t¥? - 12

dependences plotted on the calculated values aggpbaear (Fig. 1), as it was expected.
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Figure 1. Dependences of Cathodic and Anodic Creiayethe Hydrogenation Time
for the Film Electrodes 3 and 4

With use of expression (1) the parameters of amodecathodic processKs, i; (0)and i; 0

were calculated. As criterion of selection of thesmtypical results, we chose the constant of
diffusive permeabilityKp, which usually coincided for cathodic and anodecpsses within each
experiment. Therefor&p values for cathodic and anode processes for eathegparties of a
film were average (Fig. 2).

35 T Ky10°, mol/(cm’s') 45 1 K,10°, mol/(cm’s')
3 -
25
2 -
150 b e -
1 -
0,5
5| 3
0

Gloss side Matte side

Figure 2. Parameter of Hydrogen Permeability foe film Electrodes. Value ofgor
Compact Electrode is a Dotted Line

Values of a constant of diffusive permeability Kor the majority of samples of membrane
electrodes on the matte party for 20-30 % are mjgtman on the gloss side. The exception
makes a sample No. 4. Such difference is connegittdvarious structure of Cu,Pd-film on
external and internal surfaces. This sample beldogkigh-temperature films for which the
formation of mainly ordere@-phase of Cu-Pd solid solution on an external serfia typical.
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Existence of this phase promotes the better perifitgatf atomic hydrogen that is shown in
considerable increase obKAt the same time, upon transition from an intetoaouter side of
film the growth of crystalline p articles of solablution is observed that also promotes increase
of hydrogen permeability.

An increase of temperature of film membranes pipar to 623 K leads to the increase of
Kp value regardless of surface type (outer or intgrisach distinction of I§ values the can be
connected only with the increase in the sizes gbtalline particles. At the same time, at
increase in Jover 623 K along with increase in the sizes ofstaline particles from inside to
external side, there is a change of phase composidf films. On the outer side of a film
contains the ordered phase generally. Such gradigttase composition remainsTig= 850 K
when the disorderinf - a in Cu-Pd solid solution begins.

By consideration of the membrane electrodes No.ptepared on Si (111) substrate it is
possible to note that with growth of a film thiclesethe value of K grows, both for gloss, and
for the matte side and regardless of preparatiopégature. For the film No. 3 with thickness of
2 microns, k for different sides are approximately identicat & whole there is a tendency of
Kp growth with temperature of a substrate and thisknef a film since both factors lead to
increase in the sizes of crystalline particles.

The film grown on fluorine-phlogopite shows highgrdrogen permeability, in comparison
with the films received on SiOat 623 K. For gloss and matte sides the valuelydfogen
permeability for films with a thickness of 4 micgyrwith identical preparation temperature are
the following: Ko(FP) > Kp(Si) > Kp(SiOy).

For the membranes prepared on Si (111) substraec#éthodic reduction of hydrogen
proceeds with greater speed, than its ionization. objective growth of ionization rate is
observed only for the matte side of the film than de connected both with increase in
thickness, and with increase in temperature aihafreparation.
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EFFECT OF THERMAL TREATMENT ON HYDROPHOBICITY OF NA FION

SURFACE
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Introduction

The acquisition of new knowledge about the propsrtif perfluorinated sulfocationic Nafion
materials is an important task because of greatyeurf these materials applications. However,
it is known that their behavior is greatly depertden material pretreatment. In our previous
works [1,2] we tried to create a better understagdif influence of material oxidizing-thermal
pretreatment on its hydrophobicity. This work wasducted to further study of hydrophobicity
of Nafion as a function of external conditions.

Theory

Nafion is an ionomer, containing hydrophobic pesflnated matrix and side chains carrying
hydrophilic sulfonic groups. The balance of hydntiphand hydrophobic components on the
surface of material determines its contact angletnlly, the surface of Nafion is mostly
covered with crystalloid hydrophobic domains, fodney fluorocarbon chains structured by
hydrophobic interactions [3]. However, this surfateicture of Nafion can possibly be an object
to change: it is known that the organization ofibiafpolymer chains in volume can possibly be
changed through the action of external conditiofts, example, by drying at elevated
temperatures [4] or by oxidizing-thermal treatmi@n5].

Experiments

2 A commercial Nafion® 117 (DuPont, USA)
membrane (further: Nafion membrane) and a

e laboratory produced film of Nafion casted on
2 6 8 polymethylmethacrylate (PMMA) were chosen
#_5 ______ Y CED as the subjects of study. The film was produced
e by casting a 5% solution of Nafion in
i isopropanol (manufactured by Aldrich) onto the
3 polished and degreased surface of a PMMA flat
plate and drying until the full evaporation of the
Figure 1. Experimental setup solvent at ambient temperature. Consisting of
1-sample the same polymer material, membrane and film
2—chamber with opening lid differed in thickness—the membrane is almost 10
3—drop of liquid times thicker than the film (170m and 20um,
4—liquid dozer

correspondingly).

Contact angle measurements were conducted
using a sealed experimental setup pictured in
Figure 1. After the start of video recording, a
dry sample was placed in the chamber and a
drop of water of 7 pL in volume was applied ontosturface.

For investigation of effect of thermal treatmerdg thembrane and the film were each exposed
to temperatures of 50, 60, 70 and®@vith cumulative treatment time of 2 hours betweanh
two steps. Contact angle measurements were repiated least 3 times for initial untreated
samples and after each temperature treatment.

5-source of light
6—diaphragm diffusing a light
7—video detector
8—computer
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Results and Discussion
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Figure 2. Kinetic dependences of contact angléNfafion membrane (a) Nafion film (b) dried at
different temperatures (shown in Celsius degredberlegend)

Figure 2 shows the kinetic dependence of the coaiagles on the surface of dry thermally
treated membranes and films. As can be seen, thiactcangle of both the membrane and the
film decrease with the temperature of treatmentvéieer, in case of film the dependence of the
contact angle on the temperature is stronger amatieeable decrease in hydrophobicity occurs
at lower temperatures. For the film, a temperaasrdigh as 5 causes a significant decrease
in contact angle, but the contact angle valuestlier membrane do not show any noticeable
dependence on temperature unti®’®0which was observed when extra experiments were
conducted to investigate the initial differenceviesn the effect of thermal treatment on Nafion
membrane and film. We assume that the reason feerebd decrease of contact angle values
lays in instability at elevated temperatures ofropthobic crystalloid structures presented on the
surface of Nafion. Really, the structuring forcésoch formations are relatively weak Van der
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Waals interactions. With increasing temperatures¢hdomains are readily destroyed by chaotic
temperature movement of molecules. As a resultrdpjtbbic domains on the surface are
partially replaced with more or less homogeneouxturg of hydrophobic chains and
hydrophilic groups. After steep decline of temperat the hydrophobic domains have not time
to reorganize themselves, so the contact anglesudoh materials corresponds to their state at
elevated temperature. Furthermore, flatter (or &@ncrystals are less stable than 3D ones. Flat
crystals or films tend to be destroyed or transttnmto 3D structures [6]. As a consequence,
the structural changes in the Nafion film occurla@awver temperature than in the case of
membrane.

Conclusions

Nafion material in form of membrane or film shovisigar behavior in terms of contact angle
dependence on temperature. For both of them a atexmf contact angle with temperature of
treatment was observed. This is caused by theapaté@struction of hydrophobic domains
presented on the Nafion surface at low temperatitewever, this effect was more pronounced
for the Nafion film than for the membrane as a ltestidifferent stability of conformation of
their polymer chains in 3D and 2D geometry.
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DETERMINATION OF HYDROTARTRATE DIFFUSION COEFFICIENT IN

INFINITELY DILUTE SOLUTION

Andrey Nebavsky, Veronica Sarapulova
Membrane Institute, Kuban State University, Krasnodar, Russia, E-mail: neanhim@gmail.com

Introduction

For evaluation of transport parameters of ion ergleamembranes in tartrate containing
solutions diffusion coefficients of hydrotartrat¢T) and tartrate (1) ions should be known. In
scientific publications and handbooks we have foanly data considering double charged ion.
For example, the article [1] contains temperaturé eoncentration dependences of equivalent
electrical conductivity of ammonium tartrate ankladil metals tartrates. These dependences were
used for determination of temperature dependeneegjaif/alent electrical conductivity of Tat
infinite dilution (k). As a result, at solution temperature equal t8,29 K Ao(1/2 T) =
60,49 S crffeq, A+ = 349,85 S cfifeq. This data agree well with another literatwerses, e.g.
[2,3]. The aim of this work is to determine the ualof equivalent electrical conductivity at
infinite dilution and to calculate another trandpcharacteristics of this ion in diluted tartrate
containing solution with use of the obtained value.

Experiments

Tartaric acid solution with concentration of OMlwas prepared from the deionized water
(AMOhm cm) and dry tartaric acid (analytical gradenufactured by Vekton Ltd.). Another
tartaric acid solutions were prepared through aitutSpecific electrical conductivity and pH of
these solutions were determined using conductivigter Econics Expert 002 and pH meter
Econics Expert 001 at 298 K.

Experimental Data Analysis

D-tartaric acid, or (R) 2,3-dihydroxybutanedioicdacpresent in natural OH O

objects such as wine, has the following structure: HOM
Chemical reactions taking place at agqueous solsitajrtartaric acid can OH

be schematically represented as following reactions
H,0+H,0 = OH + H,O' 1)
C,H,O,+ H,0~ HC,H,O,+ H.O 2)
HC,HO; + H,0 = C,H,G + H,O (3)
Tartaric acid, its anions and oxonium are denoted dimplicity as: C,H,O; = H,T;
C,H.O, = HT; C,H,0? = T%; HO "= H".

OH

In tartaric acid solutions charge can be carriecbtiytons, hydroxyl ions, tartrate ions and
hydrotartrate ions. These solutions have acidictiea (pH =2 - 4), hence the impact of
hydroxyl ions is negligible. Specific electricalnmhuctivity of tartaric acid solution is described
by equation:

ZAnCh* Aur Cur * 24+ Cr “)
from which it is relatively easy to find the equieat conductivity of hydrotartrate anion. Here
Ai is equivalent electrical conductivity of ionG is molar concentration of ian

For calculations using the equation (1) ionic caht# solution at different concentrations of
tartaric acids should be known. This content waserically calculated from following system
of equations:

K :CHT‘CH+ (5)
tC

H,T
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< =CeCu g
> C._
CTZ’ +CHT’ +CHzT =C0 (7)
2C. +C_ =C_. (®

H

Constant values 1.047x10 mol L™! and k=4.57x10° mol L™ are adopted from [4]

Results and Discussion

Concentration dependences of specific electricatigotivity and pH of tartaric acid solutions
are presented in Fig. Dependence of species content, calculated using(a«8), upon
concentration of tartaric acid solution is showrrig. 2.

3,5 1k, mSkm 47 pH
3 4
25 3,5 -
2 4
3 4
1,5
11 25 -
0,5+
0 C,mM , ", mM
0 15 30 45 60 75 90 0 15 30 45 60 75 90
a b

Figure 1. Concentration dependences of specificteteconductivity (a) and pH (b) of tartaric
acid aqueous solutions

Values of limiting equivalent conductivity calcutat with Eq. (1) using experimental values
of specific electrical conductivity of tartaric dciaqueous solutions and known equivalent
conductivity of tartrate anions at T = 298 K [1g¢ahown in Fig. 3.
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Figure 2. Component content vs concentration datar acid solutions

It follows from obtained data that value of equeral electrical conductivity of hytrotartrate
anion weakly depends on tartaric acid concentratiostudied concentration range. Processing
of experimental dependence with regression analgsehod gives the value of limiting
equivalent electrical conductivity,r..= 38,2 S crfieq.
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Figure 3. Dependence of equivalent electrical canigity of hydrotartrate anion upon its
concentration in 0,5 mM — 80 mM tartaric acid saduis (T=298 K)

For diffusion coefficient calculations of hydrotatie ion at infinite dilution known equation
was used:

P = RT 2 /1i
|z |F
whereR is universal gas constarit,is Faraday number, T is temperature ahds equivalent

electrical conductivity of iom, z is its charge. Obtained value = 1.02x10cm?/s.

Calculation of analogous coefficient for tartrada iusing of Eq. (9) and limiting equivalent
electrical conductivity of this ion, found in pagéi, gives the valueD_,. = 0.8x10°cn7s.

Obtained values seem reasonable if keeping in mealdes for other single and double
charged bulk ions of another ampholytes, for exampiith phosphoric acid anions, diffusion
coefficients for which are equal to, correspondinglD =0.96x10°cm%c and

H,PO,
D, =0.76x1C0cm?/c [5].

9)

HPO?
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ELECTRICAL CONDUCTIVITY OF GEL PHASE OF SOME COMMER CIAL

MEMBRANES IN AMPHOLYTE SOLUTIONS

Ekaterina Nevakshenova, Victor Nikonenko, Natalia P ismenskaya
Kuban State University, Krasnodar, Russia, E-mail: nevakshenova-ekaterina@yandex.ru

Introduction

The application of electromembrane technologiedh® food industry contributes to the
increase of quality of food products. In particuldre important tasks are receiving of high
quality drinking water, conditioning of wine, juise dairy products and the separation of
products of biochemical synthesis. Many of thesedpcts contain hydrocarbonates,
hydrotartrates and hydrophosphates.

This work is aimed at studying the conductivitytbé gel phase of a variety of commercial
anion exchange membrane in solutions containingetla@ions, as well as at ampholytes transfer
mechanisms analysis: its similarities and diffeesnin comparison with chloride ions transfer.

Experiments

Commercial anion exchange membranes MA-40 and MA{8hchekinoazot, Russia);
FTAM-E and FTAM-EDI (Fumatech, Germany); Ralex-AMPES (MEGA, Czech Republic);
AMX (Astom, Japan) and AX were chosen as the obgddhis study. Using the differential
method and "clip" cell [1], concentration dependenof conductivity were obtained for each of
the membranes in the NaCl (pH = 6,5), KOs (pH = 4,1), NaHPO, (pH = 4,4) and
NaHCO; (pH = 8,4) solutions. Conductivity at the isoefeal point was found as an
intersection of these curves with the concentratiependences of the electrical conductivity of
the solutions. According to the microheterogeneocusdel [2] this point characterizes the

conductivity of the gel phase of the membralqg:Eand gives insight on the transport

properties of ion conducting polymer used for fehtion of membrane. The total exchange
capacity of membranes was determined using badkkase titration method [3].
Results and Discussion

The results are summarized in Table 1.
Table 1: Some characteristics of the studied membrees in NaCl and ampholytes

solutions
*
Membrane De”Sitﬁ’ E;ggiirt])?,e Kiso" Kiso" """ Kiso 12 4 Kiso "'
g/cm mmole/cm 2, mSm/cm mSm/cm mSm/cm mSm/cm
FTAM-EDI 1,006 3,02 8,2 3,2 3.47 6
FTAM-E 1,075 1,85 3,2 1,2 1.51 2,3
MA-40 1,09 3,5 5,2 0,4 0.26 0,1
MA-41 1,16 1,25 3,4 0,7 1.08 1,8
Ralex AMH-
PES 1,052 1,92 55 1,9 2.27 4
AMX 1,14 1,74 4.4 0,9 1.57 2,3
AX 1,06 3,05 6,3 1,7 2.53 4

*for the swollen membrane in the Gbrm

Obtained data analysis shows that electrical camdtycof membranes gel phase decreases
with replacing NaCl with ampholytes solution. In migranes mostly containing quaternary
ammonium groups (all investigated membranes eXdépd0) electrical conductivity decreases
in row NaCl> NaHC@ NaH,PO,> KHT. For MA-40 membrane, which mainly contains
secondary and tertiary amines, electrical conditgtidecreases in row: NaCl >> KHT>
NaH,PO;> NaHCQ. The ratio of electrical conductivities of memb&amel phase in the form of
ampholyte ions (i) and Clorm can be represented as:

K . 2ZD% 2. ZDh¢

p— 2 T~ p— =
K ZCI’ DCI’ CCI’ DCI’ Qlf

Cl~

(1)
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Here,z - counterion chargeD, - counterion diffusion coefficient in the gel peashe product of
multiplication of the molar concentration of mobiunterions by their charge gives the
exchange capacity of gel phasgt = Q (eq LY. In case of ampholytes it should be kept in
mind that the gel phase can contain not only thglgicharged anions present in solution, but
also double charged anions produced by hydrolgsistion in the membrane because the pH of
the pore solution is higher than the pH of the Bopilim external solution. The latter is due to
Donnan exclusion of Hions as co-ions from the pore solution [4]. In @rdo evaluate the
degree of differences between membrane transpohnecimpholytes counterion and the @in,

the value ofx; / k__is normalized to the ratio of the diffusion coeifits of the corresponding

counterions in the solutior D ).The results of this data processing is presemtddble 2.

We used the following values of ratios of the clderand ampholytes ion diffusion coefficients
in solution:

D, D, D,
—o =2,01;—°=2,11; —° =171,

DHT’ DHZPOQ DHCO;
kK D, . .
Tabel 2: The value———- for some singly charged ions of ampholytes
Kk, D
Kii Kupor Der Kico, D
Membrane K D i /?—D— /?—D—
cl HT cr- H,PO; cr HCO;
FTAM-EDI 0,77 0,89 1,26
FTAM-E 0,74 1,00 124
MA-40 0,15 0,11 0,03
MA-41 0,41 0,67 0,91
Ralex AMH-PES 0,69 0,87 1,25
AMX 0,41 0,75 0,90
AX 0,54 0,85 1,09

Analysis of the data shows that the transport ttoli MA-40 membrane is markedly reduced
in the transition from acidic solutions ampholy¥3C4H406 (pH = 4,1), NaHPO, (pH = 4,4) to
an alkaline solution of NaHCO(pH = 8,4). This effect may be related to the rattion of
secondary and tertiary groups of the membrane ytiroxyl ions, which leads to blockage of
the fixed ionic groups. The result of this interaot should be a reduction in the effective
exchange capacity of the membrane.

In the case of membranes, which mainly containemary amine groups, "deceleration” of
the ampholyte counterion compared with iBh is reduced in the transition to a more alkaline
equilibrated solution. The reason for this reducti® an increasingly strong enrichment of the
pore solution with the corresponding doubly chargaetpholyte counterions. This phenomenon
can be take into account using the microheterogenewdel, augmented by the equation of ion-
exchange equilibrium as well as equations of amyldiydrolysis reactions equilibrium in the
pore solution.

The study was realized within French-Russian laboyatdon-exchange membranes and
related processes”. We are grateful to CNRS, Fraaod,to RFBR (grants 11-08-96511, 11-08-
93107, 12-08-93106), RFTP (contract 02.740.11.08BW§sia for financial support.
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TRANSFER IN ELECTRODIALYSIS
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Introduction

The interest to ion transfer and concentration nisd#ion in ion-exchange membrane systems,
especially at intensive currents, is now increasiihgs due, firstly, to attempts to optimise
electrodialysis (ED) of dilute solutions where figte is low, and, secondly, to expending
research of nano- and microfluidic systems. In becdles there is a strong coupling between
charge and volume transfer [1, 2], and the detdilmechanism of this phenomenon is of great
interest.

To attain a better understanding of these inteafgghienomena, both accurate experiment and
advanced mathematical modelling are needed. In paper we present the results of
experimental and theoretical study of overlimiting transfer in an ED membrane system.

Theory

For modeling ion transfer under conditions of fafasonvection and electroconvection, a
coupled system of electrodiffusion equations witltamvective term and the Navier-Stokes
equations are used, taking into account the boelgtred force (per unit volume). A desalination
channel formed by a cation exchange and an aniamagmge membranes is considered.
Potentiostatic mode is considered. This mode isrdeesd by the condition:

|
Ap, =DPoc —glni—glnci—i&m:const (1)

meaning that the potential drop (PD) across a gegein compartment is constant (or a slow
function of time). Ag,, consists of the PD within the desalination comparit Ag,.), the

Donnan PD over both membranes (determined by thetedon concentrations at the membrane
surface, c,,, and c,,, as well as by the electrolyte concentration i toncentration

cm am

compartmentc" (assumed a known constant), and the ohmic resistagyond the desalination
compartment.

At the conventional boundary of ion exchange membrawith the solution,
x=0, yd[0,L], t=0 (anion exchange membrane), amdch y[0, ], t=0 (cation exchange
membrane), we will use two type of conditions. Tinst one is the Dirichlet condition firstly
used by Rubinstein and Shtilman [3] where the ceniorh concentration is set:

c,(0,y,t)=c¢,,, c(h yt)=¢,, T cation,’2 cation (2)
The second type of boundary condition is that ofifdann:
% 0,y.)=0, %(hy,0=0 (2a)
0X oX

Condition (14a) follows from the assumption of quasiform distribution of the space charge
density (QCD) [4].
Besides, the co-ion flux through the membranesssiimed to be zero.
The velocity at the solution/membrane boundaretssro (the no-slip condition):
V,(0,y,1)=0,V, (0,y,t)= ( V,(H,y,t)=0, V, (H,y,t)=C (3)
At the entrance of the channsl=0, xJ[0,h], t= 0, the electrolyte concentration is given; the
velocity distribution hear is parabolic accordingroiseuille's law:

¢ (%0,)=¢(x0,1)= G (4)
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V,(x0,0=0,  V,(x0t)= 66%( 1—lh‘j (5)

At the exit of the channely=L, x([0,h, t=0, we use ‘soft conditions on the concentration

and potential; the velocity distribution is agagsamed parabolic:
%(X,L,t)ZO, =12, 99 kLt)yx O,
oy oy ®)

V,(x LH=0, V,(x L= exgﬁ( 1—lh‘j

Conditions (6) correspond to the solution of prablél)-(5) under the local electroneutrality
assumption, where no current-induced convectionrscc
The initial conditions at =0 are consistent with the other boundary conditions

Discussion

At underlimiting current densities, the novel modelsed on the Nernst-Planck-Poisson-
Navier-Stokes equations (NPP-NS model) gives thmeseesults as the convective diffusion
(NP-NS) model developed earlier [5]. When consitgia section normal to the fluid flow, it is
possible to compare the NPP-NS model with a 1D madach uses the Nernst conception of
diffusion boundary layer (NPP model).

Concentration, €2 [mol/’]

oncentration, C1 [mol/m] 25

On

005 \ 2

oncentration, €2 [mol/m’]

Concentration, €1 [molf’]
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Figure 1 Concentration profile calculated according to NPP-M8del at a current density
close tojf*. An anion-exchange membrane is on the left, aratiareexchange membrane, on

the right

To compare the NPP-NS model with the NPP model,ctireentration profile of cations was
calculated at the distance equal to 1.7 mm frometiteance (Fig. 1) af\@,,,=0.6 V. The local
current density, according to the NPP-NS modeslightly higher than the theoretical limiting
one and equal ta,, .= 0.0969A m™. The thickness of the Nernst DBBy, found by the

intersection of tangents as shown in Fig. 1a is.3%@n. By applying the values of current
density andby for the bulk concentration 0.056 molfnwe can find, by using the NPP model,
the minimum counterion concentratiof€;<=1.51x10* mol m®, the thickness of the
quasiequilibrium zone of the space charge regi@R)$d; = 1.15um, and the thickness of the
electromigration zone of SCI®; = 3.1um. As Fig. 1b shows, the found values match verly we
the results of the numerical solution of the NPP+N&lel. The PD in the depleted DBL of the
thickness 153im, according to the NPP model, is 513 mV.

Fig. 2 shows experimental and calculated curreftege curves. The ratigi®= is presented

as a function of the‘corrected PD equal to theaswged pd reduced by the ohmic pd. If the LEN
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assumption is used (NP-NS model), the current teifslimited by the i!™** value. Thel-V

lim
curve calculated according to the NPP-NS model izuizlely matches well experimental
curves. The limiting current density/;?, determined by the point of tangents intersectioas

theor

not coincide withi;,,” and depends on the membrane surface properties.

Nafion/CNT ;199

1,75 7 CMXwo

Figure 2. Ratio j/i% as a function of the

“corrected” pd. Experimental data for different
cation-exchange membranes (heterogeneous
MK-40, homogeneous Nafion-117 and CMX,
Nafion-117 covered with carbon nanotubes
NP-NS model (CNT), and calculations according to NP-NS
model and to a model based on the Nernst-
Planck-Poisson and Navier-Stokes equations
(NPP-NS model). The subscript shows the
0,25 | number of hours of membrane treatment at an
overlimiting current. A part of experimental
data is taken from [3, 4]

NPP-NS model

15 1 Nafion-117

1,25 4

0 0,2 0,4 0,6 0,8 1
I

Fluid and electric current streamlines in a desdilim channel formed by an anion- and a
cation-exchange membranes calculated according®®-NS model are shown in Figs. 2 and 3.
In all cases a 0.01 mol thNaCl solution is considered as a feed solutiore Thannel length
and height are 2 and 0.5 mm, respectively. Thesfbftow average velocity is 0.1 mm's

Time=232 Surface: Velocity magnitude {m/s) Streamline: Velocity field Streamline:

Figure 3 Velocity and electric current streamlines calculatetording to NPP-NS model
at i >jr. Vortices arise at the cation-exchange membrangtgt at the bottom
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Introduction

In recent years substantial progress towards tation of advanced electrochemical devices
has been achieved thanks to the use of perfluednaembranes and based on them composites
increasing the aggregative stability of metal nambples. The membranes act as templates for
the formation of nanoparticles. They have a dewadlogystem of pores, where the metal particles
are formed, whose size corresponds to the initad gize membrane, that is a few nanometers.
lonogenic centers in the matrix are the sourcehefibns required for reaction and a place to
drain products.

Experiments

The object of study of this paper was the silver-exchange nanocomposite based on
perfluorinated cation exchange membranes— cartawk Ag”/MF-4SK/C. Prior to the synthesis
a homogeneous membrane (in isopropyl alcohol 7.6B4tien) was mixed with carbon black
UM-76 and subjected to ultrasonic dispersion. Taspension in an amount of 0.02 ml was
applied to a graphite electrode and dried to theesd dull removement. Chemical deposition of
silver in the membrane MF-4SK and composite MF-45Kénsisted of ion-exchange saturation
followed by reduction, including an intermediatags of silver chloride formation:

RSQ H' +Ag’ — RSQ; Ag + H' (1)
RSQ; Ag 0~ [RSQ K AgCI )
[RSO; K JIAGCIO M ¥ L [RSO; K’ A 3)

Analysis of the microstructure of nanocomposite /MfF-4SK/C was performed using
transmission electron microscopy unit JEM-101 Bmwhpany at an accelerating voltage of 100
kV. Qualitative and quantitative analysis of thengées in the reduced form AiyIF-4SK/C and
ion Ag'/MF-4SK/C with different mass fraction of polyme2006 - 40%) was performed by
energy dispersive analysis unit JSM 6380LV (Japath) the attachment INCA Energy - 250.

Results and Discussion

Transmission electron microscopy detected silvetigges of chemically deposited in the
nanocomposite AYMF-4SK/C size of 3 nm (Fig. 1). It was establishbdt the silver particles
are formed in the pores of the membrane that lingir size [1].

¥ % 3 ev»(‘

Figure 1. Electron microgrhs of the surface of ta@ocomposite AYMF-4SK/C

As a result of energy dispersive analysis of sampiethe reduced AgVIF-4SK/C and ion
Ag'/MF-4SK/C form of silver (Fig. 2), we can concluthat with increasing of the mass fraction
MF-4SK, and hence the ionic groups, the silver egnincreases linearly.
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Figure 2. The dependence of the atomic fractiaiivar embedded in the compbsite of the massdracti
of MF-4SK in the nanocomposite’AdF-4SK/C: 1 - A§ - form; 2 - Adform

The electrochemical activity of the nanocomposit®/MF-4SK/C was studied in the reaction
of molecular oxygen electroreduction. For membristie4SK deposited on a graphite electrode
(Fig. 3a) decrease of the limiting currept compared with the C-electrode was found. Thisues d
to diffusion limitations in the film, and as a ceqsience, difficult course of the reaction of oxygen
on a carbon substrate. Some incregséni the nanocomposite AtMF-4SK compared with MF-
4SK may be due to the increasing contribution @& fhur-electron reaction mechanism to
electroreduction of molecular oxygen, as a resutixygen reaction on the dispersed particles of
silver (Fig. 3b). The introduction of carbon blaicko the membrane MF-4SK makes composite
MF-4SK/C electroconductive. The increase in curgnthe polarization curve in the MF-4SK/C
in comparison with the membrane MF-4SK is assodiat&h an increase in the electronic
conductivity of the composite, and the occurrentexygen reduction reaction on carbon black
particles (Fig. 3c). Some increasg in the composite MF-4SK/C in comparison with bulk
graphite electrode may be due to the occurrenceeaftions to the carbon black particles
dispersion (Fig. 3d). While the current growth ire thanocomposite AMF-4SK/C compared
with the composite MF-4SK/C (Fig. 3d) can be expdai by the presence of silver nanoparticles,
which leads to an acceleration of the reaction le€teoreduction of molecular oxygen by the
catalytic action of the particles, and well as¢batribution of four-electron mechanism.

A
i, mA/em’ i, mA/cm”

% a 3.5 b Ag " /MF-4SK
. 3 MF-4SK
¢
2.5
-4 MF-4SK
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3
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Figure 3. Polarization curves of electroreductiomadlecular oxygen in 0.1 MA3Q, solution
at the electrodes studied. The speed of rotatidhetlectrodes = 600 rev/min
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The value of Tafel slope of 0.112-0.121V in highegotential on composite electrodes
(Table 1) corresponds to delayed stage of thedlesitron addition to the oxygen molecule:
0,+e - Q (4)
Reducing of the slope in the low overpotential (€ab) is not associated with a the rate change
of the determining step, possibly due to adsorp@itys as well as the formation of surface
oxides, which prevent oxygen adsorption [2-3].

Table 1: Tafel slope for studied at the electrodeni0.1 M H,SO,

LO[(i-iim)/(im-1)]-E, V
Ag C MF-4SK Ag ’/MF-4SK MF-4SK/C Ag°/MF-4SK/C
0.112 | 0.135 1 0.056 10.059 1 0.056 1 0.057
10.112 110.113 10.117 10.121

The linear dependence of the limiting current ofgen electroreductiong vs the square root
of electrode rotation speedindicates that the process is limited by extedi@lision (Fig. 4).

i tim, mA/cm? AL IMF-4SK/C
8 .
. A

—————— Theoretical slope n=4 g
-7 .

————————— Theoretical slope n=2 MF-4SK/C
-6

c

-5
4 A9 /MF-4SK

MF-4SK

0 2 4 6 8 10 12 14 16 18

) 0.5, I.adO.SS—O.S

Figure 4. Dependence of limiting diffusion currgpt of molecular oxygen electroreduction vs
the square root of disk electrode rotation speeid 0.1 M BHSQ, solution for studied at the
electrode

Conclusion
Chemical deposition of silver in ion-exchange nxatrieated a hanocomposite ‘AgF-4SK/C
that allows to change the amount of deposited rsibaeying the concentration of ionic groups in
the membrane MF-4SK. The increase in current elesduction of molecular oxygen on XiiF-
4SK/C nanocomposite compared to the composite M&E@Ss due to the presence of silver
particles, leading to an acceleration of the reactihe process of oxygen reduction is limited by
external diffusion of the oxidant.

The work is supported by the Russian Foundation feidBaesearch\e 10-08-00847)e 11-
08-001744).
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Today, electrodialysis (ED) is considered as o@i@tage in the treatment chain of brackish
water reverse osmosis (BWRO) brines towards near-fiquid discharge (ZLD), and, in
general, is used for increasing the recovery ratimland desalination processes to values over
95% [1, 2]. However, in the ED-ZLD approach, thencentrations involved in the concentrate
compartments of the ED stack are high (up to 12xi% TDS) and may be saturated or
supersaturated with respect to some sparingly solsddts such as calcium and barium sulfates
and silica. This may pose precipitation problemthinithe ED stack on the membranes, spacers,
inlets and outlets. Scales of sparingly soluble arats have deleterious effects on the ED
performance, resulting in a significant, often weesible increase of electrical and hydraulic
resistance of the stack and, consequently in @tangergy demand.

In this study we investigate the effect of diffeargrhysico-chemical parameters on silica
transport across ion exchange membranes as wibléasicleation and crystal growth of calcium
sulfateon and inside ion-exchange membranes, as the twoséaling factors in the above
system.

Silica is present in significantly high concentoais (> 10 ppm) in many brackish water
sources. It may reach its solubility limits (80-1400m depending on the TDS) in the RO brines.
Depending on the ED electrochemical operationattmms, silica may either largely remain in
the ED diluate or transported through the ion ergeamembranes to the ED concentrate. In the
former case some limitations may be imposed orfurlber use of the ED diluate while in the
latter, silica may precipitate within the ED stagk foul the ion exchange membranes, thus
impairing its efficacy.

Silica transport through anion exchange membranas studied with respect to current-
voltage characteristics, type of membranes (homeges and heterogeneous), its concentration
and type of the electrolyte. It was concluded thatextent of water splitting at the interface is a
major factor dictating silica flux through anionolange membranes. It was also found that
silica can diffuse through ion exchange membranéis inon-charged form. The effect of current
density and membrane type on silica flux is depliateFigures 1.
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Figure 1. SiQ fluxes through AMT, MA-40 and AMV membranes impthsence of sulfate and AMT
in the presence of chloride at ionic strength OA01@02N, with initial silica concentration of 10@m

Calcium sulfate precipitation was studied in a Dammexchange experimental setup as a first
step towards characterizing the conditions undachvicaling occurs on or within ion exchange
membranes. In this setup an anion exchange membeparates Caghnd NaSQO, solutions
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while scaling occurs as 2@ns are exchanged with $O Figure 2 shows SEM photographs of
scaled homogeneous (AMV) and heterogeneous (MArM@nbranes. It is clearly seen that
CaSQ scaling mostly occurs on the AMV outer surface \®2ile it is typically located within
the MA-40 membrane (2B), indicating a clear depecdeof the precipitation sites and its nature
on the membrane structure.

Figure 3 shows the concentration change of scadmiun as a function of time within the
MA-40 membrane. The amount of calcium found indide membrane after 15 minutes (~0.2
mg/cnf) is similar to that found in a pristine membrariemequilibration in 0.5M CaGl This
indicates an insignificant Ca3Qrecipitation in this time range. A significantciease in
calcium concentration is, however, observed aftemihutes. This correlates well with a sulfate
flux decline observed after this time of operatiéfter one hour, calcium concentration reaches
practically a constant value (~0.5 mgRniThis is probably due to the lack of availabilif
additional sites for crystal growth inside the meamg and from this point, on any precipitation
will occur on, rather than inside the membrane.
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Figure 2. SEM images of Cag€xale on: A) Figure 3. Calcium concentration in scaled

homogeneous AMV. Showing crystals on the MA-40 as a function of time operation; feed
surface; B) heterogeneous MA-40 membranessolutions are 0.5M N&Q, and 0.5M CaGlin
Showing crystals protruding from a defect in the each scaling experiment
membrane
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Introduction

Hydrogen-air fuel cells (FC) are an important comgr@t of hydrogen power engineering.
However, cost of the energy produced by low tentpeeafuel cells still remains rather high for
their commercialization. Its due to the using oh @xpensive material - the platinum
electrocatalyst, which composes of platinum nantges supported to highly dispersed carbon.
Platinum shows high catalytic activity and chemistdbility. It is possible to obtain stable
nanoparticles of small size which possesses bifaceirarea. Unfortunately an effective non-
platinum catalyst hasnt been created yet. One hef ways to improve the electrocatalyst
efficiency and to reduce the cost of electrode neltes preparation metallic nanoparticles with
special structure such as the ‘Pt-shell M-coreétyjgl-core could show positive effect on the Pt-
shell catalytic activity. Additional advantage &t-shell M-coré’ nanoparticles in comparison
with Pt-alloy nanoparticles consist in core, prigeicby the shell from aggressive environment.
Usage of nanoparticles with‘Pt-shell M-coré sture allows to avoid membrane pollution by M
cations and its following destruction. The choidesitver as a core metal is dealt with a higher
thermodynamic stability in comparing with copperrockel. It has a crystal lattice similar to
platinum (face-centered cubic) with close parametesin elementary cell that is more suitable
for platinum monolayer growth on Ag-core surfacéheTaims of this investigation were
preparing Ag@Pt/C by ‘wet synthesis, and studying microstrugtucharacteristics and
morphological stability of Ag@Pt/C electrocatalysts in as-prepared and podetiedates.

Experiments

The primary and the secondary ,&9Pt/C materials were prepared, respectively, by
successive and simultaneous reduction of @& Pt (IV) in water-ethylene-glycol solutions of
their precursors at room temperature. Carbon b(&chcan XC-72) was used as support for
nanoparticles. Then both types of materials wesatéd by perchloric acid at 90°C aiming to
remove uncovered Ag-core from the primary @&Pt/C and to form secondary A@Pt
nanoparticles. Microstructure and electrochemicativa surface area (ECSA) of the
electrocatalysts were investigated. XRD, TEM, XBf&vimetry, cyclic voltammetry and some
other methods were used for the characterizatigmegared Ag-Pt/C materials.

Results and Discussion

Using described above technique we have prepared@RYyC (kx<3) and Pt-Ag/C
nanoscale materials with metal loading from 15 & % wt/wt. The average diameter of
crystallites was from 3 to 9 nm. ECSA was from @300 nf/g(Pt). XRD patterns of prepeared
catalysts show the presence of mixture of silvat BirtAg alloy nanoparticles (Fig. 1). After
materials treatment in the boiling HCJGsilver was partly washed out of the materialg th
surface of nanoparticles was enriched with platinltrwas observed that silver dissolution was
less characterized for the primary ,&9Pt/C materials in comparing with At/C alloy
catalysts. Besides, after the treatment the avegege size of Pt-Ag/C increased. Fig. 2 shows a
decrease in the amount of silver after the treatrémnaterials in boiling acid. This suggests
that the silver nanoparticles and partly silvemircore was dissolved and washed out. Note,
these changes were observed at the initial statfeeaiggressive environment impact.

Peaks of Ag dissolution (~ 430 mV) and ‘Agduction (~350 mV) were observed on cyclic
voltammogram for as-prepared PtAg/C catalysts 8yigCyclic voltammograms for Ag@Pt/C
and Ag@Pt/C materials hadnt such peaks and were sinal&t/C curves.
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Formation of nanoparticles with “core-shell’ st was indirectly confirmed by XPS and
XANES data.

We have concluded the acid treatment was a negestsaye of Pt-Ag/C catalysts preparation
because it allowed to form‘core-shell structurel @revented membrane pollution.

This work was supported by Russian Foundation for B@Rs&search, projects nos. 10-03-
00474a and 11-08-00499a.
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Introduction

At the present time polymer ion-exchange membramesused in separation processes of the
mineral fertilizers production (in particular, te@monium nitrate production) and in alternative
technologies when putting galvanic coatings (amnaleetrolytes). This makes it necessary to
study properties of ion-exchange membranes in th&tigns containing ammonium salts. It is
known [1] that the ammonium ion is formed by theeiaction between a pair of electrons of the
nitrogen atom and fourth proton in the ammonia ke generating coordination bond. It is also
known that this ion has a number of behavior festum water solutions, such as: negative values
of hydration [2] and peculiar hydrolysis mechanisaving an ammonium hydrate as a result [1].

The purpose of this paper is to investigate thkiémice of ammonium salts on a number of
properties of polymer ion-exchange membrane, sschvater contents, electro conductivity and
limiting current of the current voltage curve. Eletgeneous membranes domestically produced
were investigated: the cation exchange MC-40 mengbend the anion exchange MA-40 and
MA-41 ones. MC-40 contains the $@xed groups, MA-40 has generally secondary antiiargr
amino groups and MA-41 holds basically quaternamynania hydroxides.

Experiments

Maximum of the water content was estimated by me&gsavimetric analysis, contents of free
and bound water were determined with the diffeedrsitanning calorimetry (DSC-60, Shimadzu
corporation). The resistant values were measurechégns of the Z-2000 Impedancemeter. The
current and voltage ones to draw current-voltagessuwere taken in the four-chamber cell having
platinum electrodes. The voltage drop values omieenbrane after investigation were measured
by means of two chlorine-silver electrodes thoseeve®ntacting with the membrane through the
Lugginis capillaries closely brought.

Results and Discussion

The MC-40 membrane that has been equilibrated thighsodium chloride and sodium and
ammonium nitrate solutions has practically equahimon water content. The count of water
molecules on one fixed group is almost equal fbofathe solutions and it is in the 6.5—7 intdrva
If we accept that the hydration number of sulforgiteup is 2 [3], then the count of the water
molecules connected with a simple alkali counteigom the 4—5.5 interval that is coordinated
with the data [ 4] for singly-charged cation in thiater solutions.

The MA-40 membrane has its common water contentedsed in the ammonium nitrate
solutions. It should be noted that the share @& Wwater even a bit increased, but the bound water
content and the count of molecules on one fixedigecreased sharply. It could be explained by
existing of the ammonium ion at low concentratiamghe form of neutral-charged patrticles of
ammonia hydrate [1], those when getting in the nramd deprotonate its secondary and tertiary
fixed amino groups [5].

Deprotonated groups having no charge do not irtexgtb counterions and lose hydration
water. The ammonium cations those are formed byépeotonating of fixed groups leave the gel
phase by the Donnan effect, but they could exighéninter-gel one and also in meso- and macro-
pores. This cations have the negative values afdtigth and could randomize water structure, that
increases the count of free molecules. The decigasi the hydration of ion pairs in the MA-41
membrane that have been equilibrated with the sodibloride solution can bassociated with
existing of secondary and tertiary amino groupghexmembrane phase (until 20% [6]) and with
their deprotonation.
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Table 1: Hydration properties of the membranes

Bound
. Free water Bound
Solution type, Free water water
Membrane . Water mass, water
type concentration content. % glg. dry percentage, mass, percentage
02M ' ' % g/g. dry '
membrane %
membrane
MC-40 NacCl 53,59 1,84 28,78 1,59 24,81
NH4NO, 57,12 1,89 32,11 1,48 25,01
MA-40 NaCl 64,18 1,94 28,89 2,36 35,29
NH4NO4 61,04 2,32 30,17 2,38 30,87
MA-41 NaCl 41,86 1,11 18,81 1,36 23,05
NH4NO3 31,77 0,92 14,88 1,05 16,89

The electro conductivity values of the MC-40 memierare much larger in the ammonium salt
solutions than the ones in the sodium chloridetswla due to the presence of protons those are
formed by hydrolysis (ph of the NHANO3 solutionseias 4.8-5.5) and due to large mobility of the

-1

ammonium ionsAwa+ = 52 , Ava; =768 cm’ - g — equiv ).

The MC-40 and MA-41 membranes have the same siyren#benzene matrix and the similar
ion-exchange capacity values: 1.54 and 1.44 raspbctIn addition, the functional groups of
these membranes are strong acid (MC-40) and strasig- (MA-41), so they are completely
dissociated in any conditions. Therefore, the sdecbnductivity values of the MC-40 and MA-41
membranes are larger than those of the MA-40 one.

In the sodium chloride and ammonium nitrate sohgithe electro conductivity values of the
membranes under investigation decreases as follows:

MC-40~ EMA-41 = SBUA-40.
In the ammonium nitrate solutions, however, the MAmembrane electro conductivity value
decreases by near 10 times. It could be supposédule to the following deprotonation reaction:
=NH"+ NHz'H,O = NH;"+ H,O + =N
the ammonium ion has formed leaves the anion exygharembrane, consequently the counts of
active fixed groups and mobile counterions decrease

An infrared spectroscopy method was used to conflveninteraction between the MA-40
membrane fixed groups and particles containinghi@ $olution. The MC-40 membrane IR
spectra those were obtained by means of Infralur8®I have only four peaks in the sodium
chloride solutions. According to [7], the =Nl u =N-CI bonds do not appear in the 4000-400
cm? interval. A new peak in the oscillation area of@edary amino groups (1660—16109m
was appeared in the ammonium nitrate solutionenMiA-40 membrane IR spectrum. Also there
was a peak in 1034.63 ¢inthat can be applied to the deformation osciltatié the OH - ions,
those are linked to the carbon atoms and aminopgrofithe resin. This indicates the change in
the conditions of secondary and tertiary amino gsoin the membrane.

The courses of the current-voltage curves of thenbtane under investigation correlate to
their electro conductivity values.
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Introduction

Recently, we described the development of a nogtrgiometric sensor (PD-sensor), which
measures the Donnan potential at an ion-exchangebna@e/ electrolyte test solution interface
[1-4]. The Donnan potential is the Galvani potdnbatween two points outside the external
interfaces of double electrical layers at the meamef test solution interface. Consequently, it is
impossible to directly measure the Donnan poterfiialvever, it is possible to estimate its value.
Similarly, we determine the Donnan potential by sweag the EMF of the electrochemical
circuit, but it is measured from the potential jumpthe individual membrane/ test solution
interface. The use of the membrane potential dajuilin constant as an analytical signal, which
is the Donnan potential at the membrane/ test isoluhterface, allows us to eliminate issues
related to migration and diffusion in ionophoredxspotentiometric sensors. This process
ultimately increases the accuracy, stability andsgwity of organic and inorganic ion
measurements.

Experiments

The aqueous solutions of glycine (Gly}, p-alanine -, p-Ala), leucine (Leu), nicotinic acid
(Niacin), pyridoxine hydrochloride (PyridoxinHClthiamine chloride (ThiaminCl) witlpH
ranged from 1.0-7.0 were investigated. The aqueolgtions of Gly, cysteine (Cys) withH
ranged from 7.0-14 were investigated.

The MF-4SC membranes in mixed type were used tease the selectivity of PD-sensor to
cations and zwitterions of amino acids and vitaniinthe presence dfz0" ions in acid aqueous
solutions. The samples of membranes in mixed typeevobtained by two procedures. In the
first procedure the membranes were treated in isolsitof amino acids and vitamins at boiling
temperature of solution. In the second proceduesntiembranes were treated by keeping in
ethylene glycol (EG) at glass transition tempeetfr membrane (12Q) and than in solutions
of amino acids and vitamins respectively at boilegperature of solution.

The MF-4SC membranes with gradient Zr@stribution were used to find of sensitivity of
PD-sensor to organic anions in alkali solutionse Bamples of membranes with 3.5, 4, 4.5, 5
wt.% of ZrQ, were investigated. The samples of modified memlzavere given by cand.ch.sc.
Ekaterina Yu. Safronova and corresponding memberS,RAr.ch.sc., prof. Andrey B.
Yaroslavtsev (Kurnakov Institute of general andgamic chemistry of RAS, Moscow, Russia).

The sensor array included PD-sensor, pH-selectilextrede (pH-SE) and a silver
chloride/silver reference electrode. Moreover, & afeion-selective electrodes (ISEs) can be
included in the sensor array as it was present¢8l, th]. The potentials of PD-sensor and pH-SE
were measured by the reference electrode usingyla t@sistance electronic voltmeter. The
responses from the PD-sensor were registered&ffemin, which was the time it took to reach
a quasi-equilibrium state [1, 2].

The PD-sensor [1, 2] included two plastic encasemehhere was Ag/AgCl electrode in
upper encasement (volume is 5 %mThere was MF-4SC membrane in lower encasement
(volume is 0.5 crf). The tip of MF-4SC membrane was in upper encasenfother tip of
MF-4SC membrane projected from upper encasemenivasdmmersed in the test solution. The
upper encasement was filled by the reference solutbepending on the ionic type of the
membrane, 1 M solutions of HCI or KC| were usededsrence solutions. The lower encasement
in work was empty and prevented the MF-4SC membirame drying.

The multivariate regression methods were used &ibration of sensors in multiionic
solutions. The coefficients of multivariate caliboa equations were determined by the method
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of least squares with nonorthogonal experimentaligthe The calibration coefficients were
compared with determination errors for checking slgmificance. The spread of the calculated
and experimental values of sensor responses wapareth with the spread of the results of
duplicated experiments for checking the adequamablbration equations [5].

Results and Discussion

In aqueous solutions of vitamins and pharmaceutitad concentrations of the organic ionic
forms of electrolyte and aqueous dissociation pctglare correlated. The protolytic and ion-
exchange reactions at the interfaces of ion-exachamgmbranes and test solutions are potential
determinating for the PD-sensors. Multiionic conmpos of the test solutions determines
response from the cross-sensitive PD-sensor. Qatwéi determination of vitamins and
pharmaceuticals in aqueous solutions is difficuliedto correlation of components
concentrations.

The influence of ion-molecular composition of th&MCK membrane on the characteristics
of PD-sensors in acid aqueous solutions of Gly, B-Ala, Leu, Niacin, PyridoxinHCI,
ThiaminClI were investigated. It was shown that saiviactors influence on the value of Donnan
potential on the interface membrane MF-4SK/ aquesnlation of amino acid and vitamins.
Firstly, it is the differences in the hydration l#lpi differences of solubility and differences of
size of the ions of amino acids and vitamins. Sdbgnit is differences in the potential
determinating reactions on the interface membraRed®K/ test solution.

The influence of ion-molecular composition of thé&MCK membrane on the characteristics
of PD-sensors in alkali solutions of Gly, Cys wengestigated. The use of membrane with
gradient ZrQ distribution for PD-sensor organization leadsigmiicant contribution of anions
into analytical signal of sensor in contrast to wdified samples. Sensitivity of PD-sensor to
counter-ions varies nonmonotonically with incregstoncentrations of Zr Sensitivity of PD-
sensor to co-ions increases with increasing coragons of ZrQ. The difference in
electrochemical behaviour of unmodified and modifigth ZrO, MF-4SC, samples depends on
next factors. Firstly, concentration of dissociatedion-exchange fixed groups of membrane (-
SOs;H) decreases after ZpOncorporation due to reduce of free volume of poaed channels.
Secondly, ZrQ@ particles in modified membranes give evidence othbeation- and anion-
exchange properties [6]. So co-ions concentratiear modified MF-4SC/ test solution of
electrolyte interface increases in comparison vwiitial membranes. This allows to increase
sensitivity of gradient modified MF-4SC -based Rihsors to co-ions in agueous solutions.
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Introduction

The surface interactions of charged particles fswiution (large complexes of ions due to
dissociation of polyelectrolytes, for instance)frmm suspension (colloid particles) with charged
membranes definitely affect the major charactesstof a membrane system, namely,
productivity, perm-selectivity, permeability, poldocking, charged cake formation etc. The
problem concerning determination of equilibrium ifioa of the particle entering a pore of
hydrophilic or hydrophobic charged membrane (fignlan electrolyte solution was investigated
earlier [1, 2] under given electric potentials d&fetmembrane and particle surfaces (zeta-
potentials) and taking into account hydrodynamicdoacting on the particle. The present work
considers the problem of evaluation of the inteoaicenergy and force when densities of electric
charges of the interacting surfaces are chosencandtant. Under design and calculation of
electrodialysis apparatus, the surface charge tlenf ion-exchange membranes are often
known instead of zeta-potentials.

Theory

It is assumed, that the space of interaction (& @ord neighboring region) is filled by an
electrolyte solution, and densities of electridahiges of the particle surface and the membrane
surface are constant and given.
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Figure 1. The scheme of interaction between a sgdigrarticle and a membrane pore: a —
radius of the particle, b — radius of rounding hétpore entrance, - radius of the pore, R —
radius of “influence” of the pore, I,lk 11l — main regions of interaction.

In accordance with the DLVO theory, the surfacenattions between a charged particle
and a membrane surface include two different forqe$ electrostatic repulsion due to
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overlapping electric double layers of the partiated the membrane pore surface; (b) van-der-
Waals molecular attraction. Using Deryaguins appio under supposition of low electric
potentials,ey / KT <1, the interaction energy and force between curveticharged surfaces of
the particle and the membrane pore were calculatedhe function of minimal distand®g
between themCorresponding formulas consist of electrostatic madecular components:

5 2 : ®
:—g;:;grkz ((Jp +Um) |n(1_exp(_Kho))+(0' —U) In( 1+ exl[ﬁ—/(}'b)))_%
sy dU(R) _87 1 (20,0,exp(kh)+ @5+0%)) A
Fo ()= dy, g Ké’ré‘o( exp(h)-1 J 6913 (2)

where o, g,, - surfacial densities of charges of the partialel ¢he membranex - reverse

Debye length;& — permittivity of vacuum andg — relative dielectric constant of the liquid
medium; A— Hamaker constant (A>0, then we have molecular attraction, otherwis&Q) —
molecular repulsion)g—steric factor, which depends fully on the intéireg surfaces geometry,

and was calculated earlier inside the main regidjs(fig.1): gl=}é1 (spherical particle

interacts with the plane=0), g, = \/(%+%)(}/a—)/6 .\ bj (spherical particle interacts with

closed torroidal surface at the pore entrancg)s \/ }g( }é— )/r) (spherical particle interacts
0

with the inner surface of the cylindrical cavity).
We should note that under location of the particl¢he Region I, the minimal distance
between interacting surfaces is equahj& z— a, wherez is the axial coordinate of the particle

center, which has an origin at the pore centeherptanez=0 (Fig.1). If the particle is located
inside Regions Il or lll, then, in order to accodmt the closure of the surfaces, we need to take

into consideration the second minimal distamge which is symmetrical to the main minimal
distanceh, [1], that is,

U =U, (h)+U (K), (=29 (3)

So we can calculate for the Region II, thdnoz\/(a+ro—r)2+(b+z)2—b— a,

h(’,:\/(a+ L+r)°+(b+2)°-b-a, and for Region Ill, thath,=r,—a-r, h)=r,-a-r,

wherer is the radial coordinate of the particle centecyhindrical coordinate system.

Under the same signs of the charge densities libvisl from the formula (2) for the
interaction force that there is such a value admsuirfacial distanchy, at which the force is equal
to zero (in the case of molecular attraction, afree). It means the existence of potential barrier
under approaching the particle to the membraneaserfit is necessary to mention that
analogous barrier is initiated in the case of gizema-potentials [1, 2]. Fig.2 schematically
illustrates the profile of the interaction enerdy f{or the more probable position of the particle
center at the axis of symmetry of the pore; 0. Our analysis shows that the potential barrier
can be shifted into the bulk solution (the shifiasger when radiug of rounding at the pore
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entrance is smaller). It allows removing the p#&ticirom the vicinity of the membrane pore
surface by applied tangential liquid flow and tHere increasing the system productivity.

a

U(J' Uzma>

Us

v

min
u,™

Figure 2. Characteristic profile of the interacti@mergy between a charged particle which is
centerline located and a charged pore with equalge densities

Conclusion

Hence the model suggested here allows us quadétatimagine and quantitatively evaluate
the picture of interaction between a charged daréad a cylindrical membrane pore taking into
account the influence of intermolecular forces. d¢eived the boundaries for physicochemical
parameters under which the potential barrier exiti® model can be further expanded taking
into consideration fluid hydrodynamics near hydibplor hydrophobic surfaces and inequality
of the surface charge densities.
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Introduction

This work is aimed at better understanding of tHatienship between the ion-exchange
membrane properties and current-induced convectwonrring as electroosmosis of the first or
second kind[1-3] (electroconvection) in conditions where this pheeoon controls the
enhancement of the salt ion transfer in electrgdialof dilute solutions.

Experiment

Several ion-exchange membranes with different maggies and different degrees of the
surface hydrophobicity are studied. The idea is odlifiy the surface of a homogeneous (Nafion-
117, CMX) and a heterogeneous (MK-40) cation-exgleamembrane with sulfonic fixed groups
in several ways, in order to decrease its hydroitgb(by mechanical removal of surface
hydrophobic layer) or to increase it (by coating Hurface with a Nafion film containing or not
carbon materials of a high hydrophobicity as wsltr@ating of CMX membrane under intensive
current modes), and to see how these modificatiffiest the overlimiting transfer. In the case of
anion-exchange membranes MA-40 water splitting rates reduced by replacement of
secondary and tertiary amine fixed groups into eumry amines. Commercial Nafion-117,
CMX, MK-40, MA-40 membranes were used for compariso

Electrochemical and mass transfer characteristitiseo$tudied membranes were obtained in a
flow-through electrochemical cell. Specially seésttgeometric parameters of the cell and the
laminar hydrodynamic regime of solutions pumpinigwlthe use of convection-diffusion model
to determine the theoretical value of the limitwgrent, which can be achieved in the absence
of coupled effects of concentration polarizatiosing the modified Kharkats equation makes it
possible to determine contributions to overlimitimgss transfer of water splitting products and
the exaltation effect as well as that of the salinterion flux, enhanced by electroconvection.
Visualizations of membrane surface and cross-sestieere performed using scanning electron
microscopy. The contact angles on the surface of bn@me in swollen state (pre-equilibrated
with a NaCl solution) were measured by the sesdilep method [4,5]. Concentration
dependences of specific electrical conductivity vasll as diffusion permeability of the
membranes were determined correspondingly by effiteal method using clip-cell [6] and
partial method using flow pass cell [4].

Results and Discussion

Specific electrical conductivity and diffusion pezability of the membranes do not play a key
role in development of electroconvection which exd®a overlimiting transport of salt
counterions in overlimiting electrodialysis of didusolutions.

There is a significant correlation between the degrethe surface hydrophobicity and the
limiting as well as the overlimiting transfer oflisaounterions for membranes with a similar
surface morphology (Fig. 1a). The higher the surfagdrophobicity, the more intense the
transfer caused by electroconvection (Fig.2a). Téason is in facilitation of the slip of
electroconvective vortexes along the interface][3,4

The appearance of micrometer-scale cavities (ctarsiit size is of 1 micron) on the
sufficiently highly hydrophobic ion-exchange sudac(CMX membrane) enhances
electroconvection and overlimiting mass transfeg.@b,c). The effect increases with increasing
fraction of the surface occupied by the cavitieg).(Rb). The reason is the generation of the
tangential electric force applied to the extendeats charge region at cavitys wall (Fig. 3).
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Figure 1. Experimental limiting current density diedlby the theoretical limiting current
density vs the membrane surface contact ar@l@) and the fraction of surface occupied by the
micrometer-scale cavitiese, &t a fixed contact angle (b); t is the time ofhmbbeane operation
under current
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mass transfer coefficient of a MK-40
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CMX membrane treatment under
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h (c). The potential drops applied over the
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This force contributes to the generation of elecdnyective paired vortices that drive the
fluid inside the cavity and over the adjacent srhaatrface [4].
Suppression of water splitting at the membranetswiunterface promotes the development of
electroconvection; enhancement of water splittieguces this effect and its influence on
overlimiting salt ion transfer (Fig.4). The reas® in reducing concentration polarization
(resulting in a decrease of the space charge ggnsyt water splitting products, and the
tunneling (Grotthuss) mechanism of Bnd OH ion transfer, which does not involve fluid into

the movement [1,3].
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Electroconvective
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Extended space
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Figure 3. Possible mechanism of occurring paired teb@onvective vortices on the surface of
ion-exchange membrane under an electric currerdaie@d normally to the membrane surface.
Streamlines and electric current lines are showmeseatically
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Figure 4. Concentration dependence of Maass transfer coefficients (a) and effective tpamnts

number of protons (b) across MK-40 and MK-40/Nfiaaexchange membranes as well as Cl

mass transfer coefficients (a) and effective transpumber ohydroxyl ions (b) across MA-40

and MA-40M anion- exchange membranes forming des#din channels, DC( desalination

length L=10 cm), under potential drops per cellp&i0 V (b). The limiting mass transfer

coefficient for the DC without spacefi K", is calculated using convective-diffusion modeé t
limiting mass transfer coefficient for DC with spackin s, is evaluated from experimental

current voltage curves and pH of desalinated sotuti
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CURRENT-VOLTAGE CHARACTERISTICS AND ELECTRIC BREAKD OWN

OF THE METAL-COATED TRACK-ETCHED MEMBRANES
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Introduction

Contemporary intensive development of vacuum naotenics is defined by progress in
technologies of field emission nanostructures, swash traditional lithographic methods,
nanowires on the anodized oxide of aluminum, anttires of vertical carbon nanotubes [1].
Field emission nanostructures obtained by a me#dilin method of track-etched membranes is
a one of these essentially various technologiesstéxce of sealing contact of metal with a
polymeric matrix is a distinctive feature of suchAnostructures, i.e. processes of internal field
emission of electrons into dielectric in similajetis can be observed.

Experiments

Current-voltage characteristics and electrical kdean of the metal-coated track membranes
with part-through conic pores were investigated.

The 10 microns thickness polyethyleneterephthalbewas irradiated by high energy ions of
Ar and was etched by the water-alcohol alkali sohg for obtaining of part-through conical
pores. One of surfaces of such film with part-tlgiowonic pores was covered a silver layer by
method of a vacuum thermal deposition and thenppeolayer by method of electrochemical
deposition for strengthening of metal contact [R,The sample of a polymeric film with part-
through conical pores and the metal structure captig a form of conical pores are represented
on Figure la. Figure 1,b demonstrates the micrégodpmetal replica after a full etching of a
polymeric matrix.

2__

a) WgBWDrHWD,ZDr&waﬂ)I2DD3<B>WBD53D<H>512x51
Figure 1. The Schematic Sketch of a Sample of St&dracture (1 - metal covering; 2—
polymeric film) and the Micrograph of Structuretbé Metal Replica, TESLA-BS 340.
Magnification 10000

The flexible sample holder (6 mm diameter) for measent of voltage-current characteristic
was made. This sample holder provides the uniform ltween flat contacts of the specified
structures.

The current-voltage characteristic of a polymefim fivith the metallized part-through conical
pores has two characteristic parts (Figure 2):néral straight line corresponding to the law of
Ohm and approximately exponential increase of aeouirto the point of electric breakdown in
the region of the last measured point. As a reduireakdown the current value increased to 10-
100 times more, and at the same time the voltalyee \keepsl-2 volts that there corresponds to
the resistance reduction to 1000 and more times.
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Figure 2. Current-voltage characteristic of a polymadilm with the metallized part-through
conical pores. Curves 1, 2, 3 - three subsequendgisurements

It should be noted that rather often electric bdeakn wasn't irreversible, i.e. after switching-
off of the power supply and repeated giving of &gé on a sample the characteristic type of
current-voltage dependence was restored. Figurboivs three subsequently measurements
(curves 1, 2, 3). In this case, irreversible chaafja film resistance took place only after the
third breakdown. It is obvious that film resistaneed voltage value of the subsequent
breakdown decreases after each breakdown.

Slow increase of a current at constant voltageuiei®) was other effect in nonlinear area of
the current-voltage characteristic. Characteristies of access to the plateau of a current varied
from ten to hundred seconds for various samples.

0,2

Current, mA =]

014 2//

//"’” ]

1} a0 100 150 200
Time, c
Figure 3. Dependence of the Current Sample fromdtn the Metallized Polymeric Film
with the Conic Pores (at the Constant Voltage). Csie2 - Corresponding to 73 and 92 Volt
Results and Discussion

Processes of passing of electric current throughmptallized track membranes corresponds
to ohmic linear and power dependence of a currentadtage. But at this point current-voltage
characteristic is lacking in S-shaped plot of thatfires to process for traditional dielectrics.
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Before main breakdown, there are observed manyapéreakdowns on the mechanism of
ionization by collision in the destructed polymerseparate nanochannels over the metal conic.

For the studied samples it is possible to noteelapgantity of "reversible" breakdowns unlike
traditional irreversible breakdown of dielectric.

Probably value of breakdown voltage and intensivewth of the current-voltage
characteristic are defined by curvature radius roftteng elements, so the less of a curvature
radius, the lower voltage of breakdown. In this reeetion, the measurement of electric
properties is possible to consider as a simplegamck way of obtaining quality information for
solution of technological problems of manufacturioigfield emission nanostructures on the
basis of the metallized track membrane.
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DYNAMICS OF OXYGEN REDOX SORPTION BY METAL (AG, CU, BI)-ION

EXCHANGER NANOCOMPOSITES
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Introduction

Redox sorption (sorption accompanied by oxidateduction reaction) is the basis for
dissolved oxygen removal from water by sorptionmloal method. The mathematical
description of the macrokinetics of the processgigen previously [1]. In this paper the
dynamics of the process for deep removal of diggbbxygen is studied.

Experiments

The metal-containing nanocomposites based on salfcation-exchange matrix KU-23 are
investigatedFigure 1 shows obtained experimentally dynamici@uturves of oxygen redox
sorption by metal (Ag, Cu, Bi)—ion exchanger KB+2anocomposites. As can be seen oxygen is
sorbed by copper-containing nanocomposite more tglp. The obtained results provide a
basis for a theoretical analysis of the parametktse water deoxygenation dynamics by copper
ion exchanger nanocomposite.

0 200 400 600 800 1000
., min

Figure 1.Dynamic elution curves of the dissolved oxygenxewoption by the granular
layer of the nanocomposites: silver- (1 — synth@sls;),CSQ, 2 — synthesis MM,4), bismuth- (3
— synthesis N&0,) and copper-containing nanocomposites (4 — syigi¢$S0,) in the H -
ionic form.co andc — inlet/outlet oxygen concentration to/out of thargilar layer, respectively,
metal capacity, ,=0.9-1.0 mmol-eqv/cinheight of the granular layer 1=0.12 m, section1S=

cnt, water flow rate u=4.8 m/h o= 0.26 mmol/l (8.3 mg/l)

Results and Discussion

The problem formulation of the oxygen redox sorptignamics is made. Here is a scheme of
the process proceeding between copper nanoparéickk®xygen in the ion-exchange matrix in
the H-form:

Cu’OT- Cd 00~ Cd* (1)
%Oz+2H++2e_> H C (2)

We consider that oxygen transfer along the nanoosite granular layey with heightl is
described by equation:
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(1—)()%+ug—§——)(1( Y er (3)

Here,j(t,y) |R:F%):—Dg—§2 , J(t, ») is the oxygen flow, which is estimated on theibas
R=R

kinetic model [1], in the grain with radid, D is oxygen internal diffusion coefficient through

the nanocomposite poreg,is the volume part of the column occupied by theatomposite

granularsy is the flow rate of the water containing dissoleggen with the concentratiatt,

y)-
We introduce the dimensionless coordinates definyetthe relations:

c=¢[T t=TO; R= ROR ¥ M, (4)

wherec,, T, Ry andl are the typical scales of the relevant variable& G

By substituting (4) in (3) and introducing the rtaias

A_i B= —L G'L (5)
1-x’ -X UR’
we obtain the following dimensionless equatlon
Jgc ,o0c oc
+A—=B—=
9t 9y  ORe,
and unambiguity conditions
t=0;y=0;c=1. (7)
The values of the derivative can be found by soldngroblem of the kinetics [1] after
matching the time scales:

(6)

u D
“R)z (8)
tdyn =tkin '
D/
ac,
12 3 4 5
0,001
0,000
0,000
0,000
6
0,000
o 300 600 900 1200

t, min

Figure 2. Before breakthrough segment of the elutiowes of water deoxygenated by granular

layer of nanocomposite €&'V-23 in H*- ionic form at different water flow rates.ufu: 1 - 35,
2-30,3-25,4-20,5-15,6-10. The caltolais done before reaching oxygen threshold

level outlet of granular layer (10 ppb, curves ldb)efore 1200 min of water passing (curve 6)
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The calculation results of water deoxygenation dyinamm a flow system are illustrated in
figure 2. The calculation is done for nanocompo§it8KY-23 (H') with single metal settling,
l.e. with an equivalent content of copper partictesl hydrogen counter-ions. The dynamic
elution curves of oxygen for different water floates are given. As can be seen from figure 2
time of oxygen breakthrough into filtrate and vokuof water deoxygenate to 10 ppb are related
naturally with the water flow rate.

The theoretical description above is useful for tadculations at any parameters of the
process without having to long and labor-intengxperiments.

This work is supported by the RFBR (Rus. Fund of BasiaRésgrant)e 11-08-00174q)
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Introduction

Previously we have developed the method of polgstyr (PSt) implantation into
polyvinyliden fluoride (PVDF) films by thermal patyerization of styrene without radiation
treatment and without using of any special chemigéhtors [1]. The subsequent sulfonation of
implanted PSt by the conventional methods givesogpmortunity to produce the ion exchanging
membranes with good transport and physic-chemicgerties. AFM and ESM investigations
of the produced membranes allowed studying theilligion of PVDF and PSt phases on the
membrane surface [2]. It was estimated that theedsions of the surface areas with the reduced
hardness are in the range of 10— 500 nm. It wes sthown that these areas have increased
through conductivity.

The purpose of this work is to investigate the kosebf the PSt-implantation in PVDF films
from styrene-toluene-divinylbenzol solution, to ree the base transport properties of the
produced membranes, and to perform comparativegest these membranes and Nafion-115 in
hydrogen-air and methanol-air fuel cells.

Experiments

The amount of PSt implanted into PVDF films as acfiom of the immersed time in the
styrene-toluene-divinylbenzol solution (1:1:0.0%)98 — 98C is shown in fig. 1. The average
implantation rate was about 3% (weight)/hour. TheVPCfilms containing from 5 to 50%
(weight) of PSt were obtained.

60+

PSt content, % weght

Time, h

Figure 1. The amount of PSt implanted into PVDfdilas a function of immersed time in the
monomer solution

The ion exchange capacity of the films reached.2-aftnol/g. Proton conductivity of the
membranes as a function of the exchange capacity (&€ investigated at RH = 75%. The
value was significant when EC reached a thresholG{> 0.5 mmol/g (Fig. 2). The obtained
percolation dependence = oo(EC — EG,)" (n = 1.5 + 1.7) shows the nanogeterogeneous
distribution of the implanted sulfonated PSt in thembrane. This result is in a good agreement
with the data of AFM analysis [2].

175



o, S/cm

0,015
0,010 o/

0,005+

0,000+ og-—10 ﬁ
v ; i

0,0 0,5

1,0 15 2,0 '
EC, mmol/g

Figure 2. Proton conductivity of the synthesizedhbmanes as a function of the exchange capacity,
RH =75%, T =30C

Water, methanol and water-methanol solution sonptiEpacity of the synthesized membranes
with the exchange capacity of 2 mmol/g was measuliedvas shown that the amount of
absorbed liquid in the membranes decreases witintnease of methanol concentration in the
surrounding solution. The sorption capacity of thetlsesized membrane with EC = 2mm/g was
equal to 45% (weight) for pure water and 30% (wBidbr pure methanol. It should be noted
that the other picture was observed in the cas®&affon and MF-4SC membranes. Their
sorption capacity of pure methanol was more thahdhpure water.

The synthesized membranes (M1 and M2) were testedmaponents inside the hydrogen-air
(HAFC) and methanol-air (MAFC) fuel cells and comgzhwith the performance of Nafion-115
membranes. The all membranes under study had sipndéwn conductivity (8 - 12 mS/cm) and
thickness (100—120 mcm). Carbon Paper with apmatalyst (for anode: ETEK Pt-Ru/C, Pt/Ru
= 1:1, Pt-content = 20% mass; for cathode: ETEK C1#@)HPt-content = 40% mass) was used
as the electrodes of the fuel cells. The Pt conatotr was 0.35 mg/chron the anode and 1
mg/cnt on the cathode. The active electrode surface of¢ls was 1 cf All the membranes
were tested in the similar conditions. The fuel <alinder test were operated at room
temperature.

The volt-ampere and power characteristics of HAFC tbe base of two synthesized
membranes (M1, M2) and nafion-115 membranes withilai values of thickness and
conductivity are shown in fig. 3. It can be seeig.(Ba) that electromotive forces (EMF) of
HAFC on the base of M1, M2 and Nafion-115 are peatly similar and equal to 0.95-1.0 V.
These values are in a good accordance with well-knbigrature data. The current-voltage
curves at low load are similar for all of the sealimembranes. It points to the similarity of the
electrocatalytic and transport characteristicheffabricated fuel cells. It should be noted

(fig. 3a) that the voltage drop of HAFC on the bas&1 and M2 membranes at high current
density is appreciably less than that in the cdddafion-115. The maximum power of HAFC
containing the synthesized membranes (95— 100 mi%ys noticeably large than in the case of
Nafion-115 membrane (72 mW/énfig. 3b).

Fig. 4 shows the comparative current-voltage andegoacharacteristics of the methanol-air
fuel cells with synthesized M1 membrane and Nafidb- It can be seen that these functions are
practically identical for both membranes. The elstintive force is about 0.6 V. This value is
lower than the theoretical one (1.18 V) but it picadly coincides with known literature data.
The observed relatively low electric power of MAFE aur experimental conditions can be
explained by low catalyst concentration on the teteles and low temperature. It should be
noted that these data indicate that catalytic eaxtsport characteristics of MAFC on the base of
synthesized membrane M1 are not worse than thesadatbristics in the case of Nafion-115.
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Figure 3. Volt-ampere (a) and power (b) charactissof the HAFC on the base of synthesized
membranes (M1, M2) and Nafion-115
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Figure 4. Volt-ampere and power characteristicthef MAFC on the base of synthesized
membrane M1 and Nafion-115
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Introduction

Electrodialysis (ED) is one of the most effective hogls of wine stabilization from the
tartrate sedimentation. This sediment is the patassalt of tartaric acid, hence the main goal of
the electrodialysis process is to reduce the cordémpotassium and hydrotartrates to certain
concentrations. The efficiency of this process asmgbrioduction validity are determined by using
a pilot ED stack. To improve characteristics of tHecteodialysis stabilization of wine,
commercial and experimental anion exchange membnaaee used.

Experiments

The process of ED desalination of a wine model smutvas studied by using commercial
Japanese (Astom) anion-exchange membranes AMX exprimental anion exchange
membranes MA-41PM produced by OAO ShchekinoAzotel amodified by Membrane
Techology IE. In both cases Japanese (Astom) cattchange membranes CMX were used.
The membrane stack consisted of 10 anion-exchangebrmaees and 12 cation-exchange
membranes forming 10 cell pairs.

Experiment was conducted in two stages, first, ithAMX membranes, and then with MA-
41PM membranes. Both of the stages were managext tlhnelsame operation conditions:

 aconstant current density was maintained at aevafl® mA/cnf;
* the flow rate in the concentration loop, CL, ane tlesalination loop, DL, was
18 L/(h dm);

» the flow rate in the electrode loop, EL, was 20(hldm);

« 10L of a5 g/L NaCl solution circulated in the centration loop, 10 L of a 30 g/L
KNO3 solution circulated in the electrode loop.

10 L of a wine model solution circulated in the aesation loop at each stage of the
experiment. The initial chemical composition of thedel solution was as follows:

» tartaric acid 2 g/L;

+ KCI 0,4 glL;

« CaCbh 0,36 g/L;
» acetic acid 0,48 g/L;
* lactic acid 1g/L;

e pH=3,25.

The desalting process was stopped, when the elotonductivityk; decreased by 30 % in
comparison with its initial quantitie.

Kinetic dependences of the electrical conductivipyy and temperature of the desalting
solution, as well as the voltage across the menebrstiack were registered during the
experiment. Sampling for the following analysistiké component composition of the desalted
solution was carried out at three different valokgs electrical conductiviti; = 0,9k; k> = 0,8
Ko and k =0,7ko.

The experiments with each set of membranes werategpseveral times. After each run, all
loops of the ED module were rinsed with distilledtevaBefore each subsequent run, each loop
was rinsed with an appropriate solution: NaCl (CKNOs (EL), the model solution (DL), in
order to achieve a constant electrical conductieftthe circulating solution in each loop.
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Results and Discussion

Figure 1 presents the potential drop across thestabk as a function of the feed solution
electrical conductivity, the latter varies with #nduring electrodialysis. Fig. 2 shows the kinetic
dependences of the ratio of the feed solution ebattconductivity to its initial value.

u,Vv
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Figurel. The rise of the potential drop across thedtark as a function of the conductivity of
the desalting model solution. (Numerals in pareséiseindicate the sequence number of the
experiment run)
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Figure 2.Kinetic dependences of the ratio of the feed wiadahsolution electrical conductivity
to its initial value
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The analysis of the obtained data shows that theepoansumptions of the desalting process
of the wine model solution are close when using mencial AMX or experimental MA-41PM
membranes. This result is consistent with the measents of the surface resistance, R, of these
membranes. In 0.02 M solution of potassium hydrogetmate R is equal to 29 ohm/Ein the
case of MA-41PM membrane and to 20 ohnf/dmthe case of AMX membrane, while the
surface resistance of the commercial MA-41 membisiegual to 56 ohm/ch

In all experiments (in the range of the measureneerdr), the kinetics of the wine model
solution ED desalination is also close in the cdseMX and MA-41PM membranes.
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For realization of processes micro, ultra - natrafilons are necessary membranes with
adjustable properties. One of ways of the solutidnthis problem is modifying of initial
polymeric raw materials. In the real work polymeodiiying— powdery air and dry cellulose
diacetate (CDA) was carried out, data on kinetitswelling of CDA in pairs of water and
organic mix, and also experimental data about ®tracand properties of membranes are
obtained. As water and organic mixes binary mixéshe distilled water and solvents [a
dimethyl sulfoxide (DMSO) and dimethyl acetamideMPA)] are used. For carrying out
experiences the ratio water was chosen: solvet limary mix = 90:10 (on liquid volume).
Updating of CDA carried out at temperature 25321 the hermetically sealed vessel which has
been partially filled with a mix of water and saheQuantity absorbed vapors determined by a
weight method by a difference of mass of a hingaephfter and before steam processing. In
drawing kinetic curve swellings of a powder CDA green in pairs of water and organic mixes.

10

Extent of swelling a. %
()]

O T T T 1
0 100 200 300 400

Time since the process beginning . min

Figure 1. Kinetic curve swellings of a powder CID4airs of mixes of water with DMSO (1) and
DMAA (2)

During researches defined sizes of speeds andisgvalbnstants on various sites of the
kinetic curves which values are given in the tablee analysis of the results given in the table,
showed that pairs of mix of water with DMSO areabsd by CDA much quicker and in bigger
volume, than with DMAA. It testifies to higher peraion vapors with DMSO in structure of
acetates of cellulose in comparison with pairs VibtIAA. Besides, rheological and optical
properties of solutions cellulose diacetate, pregpayn the basis of the modified polymer are
investigated. Polymeric filtrational membranes weigde of these solutions.

During experiments data on structure of membramesohtained, in particular, it concerns
research of porometrichesky characteristics. disiablished that use of modified CDA allows to
increase porosity of membranes to 35 %.
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Table 1: Average values of speeds and swelling ctensts on various sites of kinetic curves

Numbersofsites
Parameters 1 2 3 4 5
(AT=0-3min) | (A1=3-10min) (AT=10-60min) (AT=60-300min) [(AT=300-390 min)
Spged of
e | 017 016 006 003 0,005
( DMM: 0,084 007 003 001 0,003
DMM.
Swellingcons
tant K 0,336 0,221 0,046 0,008 0,007
(MM 0,291 0,220 0,054 0,009 0,005
DMM.

Research of operational characteristics of memisréselectivity and permeability) showed
that modifying of initial polymer also leads to inopement of these characteristics. So
selectivity of the modified membranes on syvorotochrotein made 78+85 %.

The received results showed that at the expensphgs$ical and chemical updating of
polymeric raw materials, in particular, celluloseattates, various mezofazogenny substances
possible to regulate structure and properties letctigely nontight membranes.

Work is executed with support of Fund of assistancdevelopment of small forms of the
enterprise in the scientific and technical sphere.
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The use of membranes in the food industry has ase@ steadily for the past 25 years.
Membrane technologies used in the processing indirstlude reverse osmosis, ultrafiltration,
microfiltration and electrodialysis (ED). ED systemnnual sales account for about 15 % of the
total systems sold.

ED is providing new membrane separation processtisnumerous applications in the food,
nutraceutical and beverage industries. ED withnmmbranes or bipolar membranes or filtration
membranes allowed, amongst others, the coagulatigmoteins, the electro-reduction of the
medium and/or the fractionation of several food t@ires. Moreover, ED with filtration
membranes allowed the recovery of molecules withadtive properties such as antioxidant,
anticancer and antihypertensive peptides [1-6].

Pertinent characteristics of ED systems adopteithé&yood industry are:

= Improvement of process performance and food qualifgreparation of traditional food
products;

» Innovation of processes and products aimed atfyatjsevolving food requirements
related to nutrition and health;

= ED gives the food industry three advantages as aosdpto competing technologies:
increased food safety, economic competitivenessearnironmental friendliness.

ED gives the food industry three advantages as ao@dpto competing technologies:
increased food safety, economic competitiveness amdronmental friendliness. Current
applications of ED in the juice, wine and diaryustties highlight the innovation and diversity
of ED in food processing.

A special stress will be put on emerging electrofmeme technologies and applications for
added-values dairy ingredients, fruit juices, kibtgologies, nutraceutical and biopharmaceutical
industries.
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In this paper we investigate the adsorption of anaicids in the process of filtration of aqueous
solutions through a porous polymeric membrane. dimdors have developed cellulose acetate
ultrafiltration membrane modified twith activatechaccoal fine and coarse fractions, the
composition of which is protected by the Patene ftembranes are used for filtration separation
of the secondary dairy whey protein consisting wiirem acids. This process is based on the
detention of solute particles by membrane, whetigiarsize exceeds the size of the pores in the
surface layer of the membrane. The detention afotlied particles in the ultrafiltration may also
be due to adsorption of the particle by the surbawthe pores of membrane. Thus, the process of
ultrafiltration is accompanied by adsorption of fretein components in membranes. To study the
adsorption process and model it is necessary tar khe nature, structure and other properties and
characteristics of the adsorbent. The nature oatis®erbent surface, the size and shape of its pores
affects the adsorption and changes its charadtsr{she adsorption model).

In this paper, a model of adsorptives solutifralanine, albumin, and NaCl was used. All
investigated adsorptives had significant differemgerefractive index. This is important for
interfering method of determining the concentratadrsolutions, which we have chosen. As an
adsorbent in the study of adsorption of binary tsahs of amino acids polymer film ultrafiltration
membrane from cellulose secondary acetate wittoranmodifiers (UF PF CSA-membranes) was
used. The settling time of the adsorption equilioriin the system was determined by readings of
the kinetic curves of adsorption. Equilibrium saus were analyzed for the interferometer ITR -
2. The composition of the equilibrium solution wastermined. The magnitude of the excess
adsorption was calculated from the calibration eur&nalysis of the adsorption systems was
carried out on the basis of the Gibbs excess giemtnd method of the full content. The model
treats the adsorption as a process of mutual despiant of the components in the surface layer
under the condition of additivity of molecular ased# components. This model is taken as a model
of the adsorption solution. The limiting value afsarption on the example @falanine were
calculated based on the assumption of incompréigsibi the solution and the dense packing of
the components in the surface layer. The valudisniting values of adsorption ms were equal to
0.0189 mmol / g - for membranes with a small fiacwf coal, 0.0167 mmol / g - for membranes
with a large fraction of coal. The model of the@gsion solution, consisting of a single layer was
considered in this paper. The values of free enargne calculated to assess the validity of the
model solution of the adsorption and charactedsifcthe adsorption solution. The were calculated
by the method of excess quantities of Gibbs anchodetull content for systems ¢#alanine-
water-CSA-membrane and albumin-water-CSA-membrd&emparison 0fAGmnea and AGgip
showed good agreement between the data obtainexlisTtine criterion for selecting the correct
model of the adsorption layer. The change of thelynamic functions of adsorption and the bulk
solutions were calculated for a systemBedlanine-water-CSA-membrane: activity coefficiefit o
the solution components;(y) and the excess free energy of mixirigagd §°. Comparison of
the properties of the bulk solutions and adsorpsiolutions showed that in the studied systems,
negative deviations from ideality are observedtfa adsorption solutions. Similar results were
obtained for a system of albumin - water-CSA-meméra

Conclusion

The experimental data have been obtained by thegmawmdic analysis. Monomolecular
adsorption model of the solution is justified ahd tnain thermodynamic functions of adsorption
and the bulk solutions were identified. It was bbshed that the significant role played by
adsorption processes for separation of proteinetamrate raw materials by the CSA-
membrane, i.e. ultrafiltration membrane doesntknvamly by the molecular-sieve mechanism.
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Introduction

At the present time, there is much increased istarethe non-equilibrium thermodynamics
of colloidal systems: for the last ten years, hagen published many papers on this topic. This
interest is due to both the discovery of new effeahd the unexpectedly strong manifestation of
a number of classical effects. Some effects haveyeibreceived a definitive explanation, and
there are inconsistencies in the treatment of wedwn phenomena.

Basic principles of non-equilibrium thermodynamics

The essence of non-equilibrium thermodynamics esftlowing. Any physical quantity due

to uncontrolled interaction of subsystem with tast of the system changes over time: there are
random fluctuations around the mean. These flucnsiare referred to as the fluctuations of the
corresponding physical quantities. To determine rtiegnitude of fluctuations, as well as to
describe patterns of change over time is requiteth@ microscopic level to describe the
behavior of a non-equilibrium system. This probles still unsolved, so the pattern of
fluctuations of thermodynamic quantities, as walltheir evolution over time are determined
using the approach developed by Gibbs. For thipgse, the entropy of the system S is
represented as a function of physicochemical cheniatics of the subsystevd = (W,,W,....\}|)

and the probability of finding the subsystem ingeg state is expressed as
R (W) O exp[SW)]. (1)

This formula, in particular, shows that the mosiljable is the system state with the maximal
entropyS. This condition is usually associated with theestat thermodynamic equilibrium, in
which the physical characteristio#/, take values that provide the maximum valueSpfor
given initial conditions. Equation (1) is also dleetion of the second law of thermodynamics,
according to which a non-equilibrium system evolwesthe direction corresponding to an
increase in entropy.

Onsager basing on the relation (1) and using teenagtion that the relaxation of fluctuations
proceeds according to the laws established fordlexation of macroscopic quantities, on the
basis of the principle of microscopic reversibilgigowed the following. If we introduce through

the relationshipg =W -W,)
c __0S _ |
SRR @)

guantities called thermodynamic forces, and deixieat(iji:, which are thermodynamic fluxes,

in the relaxation equations

da -
— =) L. X 3
o 2h% ®)
kinetic coefficients L, obey the symmetry relations
L =L, . (4)

Equations (1) - (4) are the essence of non-equihibthermodynamics

Generalized transport equations

First of all, note that for a correct descriptiof mon-equilibrium processes involving
boundary layers the generalized non-equilibriumrtiteelynamics of transport processes in the
bulk phase should be used. In the generalized gaiHarium thermodynamics there are
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additional fluxes and forces. Without going intotadls, we note that in this case the
phenomenological equation for the vector fluxeyg, &&r the one-component gas are as follows
g=-A,0InT-A_Au, 5
J' =-A,0InT -AAu, ©)
whereq is the heat flux densityl; is the temperature, is the velocity of the fluid. SincAu up
to a factor equal to the pressure gradient, welssethe heat flux can be caused by the pressure

gradient. This issue disputed in the classical bouwkth reference to the second law of
thermodynamics. One can show that there is no adiction with the second law of

thermodynamics, since additional fluK is involved in the consideration. This flux is faifilt
to give a physical meaning because it is in a ratlvenplicated way expressed through the
velocity of the molecules. However, its existenae aot be doubted, as the heat flux caused by
the pressure gradient was measured in real expetsme

In the approximation corresponding to the system & well should be modified tensor
equations, which are now as follows

m=-\,0u —Alz—DTDT :

=0 6) (
J' ==A,,0u=A,,—,
T
wherell is the stress tensod, is a generalized tensor, and the bar over theveetors means
the symmetrical combination of their componentsud&pns (6) describe not only viscous but
also the thermal stresses.

The non-equilibrium thermodynamics of boundary condtions

The methods of non-equilibrium thermodynamics carubed for constructing the boundary
conditions. Without going into details of the cdation we can represent a set of boundary
conditions for one-component system in the form

T(O)_To a4,
— 0= 7
T Loo T (7)
29 10T 1ldp
u@O+-——=L010_+L ,——+L ——,
A 10T 10p
d=L I +L,——+L,,——, 8
Jor 2w T 227 o 2T o1 (8)
10T 10p

jbr = L31Hnr + L32F6_T+ 33?6—1_,

wherep is the pressureigT, fb[ are the heat and mass fluxes in the boundary.layes first
(scalar) equation describes the temperature junme. dystem of equations (8) describes the
effects of slip and heat and mass transfer in thentary layers. In particular, the first term on
the right side determines the slip of the fluid endhe action of tangential stresses

du,
er :_nf dX :

_ du. (¥ _, d(%
u.(0)=-Lyn;, i b, vt 9)
whereby, is the length of slip, which is now called the hyghobic slip. The other two terms
describe the thermal slip and pressure slip. Thendary conditions obtained within the
framework of non-equilibrium thermodynamics pred@iatumber of new effects.
Non-equilibrium thermodynamics of particle motion in non-uniform media

Now we present an approach to the construction af-equilibrium thermodynamics of
particle motion in a liquid or a gas in a non-unifiotemperature field. We note at once that we
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could consider more general situation, when thpetson medium is a mixture, an electrolyte,
there are non-uniform concentration field, an exaéelectric field, etc. But this would lead to
very cumbersome relations, which made the essenttee @pproach difficult. The general case
can easily be reproduced on the basis of the pagistions, one pair of which proposed below.
One can obtain the following phenomenological eiguat
U=A,F+A,0OT,

@ = )\TOF +)\TTDT’ (10)

0
whereU - the velocity of the particle; - the force acting on itA - the temperature dipole
moment of the particle. Note that if a particlenisnspherical, then the equations retain their
form, but the kinetic coefficients in this case ®@e tensors.

The coefficientAgy determines the velocity of the particle motionairfluid under the

action of external forces. This coefficient forgherical particle of radius R is determined from
the Stokes law and equa), =1/6mR.

The coefficientA,; relates the velocity of the particles with a tenapere gradient. The view
of A, fairly substantially depends on the nature ofdispersion medium, particle size and their

physical and chemical characteristics. The motiopasticles caused by the temperature gradient
is called thermophoresis. Although the history luf teffect is already more than century-long
period, it still remains the object of attentionregearchers.

Coefficient A,; determining the magnitude of the temperature dipudenent that arises in the

particle, placed in a non-uniform with respect énperature medium, is well known for the
large particles whose size is substantially grethian the thickness of the boundary layers. It is
easy to install, based on the continuity of tempeeafield and heat flux on the surface of a
spherical particle that
A.—A, 53
)\i +2)\e TO ’
whereA A, are the heat conductivity coefficients of thetigde and the dispersion medium.
Less well known is the effect determined by co&fit A;,. This coefficient sets the value of

the temperature dipole moment that arises in tiniécfgamoving under the action of an external
force in a uniform medium. This effect was firstegicted theoretically and later observed
experimentally for the case of particle motion asegs. Its appearance is due to the presence of
isothermal heat fluxes in the boundary layers.h@a tase of gases, isothermal heat flux takes
place also in the bulk and is proportional to thespure gradient. Since there is non-uniform
pressure field in the gas flow over the particteg, isothermal heat flux arises. Similar to (10)
equations can be obtained for the motion of pagiah non-uniform mixtures and electrolytes.

A =4 (5.17)

Conclusion

From the above it is clear that non-equilibriumrthedynamics becomes a relevant tool
in the study of colloidal systems. It allows youpeedict new phenomena and to find original
solutions to traditional problems of physics anéraistry of colloids. Modern development of
scientific research has revived interest in surfamenomena which are part of colloid chemistry.
The colloid chemistry is a basis of modern micrigfics that makes it possible to create new
miniature devices, becomes a base for the origgxgleriments and discoveries unexpected
effects.
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Introduction

In recent years, greatly increased the interesitarstudy of transport processes in membranes
with a complex structure [1, 2]. For gas flow imngmosite membranes some interesting effects
were observed. The most attractive of them is edlato the asymmetry of transport
characteristics. In [3] it was shown that the aswtrgnof the permeability of bilayer membranes
may be related to surface diffusion. The asymmetrdue to the strong dependence of the
surface diffusion coefficient on the degree of acef coverage. In this report we examine the
effect of surface diffusion coefficient on the segtn of a binary gas mixtures. We consider the
flow of a binary mixture in a single-layer nanosimembrane and a bilayer membrane, which
one layers is finely porous, while another is cearBhe flow of the mixture in finely porous
layer is described in the free-molecular regimel @@ flow in coarse layer is considered in the
hydrodynamic approximation.

Effect of surface diffusion

We begin our consideration with analysis of theabyngas mixture transport in the nanosize
channels, where surface diffusion significantly tcidmutes to the overall flux. We assume that
the adsorption of components is described by tmgirair isotherms

rl:rmax pl/al '
I—er pZ/GZ

max:I-'*'p1/0(1+ pz/az’
where I' ., is the maximum value of adsorptidn is adsorption of componentp; is its

partial pressurey; is the parameters of the adsorption isotherms.
Unfortunately, no data on surface diffusion dep&wedeon surface coverage in the case of
multicomponent systems. However, we can get th@gradependence using the following
considerations. The diffusion flux is usually weittin the form
Dn
J T Ou, (2)
where u is the chemical potential of diffusing componentjs its concentrationk is the
Boltzmann constant is the temperaturd® is the diffusion coefficient. This form allows ts
take into account the steric interaction betweetemues in the adsorption layer at high surface
coverage. In fact, equation (2) is classical Fitks, written using the Einstein relation between
mobility of the particles and their diffusion caefént. Chemical potential gradient in this case,
obviously, is the average force acting on the platiSince the gas in the bulk phase at pressures
can be considered as an ideal, the chemical patewti components can be written in the form
W =KTIn(p/ p), ©)
wherepy is the normalization constant. Using the equalitghemical potentials of components
in the bulk phase and in the adsorption layer &ed_.eangmuir isotherm we can be obtained the
following relation between the equilibrium partiptessures and degrees of surface filling
Gi =T; /I'max:
p — aiei

=i 4
1-6,-6, )
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Taking into account equation (4) the flux of i-tbngponent in the cylindrical channel with
radius R can be represented as

3 = Pu R onppr g9 |n(“‘—eij , (5)
KT dz dz \1-6,-6,

whereD,; is the coefficient of the diffusion in channel bull is the coefficient of surface

diffusion of component. It is easy to see that expression (5) accoumta fgnificant increase

in the diffusion flux when the surface coveragedg&eto unity, and this increase corresponds to

the dependence of the effective diffusion coeffitiased in [3] in the case of one-component

gas.

Equation (5) takes into account the mutual infleen€ components on their transfer in the
adsorption layer. In particular, the non-uniformdaf the surface concentration of the second
component causes the transfer of the first in thection of lower concentrations. This is due to
steric interactions of adsorbed molecules, wheee @aymponent is trying to display the second
component from the surface. As a second componsatdiffuses to lower concentration, the
above effect can be considered as a mutual driigeafomponents.

Expressing the degree of surface coverage thrdugipressure, we can obtain the following
pair of transfer equations

J, =T Dy dp 2nRQ I . l/a, %

KT dz 1+ pl/a,+ p/a, dz ®
3, = P2 onppr L/a, e

KT dz 1+ pl/a,+ pl/a, dz

Equations (8) where used as the basis for calogldtie coefficient of separation of binary
mixtures in the nanosize channel and the bilayanbmane. An approximate analytical solution
of equations (8) was obtained and the componere$lwere calculated, basing on which the
separation factor was determined. It is found thatace diffusion can strongly influence the
magnitude of the separation factor of the gas mexiin the nanosize channel.

A comparison of the separation factors for bilaysmbrane shows that the efficiency of the
mixture enrichment is nearly tenfold higher whea $ieparating layer is located at the input than
that when it is at the output. Note that, as a enatff fact, the concentration drop at the
separating layer is higher in the second case; hemnvehis advantage is eliminated by the
presence of a supporting layer before the separktyer.
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Introduction

The falsification of milk and dairy products (due the use of dry milk) this is an actual
problem of modern dairy industry. When you add @nstituted milk in drinking reduced the
nutritional value of the product at the expenséos$ of amino acids (lysine, cysteine), vitamins
(B1, B6, C) and ion-molecular calcium as a resuit naultiple thermal processing [1].
Gostirovannye methods of identification of dairpgucts on the basis of reconstituted milk are
not available. The aim of this work was the devedbphe potentiometric multisensory systems,
including PD-sensors [2-4] for express quantitatietermination of lysine monohydrochloride
and thiamine chloride in aqueous-organic medium.

Experimental

In the capacity of a model system investigated agsiesolutions lysine monohydrochloride
LysHCI and thiamine chloride TiaminCl (vitamiB;), of containing inorganic electrolytes
(NaCl, KCI and MgS@). Real objects of analysis were samples of milinkdwith a mass
interrelation of milk powder from 5 to 40%.

For organization PD-sensors perfluorinated sulptimcaexchange membranes MF-4SC in
the K*-type, H'-type, LysH?* type were used. A pH-selective electrofe;selective electrode,
NHs-selective electrode, dNselective electrode and silver chloride/silvererehce electrode
(EVS-1M3.1) were used.

Results and Discussion

The potentiometric multisensory systems were dgezldfor a multicomponent quantitative
analysis of solutions LysHCI+KCI+NaCl, ThiaminCl+kaNaCl and
LysHCI+KCI+NaCl+MgSQ [2, 3]. The potentiometric multisensory systemdise analyse
LysHCI+KCI+NaCl+MgSQ solutions was used for the analysis of therape«tiineral salt
with low content of sodium chloride» samples [4hid product contained NaCl, KCI, Mg3O
and LysHCI in the following mass rations (%): 0@3538; 0.31-0.40; 0.05-0.10 and 0.02-0.10.
These values matched to the mass relationship én dity sample: 0.02+0.008% NacCl,
0.38+0.02% KCI, 0.53+0.04% MgSOand 0.054+0.004% LysHCI. Thus, the measured
composition of the therapeutic salt samples wasagneement with the stated product
composition.

The potentiometric sensors for control of recontd milk in drinking milk were chosen.
The influence of the concentration of milk powdee t/alue of response of the PD-sensors with
membranes MF-4SC iK'*-type, H'-type, LysH**type were found.

Acknowledgements

Authors thank cand.ch.sc., the chief of laborafrynembran processes OSS "Plastpolymer"
(St.-Petersburg, Russia) Sergey V. Timofeev foingi\samples of membranes. This work was
financially supported by the RFBR (projects 12-@8<034a) and «P.Y.S.I.C.» (research projects
9591p/14212, 01.08.2011).

References

1. Prosenkow.Y., Kopotkaya E.V.,Mudrikov@.V. Dairy industry. February, 2010

2. Bobreshova 0.V, Parshina A.V., Ryzhkova H.Russian J. of Anal. Chem. 2010. V. 65. P.
885-891.

3. Bobreshova O.V, Parshina A.V., Ryzhkova E.A. Zav. lab. Diagnostics of materials. 2011.
V. 77.P.22-25.

4. Bobreshova 0.V, Parshina A.V., Timofeev S.V., RyzahE.A.RF Patent 107590, 2011.
Byull. izobret. no. 23. 2p.

190



ELECTROSURFACE AND STRUCTURAL PROPERTIES OF POLYMER

MATRIX BASED ON PET
'Konstantin Sabbatovsky, ?Aleksandr Vilensky, *Vladimir Sobolev,
Boris Mchedlishvili
'Frumkin Institute of Physical Chemistry and Electrochemistry of RAS, Moscow, Russia,
E-mail: vsobolev@phyche.ac.ru
“Shubnikov Institute of Crystallography of RAS, Moscow, Russia, E-mail: track@eimb.ru

Introduction

We used PET film of 10 microns thickness, whicheveradiated with accelerated ions of Kr
with a flux density of 1,8.0° and 210° ions/cnf at the energy of 2 MeV/a.m.u., and then etched
in a weak alkaline solution to obtain the arraym@dmbrane pores of a certain radius. Structural
and electrosurface characteristics of the membravee studied in continuous electrolyte
filtration on the installation diagram as shown {i]. The design allows simultaneous
installation in continuous filtration membranes rteeasure the resistance (R), hydrodynamic
permeability and streaming potentiAE/AP) of membrane in the electrolyte solution*4510™
M KCI. The average hydrodynamic diameter of theepawas calculated from the equation of
Poiseuille by the following formula Kf =iwr4N/8nhh, where Kf - filtration coefficient, r-
hydrodynamic radius of the membrane; N-pore densityscosity of the solution; h-thickness.

Kf was calculated on the hydrodynamic porosity (Pf)track membrane (TM). The R
measure was performed at a frequency of 100 kHe.slinface charges) was calculated using
the Schmid and Schwarz model for fixed chargehénfine pores. The calculation of the zeta
potential () was performed using the Helmholtz-Smoluchowskiiaggpn corrected for the
contribution of double layers.

Results and Discussion

Figure 1 shows the dependence of the surface clu@mggty ¢) of the concentration of KCI
for membranes of different sizes. For wide-poros (Fig. 1, curve 4) does not depend on the
electrolyte concentration and is equal t8{@0* C/n?. The membrane surface charge increases
in magnitude by more than an order with decreapiog size and reaches4C/nf (Fig. 1,
curves 1-3). In our opinion, increase of the valaés can also be associated with increasing
oxidative and destructive processes in the polymasra result of which is an increase in the
content of functional groups at the approach totthgctory of the track. Lowering of the
potential as a source and heat-treated membran@2%oM solution of KCI, in the range of
6,5-25 nm pore radius is almost linear (Fig. 2). Nol@t for close values of the radii of heat-
treated samples have been lowgpotential compared with baseline. The radius 25 nm
corresponds to the size of the local area of smgethf the Kr latent track.
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Figure 1. Dependence of surface charge
density §) of membranes on the
concentration of KCI at pH 6.5. Membrane
pore radius: r = 6.5 (1), 12.5 (2), 17 (3),

40 nm (4). N = 2I0° pore/sm
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Figure 2.Dependence of thepotential on the Figure 3.Dependence of the ratio Kgkn
pore radius of TM: 1 - original samples the KCI concentration. Membrane pore radius
2 - sample after heat treatment. The r=6.5(1), 12.5(2)21 (3), 40 nm (4).
measurements were performed for 0.25 M KClI N = 240°sm?

solution. N = 2T0° pore/cnd

Figure 3 displays the change in the relations efdlectrolyte conductivity in the pores of the
membrane to the bulk electrical conductivity at 8sme concentration of electrolyte in the
membranes with different pore radius. In generdiaidy predictable downward trend in the
relationship of K/k is decrease in the degree of contribution of deldyers in the pores of the
membrane.

For membranes with pore radius 6.5 and 25 nm fdittreldifference between 1 K/iKalready
for 0.25 M solutions of KCI (1.12 and 1.06, respealy). For the 0.1 M KCI solution indicated a
significant excess of the electrical conductivifytioe electrolyte in the pores of the membrane
over the bulk values (33 and 17%, respectively)th& concentration of 10mol/l, this ratio
reached 48 units for the most thin-porous memb(anese 1), which is associated with excess
counterions in the pores. Attention is drawn to fihet that at wide-porous membranes in the
absence of overlapping DEL (for example, has ausadf 40 nm), the ratio K/iKhigh enough
(about 6.5).

Many authors attribute this to the existence of dnhaular zone of the polymer around the
loosened channel pore, which is distributed in @@0OH group. In the neutral pH region
loosened polymer occurs and the space charge regfioran additional conductivity.

The appearance of the gel layer due to the faadimtion of the polymer by heavy ions in the
track is not only the degradation of macromolecubag also their cross-linking. As a result,
there is a spatial grid. In alkaline solution thgdtolysis affect only linear macromolecule
polymer, and cross-linked remain unchanged. Asaltréhe selective etching loosened structure
filled to electrolyte is formed (gel layer on theface of the pores).
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Introduction
It is well known that the reason of ion transpatederation in composite materials, including
hybrid membranes, is sorption processes on thefacte that are determined by the surface
properties (sorption ability, hydrophobicity) of tedal components. Earlier it was shown that
perfluorosulfonic cation-exchange membranes suciNa®n (Du Pont, USA) and MF-4SC
(Plastpolymer, Russia) that are widely used fot@roexchange membrane fuel cells design,
electrochemical synthesis and water cleaning psasesnodification by means of silica and
zirconia incorporation results in the considergi@perties changing, particularly, ion transport
rate (conductivity, diffusion permeability) and i@electivity. Thus it can be supposed that
variation of sorption-exchange properties of incogbed nanoparticles surface will result in
considerable properties improving of hybrid memlesan
This work summarizes results on the MF-4SC membnaoeification with silica and zirconia
with functionalized surface.
Experiments

Hybrid membranes were synthesized by casting meftttod MF-4SC polymer solution in
isopropyl alcohol. Tetraetoxysilane (Si(eHz)s, Fluka, >98%) and zirconium oxychloride
(ZrOCl,, Merck) were used as precursors for dopant natiofesr synthesis. Surface of silica
and zirconia was functionalized by variation of #eidity by means of precipitation at different
pH (in acid: MF-4SC+SigfH") and in basic: MF-4SC+SiQOH) solutions) and by chemical
modification by hydrophilic groups with differentidity (sulfo-: SG;H-, amino-:aminopropyl
R1, 3-(2-imidazolin-1-yl)-propylR,) and hydrophobic groupsl#,1H,2H,2H-perfluordodecyl,
PFED). All samples with the exception of membranes diopg oxides with sulfonated surface
were obtained by membrane casting from polymertgolucontained calculated quantities of
precursors and modified fragments followed by preats hydrolysis to obtain oxides. Materials
with oxides with sulfonated surface was obtainedchsgting from polymer solution contained
beforehand prepared oxides due to the impossilgfiturface sulfonation in side of membrane
matrix. All membranes were treated one after amdblyel0% solution of kD,, 5% solution of
HCI and twice by bidistilled water at 80°C.

The water uptake of membranes was determined adffexedce between the starting
membrane weight and the weight of the membraneddaie 110°C. Thermal analysis was
performed on a Netzsch-TG 209 F1 instrument in aum crucibles, heating rate 5°/min in
argon atmosphere. Proton conductivity was meaduaragter in the temperature range 20-100°C
with the use of “2B-I' impedance analyzer (frequemeas ranged from 10 Hz to 1 MHz) in
carbon/membrane/carbon symmetrical cells, with dbBve surface area varied from 0.2 to
0.5 cnf. Conductivity values were obtained by semicircle@polation to the resistance axis.

The diffusion permeability was analyzed in the tebf@mmber cell. The electrolyte (NaCl or
HCI solution) was transferred through the membriate a bidistilled water filled compartment.
The electrolyte transfer rate was controlled by ¢baductivity measurement or pH technique
using a conduct meter Expert-002 (Ekoniks-expertMettler Delta 340 pH-millivoltmeter,
respectively.

Results and Discussion

Earlier it was shown that dependence of proton gotidity on dopant content pass through
the maximum at 2.5 wt.% of Zgland 3 wt.% of Si@ Thus all membranes doped by oxides
with functionalized surface were carried with thesacentrations.
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Incorporation of oxides with functionalized surfacdéo membrane matrix leads both to
conductivity increase and decrease in comparisah WiF-4SC membrane doped with pure
oxides depending on the nature of terminal groupd #he route of the hybrid membrane
synthesis. The conductivity of membranes doped siltba precipitated at different pH (in acid
(SiOx(H")) and alkaline (SigfOH)) solutions) and silica with surface contained RFDups is
high than that for initial membrane and membrangedowith pure silica. Conductivity increase
can be explained by the model of the semielacitsnembranes porésincorporation of oxides
functionalized with amino- and sulfo-groups, on tentrary, leads to the decrease of ion
conductivity. The decrease of conductivity in trese of modification with amino-groups is a
result of the mobile protons concentration reduditug to absorption of the part of them by
-NH;, - groups. The conductivity decrease of materia|sed by oxides with sulfonated surface is
caused by the great particles size: it is aboutrtBpwhile the initial membrane pore size of
about 5 nm.

Diffusion permeability and interdiffusion coefficies are also important characteristics of ion-
exchange membrane that can give useful informathmout ion transport processes in material.
Silica and zirconia surface functionalization byamg of acid protons concentration increase
(SOsH-groups, SiQH")) leads to the diffusion permeability decrease tmthe slowdown of
anion diffusion rate. This indicates the improvetn@membrane selectivity in comparison with
both initial membrane and membrane doped with purées. These results can be explained as
follows. Incorporation of nanoparticles with highH-Eoncentration leads to the formation of the
thin Debye layer inside of membrane pores where#t®ns concentration is much higher than
anions one. Thus, the anions concentration in trespdecreases and such distribution of ions
reduces the anions transfer rates and increassdtiggy. Hybrid membranes doped with silica
contained PFD groups also have higher ion selégtihian initial membrane and membrane
doped with pure Si©

Silica surface funnctionalization by proton-accemmino-groups (Rand R) significantly
affects on the diffusion permeability of membranBsus, incorporation of particles containing 5
mol.% of R or R, leads to the some reduce of diffusion permeabditgfficient in comparison
with the initial membrane, while increase of maoglifigroups concentration on silica surface to
10 mol.% results in the significant rise of thefusion permeability coefficient, and to the
increase of anion transfer rate and reduction iaragelectivity. This effect can be explained by
the interaction between proton-acceptor amino-gsam functional sulfo-groups of membrane
that leads to the formation of the fixed NRons. This assumption is proved by the decrease of
conductivity and sorption exchange capacity of memés doped with silica with modified
surface decrease. Areas with the low cations agld &mions concentration may occur as a result
of these interactions. This leads to the anionstexrrate increase. Also, the molecular weight of
hydrocarbon fragment influences on the diffusiomnpeability coefficients. Incorporation of
silica with surface contained branchier modifieduy (R in comparison with B leads to the
diffusion permeability coefficient decrease. It da@ suggested that decrease of free volume
within the membrane pores due to incorporation partale with more volumetric modified
group on the surface that leads to the selectivifyrovement.

Thus it was shown the influence of the nanopadiderface functionalization ncorporated
into ion-exchange membranes on the transport ptiepend selectivity.

This work was financially supported by the fedetatget program “Educational and
scientific-educational staff on innovative Russfai 2009-2013 years (project GK P872) and
RFBR (project 11-08-93105).
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Introduction

Composites based on polymeric ion exchangers irfaime of globules or membranes with
chemically deposited metal nanoparticles can bdieappractically as chemical/biochemical or
catalytically active materials. Reaction activifysoich composites depends not only on the metal
nature and oxidation state but also on its distidouinside the polymer matrix, in its volume or
its periphery, and also on the nature of the matrex cation- or anion-exchange groups,
porosity, etc. Some metal-ion exchanger composibgh are not so active in chemical
reactions can function as catalysts. In this casemgortant example is given by the oxidation
reaction of aldehyde impurities in water or alcahdt is currently a crucial problem to find a
catalyst for this reaction which is both active enadnild conditions (low temperature) and
efficient (maximal degree of the process compleispeMetal-ion exchanger composites are
bifunctional materials which combine ion-exchanged anetal properties. It means that even in
the case of incomplete oxidation of aldehydes @wesponding acid instead of g@nd HO)
the formed acid can be adsorbed by ionogenic cemtethe matrix. That is why metal-ion
exchanger composites can be considered as progpeatalysts for aldehydes removal.

Experiments

Strongly basic anion-exchange polymers types of 1&V8 or AV-17-2P with chemically
deposited silver were chosen in the case of methanaoving from water medium. Matrices
with different nature (cation-exchange, anion-exg® complexing, natural tuff as a zeolite)
with chemically deposited silver were used for regmg of ethanal from ethyl alcohol. NaBH
or N;H, alkaline solutions were reducers.

1 or 5 mM concentration of methanal in water andM of ethanal in ethanol were used. The
concentration of methanal was determined via redoa¢ion analysis with hydrogen peroxide
and sodium hydroxide. The concentration of ethamalethanol was studied via gas
chromatography (GC) method.

Results and Discussion

Silver containing polymers were prepared via spegracedure described earlier [1]. For
removing of above-mentioned aldehydes one shoeldtera layer of silver oxide on the surface
of particles. As it is well-known, silver is stabte molecular oxygen oxidation because of
forming of thin (and X-ray amorphous) but very derside layer on the particles surface in
oxygen atmosphere which block subsequent oxidaflancreate of such oxide layer on the
surface of silver particles inside the ion-exchamgatrices all samples of composites were
preliminary oxidized in water by uninterrupted orygflow through the layer of composite and
water.

After this procedure all composites were testedyasometric cell and it was found that
subsequent oxidation with molecular oxygen didtake place.

Methanal and ethanal did not oxidize with molecwaygen in normal conditions. They can
be removed from liquids via sorption/chemi-sorptarcatalytic oxidation. Therefore, we tested
firstly the sorption ability of ion exchange magtcto aldehydes. Silver oxide can be used also as
a reagent to aldehydes oxidation (reaction o&silwmirror). That is why we checked primary the
possibility of this reaction in inert (argon) atrpbere.

In Fig. 1 one can see the degree of the methandation completenessy, in water with
argon atmosphere and with oxygen atmosphere. Oaeldslbe mentioned, that activity of
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composite catalyst in inert argon atmosphere isirdgned progressively in time whereas in
oxygen atmosphere the activity of composite ina@dais time up to the maximal degree of
process completeness. The activity of composithenlast case remains at the same level even
by multiple repetitions of this process with theneasample of composite.
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Figure 1.The degree of the methanal oxidation completermgss,water by inert or oxygen
atmosphere in the presence of composit€OAgg)AH-17-8 (reduced with NaBj

Ethanal oxidation in ethanol medium was realizedvi®ans of composites based on various
matrices (Table 1) because of specific in both kmgehbility and sorption ability of cross-linked
ion-exchange matrix in alcohol (instead of water).

Table 1: The degree of the process completeneas,n ethanol medium in the case of
ethanal sorption by matrix and its oxidation in themolecular oxygen atmosphere.
Reducer NaBH,

Matrix of composite a, % a, %
(ionic form) Sorption in 5 h Oxidation in 5 h
CU-23-15/100 (Na") 21.4 52.6
CU-2-8 (Na") 15.9 10.4
AH-17-8 (OH) 49.4 68.0
AL-830 (OH) 78.2 82.3
AH-17-2P (OH") 58.7 97.9

All these data showed that metal-ion exchanger ositgs played the role of renewable
catalysts in the presence of molecular oxygen wladoh active and efficient even in mild
reaction conditions (room temperature). In thispees such composites, especially based on
strongly-basic anion-exchange matrix, are muctebéttan known analogues in literature.

This work is supported by RFBR (project 10-08-00847
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Introduction

The materials based on platinum group metals aentbst effective for the majority of
electrocatalytic reactions, but their use is limitey high cost [1]. Therefore, the creation of
electrocatalysts with a high specific surface aaed low noble metals content is of great
interest. Electrochemical methods allow synthegizidimetals based the alloys and oxide
systems, which are catalytically active materiald ean be used in hydrogen energetic.

Experiments
Coatings based on transition metals oxides, Fi®,O, (M = Mn, Co, Ni) were formed on

titanium alloy by the microplasma oxidation methdlde Ag-Co alloy was deposited on the
copper substrate by the pulse mode. Electrocatabgtivity of both types of coatings was
investigated in the electrode reactions of hydroged oxygen evolution by the polarization
technique. The measurements were carried out fargubcid and sodium hydroxide solutions
in the 1M HSOy by the potentiostatic mode. Catalytic activitytoé materials was tested in the
CO oxidation process in a tubular flow reactortiéthimixture of CO and air was fed to the
reactor inlet at the rate of 0,025 I/min and atc¢becentration of 1 % vol. Quartz glass tube with
a coaxially wound heating coil was used as a citaleactor. Reactor temperature was
increased from 20 to 420 °C at the rate of 1 °Cf3.content in the outer mixture after passing it
through the reactor were analyzed using the indieanalyzer.

Results and Discussion

Kinetic parameters of the electrolytic oxygen etiolu reaction — Tafel constants a, b and the
exchange current density(jable 1) for the mixed oxide coatings are sintiathose of the platinum
electrode [2]. The calculated constants a, b gandlyes for the hydrogen evolution on the Ag-Co
alloy indicates that the optimal in terms of caialgctivity content is a silver 15—-20 % wt.

The research of mixed oxide coatings catalytic prigs showed that the 100 % conversion
degree (X) of CO to C@Os achieved on Mi©, - TiO, at the ignition temperature;{Tof 250 °C.
Conversion degree of 100 % on the Ag-Co alloys wlserved independently of the noble
component content in the alloy, althoughr@dduces from 250 to 240 ° C with increasing ofesil
in the coatings.

Table 1: The mixed oxide and silver-cobalt alloy catings characteristics

. Exchange Conversion Ignition
Electrode matena:)l/s, metal Tafel constants current der?sity degree CO/CO, temgperature
content w, % wt. a Vv b,V 1g jo. [Alem?] X % T, C
Ptiheor. [2] 1,08 0,118 -9,1 200
S5 g Ptexp. 1,10 0,138 -8,1 100
g% = Mn,O,-TiO, 1,12 0,124 -9,1 250
O 3 g Co,0,/TiO, 1,00 0,167 -5,9 65 260
Ni,O, TiO, 0,96 0,180 -5,4 58 270
Ptineor. [2] 0,31 0,10 3,1 200
gg § Ptew. 0,30 0,10 6,0
_g % '§ Ag-Co; w(Ag) =8 0,72 0,14 51 100 250
£ 3 0 | Ag-Co; w(Ag) =15 0,18 0,10 1,8 245
Ag-Co; w(Ag) =20 0,20 0,10 2,0 240
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Introduction

At present time tartrate containing solutions (winguices, etc.) are processed using
electrodialysis with IE membranes manufactured tsgoA, Japan. These membranes allow
conducting electrodialysis at relatively low powepbnsumption. Nevertheless, they are
expensive and their initial characteristics hazdetated relatively fast [1]. Anion exchange
membranes are especially inclined to change ofactenistics. The goal of this work was the
comparative study of different anion exchange mesiming to choice of optimal material to
producing of new anion exchange membrane. Afterstilection of resin JSC ShchekinoAzot
produced the experimental samples which were sludrel whose properties were compared
with common commercial membranes.

Concentration dependences of surface resistandgsenaf serial heterogeneous membranes
manufactured by Fumatech, Germany; MEGA, Czech BRepand ShchekinoAzot, Russia,
showed [2] that membranes containing mainly secgndad tertiary amines and produced with
strongly crosslinked ion exchange resins have rieatdy high resistance in hydrotartaric form.
Basing on this hypothesis it was suggested that bmeme for treatment of tartaric containing
solution must (a) contain mainly quaternary ammongroups; (b) be produced from weakly
crosslinked ion exchange resin. In this case ¢@dfigroups of membrane will not react with
OH ions which may be produced in membrane pore swiws a product of tartrates hydrolysis
reactions and Donnan exclusion of the protons 6this solution; (b) Young module of weakly
crosslinked membranes should decrease, resultimgiease of pore radius and amount of water
in pore solution, leading to increase mobility arfttates in it.

Experiments

To validate the assumptions listed above, 8 anxmmange resins produced by Russian and
foreign manufacturers (Table 1), which are alreadgd or can be used for heterogeneous
membranes production, were studied. Resins chosenntestigation mainly consisted of
(according to manufacturers), polysterene - dilaepizene matrix and contained quaternary
ammonium groups. Crosslinking degree varied byed:fit (from 2 ¢ 20 %) amount of
crosslinking agent, divinylbenzene (DVB), introddc@to reaction mass during ion exchange
resin synthesis. Anion resin electrical condugfivitas determined through value in isoeletrical
conductivity pointkiso (Fig. 1) using U-shaped cell [3]. Concentratiopeledences of electrical
conductivity of membranes produced from these sewiare found by difference method with
clip-cell [4]. Measurements were conducted usinmitance meter MOTECH MT4080 at 1 kHz
frequency and temperature of 25+0C2 °©

Table 1: Some characteristics of studied anion exahge resins and values of their
electrical conductivity in NaCl and KHT solutions

1

Anion exchange DVB content, % lon exchange Kiso. MS cm ™
resin capacity, mole/L NaCl KHTr
AV-17 2 2 - 0,35 <0,06
AV-17 6 6 1.30 0,2 0,032
AV-17 10 10 - 0,15 0,021
AX 1 - 0,42 <<0,065
AX 2 - - 0,073 0,012
A-400 8 1,30 0,32 <<0,07
A-500PS 2 0,8 0,16 0,032
A-860S 2 0,8 0,35 <0,06
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Results and Discussion

Some characteristics of studied anion exchangesesid obtained values of their electrical
conductivity in NaCl and potassium hydrotartraté]TK solutions are presented in Table 1. Fig.
1 illustrates the procedure of isoelectrical corigity points determination for resins,
manufactured from identical monomers but containilifferent amount of DVB in reaction
mass.

Experimental data confirmed the correctness of ssiggl assumptions. Decrease of
crosslinking degree of resins is accompanied bywtroof their electrical conductivity.
Moreover in the case of KHT solutions, as suppo#sd, effect was more noticeable (Fig. 1b)
than in the case of NaCl one (Fig).IMacroporous AX, as well as A-400 anion excharegn,
demonstrates the highest electrical conductivitipes in KHT solutions. The preference was
given to Russian resin, so basing on it ShchekimbAmanufactured 2 experimental set of
heterogeneous membranes: MA-daRd MA-41R.

NacCl 0.8 KHTr
4 |
0,6 /
3 £
£ % ye
% 204 )
22 - -
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1 —=— AV-17 (DVB 6%) —@—AV-17 (DVB 6%)
’ —a— AV-17 (DVB 10%) ot DA L)
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0 0.2 0.4 0 0,02 0,04 0,06
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Figure 1. Concentration dependences of AV-17 iahaxge resin electrical conductivity in
NaCl andKHT solutions. Dashed line shows the electrical emtigtity of solution in absence of
resin

Some characteristics of these membranes, as wiikais, values in NaCl and KHT solutions
are given in Table 2. Concentration dependencesudfce resistance of these membranes in
sodium chloride and potassium hydrotartrate sahstiare shown in Fig. 2. Data for commercial
MA-41 (ShchekinoAzot, Russia) and AMX (Astom, Japamembranes are given for
comparison.

The obtained data show that:
1) usage of macroporous resin lead&dgincrease of heterogeneous MA-41 membrane in 1,7—
2,1 times (NaCl) or in 2.4-3,5 times (KHT), makielectrical conductivity of MA-41RndMA-
41R, ion exchange material higher than such of AMX meanbr
2) decrease in thickness of membrane produced ABMRP ion exchange resin helps to reduce
the surface resistance; in case of MA-gdiiembrane in KHT solution this resistance becomes
comparable to such dgfMX membrane.
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Figure 2. Concentration dependences of membrarfaciresistance in NaCl arféHT

solutions

Table 2: Some properties of studied membranes andeetrical conductivity of their gel

phase in NaCl and KHT solutions

AMX MA-41 MA-41P, MA-41P,
aminated AV-17, AX 1, AX 2,
Membrane styrenedivinylbenzene polyethylene | polyethylene polyethylene
composition randomly cross-linked
copolymer and 45 - 55%
of polyvinylchloride
NaCl
IE Capacity*, mM / mL 1,56 1,25+0,05 0,65+0,05 0,65+0,05
Thickness, pm ** 140£10 480+10 500+15 470+10
Kiso MS cm™ 4,4 3,4 5,8 7,3
KHT
Thickness, pm ** 150£10 500+10 535+10 510+10
Kiso, mS cm™ 0,9 0,7 1,7 2,5
* for the swollen membrane in the @brm
** for the swollen membrane
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STUDY OF ELECTROCHEMICAL CHARACTERISTICS OF MODIFIE D

BIPOLAR MEMBRANES

Olga Shapovalova, Nicolai Sheldeshov, Victor Zabolo  tsky
Kuban State University, Krasnodar, Russia, E-mail: sheld_nv@mail.ru

Introduction

Bipolar membranes are bilayer composites, in whicé of the layers is the cation-exchange,
and another is anion-exchange. These membranes @lobtain hydrogen and hydroxyl ions
from water molecules under the influence of an taleccurrent. The dissociation of water
molecules in such systems is "working" process trad effectiveness of electromembrane
process as a whole depends on overvoltage andhteffeciency of generation of Hand OH
ions. It is known that catalytic additives introédcin the bipolar region affect at the rate of
reaction of water dissociation in bipolar membramegoduction of additives can be carried out
in various ways: during manufacturing of the membraby hot pressing, chemical,
electrochemical methods. Such additives may be @afanic and inorganic substances.

Experiments

The objects of study were heterogeneous bipolarexmmange membranes, obtained by
means of: a) rolling, containing a catalyst ionp@r with phosphonic groups and without a
catalyst, b) pressing without catalyst and withalyast - chromium hydroxide, which was
obtained in the membrane after formation by a chahmethod.

Frequency spectra of the membrane impedance weasumesl in four-chamber flow cell (Fig.
1) at four-electrode circuit by virtual impedanceter-analyzer in 1 Hz—1 MHz frequency range
(Scen = 2,27 cmi). Dependence of the resistance of the bipolaoregh the current density was
determined from the frequency spectra of membratkdeen measured at different electrical
currents. Then the partial current-voltage chargstte of the bipolar region was calculated using
the formula:

7= [Rdl, (1)

wherer,—overvoltage of a bipolar region.

Coion transport numbers of sodium and chlorideughothe bipolar membrane was measured
using a modified Hittorf method. The essence of tiethod consists in determining the total
flux of sodium cations from 0.5 M sodium hydroxidelution to 0.5 M hydrochloric acid
solution and the total flow of chloride anions hetopposite direction through the membrane.
The concentration of chloride ions in sodium hyddexsolution at the inlet and outlet of the
alkaline cell was determined by potentiometrication with silver nitrate solution, after
neutralizing the excess of alkali with nitric acwlith bromothymol blue indicator. The
concentration of sodium ions in hydrochloric acausion at the inlet and outlet of the acid
chamber was determined by direct potentiometrichogtwith standard additions with the
known slope of the electrode function, taking iat@ount dilution and pre-neutralizing excess of
acid by ethylenediamine, as follows:

-1
_ Vs ers_ | Vo
Cy = Cs(vp , \J[loa (V—p V. J] (2)

whereS - slope of electrode functioV;s — volume of added standard solutidfy, — volume of
studied solutionCs — concentration of added standard soluti@Gg;— concentration of studied
solution; AE—potential drop between Naelective electrode immersed into studied soluitth
small addition of sodium chloride of known concatitth and electrode immersed into studied
solution. In both cases, the potential of the'-S@lective electrode was measured against
standard silver chloride electrode.

In addition, the concentration of chloride ions ahd sodium ions were determined in the
initial solutions, which are fed into the cell.
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Effective transport numbers of sodium ions and etéoions through the bipolar membrane is
calculated by the formula (3), and hydrogen iord laydroxyl—according to the formula (4).

_(C,-CV,F

=i 3)
TH+ OH" :1_TNa+ ~Tor (4)

where Tyas and Te— transport numbers of sodium ions and chlorides;i@ and C% — the

concentration of these ions in solution at outled @nlet of electrochemical cell, mol/lv; —

volume rate of solution through the cell, LFs+-the Faraday constant, C/mb¥current supplied

to the cell, A.

Ti'

Results and Discussion

From the dependence of the resistance of bipoiioms of studied membranes (fig. 1a, fig.
2a) one can see that the resistance of the menshrarech included a catalytic additive,
essentially, a 3 — 100 times lower than that of dniginal membranes, which indicates the
efficiency of used catalytic additives. The resis@ of the bipolar membranes containing
phosphonic groups with high catalytic activity iretwater dissociation reaction does not depend
practically on the current (fig.1a). If the memlbeathoes not contain a catalytic additive, and it
contains ionic groups with low catalytic activitthe resistance of the bipolar region is highly
dependent on the current density (fig. 1a, curv&22a).
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Figure 1. The dependence of the logarithm of thitasa resistance of a bipolar region on
the current density (a), and partial overvoltagerent-voltage characteristics of bipolar
region (b) of bipolar membranes: 1 — with ionpolyroentaining phosphonic group; 2 -
without a catalyst in the system of 0/@IHCI | 0,01/ NaOH. The bipolar membranes
were prepared by rolling th€M-PES and the AMH-PES membranes
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Figure 2. The dependence of the logarithm of thitasa resistance of a bipolar region on
the current density (a), and partial overvoltageremnt-voltage characteristics of bipolar
region (b) of bipolar membranes. 1 — chromium hydie(lIl), which was obtained in the
membrane after formation by chemical method, 2thout a catalyst in the system of
0,1M HCI | 0,1M NaOH. The bipolar membranes were prepared byngltheCM-PES
and the AMH-PES membranes
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The introduction of catalytic additives in the bgomembrane significantly reduces the
overvoltage of the bipolar region (fig. 1b, 2b). uBhintroduction of phosphonic groups
containing ionpolymer in bipolar region, reduces tivervoltage on it from 10 Vupto 0.2V at 1
Aldm? current density (Fig. 1b), and the introductioncbfomium hydroxide(lll) reduces the
overvoltage from 6 V to 2 V at the same currentsitgn

Despite the fact that the sodium and chloride cdlares through the bipolar membrane
increases with increasing current density (figd@g to increased electromigration contribution
to the transfer, the effective transport numbergheke ions decrease with increasing current
density (fig. 4), and the current efficiency of hggen and hydroxyl ions in these membranes
increase from 0.89 at 0.5 A/drourrent density to 0.96 at 3 A/drourrent density.
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The current efficiency of hydrogen ions and hyditaxy these membranes is not lower than
0.88 in the range of operating current densitigsté.d A/dn?).

This work was supported by Foundation for Assisgtatec Small Innovative Enterprises in
Science and Technology, State Contréc®836)/14244.
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ELECTROKINETIC PROPERTIES OF COMPOSITE MEMBRANES

MF-4SC/POLYANILINE IN DEPENDENCE ON THE COUNTER-IONS TYPE

Svetlana Shkirskaya, Ninel Berezina, Mariya Kolechk o
Kuban State University, Krasnodar, Russia

Introduction

Electroosmotic permeability is the key factor ire tBolution concentrating processes by
electrodialysis and membrane electrolysis. Recegh#ymany different modifications of the ion-
exchange membranes are preparated due to inclafiamgitions to the nanosize structure of the
perfluorinated sulphocationic membranes. The aimtloé research is the revealing of
electroosmotic permeability and conductance depsseteon the concentration and electrolyte
types in the set of metallic and proton counterionthe MF-4SC membranes before and after
modifications by polyaniline.

Results and Discussion

The composites MF-4SC/polyaniline were obtainedsbgrt synthesis method by one-side
diffusion with help of concentrated solutions ofilme, acid and (NH).S,0Og during only 25
min. As a result we prepared the surface-modifikdsf with the thin polyaniline layer (25-30
mcm) [1].

Figure 1 demonstrates the concentration dependaridbe water transport numberg)(in
the wide interval of salt and acid solutions. Thevalues are measured by volume method,
which was described in [2]. The comparison of tatador composite and initial membranes has
shown the effect of essential decrease of the waéstrotransport across the polyaniline layer
which is equal 50% for all counterions, includingpton water transport. These data confirmed
the identical effect observed earlier in [3, 4]r(@her morphology of polyaniline layer).

The other interesting result is the set of watangport numbers in the concentrate electrolyte
solution (0,75 — 1M) for composite samples (Fig. Wwhich have \} values from
7 - 4 - 3 - 3. 1mol BO/F in the number i~ Na” - K* - Cs - HzO" accordingly.
Practically these values are close to the hydratiembers of the same ions in the electrolyte
solutions, which dependence on the ion radii [5]isl interesting to note that the surface
polyaniline layer hinder the water electrotranspuetctically in the all concentration region (Fig.
1 b). So, blocking properties of surface polyamiliayers can be used for the determination of
close hydration numbers of transported ions irelkeetric field.

tw, mol H,O/F tw, mol HO/F
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Figure 1. Concentration dependences of the watrdport numbers for membranes MF-4SC
(a) and MF-4SK/PAn (b) in dependence on the cotintes type:

1-Li",2—- Nd,3-C§,4- K,5-H
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The investigations of conductance in the same vateof electrolyte solutions permits to
reveal the change of the mechanism of proton teargfross the polyaniline layer. It was shown,
that due to blocking property of polyaniline layke relay mechanism is retarded because proton
does not find water molecules with favorable orgions [2].
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SINGLE-WALLED CARBON NANOTUBE-PMMA COMPOSITES FOR
POLYMER GEL ELECTROLYTES: INFLUENCE ON PROTON

CONDUCTIVITY

'Liudmila Shmukler, *Nguyen Van Thuc, “?Liubov Safonova
YInstitute of Solution Chemistry of RAS, Ivanovo, Russia, E-mail: les@isc-ras.ru
’lvanovo State University of Chemistry and Technology, Ivanovo, Russia

Introduction

Single-walled carbon nanotubes (SWNTSs) exhibit uaimechanical, electrical properties and
are of great interest in using them in the forrmahocomposites in various electronic devices,
ultra-high strengths materials. However, the disjper of SWNTs in organic solvents and
polymer matrices is hindered because of their gtagglomeration, which occurs due to van der
Waals interactions. The new strategy that effidjegtaft poly(methyl methacrylate) (PMMA)
on SWNTs byin-situ free radical polymerization in a poor solvent dfIl®A has been
introduced in [1]. This process is analogous fishitg process; that is, during polymerization
thelivind polymeric radicals (fisi) are expe@t from the poor solvent and enthalpically favored
to absorb to the surface of SWNTs (fishhooKfis approach isromising for productionof polymer
nanocomposites.In the present work, the method of production @bt@n conducting gel
electrolytes and membranes has been introducetieobdse of this approach. The aim of the
work was to study the influence of additions ofdtionalized single-walled carbon nanotubes on
the electrical conductivity of polymer gel electii@ls based on PMMA, doped with solutions of
phosphoric acid itN,N-dimethylformamide (DMF).

Experiments

SWNTs were synthesized in the Institute of ProblashsChemical Physics of the RAS
(Chernogolovka). The proton-conducting gel elegtesd prepared by the method described in
[2]. Benzoyl peroxide was applied as the polymeéiarainitiator. The resulting functionalized
SWNTs was dispersed in the gel electrolyte comjwsitf 5 wt% PMMA-[0.1M HPO,-DMF]
in an ultrasonic bath at a frequency of 35 kHzIfdrour. The result was an opaque gel with gray
colour. Next, the gel was processed by repeatetiiteyation at 15 000 rev/min of the gel until
a stable transparent suspension appearance.

The conductivity of gels was determined by eledisnical impedance method with
Solartron 1260A over frequency range of 0.1 Hz-12Mtith signal amplitude of 10 mV.

The fluorescence spectra were recorded on a spactameter Avantes 2048 in the range of
0 to 1000 nm.

Results and Discussion

The resulting composite was studied by fluorescesmectroscopy in order to prove that
process of functionalization of nanotubes, condiibiethe method of [1] was successful. Figure
1 shows the fluorescence spectra of functionaliaed non functionalized nanotubes are

dispersed in ethyl acetate.
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Figure 1. The fluorescence spectra of non functliaad SWNTs, and PMMA nanocomposite
at a wavelength of 320 nm exciting light
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The peak fluorescence observed in the spectrumWN B at ~ 370 nm, in the case of a
solution with the addition of functionalized nanloé&s is not appear. This may be evidence of
functionalization of SWNTSs. The spectra of impedafar gel electrolytes with compositions of
5 wt % PMMA{0.1M H3PO,DMF] and for the same gel with nanocomposite aoiditare
presented in Fig. 2.
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Figure 2. Impedance spectra of systems containirigw % PMMA (350 000)-[0&
H3PO,~DMF] and nanocomposites dispersed in gel electeoly

As result of composite effect, the conductivity wees as twice for gel electrolyte containing
of functionalized carbon nanotubes as compared @attventional gel electrolyte. Nanopatrticles
dispersed in the gel increases the transport abpsodue to the fact that they create local regions
in which charge transfer is facilitated. It shoblklnoted that repeated centrifugation system does
not change significantly the conductivity of geteolyte (Tabl.).

Table: Conductivity of gel electrolyte 5 wt% PMMA-SWNT-[0.1M H3PO,~DMF] at
various PMMA-g-SWNTSs contents

k-10*, ohm *cm™
without SWNTs 1.49
with PMMA- g-SWNTs 3.12
after centrifugation 3.26

This fact may be evidence of the stability of thsulting proton-conducting gel electrolyte.

This work was financially supported by Russian Ftaiion for Basic Researches (grants 11-
03-003114 and 12-03-97534).
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TRANSIENT ELECTROCHEMICAL METHODS FOR THE TRANSPORT
STUDY THROUGH ION-EXCHANGE MEMBRANES — REVIEW AND N EW

TRENDS
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Introduction

Since a long time, ion transport through ion exgeamembranes is studied by a large variety
of techniques. Most of them rely on electrochemioaglasurements. In the palette of available
tools, steady-state techniques are the first chaiceonventional investigations. However,
transient electrochemical techniques are more doWwdrecause they are able to separate
different contribution to the transport in the tidemain or its dual equivalent the frequency
domain.

We are now facing new challenges, if the globalavér of membranes is now relatively
known; some phenomena occurring at the micro-scale still open problems for
membranologistsThis is the case for the well known concentrapotarization that opened the
topic of coupled transport phenomena and the dedatend gravitational/ non gravitational
induced convection, electroconvection, hydrodynamstabilities, water dissociation gives rise
to lively discussions.

Henceforth, in labs around the world the increaseévgl of equipments allow a new access to
very smart approaches. It's the aim of the prepaper to discuss about the new trends in
transient electrochemical methods.

The classical transient electrochemical methods

Three main class of transient electrochemical nagtheorking in the time-domain are very
classical:
1. voltammetry, linear sweep voltammetry, cyclic vaitaetry, carried out in galvanostatic
or potentiostatic mode
2. chronopotentiometry, time-domain record of the ptéd as the response to a
galvanostatic step.
3. chronoamperometry, time-domain record of the iritgras the response to potentiostatic
step.
Depending on the goal of the studies, the fittirffigthee experimental data is done with an
theoretical model, diffusion coefficient, transpacbefficient and geometrical descriptors
(thickness, etc.) are the parameters for the fit.
Another kind of standard transient electrochemimathod is the impedance spectroscopy (EIS)
that is working in the frequency domain for smafiitude sinusoidal signals. Fitting is usually
done through electrical equivalent circuit.

The next steps

We definitively think that we can go beyond the alstramework of transient techniques.
Some studies have shown for instance that somemiatmon is contained in the electrical noise
inherent to chronopotentiometric or chronoamperomeixperiments. Not all kind of transport
can be the source of all sort of noise and depgndim the experimental conditions some
instructive information can be obtained. By the wagise analysis (generally power spectra)
also gives the limits of the reliability of electteemical data (chronopotentiometry or EIS).

Multivariate analysis [1] can bring now a very ir@sting contribution to transient techniques.
The usual confrontation between a theoretical modelbe to some extent avoided because the
multivariate analysis like factorial analysis caasiéy extract latent factor contributing to the
response of membrane systems. The only conditioto ismartly varies some experimental
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parameter and to process as a whole the globalsgataence obtained. These techniques can
take advantage of the additive property of theag#tdistribution in membrane systems.

Other fashionable contributions come from the usenetwork element simulation with
software like SPICE normally devoted to electrocircuit analysis. They can help the user for
the modeling and parameter estimation of electnmited and membrane cells [2].

Impedance spectroscopy is also an evolving don@immiembrane system. For a long time,
EIS was considered as an experimental and theaketay to linearize the system response for
small stimuli thus allowing the decomposition of @ntributions with analytical expressions.
The power of new computer can allow now the nunaérgimulation of impedance to be
confronted to real life experiment and to direatiytract parameters from experimental data.
There is no longer need for analytical expressiompedance functions. More complex systems
can be then addressed with EIS technique. The ncaheénodel can be directly realized with
network component (SPICE) or finite difference dopres of transport or finite element analysis.
On the other hand, simulation can be done in tme tiomain by considering the response in
potential to a small current step followed by a fasurier transform [3].

At last we can consider the contribution of the nmielectrochemistry with the high resolution
of ultra micro-electrodes than can carry out a iealging of membrane surface at work and the
revolution of microfluidic system that can help #eperimenter to isolate some very small part
of ionic membrane systems.

Conclusion

A new class of experimental techniques and themaetapproaches need now to be
incorporated in the toolbox ahembranologistand the networking operations like the LIA
MEIPA or the FP7 Cotraphen project are unique ceana build a very solid assembly.
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ALTERNATING CURRENT SYNTHESIS OF NANOMATERIALS THE BASED

ON METALS AND METAL OXIDES

Nina Smirnova, Alexandra Kuriganova, Daria Leontyev  a
South-Russian State Technical University, Novochercassk, Russia, E-mail: smirnova_nv@mail.ru

At present composition materials containing nantgas of metals or metal oxides are
widely used in many different areas of modern imgusCatalysts on the based on nanoparticles
of Pt or Pd and active carbon with high surfaceaane used as electrocatalysts for anode and
cathode for low temperature fuel cells, for elelgize of water. The oxidation catalysts Pt and Pd
on support of nanostructured .8 or other oxide materials are effective for the tomnof
carbon monoxide and volatile organic compounds &ons from a variety of exhaust gas
streams from industrial processes. Nickel oxidénvigh surface area is used for batteries and
hybrid supercapacitors. Nanostructured tin ancb¥iides are well known as effective catalysts
and elements of gas sensors.

Today as long-known methods of “soft chemistryhaany new physical methods are widely
used for preparation of different composition mialer containing nanoparticles of metals or
metal oxides. In the first case particle formatmoceeds via chemical reduction of the relevant
precursors by different reducing agents. In th@sdcase nanoparticles are formed under strong
physical action.

Our proposed method of composition nanomateriaighegis is based on the phenomenon of
electrochemical destruction of metals under altimgacurrent.

It seems under alternating current mass of eleefr@iidnt must change because metal which
moved from surface of electrode to solution dunogitive period must reduce during negative
period. But if products of anodic reaction didrtduce completely the process of metals
destruction is possible under symmetric alternatingent. In alkaline solutions many metals
destruct with the nanopowder oxide formation, fearaple Ni, Al, Cu, but in aced solutions they
dissolved. Under alternating current electrolysie electrode potential changes are far from
equilibrium conditions. Consequently for transittale it supposed many electrode stages of the
formation of oxide products with different degreek oxidation of the metal which has a
defective structure. For noble metals as Pt or Rdpwposed mechanism of intercalation of
alkaline metals under crystal structure of metal és following dispergation [1].

Important stage of metals electrochemical deswuactinder alternating current with powder
metal or oxides metals formation are the stage atewchemisorptions, evaluation of oxygen
and hydrogen during positive and negative pullpeegvely.

We prepared several composition materials contgimanoparticles of metals or metal
oxides:

* PYC, Pd/C;

o Al 203 and Pt/AkOg;

* Sn, Sn@ and P/SnQ/C,;
* NiIO, NiO/C, Pt/NiO/C.

We study its structure using XRD, SEM, TEM, BET, -DSK, EDAX and chemical and
electrochemical properties for different applicaso Composition, structure and functional
properties of products of alternating current etdgsis depend on the properties of metals, the
nature of electrolyte; temperature; current deesiti
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Introduction

Effect of cellulose diacetate solution in acetonaswinvestigated on their rheological and
optical properties. Methods of viscometry and tditlyi spectrum used for the study of viscosity
and optical properties of the solutions. Dependesfcthe effective viscosity, the number and
size of the globules from the composition of thieisons has obtained.

Experiments

Structural changes in polymer solutions are shown the conformational state of
macromolecules - their shape, construction, looafldie most informative methods for studying
the conformation of macromolecules in solution areneasurement of their rheological and
optical properties [1].

This paper discusses the results of research gotutirhe solutions prepared from powdered
air-dry cellulose diacetate (CDA) cotton's origiashmodified vapor of binary mixtures with
distilled water and solvents - dimethylsulfoxide MBO) and dimethylacetamide (DMAA).
Acetone (analytical grade) was used to dissolveptitgmer.

Flow curves for polymer solutions of varying conttations of CDA are shown in Figure 1.
The values of effective viscosity of the solventsd gpore-formation agents are shown for
comparison. All results for concentrated solutiomsre obtained on a rotational viscometer,
which increases their relative reliability.
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Figure 1. Flow curves of polymer solutions in acet@f various CDA concentration) 1 —
3% CDA; 2-5% CDA;6)1— 7% CDA; 2—-10% CDA c) 1-15% CDA; 2 — 20%A

As can be seen from Figure 1, the viscosity of pay solutions is highly dependent on the
concentration and increases with increasing polyowartent in solution, and this dependence
is nonlinear. The presence of macromolecules agid tfelaxation processes are strongly
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dependent on molecular weight and polymer conceotralead to major differences in
the structure, including the viscosity of polymelusions.

Structural changes in polymer solutions and solventde involving supramolecular and
intermolecular spatial relationships are usualkpireed after removal of the solvent during the
phase inversion process of obtaining the filtraticaterial [2].

Flow curves of polymer solutions are shown in Fg®. The solutions prepared from
cellulose acetate powder, modified vapor of watgaaic mixtures and the solution prepared
from the unmodified CDA.

The results show that the viscosity of solutionsdendrom modified CDA, more than
comparative viscosity of the base (no steam treafmBarticularly strong{ 70%) the viscosity
increases for solutions containing 0.1% mixturemater with DMSO, then its value begins to
decrease, not reaching, however, the valuespfsolution for the base of the unmodified
polymer.
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Figure 2. Flow curves of acetone solutions based%nof CDA, a modified of water-organic
mixture vapor (water-DMSO): 1 - untreated, 2 — 0;136- 0,5%; 4 — 1,0%; 5 — 5,0%

The dependence of viscosity on the degree of sweHecorded in the experiments clearly
demonstrated in Figure 3. The nature of the infbeeof powder processing CDA water-organic
vapor mixtures on the viscosity of the solutions ba explained as follows. The initial low-dose
vapor adsorbed on the surface of the open porgmwtier (average pore radius of powdered
CDA is 1.65 nm, specific surface adsorption gf $11.5 ni / g), which is associated with the
processes of adsorption of vapor mixtures on thiace of the pores. Therefore, in the first stage
of swelling observed the highest rate of swelling.
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Figure 3. The dependence of the mean effectivé&igure 4. The kinetic curves CDA swelling
viscosity of the content in the polymer vapopowder in vapor mixtures of water with DMSO
mixture of water DMSO (1) and DMAA (2)
Sorbate condenses on the surface of the pored filke the diffusion of all the leaks
supramolecular packing of the polymer ("free voltrhetween the crystalline and amorphous
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regions, packing leaks packs of macro- and micesfipconsisting of a set of parallel arranged
macromolecules with a diameter about 1-2 A), whiehds to increase the adhesion forces
between the sorbate and the bundles of macromelea@rd is manifested in the increase of
friction in the viscous flow of a solution of theodlified polymer.

To the extent that large doses of sorbate (0.5, 3.@%) and the limiting saturation of
macromolecules, it is increasingly penetrating itite space between macromolecules, pushing
them, reducing the intermolecular hydrogen bondsickv leads then to a decrease in the
proportion of intermolecular forces cohesion in gah viscous friction and a decrease in the
viscosity of the polymer solution with increasingncentration of vapor modifies the mixture.

Since DMSO has a higher dielectric constant, it fassignificant influence on the
conformational transformations of macromolecules.

The results of the investigation of the solutiogghee method of turbidity spectrum also show
this. The change of optical parameters that charaet the structure of the polymer solutions,
the degree of swelling powder CDA is shown in Faggbr Increasing the degree of swelling from
zero to maximum, the equilibrium value is accompdrity a continuous monotonic increase in
the number of microgel particles and decreases e i.e. fragmentation of macromolecular
associates is going and increases the degree tbpgoof the solution. The nature of
relationships N = f,(a)and r,,, = f,(a) shows that the most intense disaggregation MGP

observed in solutions prepared from powder withlsdwses of CDA absorption of sorbate.
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Figure 5. Depending on the number of MGP (a) andmedfective radius MGP (b) the degree of
swelling

The solutions prepared from the polymer with thgrde of swelling> 2-3%, differ little in
their structure. This indicates that the polymedengoes a major conformational change in its
modification of vapor water-organic mixtures contag small doses of specific solvents,
actively interacting with the functional groupsaaflulose esters.

Thus, modification of polymer materials - celluladi@cetate pairs of water-organic mixtures
allows for a comprehensive approach to the managesiaicture and properties of solutions
and filtration membrane materials based on celalasetate. Features of the kinetics of
modification identified in the research processydis found that the degree of swelling depends
on the composition of the modifying compounds. Takationship of the individual stages of
swelling of the polymer occurring in its adsorptiaiffusion, and conformational changes.
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Introduction

The expediency of application of polymer gel elelgties in electrochemical devices is
connected with their high electrical conductivity X mS cnit at room temperature) in the wide
region of temperature and humidity, availabilitgse of preparation and also chemical, thermal,
time stability, and elasticity. All abovementionettmands might be reached at optimal
combination of consisting gel compounds, namelymper matrix, plasticizer and proton donor.

Properties of gel electrolytes based on PMMA, dopgdicids solutions in aprotic solvents
(N,N-dimethylformamide (DMF), propylene carbonat®C) and N,N-dimethylacetamide
(DMAC)), depending on the concentration of the aad the polymer in the system, as well as
polymer molecular weight have been investigateithiswork.

Experiments

For synthesis of gel electrolytes both commerca@ymer (M, = 120 000; 350 000 and 996
000) and one obtained by method of MMA radical pwdyization were used. The average
molecular weight of new-synthesized PMMA was estedaby viscometric method (M= 325
000 and 413 000).

The conductivity of gels was determined by eledisnical impedance method with
Solartron 1260A over frequency range of 0.1 Hz-kBH@ with signal amplitude of 10 mV. Gels
viscosity was measured with rotational viscometRC®KFIELD DV-II with accuracy +1%.
The TGA of gels was performed on a Netzch TG 20@udlyzer in a flow of argon (20 ml/min)
at a heating rate of 10 K/min. Proton-conductinfedectrolytes were prepared as described in
ref. [1]. Optically transparent and time-stablesgelere obtained. Properties of all gels were

invariable even after 6 months since they had Isgathesized.
Results and Discussion
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Figure 1. Impedance spectra of systems Figure 2. Impedance spectra of systems ~
8.93 wt% PMMA (350 000)—

~ 9wt % PMMA (413 000)—}ysPO,~DMF] .
[0.1M H,SO,—PC] at various temperatures:

at various acid concentrationg:= 0.3 (1), 0.4
(2), 0.6 (3), and 0.7 (4), moflat T=25°c  T=25(1), 35(2), 45 (3), 55 (4) and &5(5)

The spectra of impedance for gel electrolytes wampositions of ~ 9 wt % PMMAH{H3PO 1
DMF] are presented in Fig. 1. Hodographs are smiilaappearance for all the studied gel-
electrolytes with DMF, regardless of polymer molecuveight and nature of the acid. The
hodograph of impedance for the system with DMAGimilar to the one obtained for the gel
electrolytes with DMF while with PC has a differdiotm (Fig. 2).The conductivity of gels,
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prepared with different solvents, decreases infdhewing series: DMF > DMAC > PC, that is
mainly determined by the influence of viscosity.eTépel conductivity decreases in the series of
acids as following: sulfuric > salicylic > phosplor benzoic. This sequence correlates with the
values of the dissociation constants of acids inFpMhich have following values: (pKa = 4.3,
8.23, 8.41, 11.70) for sulfuric, salicylic, phosplkp benzoic acids, respectively. It should be
noted that the conductivity of the obtained gelghbr than the electrical conductivity of acid
solutions in DMF, which are used in the gels sysitheThe increase of the conductivity in the
gel compared to conductivity in solution, possitlye to the fact that the polymer matrix may be
involved in the Grotthuss-type charge transfer rmadm and lead to increase of acid
dissociation as well.

The effect of acid concentration on the condugtiait gel electrolytes has been studied on the
example of systems with sulfuric and phosphoridsci
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Figure 3. Conductivity of gel electrolytes ~ 9 wiF¥IMA (M, = 413 000)—f acid—-DMF] as
a function ofH3P0O, (a) andH,S0, (b) concentrations at various temperatures:

T=25 (1), 35 (2), 45 (3), 55 (4) and 86 (5)

The conductivityof gel electrolyteson the concentration aicids hasan extreme characted he position of
extremum depends on the nature of the electrohfipearance of a maximuris explained bytwo
opposingfactors.On the one hand, with an increase in the acid adret®on, the number of charge
carriers increases and, consequently, the electaaductivity should increase. On the other
hand, there is an increase in viscosity of theesysteading to a decrease of ion mobility.

The dependence of the gel conductivity on the aatnggon of PMMA may be the confirmation
that the polymer matrix is not an inert componentthie gel electrolyte (Fig. 4). The figure
demonstrates that when the content of PMMA up wt%, the gel is not formed. There is a
decrease of electrical conductivity due to, firsalh, influence of viscosity over this concentoati
range. Extreme dependence of the conductivity umdoto be for the gel (at a concentration of
PMMA from 5 to 15 wt%). The increase of electricahductivity in the concentration range from
5 to 10 wt% of PMMA with an increase in viscosifitloe system can also indicate an involvement

of the polymer matrix in increasing the degreehefacids dissociation.
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With increasing molecular weight of polymer the gelnductivity increasegrig. 5). The
observed increase the conductivity of gels withr@asing of viscosity systems by increasing the
molecular weight of the original polymer might be @agument confirming the participation of
the polymer matrix in the process of acids disdamia
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Figure 5. Temperature dependences of conductiViggebelectrolytes ~ 18-20 wt % PMMA-—
[0.1 M H3PO,~DMF] for PMMA of M, =120 000 (1), 325 000 (2) and 413 000 (3).

The thermal behavior of gel electrolytes are simalad independent on the nature of the acid,
so we presented to only one example of the difteakgravimetric curve (DTG) for the gel with
sulfuric acid.
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Figure 6. TGA curves for PMMA (413 000) (1) and gle¢ electrolytes ~ 9 wt % PMMA (413
000)—[0.1 M acid—DMF], acid: benzoic (2); sulfur{8); phosphoric (4) salicylic (5) and DTG

curve for the gel electrolyte 8.99 wt % PMMA-[0.1HY5Q—DMF]
The first and main weight loss occurs for T ~ 265 The weight loss may be associated with

the removal of unbound solvent from the sample. $heond peak at T ~ 37% in the
differential curve corresponds to a complete deafiad of the polymer.

This work was financially supported by Russian Ftation for Basic Researches (grants 11-
03-003114 and 12-03-97534).
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Introduction

One of the most important aspects in the modermeldpment of hydrogen-air fuel cell (FC)
with a solid polymer electrolyte is the developmehtion-exchange membranes (IEM) which
provide the most favorable water management ugntoératures of about 100 °C when high
chemical as well as physical and mechanical stgldind low resistivity are constant [1]. In
Russia, OAO Plastpolymer in St. Petersburg develbjsstype of membranes (MF-4SK) over
the past thirty years [1, 2]. The main disadvantaf¢éEM is the dehydration at high current
densities and high temperatures, resulting in nifsi@nt decrease in the ionic conductivity of
membranes. This drawback can be overcome by reglwefirEM thickness, which allows to
increase the water flow associated with back diffusn working FC or by generating of
nanosized centers in the membrane structure, apalblold water (usually hydrophilic centers)
even at elevated temperatures or centers thataengater in the fuel cell while in operation. In
addition, the membrane must have high mechanicahgth and low gas permeability. This
effect can be achieved with the use as a reinfgrcimaterial of thin porous
polytetrafluoroethylene films (THF) [3]. In the membrane polymer embedded Pt nanicfes
can serve as water generating centers [4].

Experimental

In the present paper IEM on the basis of biaxialignted TPF (thickness 8-40 microns,
porosity > 70%) and perfluorinated sulfo-containipglymer solutions in isopropanol (EM =
980, concentration 10%) were obtained and analykieshoparticle catalysts were introduced
directly into the IEM through the chemical reduatiof Pt precursors. The current-voltage
characteristics were obtained using a hydrogeritgk cell without gas pressure (collector -
Carbon paper Pantex, temperature 40 ° C, catal§dtdh carbon). Experiments were performed
both with and without humidification of gases. Onitee parameters of the cell with gas
humidification reached their steady-state valuesjisture gas was eliminated, and the
measurements were taken at regular intervals.

Results and Discussion

Technological characteristics of reinforced membsanompared to the preliminary one are
presented in Table 1.

Table 1: Properties of IEM reinforces with biaxially oriented TPPF of various thickness
(S7eer -film thickness,om -IEM thicknessp -density, W- water absorptioa, -tensile strengthe-
relative elongationp, -specific volume resistivity in thd*-form at 20 + 2 ° C).

S1ppr, M Ay, pm p, glcm?® W, % 0, MPa £, % pv, Q*cm
non 30 2,13 32 52 118 9,2
8 30 1,75 38 11,0 117 9,9
10 40 1,79 40 11,3 112 9,3
12 40 1,78 37 11,4 101 9,5
20 73 1,82 45 12,1 108 10,5

Reinforced IEM samples, in contrast to the prelempnmembrane exhibit excellent strength
characteristics, including a slight change in Iméenensions during swelling in water, as well
as low electrical resistance. All IEM have no mpmuacture.
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Fig. 1 shows the results of IEM tests in the fuell.cWe investigated the reinforced IEM,
reinforced IEM with water generating catalytic aast and Nafion-212 membrane (for
comparison). It is evident from the figure thatlwwetted gases all the membranes show similar
and high performance. Current-voltage charactesstre particularly limited when dry gases are
fitted into the cell, and most dramatically for thenreinforced Nafion-212 membrane
(characteristics of reinforced IEM are somewhahhig do to the possibility of presence therein
of additional free water at interfacial surface hgfdrophobic TPF and hydrophilic polymer
membrane, which is confirmed by data in Table 1jrént-voltage characteristics of reinforced
IEM with water generating catalytic centers arealsduced depending on the time of the cell
function, but remain significantly higher in comigan with other membranes. Performance of
fuel cells with these membranes reached stableesgadtter 1,5 to 2,0 hours.

1
09 1 &
0,8 \
0,7 A
0,6
0,5 1
0,4 A
0,3
0,2 1

0,1

0 S e e s e e B L s e e e R
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1

i,A/cm2
Figure 1. Current-voltage characteristics of varsoonembranes. (Nafion 112 membrane:
humidified gases — 1; dry gases (10 min) - 2; cages (20 min) — 3; Reinforced MF-4SK (38):
humidified gases — 4; dry gases (10 min) — 5; é&se3 (20 min) — 6; Reinforced MF-4SK with
catalyst (30um): humidified gases — 7; dry gases (10 min) —4$;ghses (20 min) — 9)

Accordingly it is shown that the new composite mesnles based on porous
polytetrafluoroethylene films and perfluorinatedfgpolymers with water generating catalytic
centers shows high strength, small shrinkage wheistare content varies, sufficiently high
ionic conductivity at temperatures up to 100 °C aighificantly exceeds samples of preliminary
membranes when tested in fuel cells.
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Introduction

The present work concerns the influence of the magrfield on the permeability of a
membrane of solid cylindrical particles coveredhwibrous layer. Here, we have considered the
flow along the axis of cylinder and the alignmemtuaiform magnetic field is assumed to be
perpendicular to the axis. The Brinkman equationsed for flow through porous region and
Stokes equation is used for flow through cleardfltegion. To model flow through assemblage
of particles, cell model technique has been usedhe porous cylindrical shell is assumed to be
confined within a hypothetical cell of same geomeffhe stress jump condition has been
employed at the fluid-porous interface and all falternative conditions Happel, Kuwabara,
Kvashnin and Mehta-Morse/Cunningham are used at hyyothetical cell. Effect of the
Hartmann number on the hydrodynamic permeabilitthefmembrane is discussed.

Theory
Here, we have considered an axi-symmetric Stokeeg @f an electrically conducting viscous

incompressible fluid through a swarm of porousraytical particles of radib, eachenclosing
an impermeable core of radids The above model is equivalent to a co-axial psmgindrical
shell enclosing an impermeable core (Fig. 1). Wsuiae also that axes of all cylinders are
parallel. By virtue of cell model, each porous lelassumed to be enveloped by a concentric

cylinder of radiusé (&> b), named as cell surface. The Stokes flow of a Neiatofluid with

absolute fluid viscosity is assumed to be steadlyai-symmetric. We assume that the fluid is
approaching towards the cell surface as well asgtigrpassing through the composite cylinder
along the axis of cylinders (z-axis) with velocity from left to right. The radiust of
hypothetical cell is chosen in such a way thatghseicle volume fraction of the porous cylinder
is equal to the particle volume fraction of thel,cet. relative to this composite cylinder (i.e. a
core with porous shell) in the hypothetical ce, iy = 77b? / ri&?.

A transverse magnetic field of uniform intensityaggplied. The Magnetic Reynolds number is
assumed to be very small and there is no exteleetirie field so that the induced current is very
small and hence it can be neglected. The goveraggations for the creeping flow of an
incompressible Newtonian fluid, which lies in thegion outside the porous cylindrical shell
under the above assumptions, can be expressed by

902 ® 4 30 x5 = Fp®. 1)
Also, the flow inside the porous cylindrical shisligoverned by the Brinkman equation
[1(2)@2\7(2) - (,[/(l) / R)v(z) + j(z) xB = @r)(z)' (2)

where the tilde denotes dimensional magnitudescesd(1) and (2) refer to the external zone
and porous layer, respectivelfi” is the viscosity of the fluid{i® denotes the effective

viscosity of porous medium;R being the permeability of porous medium. Here,
v, p", i = 1,2 be the velocity vector and pressure outside asidlénthe porous cylindrical

shell respectivelyd™, 3 are the electric current density vectors in appade regions andd

is the magnetic induction vector of applied unifommagnetic field. As we assume that external
electric field is absent and internal causes swcheparation of charges or polarization do not
(i)

originate induced electric field, sd‘ =5(i)(\7(i)><B), where 3, i=12are the electrical
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conductivities of fluid refer to the external zoflg and porous Iayer(2), respectively. Therefore,
we conclude that Lorentz forcel§L JYxB and veI00|tyv are collinear and opposite

directed:F!) =~83v"), where B, =|B| . Further, we also assume that electrical conditieivof

fluid in the external zone (1) and porous layerd® equaled, i.e6®% =@ =& In addition,
the equations of continuity for incompressibledsimust be satisfied in both regions:

O™ =0, i=12. (3)
We set as usually the sticking condition on thdasgr of a rigid cylinder:
i®=0,1=a (4)
For the convenience of analysis let us introdheefollowing dimensionless magnitudes:
5 & ) b
R A a=?

T /] 1
R
At the porous-fluid interfacer(—b), we use the continuity condition for velocity atine
jump condition for tangential stresses:

~ (1)
gw = 0(2)’ -|:r(zz) _ -|-r(21) — B\L/J-Tl 7. (5)
k
wherep is dimensionless parameter of order 1 [2].
In the case under consideration, the Happel, Kuveabkvashnin, and Cunningham
boundary conditions on the cell surface lead tddlewing single result:

=@
du™” _ g atf =¢. (6)

dr

Figure 1. Scheme of the flow along the z-axis lfidgr

The boundary value problem (1)-(7) was solved aicaly [1] in the cylindrical system of
coordinates {,0,Z), in which the axis is directed along the flowdHRi). Equations (1)-(2) that

describe the flow outside and inside the porousrléwave, respectively, the following forms [1]:

oo1d(.du® ~ d‘p ~ . /
w=2d/f; 6B20W=—", (b<fF<¢ 11
H Fdf( dr j i )
_»1d(_du?) p® dp p
@=-2 2 IR o _5B2g@= a<f<b 2
: Fdf[ dr J K iz | )
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where 0%, U®-are flow velocities of clear fluid and Brinkmaredium along the cylinder and
@ - is the pressure drop, which is considered tadrestant and preset. We introduce also two

dz
& B2b?
important dimensionless quantitiesM = N(Ol) being the Hartmann number and
[
2 2
»_(N"+M")
O

Results and Discussion

Using obtained analytical solution [1], the deperade of hydrodynamic permeability on
magnetic field is depicted in Fig. 2.
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Figure 2. Dependence of dimensionless hydrodynperimeability l,; of a membrane of
cylindrical particles under longitudinal flow on anann number M: 1 £ =-0.6, 2 — 0.2,
3-06;7=1,1=04,.=2,y=0.5.

The hydrodynamic permeability,, decreases with Hartman numidrand increases with

jump coefficientp signifying lesser resistance offered against ffowa relatively higher shear
stress in porous region compared to the clear fieggon. At Hartman number M>4, there is no
difference between curves for various values ofapaters. We believe that taking into
consideration external magnetic field allows usd&scribe more accurately the influence of
magnetic stirrers on flows of conducting liquiddbgh porous membranes.

The present work is supported by the Russian Fdiord&or Basic Research (projects
nos 10-08-92652_IND and 12-08-92690_IND).
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Introduction

Dependence of diffusion permeability of compositeasymmetric membrane on the direction
of substance transfer through it (asymmetric trart$is discussed widely in the literature. Up to
now a number of the possible mechanisms which apalde to source the given effect have
been suggested. The effect of asymmetry in the ohgmseous transport can be caused by
conic-shaped pores [1, 2] in a porous asymmetrimbmane. In the case of ionic transport the
asymmetry effect can be originated by spatially-naiform distribution of a fixed charges in a
membrane and geometrical features of its porowststre in a porous bi-layer membrane [3-5]
or heterogeneity of exchange capacity of a membraneits thickness [6, 7]. Various
mechanisms for the asymmetric transfer of gasedigudls through composite or asymmetric
membranes are discussed elsewhere [1, 8].

This work presents the new mechanism for explanatib asymmetry transfer through a
modified membrane [9].

Theory

We assume that: 1) transfer rate of the dissolveahponent through the membrane is
determined by bulk diffusion and the rates of d#&hing of the adsorption equilibrium on the
surfaces of the membrane ; 2) modification onehef durfaces of the membrane can result in
noticeable change in its sorption-kinetic charasties (such as coefficients of adsorption and
desorption rate, etc.).

Let us consider the case when the dissolved sulestam liquid diffuses through the
membrane from the modified membrane surface 1 éoutimodified surface 2 (Fig. 1a). Pure
solvent (water) is located near the surface 2.

J N}
{_'i ]' i (12>_
= all
'Jl"D = J 21Ty
J;] 1 = = = J a2
T J dl
a, o
1 . - 2
(8] ]
a 1 o 1

Figure 1. The scheme of transfer of dissolved anbstthrough the modified membrane depending
on the transport direction: a) transfer from surat to surface 2; b) transfer from surface 2 to
surface 1

Mass balance in the case (a) can be written as

Ja = Jda g2 1)
where J_, =k,a,(c, —¢, );Jdy =K4C, dyr = KyioCoi Ky, Kpoand kg, ky, - adsorption and

desorption rate coefficients of the dissolved satst on the modified and unmodified surfaces
of the membrane, respectivelg;, - the maximum accessible concentration of the dmbr

substance on the surfagg,and c, - the concentrations of the substance on thesesfa and 2,
respectively;a, - the concentration of the dissolved substance.
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The diffusion flux through the membrane can be temitin the steady state in the following
form:

Jip =D ! |_ = (2)

wherel - the membrane thicknesB, - the diffusion coefficient.
The expression of diffusion permeability coeffidie} for the case (a) can be obtained by

taking into account relations (3) - (4) and theditan of diffusive flux absence (in the case of
equal concentrations on both surfaces of the meampra

KD
R = ®3)
[1+7Ka° +E i+i+ Ka, )]
Co | Ky Ky KgoCo

whereK is the Henry coefficient.
The permeability coefficienP, for the opposite direction i.e. (b), can be okgdisimilarly

KD
P, = 4
2 [1+K;a°+B i+ L + Ka, )] “
C I "Kge  Kgp KgiCo

00

Expression for the asymmetry coefficient was olgdinsing (3) - (4)

[+ Ka0+2( 1 N 1 N Ka, )
”zi: & | kdl kd2 kdlcoo 5)
P, [+ Ka0+2( 1 N 1 N Ka, N
C. | Ky, Kgoo KgoCo

Results and Discussion

According to (5) the asymmetry effect of diffusiparmeability of the membrane can occur if
there is a noticeable difference between the aweffis of the desorption rate on the modified
and unmodified surfaces of the membrane.

Analysis of a number of limiting transport casegeaed that

1) The limiting stage of transport is the kinetidglesorption rate on the surfaces of the

membranelB <<i, (i=12). Then from (5) we easy obtain the expressionHerasymmetry
di
coefficient of diffusion permeability:

1 1 Ka ,
P [k +k +k ]
”:_1= di1 d2 d1Cw ’ ) (6
P, [ 1 1 Kao]

Ky Kga Kg2Co

From (6) it is follows that the effect of AEDPM gasmetry effect of diffusion permeability
of the membrane) may occur due to changes in tefficient of desorption rate on the surface 1
due to modification of this surface.

If the modification of surface does not changedbefficient of desorption rate on the surface
of a 1, the effect of AEDPM does not arise.
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2) The limiting stage of transport is diffusion time membrane% >> i). In this case, the
di

effect of AEDPM does not occur and gp= . 1
3) Equation (7) for the proposed mechanism of tharanetry of diffusion permeability is
followed from (3) - (4)
1 1 a, 1 1

Pz_P1:C|[kd1_kd2] ")

This ratio can be used to determine the presencéhefconsidered mechanism of the
asymmetry of the diffusion permeability using expemtal data.

Conclusion

Thus, the effect of AEDPM may occur when significamfluence of the surface rates of
sorption kinetics on the transport through the riedi membrane under the condition of
significant divergence between these rates onrdiftesurfaces.
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Introduction

Treatment of malignant neoplasm is one of the nmgbrtant issues of the day. Therefore, in
recent years, particular attention is paid to thevetbpment of high-effected anti-cancer
products and new dosage forms of cytostatics[1|v Hpproach to the solution of this problem is
to use polymeric carriers of drugs. Especially osbydrogels on the basis of natural polymeric
materials - gelatin, agar—agar, alginate mepa&tovy acid were successful. [1-3]. Varying the
physicist—chemical properties of hydrogels orasid of alginate calcium in presence of gelatin
and agar—agar, it was possible to create newyhéajfective medicine carriers and prolonged its
effect of medicinal action[4].

Further development of these works is the creativa surface of hydrogels of a thin layer of
the membrane consisting also of natural polymersa particular from chitosan and a sulfate
dextran[5].

This work results showed that the influence ofkhiss of the polymeric membrane coated
hydrogel alginate of calcium depends on the spéétleration of a anti-cancer preparation from
hydrogel [2].

Experiments

Membrane layers on a surface of hydrogels calcilgmae formed as follow. Solution of
chitosane CaGlwas dropped slowly to sodium alginate. It is knatlvat ions of calcium have
small molecular weight and interacte with polymeri@in of alginate quicker than chitosane.
Formation of hydrogel of calcium alginate occurscier than formation of a polyelectrolyte of
alginate complex with chitosan. As a result, miemicles formed on the surface of calcium
alginate form the membrane layer chitosan. Thickréghis layer defined by a light microscope
of brand of "Leica Eclipse TE 300" ( Table 1).

Table 1: Influence of concentration of chitosan irsolution on thickness of the membrane
formed on a surface of hydrogel of calcium algina

Concentration of chitosan solution, Thickness of a membrane,
% mcm
0,25 25+3
0,50 4045
1,00 6515
2,00 125410

The release anticancer drug—cyclophosphamide @éadoum alginate modified with adsorbed
layer of chitosane have been studied.

Results and Discussion

It is established that at increases in thicknesshdbsane membranes from g to 125um
results to decrease of diffusion coefficient ofclophosphamide in 2 times.
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Figure 1. The parameters of cyclophosphamide reldamsn microparticles of calcium
alginate, covered with adsorbed layer of chitosanethickness of chitosane layam;
A- time of an exit of 50 % of a preparation, min;tiBne of the maximum exit of a preparation,
hour; C- maximum exit, %

Thus, change of thickness of a chitosane membrarg/drogel surfaces permit to operate by
speed of release of medicine (cyclophosphamiden floydrogel. It is perspective way of
development of medicines of the prolonged action.
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Introduction

Among a wide spectrum of electrodialysis with bgrolmembranes applications dilute
solutions pH correction process takes considenadniein water treatment [1, 2], chemical [3, 4]
and food industry [5-8]. pH correction process ifiteé solutions is fundamentally differs from
conversion of salt solutions to corresponding aeidd bases. Low concentration of analyzed
solutions and necessitys absence to get concedtaatpure acids and bases allow to simplify the
technological schemes and reduce the demandsgdolabimembranes selectivity. On the other
side in dilute solutions of salts, the limiting cemt is attained on monopolar membranes, which
leads to water dissociation starts, as it doesipoldr membranes. The current efficiency in the
electrodialyzer depends not only on the electrocb@neharacteristics of bipolar membrane, but
also on the properties of monopolar membranes @ electrodialyzer stack. Further real
solutions contain considerable number of componkisg part in chemical reactions wii
andOH™ ions and experimental investigations and theaktescription of dilute solutions pH
correction process is complicated.

Experiments

The objects of investigation are alkali and acet#bdialysis chambers [9] formed by bipolar
membranes MB-3 or asymmetric bipolar membraaesl anion-exchange membranes MA-40 or
MA-41. Electrodialysis pH correction process wasdgtd in different dilute solutions: sodium
chloride solution, solution contained sodium bicaréite and carbonic natural water after ion-
exchange softening.

Results and Discussion

In work [9] pH correction process of sodium chleridilute solution (C=0,01 mol/l) was
studied. The regularity concerned with influence afion-exchange membrane, forming
investigated chambers together with bipolar memdsaen proton and hydroxyl ions current
efficiencies was revealed. This influence is codelli in proton and hydroxyl ions current
efficiencies decrease. The reason of such decwasewater dissociation on medium-basic
anion-exchange membrane MA-40. On the basis of mneamnt of real hydroxyl transport
number through anion-exchange membrane MA-40 anddi¥Ay the method, described in [10]
in different pH values it was established thathie &rea of a limiting current on membrane MA-
40 the hydroxyl ions transport numbers equals apprately 0,1. Further growth of current and
solution pH near membrane leads to hydroxyl ioasgport numbers decreased. This indicates
that water dissociation reaction on medium-basicoraexchange membrane MA-40 is
suppressed under high pH values. Such decreasatef dissociation rate is concerned with
deprotonation of MA-40 tertiary amino groups athhgH values.

In contrast to electrodialysis of sodium chlorideluson, where decrease of the ions
concentration in alkali chamber is exactly equatsancrease in acid chamber, when flow rates
through these chambers are identical, in caseaafrtbdbnate solutions such equality is observed
only for chloride ions which dont takes part inechical reactions with products of water
dissociation and for overall amount of ionic forrog carbonic acid in alkaline and acid
chambers.

Chemical reactions between carbonate ions and wdigsociation products provoke
transformation from one form of carbonate to anotad dont lead to change of carbon total
amount (>C), change of carbon sum in acid and alkali chambersdefined only by
electromigraion of carbonate and bicarbonate iohsough anion-exchange membrane.

! The asymmetric bipolar membrane (MA-40+MF-4SC) wiaslly supplied by S. Melnikov
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Unbalance between diminution of bicarbonate ionaceatration in alkali chamber and it
increment in acid chamber (fig.1) is concerned witlemical reactions of bicarbonate ions with
water dissociation products generated in bipolambranes:

HCO;™ + OH < CO” + H,0
HCO; + H" & H,CO;

Mathematical model of natural waters pH corectioocess is complicated because it contains
bicarbonate and sulfate ions. Presence of diffendfdate forms depends on pH. In softened tap water
with sulfate ions (S¢)) there can be hydrosulfate ions (H9Qt pH<4. In this case calculation of
concentrations is carried out on basis of sulfarid dissociation reaction (on two steps):

H.SOy & H + HSQ™
HSO; & H' + SQ”

Finally mathematical model describing process desed tap water pH correction represents
system of nonlinear equations which contains 15atgos with 15 variables relative to
concentrations and ionic fluxes. The system igesbby means of Newton's modified method.
Analysis of dependences of different carbonic acidc forms concentrations in outlets from
alkali and acid chambers on current density (figsHows that experimental data of softened tap
water pH correction are well described by modele ah which takes account of water
dissociation on anion-exchange membrane (continilinas) and simplified model doesnt take
account of water dissociation (dotted lines). Rabsi this simplification is caused by presence
of amino group deprotonation effect and water disgmn suppression at high pH values and
also by buffer properties of bicarbonate solutions.
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Figure 1. Dependence of ion concentrations in safig water on current density: a —
bicarbonate ions (1) and carbonate ions (2) in &éilk@chamber; b — bicarbonate ions (1) and
carbonic acid (2) in acid chamber; Dots — experitanalues, continuous lines — calculated
values by the model with account of hydroxyl tramspumbers through anion-exchange
membrane, dotted lines — calculated values witlacabunt of hydroxyl transport numbers
through anion-exchange membrane

It was established the general regularity duringgoiffection of dilute solutions confirming
outdiffusion kinetic of ions transfer through mowtgr membrane. In this case theoretical
calculation of effective anion transport numbers d#e carried out on the basis of ionic
concentrations, charge numbers and diffusion aoeffts in solution without of additional
membrane characteristics and empirical coefficients

This work was supported by RFBR gravit 11-01-96512-r yug_c ande 11-03-96504-
r_yug_c.
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Software package that realizes the methods ofaligitocessing of electron microscope
images of the surface of heterogeneous ion-excharggebranes was developed. For automated
analysis of surface morphology with aim of numdrieatimation of the area of active ion-
conductive plots (phase of the ion exchanger) tresipility of using noise reduction techniques,
methods of threshold image processing, gradienhodst methods of growing regions were
considered. It was established that the highestracg of numerical estimation of the area of ion
exchanger phase is reached when applying the methagtowing areas, which allows to
highlight steadily structural components of the rbesme surface. The software package was
tested on real samples of heterogeneous ion-exehamgmbranes of different nature and
structure.

Experiments

The software package is an application developedelphi programming language. The
application provides automated analysis of surfacephology of ion-exchange membranes by
means of a digital photo processing. The methodroiving regions was used to estimate the
relative share of ion exchanger on the membraniacir Besides this, the software package
includes an additional module of construction thetdgram of surface conductive areas
distribution over the effective radii.

The selected objects of research are heterogematiog-exchange membrane MK-40, which
is based on strongly acidic exchanger KU-2, antbeaxchange membrane MK-41, containing
a weakly acidic phosphate cation-exchanger KF-ldyeced by OJSC "Shchekinoazot"
(Shchekino city) in an industrial scale.

Microscopic investigations were carried out usir@arsing electron microscopy (SEM),
microscope model JSM-6380 LV (Japan), with goldesperation on dry samples.

Samples of membranes for the study were squarespkized (4x5)-1Dm. Microscopic
analysis of the surface morphology was carriedfoutommercial, conditioned and membrane
samples after the current-temperature influences.

Results and Discussion

When processing the electron microscope imageh@fntembrane surface, analysis and
research methods of noise reduction, image prawgssid threshold gradient methods, method
of growing regions there were carried out steptbp.s

At the stage of preliminary processing of SEM inmgath the purpose of noise reduction a
median filter was applied. The main function of naedfilter is to replace pixel value different
from the background with another one, closer toné@mghbors. Isolated dark or light (compared
to the surrounding background) clusters with araas& not bigger than?® were removed
(replaced by median values of the surroundings) median filter with mask size nxn [1]. In the
developed complex a median filter on a surroun@ing, 5x5, 7x7 has been realized.

Detection of active surface areas (phase of iorha&xger) was made by analyzing the
histogram of brightness. The threshold transforomgtiare central to the practical problems of
image segmentation by intuitively understood feaduaind simplicity of realization [1, 2]. The
simplest method of threshold processing is to s#pathe image histogram (a histogram of
brightness) into two parts using a single globakgshold. The result of global threshold
processing and histogram are shown in Fig. 1. Tieeess of this method depends entirely on
how well the histogram succumbs to separation. Sbérbright objects corresponding to the
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phase of ion exchanger, for investigated imagénefrhembrane surface of the MK-41 made up
6.2%.

The number
of pixels

Brightness (D
1 2

Figure 1. The result of global threshold procesgjhpgand a brightness histogram (2) of the
image of MK-41 membrane surface

The distribution of outlet areas of ion-exchangaig on the surfaces has a complicated
character, so for a more accurate estimation ofdlagive share of ion exchanger on the surface
of the membrane, method of regions growing waszeel Growing of regions is a procedure
that groups pixels or subregions into larger acdgsedetermined criteria. The main approach is
that at first, a set of points, playing the role"ofystallization centers”, is taken and then areas
are built up on them by accession to each centeetpixels from number of neighbors, whose
properties are close to the center of crystallmaf{for example, have the brightness or color in a
certain range).

The primary task of using this method is to deteenstarting points for growing. In the
problem under consideration the choice of stargiomts is carried out by the expert manually
that almost eliminates the possibility of growirfglSe" areas in the case of automatic selection
of "crystallization centers".

The result of applying the method of areas growimghe processing of SEM images of
membrane surface is the image on which the phagmaxchanger is painted in white, and the
rest of the surface - in black background colore Bpproach implemented in the proposed
program has a number of advantages compared waithititmal methods because it allows to
obtain on the image clear-cut contours and minintize number of breaks at the phase
boundaries. Table 1 shows the results on determintire proportion of ion-conductive
membrane surface using the developed software gackad professional program for working
with photos Adobe Photoshop.

Table 1. The share of the conductive surface of drignd swollen samples of ion-exchange
membranes based on the results of processing of SEMages by different programs

Image processing Membrane type
program MK-40 MK-41
Dry | Swollen Dry | Swollen
Commercial

Adobe Photoshop 0,05+0,01 0,070+0,008

Author program 0,039+0,005 0,048+0,008

After the conditioning

Adobe Photoshop 0,107+0,009 0,234+0,008 0,09+0,01 0,21+0,01

Author program 0,081+0,005 0,215+0,004 0,086+0,008 0,202+0,006

After the current-temperature influences

Adobe Photoshop 0,14+0,02 0,27+0,02 0,19+0,02 0,29+0,02

Author program 0,112+0,006 0,237+0,008 0,151+0,005 0,259+0,006
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The results on determining the share of conducivéace of the commercial samples in dry
state showed that it is just 5-7%. The authors4]3explained this effect by the extrusion of
plastic polyethylene over the volume of heterogeisanembranes in the process of pressing and
subsequent rolling (the effect of capsulation).

A divergence in estimating of the share quantityiaf-conductive surface, obtained by
different methods of processing images was foundhis case coordination of results depends
on the degree of development of the studied suttgmegraphy. Electron microphotos show that
the heterogeneous membranes are characterizeddnyaliefined geometrically inhomogeneous
surface with considerable roughness, in some castsdefects and layering of structure, the
presence of cracks and cavities. When receiving SiElfjes of the surface relief, additional
mechanisms of formation of secondary slow electrxist, contributing to the formation of a
signal, which manifests itself in varying brighteesf images depending on the angle of
inclination of its various areas relative to theribontal. As a result of "boundary effect",
protruding on the surface phase not only of the egohanger, but also of polyethylene as a
result its delamination and separation from thdaser in places where the ion exchanger grain
surface are characterized by high brightness. Ttrerein the case of a surface with a strongly
developed relief, image contrasting and post-treatnusing traditional methods gives higher
value of share of ion-conductive surface.
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Introduction

Solution of the problem of mass transfer intenatfan in the electromembrane systems is
impossible without the investigations of the regtiles of the ions transfer through membranes
at the high and super-high values of the currensithe and searching for the new mechanisms of
their supply to the interphase boundary of membraméace. Therefore, much attention is
drawn towards making of the theoretical and expenital investigations of the over-limited
state of a membrane. It should be noted that tigoehtion of the general theory of over-limited
state in the electromembrane system is restraipededgap in the experimental investigations at
the currents exceeding the limiting value. Onehef teasons for these difficulties is a complex
measuring technique for the thickness of diffudeyer and concentration field near the surface
of membrane. Application of laser interferometripaled visualization the process of formation
and development of the diffusion layers in a soltinear the surface of a ion-exchange
membrane in a wide range of current densities.

Experiments

In the present work we used a Zender-Mach intemfieter which has certain advantages over
other types of interferometers. Providing high casi, it enables to study large objects and to
localize the bands of equal thickness in an anyitpdgane. In order to calibrate an interferometer
several standard solutions of the investigated tanbe were interferograms represent the
concentration profiles of solutions and their scal®muld be determined by the calibration
procedure. The experiments were made in the sem@partment electrodialysis cell where
compartments were separated by cation-exchangeaaiwh-exchange membranes. Sodium
chloride solution was supplied to the flow passagh the linear velocity thus corresponding to
the laminar flow mode (Re < 5). The experiment wagormed at constant current intensities
and the continuous feed of solutions.

Visualization of hydrodynamic pattern of the flow this work was made as follows.
Solutions of the investigated substances contaitiwegparticles of the aluminium powder or
colophony in the suspension state were suppliedtive cell compartment. The flow pattern was
recorded using video camera with comparison beamtefferometer being shut. The flow rate
in a certain local point was determined by the mesament the pass time of the particle for a
certain pathway taking into account the prelimilyadetermined scale measure. Visualization of
a hydrodynamic picture of interphase boundarieswalto define the characteristic size of the
convective instability region arising at high-inséty regimes of an electrodialysis. The size of
convective instability region d is defined as dist from a membrane surface on which a
concentration profile has unstable, oscillatoryrabter.

Results and Discussion

Application of laser interferometry allowed visuation the membrane-solution interface
allowed to reveal two stages in the developmertdooivective instability. 1 stage: if the current
exceeds the limiting diffusion current density wniththe range from one up to 3 times then the
following facts are observed: stable vortices, ltetton stability of the concentrations profiles;
the main transfer mechanism is migration and diffus2 stage: for 3-4 fold exceeding of the
limiting current value the following is charactéiis unstable vortices, turbulent pulsations of
hydrodynamic flow rate towards the surface of menbr concentration profiles loose their
oscillation stability; transfer mechanism is conuex one (i.e. transfer of a substance towards
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membrane is performed due to pulsations of hydradyao flow rate that are normal to the
surface of membrane).

Cation-exchange membrane

convective
instability
zone

3
boundary

diffusion |  1ayer
layer
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: l : > bulk
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Figure 1. Structure of boundary layer near catiorclgange membrane in intensive current
regime

The convection intermixing which appears spontasloat the membrane-solution interphase
destroys the diffusion boundary layer near ion-axg/e membrane. The dimensions of the total
diffusion layersd obtained by laser interferometry and linear Neapgiroximationy obtained
as the intersection of a tangent to the concentrgtrofile drawn from interphase convective

instability zone and stable diffusion layer to thwaight line corresponding to the initial
concentration are presented (fig. 1).
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Figure 2. Total §), the Nernstd\) thickness of the diffusion layer and the sizeooivective
instability zone (d) near cation-exchange membraviks40: G(NaCl)=0.02M, V=0.02 cm/s,
h=0.5 cm; ---- the results of calculation by theveque equation [1]
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Figure 2 presents experimentally obtained deperedehthe total §), effective py) thickness
of the diffusion boundary layer and the size of \amtive instability zone (d) on the non-
dimensional current density under stable stratifice of electromembrane systems. At the
current densities lower than the limiting curreensiity i the value of the total diffusion layer
Ot iNcreases significantly with i, while that &f, increases more slightly. The increasedhis
explained by the fact that the expansion of coreéioh changes near the membrane is caused
by the current flow through the membrane-solutioteiface. At iy, the increase of the
convection instability region of the solution inetlvicinity of the membrane surface and the
decrease of thicknesses of the diffusion layer Wil uprising of the current density in an
overlimiting region has been revealed experimepntalhe obtained dependence proved to be
unusual and makes the interpretation of the expariai results in accordance with common
classical ideas when the thickness of diffusiorefag considered to be constant [1].

It is established that with reduction of solutiéew supply rate and its concentration degree of
concentration polarization at which there is a mesion of a diffusive boundary layer,
decreases. Thus features of generation and develdpoh convective instability in membranes
of various type of ionogenic groups are causeditbgrdnt speed of heterolytic reaction of water
dissociation on each of membranes.

The study of hydrodynamic state in solution atititerphase boundary demonstrated that in
the high-intensive current modes the values of ntbemal components of the flow rate for
hydrodynamic pulsations supplying substance from Ibiulk of solution to the surface of
membrane and intensifying mass transfer were caabpaivith supply flow rate of solution into
membrane passage flow.

The research was financially supported by Russiann@ation of Basic Researchers under
the project’V210-08-01060z.
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The motion of capsules in the liquid flow is of gtepplied and theoretical interest. Capsules
are used for the delivery of drugs and reagentsrettare developments that involve the
encapsulation of anticorrosive additives for pantl lacquer coatings. In all of these cases, the
motion of the drop-shell system relative to theeexdl flow takes place either at the stage of
material production or in the course of the pradticse of capsules.

Particles of different natures with a porous lalygned out to be a convenient element in the
construction of the cell model of membrane systesnsl the rheological properties of
concentrated colloidal dispersions. The problenthef flow around particles with porous shell
and the filtration of viscous liquid in the poroogedium with complex internal structure are
closely interconnected.

In this work, we solved the problem of the flow and the capsule that contains the liquid,
which cannot flow out of porous shell but is subgelcto the action of viscous forces from the
side of flowing liquid, i.e., the liquid carrier kgenetrate into the porous medium of the capsule.

Let us consider the flow of liqui (region3), which is characterized by the preset velotity
at the infinity, around the spherical capsule wéalius @ that presents the drop of liquidwith

radius R (region 1) coated by the porous layer with thickneSs(region 2) (Fig. 1). It is
assumed that liquid@ penetrates into the porous layer and is not muxéid liquid 1.

Figure 1. Schematic representation of sphericalptitocoated with porous layer

At small Reynolds numbers, the motion of the liginside (0<f <R - region 1) and outside
(A<f <o -region 3) the capsule will be described by thek&s and continuity equations as
follows:

Cp® = g AV®
P (i=13) 1)
0@ =0.
The motion in the porous layeR(K F < & - region 2) will be determined by the Brinkman and
continuity equations presented below:
(p? = (PAV? - kv @,
i) (2)
O =0,
where the tilde refers to dimensional values; ssp@t () denotes the number of a region to
which a value is relevanfi”’ are the viscosity coefficients of the liquids aié Brinkman

medium; p© refers to pressures:” refers to velocity vectors; arkl is the Brinkman constant,

which is inversely proportional to the specific peability of the porous layer.

In order to formulate the boundary problem for E(@S. and (2), we have to specify the
boundary conditions.

Far from the capsule, we set the uniform flow dkoves:
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v - 0,F - o, (3)
At the liquidyporous layer external boundarfy=a), the continuity conditions of velocity and
normal stresse§,, , as well as of the jump of tangential stresggs are set as follows [1, 2]:

rr?

v = \7(2)’
~(3) — (2
O-ir) - C)-r(r )’ (4)

613 -0 = o kh®.
wherep is the parameter that characterizes the jumpngfaatial stresses and varies from 0 to 1
[2].

At the liquidporous layer internal boundaryy £ R), the conditions of non-mixing of liquids
are set; i.e., the equality of radial components/elbcity to zero, the continuity of velocity
tangential components, and the jump of tangertiiessess,, as follows:

v =@ =,

Vo =2, (5)

oy - 017 = -pu k.

The system of equations (1, 2) with boundary caematt (3) — (5) was solved analytically.
Velocity and pressure distributions were determined

An important characteristic of the problem undensideration is forceF applied to the
capsule by the external liquid:

F =[] (6, cosH~0,, sirB)ds, (6)
S
where the integration is carried out over the sigrfaf the porous layer.

Dimensionless forceQ is determined by the ratio of force8 to the Stokes
forceF, =6mafiu. Force Q(8,m,s,B) is a function of five arguments. Parameder d/a is

the dimensionless porous layer thickness={® /®, m =a®/n® are the viscosity ratios,

s, = a/[i®/ kis the dimensionless Brinkman coefficient chararziey the drag of the porous

medium, and paramet@r characterizes the tangential stress jump at tleugomediunHiquid
interface.

==
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Figure 2. Flow lines at values of flow parameté+9.3, m=1.2, m=0.9, 5=0.2, $=0.5 (2a),
10(2b)

Figure 2 shows the stream lines at different valoésthe flow parameters. At small
dimensionless Brinkman paramesgr= 0.5 (Fig. 2a), the porous medium weakly resistthe
flow, liquid 3 penetrates throughout the porous medium and flneand the drop (regioh).
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Inside the drop, liquid executes a circulatory motion by virtue of tanggrdtresses that arise
on the surface (Fig. 2a). The resistance of pomedium rises with an increase in parameger
(Fig. 2b) and liquid3 flows in the porous medium only in the layer whdbé&kness is

approximately equal to the Brinkman radiRs = /i® / k < 3. Outside the Brinkman layer, the

flow in the porous medium nearly vanishes, tangérdiresses at the boundary with drop are

close to zero, and, as a result, ligliicests inside the drop (Fig. 2b).
w

02 04 06 }8\1
1

Figure 3. Dimensionless forcésapplied to (1-3) a capsule and (1'-3") a rigid tize coated with
a porous layer as functions of parameif@atm=1,=0,and §= (1,1 1,(2,2") 3,and (3, 3) 5

Dependences of the force rafbbon the dimensionless thicknes®f the porous layer at the
various values of parametgy are shown in Fig. 3. All curves proceed outwaaifrone point,
since, ab = 0, we deal with a liquid drop and for€ecan be calculated by AdamarRybchinski's
formula. In our caseQ = 5/6 atdé = 0 (see Fig. 3). With the enlargement of the perayer, the
force acting on the capsule behaves in differedéyending on the value of paramedgrwhich
characterizes the permeability of porous mediume Tésistance of the porous layer and the
pressure on the drop with radius R =dlare the components of for€eacting on the capsule.
The contribution of each component changes withvir@ations in parameter At small values
of dimensionless Brinkman paramesggi(curvesl and?2), forceQ decreases with an increase in
the thickness of porous layérdue to the effect of filtration of liqui® through the porous
medium. At larger values of parametgr(curves3 and4), a decrease in the drop radius due to
increasing thickness of the porous layer at thiéainstage leads to an increase in fofcéo its
maximal value. Further increase in thicknésegesults in a slight drop in forc@. At & - 1,
composite particle becomes absolutely porous aadaitte tends to its limiting value calculated
by the formula derived in [3]. In our case of coetply porous particled=1), Q = 0.441,
0.715, 0.819, and 0.87 &t= 2, 4, 6, and 8, respectively (Fig. 3).

This work was supported by the Russian FoundatorBésic Research, project nos. 11-08-
00807 _a and 12-08-92690-IND_a.
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Introduction

Capacitive deionization technology (CDT) is an efifee new method of desalinating of
brackish water [1, 2]. In CDT, a brackish wateeatn flows between pairs of high surface area
carbon electrodes that are held at a potentiaémdiffce(] 1.2 V. The ions and other charged
particles are attracted to and held on the eleetmfdopposite charge. The negative electrode
adsorbs cations, while the positive electrode dsanions. Eventually the electrodes become
saturated with ions and must be regenerated. Thkedpvoltage is removed, and since takes
place desorption of ions from electrodes and frbom gystem, producing a more concentrated
brine stream. In practice, for a gallon of watet fe the a CDT process, more than 80% emerges
as fresh, deionized potable water, and the remairgdelischarged as a concentrated brine
solution containing virtually all of the salts ihet feed. The main advantage of CDT is its low
operating cost, which is about one third that e thain competitor, reverse osmosis. This is
important because operating costs dominate the afodesalination. Mechanism of the CDT
operation is founded on charge - a discaharge exftred double layer (EDL), as well as in
electric double layer supercapacitor.

The purpose of this work was scientific resear@vetbpment and verification of mathematic
model of water capacitive deionization (CDI) pracesd also CDI regime optimization. Up
present it is absent the adequate mathematical Inobdlee process of CDI. On the other hand,
they exist the models of electrochemical superdémacin porous carbon electrodes which also
take place the processes of ion elctrosorption eladtrodesorption ion. Processes of the ion
transport along thickness of porous electrodes semhrator are taken into account in these
model as well as a process of charge—dischargeEddL. However in these models also is not
taken into account a hydrodynamic flow of waterngloexternal electrode surface. In CDI
method the water flow is directed along of extemwfalhe surfaces of the electrodes, and so it is
necessary to solve the two-dimensional problentridigion of the processes both along, and
across external of the surfaces of the electroddsagorous spacer.

Mathematical model

the spacer

the electrolyte
tflow

the electrode the electrode

Figure 1. Scheme of the functioning the dynamik cel

As a result of our studies we have made a conciusiat process deionization of solution is
very complex. In models we have taken into accdoldwing processes: charge- discharge of
electric double layer (EDL); transport ion procesang of electrode and spacer thickness (x—
direction) are diffusion and migration; transparh iprocess along of electrode external surface
(y-direction): hydrodynamic flux; specific adsouti characteristics of porous structures;
characteristics of hydrophilic — hydrophobic prdey; convective flux of electrolyte; surface
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conductivity. The ion surface conductivity in EDLf @arbon electrodes is longitudal
conductivity of EDL in high dispersed material. Omodel has been based on the following
assumptions: 1) The convective diffusion of eldgteo can be described by the average
equations of mass-transfer based on dilute-solutibeory in porous media. 2) The
hydrodynamic velocity is precalculated, i.e. it daa treated as a given value.3) The effective
diffusion coefficients and effective electrolytencluctivities are calculated by the Archs law. 4)
The electrolyte can be presented as binary one wftbctive concentration in gram/mol
dimension. 5) The full conductivity is sum of eletyte conductivity as linear function of
concentration and surface conductivity.6) The diibm can be neglected in all directions except
x-direction along of electrode thickness. 7) Thpamaty of electrode is accepted as constant, i.e.
it does not depend on potential. 8) In the equatictme potential, the derivative of potential in y
directions can be neglected. 9) The porous eleetoash be treated as having uniform potential,
it means that the Ohm losses of the electrons eareglected.

The equations for potential and concentration canptesented in the electrode region as
follows:

0P - 0 od 0 RTdlogc
c. 997 Pc_0( 0P, 0 ¢ )R
ST ot ax( Eax] ax( (L ~)—50 j (1)

ac ae e O, #P-F,
—+

Gty Deg p A g o @

dz’ F at

where C, - specific capacity®,. - potential of electroded - potential of electrolytet, andt_
are the cation and anion transfer numbegs -porosity in the electrode (=kg,c+Kg, -
electrolyte conductivity in the electrodds,, - equivalent electrolyte conductivity in pords,,

- surface conductivity of electrod®. =De&." -effective diffusion coefficient in electrodeshét
exponent n is defined by property of porous medkq) - specific adsorption coefficient,

AE:(t+dq+ +t dq. =i£2 -electric adsorption coefficienty - vector of hydrodynamic

dg ~ dqg
velocity.
And the equations in the spacer region can beesritt
0 0P 0 t,—t_,dlogc
— | k— |+—| k(= =0
6x( Sax) ax( ) o ) ®)
ac ac 0 d°c
E—+(V,—+v,—)=D,—
otV ox ya;) S ox? @

where & - spacer porosity k ;=k ¢,C - electrolyte conductivity in the spaceq,, - reference

electrolyte conductivity in spacerDg=DgJ' -effective diffusion coefficient in spacer.

Porosimetric characteristics of electrodes and epaere measured by the method of standard
contact porosimetry [3].

Surface conductivity

We at first have developed the method for measunemisurface conductivity for porous
electrodes at controlled potentials. We have deeslothe two chamber five electrode
electrochemical cell for this method (Fig. 2). FR).shows dependence conductivity on KCI
concentration for carbon cloth electrode CH900 (enad Japan). This figures illustrates
extrapolation obtaining of surface conductivity wal Extrapolation value of surface
conductivity for solution concentration equal z€@= 0) is defined by value of exchange
capacity of its surface groups for a porous camdentrode (Fig. 3).
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Figure 2. Electrochemical cell for measurementwface conductivity: 1 — test electrode
(carbon cloth), 2 — platinum current collector,tBe chambers for a termostating, 5 —two counter
electrodes, 8 — two Luggin capillaries of refereetectrodes 11 — two reference electrodes
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Figure 3. Dependence conductivity on KCIFigure 4. Dependences of surface conductivity
concentration for carbon cloth CH-900 of carbon cloth electrode conductivity on
potential for different KCI concentrations:
1- 0.002 M, 2- 0.003 M, 3- 0.004 M

According to measurements the values of exchangacdg for carbon electrodes CH900 and
SAIT (Korea) equals 1.1dnd 0.37 mg-equiv/g accordingly. The values ofarefconductivities
are 1.25x1¢ and 0.4x1d S/cnf accordingly. Thus surface conductivity at C= @isportional
to exchange capacity. This is surface conductieaysed by surface groupssuKgroup- Fig 4
shows the measured dependences of surface coriduaiivcarbon cloth on potential for
different KCI concentrations. In our opinion miniroa these curves correspond to potentials of
a zero charge. Total surface conductivityks sum of kur groupand longitudal conductivity of
usual electrostatic EDL {kctrostatid- Thus method of measurement of surface condiytisia
new method for studying of a electrode double eletayer for porous electrodes.

The measured values of surface conductivity wered u®r calculations with the above
described model. Fig. 5 demonstrates calculatee@msinnless fluxes concentration in the outlet
of the cell vs. time for adsorption and desorptteges, and Fig. 6 demonstrates corresponding
concentration field.

Verification of the model

We have carried out the capacitive deionization sueaments by using the Samsung
Electronics Co. (Korea) installation (Fig. 7). Thisstallation contains: an electrochemical cell,
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the pump for water pumping, conductomepi—meter, and the computer with the display. As
electrodes in the cell were used activated carlmhes CH900 with sizes 18000x0.5 mm and
with specific surface area 150F/m
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Figure 5. The dimensionless flux concentration in  Figure 6. Concentration field; v=0.1
the outlet of the cell vs. time (20ml/min and cm/s, t=99s
40ml/min) for adsorption and desorption stages
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Figure 7. Installation for capacitive Figure 8. Experimental and modeling time-

deionization made by Samsung Electronics Caurrent dependences at flow rate 20ml/min and
voltage 1.25V

The Fig.8 shows the satisfactory consent betwetnlesed and experimental curves. Some
differences model curve from experimental one fmy\small times are explained that we could
not take into account the contact resistance betwadectrodes and current collectors. The
satisfactory consent between calculated and expetah curves confirms a correctness of the
developed mathematical model. Using model, we kaleulated optimal regimes of adsorption
and desorption stages for the minimization of epergnsumption demanded for receiving of
pure water.
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Introduction

Porphyrin molecules contain a conjugated macrocydlel pyrrole rings linked via CH
bridges, to which various substituent groups canatiached. Such substituted porphyrins
demonstrated interesting properties in the areasataflysis and electrocatalysis, sensors, non-
linear optics, luminescence etc.

Numerous studies were devoted to incorporatiorubsstuted porphyrins into a conducting-
polymer matrix as counter-ions (porphyrins withaakted negatively or positively charged
groups) or owing to the polymer chain formationagubstituent (e.g. aniline). More recently
the first examples of conductingppolymers with porphyrins and aromatic rings inside the
principal chain were reported.

Experiments

In our study we have synthesized for the first tilmpresentatives of a new family:
conducting polymers based on ansubstituted porphyrin (‘porphine’) as monomer unit. The
deposition can be realized electrochemically witktable growth of the conducting film. The
properties of the resulting polymer depend crugiafi the deposition potential, as demonstrated
with the use of a set of experimental technique¥ (&d chronoamperometry, in situ
conductivity, optical microscopy, XPS, XRD, UV-Jide spectroelectrochemistry, FTIR
spectroscopy, MALDI-TOF).

Results and Discussion

If the porphine oxidation is realized at a low putal the deposited polymer ("film of type I")
consists of chains, with neighboring monomer uhitked by a single bond imeso-positions.
Its redox properties are conventional for condurtpolymers (like polythiophene), with
potential intervals for p- and n-doping (in whidhetpolymer is electronically and ionically
conducting) separated by an electro-inactivity eafig which the polymer is an insulator).

<~—— [positions —
~— meso positions —>
<~—— [positions —

Figure 1. Structures of free-base porphine, magmegll) porphine, MgP

Electrochemical treatment of this polymer (or thaedation of solute monomer) under a
higher positive potential results in formation aifitg a different material with very unusual
properties ("film of type 1I"). In particular, it eimonstrates an electroactivityniformly
distributed within an extremely broad potentiakimvial (above 3 V), and the material retains its
electronic conductivity within this whole potentiabnge. It implies that the electronic
delocalization occurs for a broad range of the paly oxidation levelsncluding its neutral
state (for which conventional conducting polymers becanseilating).

243



10,0

-5,01
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Figure 3. UV-visible spectra of (1) MgP monomesatution; (2) film of type I; (3) film of
type Il (both films deposited at ITO electrode aue)

The spectral properties of the polymer in the UMjble and IR ranges also change radically.
This material with a zero width of the electrocheahiband gap and particular optical properties
is promising for various applications.

Financial support of CNRS, Conseil Régional de Bogne, Université de Bourgogne and
the Russian Foundation for Basic Research (praj@e03-01119-a) is acknowledged.
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Introduction

Development of new nanocomposite materials withspedsed transition metal component
inside an electron-conducting polymer matrix atsaconsiderable attention in view of their
advantageous properties which open prospects wofapplications in various domains including
catalysis and electrocatalysis. These polymersgsssa developed porous system which allows
reagents and products to exchange easily betwesss @nd the solution in contact. Such
systems are usually synthesized with the use ofcr@@mulsions or/and surface-active
components to stabilize pre-synthesized metal remiofes. As a result, the surface of the
incorporated metal component inside the polymeraiaacovered by their layers which affect
properties of these patrticles.

Experiments, Results and Discussion

Synthesis of metal-polymer compositése goal of our study was to elaborate a synshesi
route which leads to the system where the agg@uyafithese metal particles is prevented solely
by the polymer matrix. It was achieved via a orepsind one-pot non-template method based
on a redox reaction between a conjugated monomeraametal precursor, giving at once a
conjugated polymer and metal particles [1].

This procedure has been successfully applied tpapeePd/polypyrrole (Pd-PPy) composites
via the reaction of palladium inorganic salts (atetPd(OAg), or Pd(NH)4Cl,) and the pyrrole
monomer in acetonitrile (AN) or aqueous media |1, 2

To ensure both an easy control of the reactionnessyand the best quality of the resulting
composite the process was performed in relativdlyted mixed monomer-precursor solutions
(from the centimolar to millimolar range). In thesenditions the colloidal solution generated
owing to the redox reaction remains stable at ttedesof many hours or even days, before
sedimentation of particles. As a result, it wassfiae to trace properties of the mixed solution in
situ by means of the UV-visible spectroscopy arel diinamic light scattering (DLS). Besides,
the temporal evolution of this system was alsoistidhy using portions of this solution to get
SEM-EDX and TEM-EDS-SAED images of colloidal pali.

For all studied compositions of the mixed soluttbis DLS spectrum reveals a progressive
diminution of the spectral band related to the Pad@mponent and the growth of absorption in
the whole interval of wave lengths typical for ol formation. According to well-matching
data of DLS, SEM and TEM, the size of colloid padgs changes with time from 20-30 nm in
diameter to 100-250 nm (interrupted by sedimentatidepending on the initial solution
composition, while at each moment the system ifoumi, with a low dispersion of particle sizes
(Fig. 1a). TEM images (Fig. 2) attribute these size polymer globules which are semi-
transparent for electrons, while each globule dosta great number of small non-transparent
particles. Formation of PPy was confirmed by thespectroscopy. A low dispersion was also
observed for sizes of dense inorganic nanoparti€lesvever, this parameter does not change in
time or changes not strongly, in contrast to theagmg size of PPy globules, while the number
of such particles inside a globule increases ptogmlly to its volume. It implies that the redox
reaction takes place near the external surfaceaoh eylobule and that its products do not
penetrate into the depth of the previously formetume. The chemical composition of the
composite determined by the XPS, HCNS and ICP-AécBriques shows the presence of the
polymer (PPy) and palladium. XRD (Fig. 1b) revealsvery broad peak corresponding to
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metallic palladium, its width matching well to thanoparticle size for this composite given by
TEM (about 2 nm). At the same time, XPS spectrum Rd-PPy composites shows
systematically a splitting of the palladium bandhietr corresponds to combination of Pd(0) and
Pd(ll), the ratio of their integral intensities oalating with the ratio of the numbers of surface
and volume Pd atoms for this particle size (ab@365 50%).

. 1404

Figure 1. Pd-PPy composites: SEM (a, left), XRDright)

Besides these common features of all studied sygstéhey demonstrate certain specific
properties, in particular depending on the choicne palladium precursor and the solvent.

The use of Pd(OAg)in aqueous solution2 results in formation of tleenposite as strongly
aggregated spherical PPy globules (20-30 nm in eliem Fig. 2a). Incorporated inorganic
component consists of 2-3 nm patrticles giving laxg®D peaks for both Pd(0) and PdO, the
overall content of Pd being moderate (20-25 wt. #he synthesis is carried out in the presence
of acetic acid (pH = 2-2.5) the content of Pd disties significantly to 7-14 wt. %, PdO is
absent, the average size of metal particles inesetis6 nm.

Both Pd(OAc) in AN [1] and Pd(NH)4Cl, in water [2] results in well-dispersed spherical
globules of the polymer. The size of inorganic rarticles for the former system is 2-3 nm
while it may be diminished up to 1.2-1.4 nm for #tramonia complex of Pd (Fig. 2b). The total
content of palladium is 30-35 and 32-45 wt. %, ezspely.

Figure 2. TEM images of Pd-PPy composites: Pd(@£s)left) or Pd(NH)4Cl, (b, right)
precursor in aqueous solution

Catalytic testsPreliminary tests for application of Pd-PPy namoposite materials (obtained
from Pd(NH)4Cl; in water) have been carried out:
1) in catalysis of the cross-coupling Suzuki [3kli8me 1), Sonogashira and cyanation

reactions:
X ::: Hal + NaBAr,4 or ArB(OH) 3 X ::; Ar
Pd-PPy (1 mol.%)

X =H, NO,, Cl, CH;, CH30
Hal =1, Br, Cl

(1)
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2) as a ligand-free catalyst for the reaction ofecti arylation of non-functionalized
heteroaromatics (2 n-butylthiophene, 2- n butylfQriay various bromarens [2] (Scheme 2).

\©_® PA@pPy (2 mol%) 4>
J KoAo (L equw) DMAC / \ 2)

E=0,S X=CH,N +HBr
For all these reactions our composite materials aestnated advantageous catalytic
properties. Especially interesting results havenbieeind for formation of C-C bonds between
two (hetero)aromatic molecules without their préfiary activation (Scheme 2) where the yield
of the desirable product was very high (90-100%heftheoretical value) for a series of reactants
with various functional groups.
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Introduction

In [1] we have suggested to use potentiometric @snsanalytical signal of which is the
Donnan potential (PD-sensors) at the ion-exchangmlmane/electrolyte solution interface, for
the determination of some bioactive substancesoigignic solutions. But using of them to
analysis of organic and sulfur anions is ineffeetiWhe aim of this paper was to investigate the
possibility of use perfluorinated sulfocation-exaga membranes MF-4SC, doped with zirconia,
as electrodoactive material of potentiometric sesysanalytical signal of which is the Donnan
potential, which are sensitive to anions of amiecal glycine, cysneine in polyionic aqueous
solutions.

Experiments

The aqueous solutions of amino acid glycine (Gtysteine (Cys) and potassium hydroxide
(KOH) were investigated for estimation of the pb#gy of organic and sulfurous anions
determination in polyionic aqueous solutions by WBE-based PD-sensors. The ionic
composition of solutions Gly+KOH is presented byoas Gly, OH, cations K and zwitter-
ions Gly (pH ranged from 10.70+0.05 to 14.30+0.05). Theidocomposition of solutions
Cys+KOH is presented by anions g€2DCOO’, HS, OH and cations K NH;" (pH ranged from
8.22+0.05 to 10.50+0.05). Analytical concentratiofishe various components in individual and
polyionic solutions ranged from 1.07f0 5.0-10° M.

Initial and doped with zirconia membranes MF-4SCGemesed as an active materials in PD-
sensors. Modified membranes MF-4SC were obtainedwo methods described in [2].

Results and discussion

The calibration models (1) that did take into agtothe interference of three factors were
utilised. These three factors arepl); 2) negative decimal logarithm of analytical comtcations
of cations (pG); 3) negative decimal logarithm of analytical centrations of anions Glyand
zwitter-ions Gly in solutions Gly+KOH; negative decimal logarithmf analytical
concentrations of anions GEOCOO™ and HSin solutions Cys+KOHpC.):

A(pD:bo+b1'pC+b2'pQ+b3'pH, (1)
whereAgp is analytical signal of PD-sensor (mV); i€ total concentration of aniondj; C. is
total concentration of catiorfd); by is free term of calibration equations (mV); ko, , b; are
coefficients of calibration equations (mp&), which are characteristics of sensitivity of PD-
sensor to corresponding ions.

Analysis of characteristics of unmodified and offarm distribution modified MF-4SC-based
PD-sensors showed that insignificant influence otinter-ions nature on the value and
sensitivity of sensors response is observed favigH4SC samples.

The use of membrane MF-4SC with gradient Zdistribution for PD-sensor organization
leads to significant contribution of anions intoabytical signal of sensor is observed for two
party samples. Figure 1 demonstrates coefficiehtsalibration equations of gradient modified
MF-4SC-based PD sensors in aqueous solutions GlyKLys+KOH.

The difference in electrochemical behavior of unified and modified with ZrQ MF-4SC
samples depends on next factors. Firstly, 2dr@orporation into membrane matrix leads to the
decrease of available cation-exchange groups dudeio partial blocking in the membrane
pores. Secondly, ZrOparticles in modified membranes demonstrate batioe- and anion-
exchange properties [3].
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Figure 1.Coefficients of calibration equations of gradientdifeed MF-4SC-based PD
sensors in aqueous solutions Gly+KOH, Cys+KOH

So co-ions concentration near interface modified-AMFC/ electrolyte solution increases in
comparison with initial MF-4SC. This allows to iease sensitivity of gradient modified MF-
4SC-based PD-sensors to co-ions in aqueous sautidre influence of co-ions nature on the
response of uniform distribution modified MF-4SGsbd PD-sensors is insignificant. The
reason of this is that co-ions concentration gragien the interfaces MF-4SC/ solution and MF-
4SC/reference solution are oppositely directedampensate each other.

Obtained results evidences of the possibility af osodified K-type MF-4SC samples with
gradient on the length Zgdistribution as electrodoactive material in PDss#s, which are
sensitive to organic anions in aqueous solutions.
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Hybrid ion-exchange membranes have become onesahtist popular objects of research in
recent decades, primarily due to the prospectsaif tise in fuel cells. Membrain modification
can lead to a substantial change in their protamdactivity, permeability, strength, thermal
stability and some other parameters. Recently, ave fproposed a model according to which the
dopant introduction into membrane pores leads toegoand channels expansion and
conductivity increase [1]. In this report the depemnces of some transport and mechanical
properties of ion-exchange membrane on the dopamicles size, its concentration and on the
dopant nature are considered. Particular attenBogiven to the possibility of varying the
membrane properties due to changes in the surfabe dopant particles.

1. Selectivity of the transport processes

One of the most important properties of the memdsada their selectivity. The selectivity of
ion-exchange membranes is determined by the tnansfaber or by the ratio of the conductivity
and permeability of some neutral molecules of gasesiquids. The last one is especially
important for hydrogen energetics applications 2je decrease in the permeability to gases or
methanol is considered as an important advantagtheofhybrid perfluorinated membranes
containing silica first of all. Low methanol pernbddy, and the possibility of operating
temperature increase makes these membranes extreffegtive for the use in direct methanol
fuel cells.

The distribution of ions concentration in ion-exaga membranes is nonuniform. This is
determined by the negative charge on the pore waksto the fixed ions presence. Because of
this, a typical electric double layer is formedfwe pores and the majority of the counterions are
arranged in the thin Debye layer with a width obafbl nm. In contrast, anions and molecules,
destroying the strong hydrogen bonds system arkided from it. Electrically neutral solution
is localized in the pore center. Hydrophilic dopaanoparticles displace "free" solution out of
the membrane pores, without affecting the thin Relayer, localized near the walls. Therefore,
the counterions transfer rate remains the samevem ancreases, while the rate of anions and
neutral molecules transport (hydrogen and alcohslsignificantly reduced.

2. The influence of the dopant nature

Previously described model of the limited elasyi@f the membrane pores walls takes into
consideration only the geometric factors. At themedime the dopant nature can change the the
membranes water uptake (hydrophilic, hydrophobiod acarrier concentration (different
protonaccepting ability). Both of these factorandigantly affect the value of conductivity.

Silica is a classic example of nanoparticles withydrophilic surface. The influence of the
first factor is in the center of the most authatntion, using Si®nanoparticles as dopant for
the cation-exchange membranes. Nafion perfluorthatembranes or polyether(ether)ketone
modification by other oxide systems or acidic zivicon phosphate additives gives the similar
result. This can increase the water uptake anevalto use membranes at elevated temperatures.
In contrast, membrane doping by hydrophobic pasic(carbon, silicon carbide, metals)
decrease membrane water uptake.

Effect of carrier concentration is more significaRtoton transfer occurs in the membranes by
means of interstitial mechanism (due to proton lrgpfrom one water molecule to another).

Incorporation of silica nanoparticles obtained m acidic solution, allows to get a higher
conductivity in comparison with the similar parésl obtained in an alkaline medium. It is
possible to increase the dopant acidity by mearstrohg acids addition. This is achieved, for
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example, by sulfonation of the particle surfacépiheteropolyacids addition. Such membranes
have shown good results in fuel cells due to thah proton conductivity and low methanol
permeability [2]. This modification provides a déelkeffect. On the one hand, it leads to an
increase in the current carriers number, whoseceotration is proportional to the current. On
the other hand, the moisture content of the menawsras primarily determined by the osmotic
pressure, which is determined by the amount ofodiased acid groups in its matrix. Therefore,
this modification will be accompanied by an increea$ water uptake. The increase in the dopant
surface acidity can increase the effect of the fication, even for hydrophobic particles, such
as single-wall carbon nanotubes.

The opposite example is a particles containingnfraigts capable of functional groups binding
(amines, polyaniline). In this case, the dopants @t hydrophobic, but the basic nitrogen-
containing groups strongly bind protons and formorsg hydrogen bonds with -8 groups.
This leads to a sharp decrease in the carrierseotration, simultaneously reducing the
membranes hydrophilicity and its water uptake.

3. lon conductivity at low humidity

High proton conductivity at low humidity can be niened as one of the main advantages of
hybrid membranes [2]. This ensures successfuldakis operation at low humidity. Part of the
pore volume in the hybrid membranes is occupieddpant particles. This prevents a sharp pore
contraction. As a consequence, a higher channelisialso typical for hybrid membranes. On
the other hand, the narrow sites are formed ingi@epores, which limit proton transfer by
Grothguss mechanism.

At high humidity proton transfer occurs betweensely spaced water molecules, having the
same protonaccepting affinity. Functional groupss lacalized on the membrane pore walls and
are characterized by low affinity. They are almastluded from the proton transfer. At the same
time, a direct proton transfer betweegQd ions is virtually impossible because of the high
enthalpy of the proton transfer reaction. The hdgitance between these groups at low humidity
is of great importance. This increases the roliefpore walls surface in the transfer process. As
soon as-S© groups have smaller protonaccepting ability, ttamdfer between them and the
water molecules is difficult and has large actimatenergy. So hybrid membranes have a great
advantage, because their pores contain a numtaatditional oxygen-containing groups, which
are also able to participate in the proton tranpfecess. Their presence results in a significant
decrease in the length of the proton jump. Thisofais most likely a major contributor to the
increase in the conductivity of hybrid membranedoat humidity. The use of nanoparticles
whose surface has a pronounced acid function devgreat advantage. An excellent example of
such systems is membrane doped with ,Si@noparticles and heteropolyacids. Proton
conductivity of such membranes at low humidity isseveral orders higher in comparison with
the original membrane conductivity [3].

4. Mechanical properties of hybrid membranes

Improved mechanical properties of hybrid membraaes often postulated as one of their
main advantages. However, in the most cases meednaodification leads to a completely
opposite effect. The strength of the overwhelmingnher of solids is by several orders lower
than theoretically calculated one. This is detegdirby the presence of extended defects
(nanoscale cracks) in their structure. The larer drack, the smaller the load, at which its
growth takes place and the lower is the mechasitahgth of the material as a whole. Pores in
membranes play the role of the cracks. The higbacentration of dopant, the larger the pore
size and the more significant became the decreageimembrane strength. The pore walls are
deformed by the osmotic pressure. The osmotic press not enough to compensate the forces
of the elastic strain for a large size of nanophlet and the membranes water uptake markedly
reduced. Thisncreases the concentration of protons in the gohetion and, consequently, the
osmotic pressure which tends to break the membildreecombination of these factors leads to a
decrease in the membrane strength with the inciefatbe dopant particle size.
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Hardening of the membranes occurs in the caseeadttended one-dimensional nanoparticles
introduction with a high strength (carbon nanotgb@&be most likely place for the hydrophobic
particles localization is membrane matrix. Therefocarbon nanotubes are analogous to a
reinforcing material for the membrane matrix. Tinéraduction of a small number of single-
walled carbon nanotubes in the membrane led to@ease in their elastic modulus and strain at
break [4].

All this determines the possibility of wide area pfactical application of the hybrid
membranes. At present time, these membranes asdywided for the construction of fuel cells.
In addition, increasing the selectivity of the sport processes determine the possibility of their
effective use in water treatment processes [5]fandensor electrodes construction [6].
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SYNTHESIS AND DIFFUSION PROPERTIES OF CATION-EXCHAN GE
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In the modern world membranes are widely useddusirial processes such as electrodialysis
water treatment method. An interesting and impdrtask is to search for new materials with
better selectivity or transfer asymmetry.

Results and Discussion

In this work asymmetric cation-exchange materiasedl on industrial membranes MC-40
with surface modified with a thin layer of MF-4SQthvthe 0, 1, 2, 3, 5 and 15% polyaniline
content were obtained. Due to applying a thin lagemore expensive, but more permeable
membrane MF-4SC we can significantly improve thifudion parameters of MC-40 and only
slightly increase the cost. The introduction ofyawiiline, actively sorbing cations, can increase
amount of structural defects and the rate of cdtiansport.

Investigation of diffusion parameters included stedl membrane diffusion permeability and
interdiffusion in HCI and NaCl solutions, the iomionductivity of membranes in various mixed-
alkali H'/Na' forms and at various temperatures by impedancersseopy. Based on these data
we calculated the ionic conductivity activation eneand H and Na diffusion coefficients.

Table 1: The diffusion coefficients of membranes,m?/s

MC-40 + MF-4SC + MC-40 + MF-4SC +
MC40 MC-40 + MF-4SC PANI 5% PANI 15%
modified unmodifie modified unmodifie modified unmodifie
side d side side d side side d side
0,1M HCI 1,3-10° 2,4-10° 1,3-10° 5,9-10° 5,0-10° 4,7-107 7,4-10”
0,1M NaCl 1,3-107 1,1-10° 1,0-10° 1,2-10" 4,3-107 1,2-10" 9,0-10"
0,IM HCV/ -6 -5 -6 -5 -5 -5 -5
0.1M NaCl 9,7-10 1,2:10 9,9-10 1,3-10 1,610 1,5-10 1,6:10

In a pure MC-40 anion transport is slowly than the cation, wathate of HCI is higher than in
NaCl (it was shown experimentally that in an acidieedium moisture content, and,
consequently, the pore size is much larger). Ireenbrane with a MF-4S layer cation transport
rate is almost unchanged, while the rate of anansport is growing. This is due to the fact that
in the modified membrane pores enlarged. The diicdon of 5% polyaniline into the MF-4SC
matrix leads to 10-20% increase in the cations udifin coefficients. For all
modifications the observed asymmetry of diffusionermeability is up to
50%. Inversion of the diffusion constant at 5 afd6lof polyaniline was observed (diffusion
coefficients more with unmodified side). Polyandinccupies the central part of the channel in
which the anions were localized, and which theyycarostly flowed. This leads to a decrease in
the concentration of anions with a modified sideexplains how a general decrease in the
diffusion of membrane permeability, as well as ithast significant decrease in the rate of anion
transport with modified side. Same way the inversasymmetry of the cation transport occurs.
However, since cationic transport occurs near athngalls, where their concentration varies
less, and this gradient is much smaller. The irs@ea the rate of cation transport observed with
unmodified part only due to the broadening of theeg and the fact that the transport of cations
takes place in this case, artificially created ligitt concentration gradient.

Also, with the method of impedance spectroscopy ittréic conductivity of described
membranes has been studied.
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Figure 1. Dependence of membranes conductivitherndamperature.
a — MC-40; b — MC-40+MF-4SC; ¢ — MC-40+MF-4SC+PAR%¥; d — MC-40+MF-
4SC+PANI 5%; e — MC-40+MF-4SC+PANI 15%

The application MF-4SC layer increases the protoobitity, membranes with 2% of
polyaniline show maximum ionic conductivity and lwihcreasing concentration of polyaniline
membranes results in decline of conductivity.

In order to determine the diffusion coefficientsidividual cations the ionic conductivity of
membranes in mixed-alkali form was investigatede Bxperimental points are well described
by the theoretical curve and allow us to deterndiifieision coefficients.

Table 2: The diffusion coefficients of individual @tions, cnf/s.

D(H" D(Na")

MC-40 1.3-10° 5.9:10"

MC-40 + MF-4SC 2.2:10° 6.3:10"
MC-40 + MF-4SC + PANI 5% 2.6:10° 6.9-10"
MC-40 + MF-4SC + PANI 15% 1.9-10° 5.7-10"

It should be noted that the introduction of smaticaints of polyaniline leads to an increase in
the proton transport rate, and further increases the contrary to decrease because of the
"binding" of protons.

Obtained samples of membrane are selective tonsatamd have asymmetric of diffusion
permeability. This results show the prospects ofettgping such materials for electrodialysis
water treatment.

This work was financially supported by the RFBRjgct 10-08-0071%).
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STUDY OF DIARY WHEY MODEL SOLUTION ELECTRODIALYSIS

DEMINERALIZATION
Victor Zabolotsky, Aslan Achoh, Stanislav Melnikov
Kuban State University, Krasnodar, Russia
Introduction

Dairy whey processing is an important issue thelettromembrane technology nowadays.
On one side whey is a secondary raw (90% of enseprengaged in processing and
manufacturing of dairy products in Russia do n& whey), on the other hand dairy whey is rich
in biological components, it contains more than 50P@ry matter, including 30% proteins of
milk. The second important factor is the environtaémaspect: 1 T of whey drained into the
sewers, pollute waterways as well as 10D ahdomestic wastewater. The third aspect - the
resource as well as the cost of raw materials &nygroducts reached 80% of the cost.

Therefore, the demand for dairy whey has been #yeadreasing, which leads to the need
for high-performance industrial processes of itstq@atment. One such process is electrodialysis.
The main objective of whey electrodialysis procegsis the removal of mineral salts to the
demineralization level varied from 70 to 90%. Thaimmineral components of whey are
sodium cations and chloride, dihydrogen phosphaitfate anions. At the same time intensed
human impact on the environment leads to the appearof nitrate ions in dairy products. Since
nitrates are carcinogens, their content in foodsghly regulated by various standards.

The purpose of this work is studing of the nitrades removal from dairy whey model
solution. And selection of the best anion exchamgenbrane for this process.

Experiments

Table 1 shows the mineral composition of whey maélition supplied to the processing by
electrodialysis. The main feature and the compyeaitthis object is 60-fold excess of chloride
ions to nitrate ions.

Table 1: Composition of model solution

mS';é:m pH CI”, mollL SO 4, mollL H,PO,", mollL NO 57, mollL Na* mollL
39 6.5 0.313 0.022 0.105 0.005 0.445

Whey demineralization process has been studietienaboratory electrodialysis cell under
the following conditions: the voltage applied te ttell remained constant during the experiment
and was 1 V/cell pair, model solution was circulgtin the desalination chamber, and sodium
sulfate solution with a concentration of 20 g/L veagulating in the concentration and electrode
chambers. Volume flow rate of solutions was 50 /aking into account high concentrations of
feed solutions, low current applied to the membrstaek and turbulent hydrodynamic regime in
desalination chambers we can tell that cell wastfaning in the underlimiting current mode
during the entire experiment.

To study the electrodialysis process three hetereges anion-exchange membranes were
selected: Ralex AMH (produced by Mega a.s., CzeepuRlic), russian industrial membrane
MA-40 and the experimental membrane MA-41-ZPMhe main characteristics of membranes
are presented in table 2.

Table 2: Studied anion-exchange membranes properse

Membrane Functional groups lonite \_/olume lon-exchange capacity, Transport
fraction,% mmol/g dry number
Ralex AMH —N"(CH3) 5 70 1,8 0,95
MA-40 —NR3", =NH, =N 55 3,8+0,4 0,94
MAaz2nme | — N (CHa)s in thin surface layer, 65 2,0£0,3 0,96
=N in the bulk of membrane

2 Membrane was created from porous anioAiBe17-2 and modified by Chermit Ruslan
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The concentrations of anions in the model solutaring the experiment were measured by
ion chromatography. In one sample concentratioral dhe anions were determined.

Results and Discussion

Typical curves of the ions concentration in the el@blution during the experiment (fig. 1 a,
b) shows that chloride, sulfate and nitrate ioesramoved monotonically at the beginning of the
process. At the same time, the concentration ofdiibgen phosphate ions are not significantly
altered. Only when concentration of chloride andsiare leveled begins removal of the later.
This is probably due to the low mobility of dihyden phosphate ions. This phenomenon leads
to a change of the model solution macrocomponéeitsaphd BPOy") relation. The initial molar
ratio of chloride and dihydrogen phosphate ion8./%sand 0.28, respectively. By the end of the
experiment, this ratio changed to 0.3 for chloimes and 0.7 for dihydrogen phosphate ions.
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Figure 1. Concentration of different anions in misigution vs time. a — Chloride and
dihydrophosphate ions, b — sulfate and nitrate ions

The main interest was to study nitrate ions comedginh changes during electrodialysis,
depending on which anion-exchange membrane was. &eade the initial concentration of
nitrate ions in the different experiments vary Istig—the presented data was submitted to the
initial nitrate concentration (fig. 2 a). The dageesented show that achievement of the nitrate
ions desired concentration (0.3 mmol/L) at 70% dwmralization rate of model solution is not
possible. Membranes containing quaternary ioniaigsoin the selective surface layer show
slightly better results compared with the membrit#e-40, which contains low and medium
based aminogroups.

However, the calculated data on the current eficyeof nitrate ions removal shows no
significant differences in selectivity between gtadied membranes, and the current efficiency
for all the membranes is less than 3% regardlesslation ionic composition (fig. 2 b).

Also interesting feature is visible in the curresfficiency of dihydrogen phosphate ions
removal. As long as molar ratio of dihydrogen phtp ions in the solution is lower than 0.4
membranes MA-40 and MA-41 2PM are not involvedha transport of dihnydrogen phosphate
ion (fig. 3). After this point membrane MA-40 shotie best selectivity.
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The use of studied anion-exchange membranes ddedlow to bring the concentration of
nitrate ions to the level of 0.3 mmol/L at 70% deeralization rate of model solution. Low, not
exceeding 3%, current efficiencies of the nitratesi for all investigated membranes is due to a
large excess of chloride ions, which is maintaitte@ughout the experiment. Further studies
will be directed to the selection or creation cfedective membrane to nitrate ions by chemically
modifying the surface or volume of the membranes.

This work was supported by RFBR grantl1-08-00718z.
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TRANSPORT CHARACTERISTICS OF HYBRID CATION-EXCHANGE
MEMBRANES IN ELECTRODIALYSIS CONCENTRATION PROCESS OF
ELECTROLYTES FROM NONAQUEOUS SOLVENTS

Victor Zabolotsky, Olga Dyomina, Svetlana Eterevsko  va, Kirill Protasov
Kuban State University, Krasnodar, Russia

Introduction

In recent years, attempts have been made to useoalembrane methods for electrodialysis
concentration of electrolytes from mixed and noregus solvents, for regeneration of mixed
process solutions and purification of organic prdidrom inorganic electrolytes [1- 4]. Organic
solvents are known [5 - 7] to effect on the struoetand physicochemical and transport
characteristics perfluorinated membranes. A treatraethe MF-4SK perfluorinated membranes
with the aqueous-organic solutions containing NiMethylacetamide (DMAA) leads to growth
of their water content, diffusion and electroosmgiermeability [6]. It is known [4] that the
brine concentration is mainly determined by thectet®smotic permeability of membranes
which decreases with decreasing water content enidh-exchange material. Modification of
ion-exchange membranes is one of the methods ¢ldate the water content in the membrane
and thus increase the efficiency of the electrgdial concentration. Method of making hybrid
membranes with a low value of the electroosmotrecngability was proposed in work [8].

The goal of this study was to examine the transgmatacteristics of the hybrid membranes in
process of the electrodialysis concentration ofl ff@m its solutions in DMAA.

Experiments

The experiments on the electrodialysis concenmatioLiCl were performed in a laboratory
electrodialysis cell with the hydraulically closedncentration chambers filled with a solution
due to the transfer of salt and organic solvenvgganionite and cationite membranes as result
of electromigration, electroosmosis and osmosi® Mtembrane package of the electrodialysis
cell was assembled from industrial MA-40 heterogerse anion-exchange membranes and
hybrid MF-4SK+TEOS cation-exchange membranes withloaw value electroosmotic
permeability. The hybrid membranes were made onbtéms of the MF-4SK perfluorinated
membranes and tetraethoxysilane (TEOS) [8]. Inroml@btain samples with a low value of the
electroosmotic permeability the modified membrawese subjected additional heat treatment.
The heat treatment of the hybrid samples was charig at 106C.

The membrane pair in which the hybrid MF-4SK+TE®8mbrane was replaced by MF-
4SK was also used in the work. The dependencesrafentration of the LiCl solutions in the
concentration chambers on current density wereirsddafor the investigated membrane pairs.
Initial concentration of the LiCl in DMAA was equtd 0.14 mol/dril The concentration of LiCl
and DMAA in the concentration chamber of the eladialysis cell and the concentrate volume
werezdetermined at different current densities. Theent density was changed from 1 to 4
Aldm®.

The experimental data were processed using thedademodel of the limiting electrodialysis
concentration [4]. The model allows one to calailadt only the brine concentration, but also
the current efficiencysf) andthe transport characteristics of the membrane ftaidiffusion

(P.) and osmotic P,,,.,) permeabilities and transport number of DMAA (., )-

Results and Discussion

The dependences of the salt concentration in theesdration chamber on current density are
showed in Fig. 1. It can be seen, that in the adskybrid MF-4SK+TEOS membrane the
concentration of LiCl is 13-17 %% higher that ie tase of MF-4SK membrane.

The transport characteristics of membrane pairaiogt by model calculations based on the
dependences of the LiCl and DMAA flows on currdehsity are shown in Table.

258



0,9 - 1

0,3 -

C, mol/l

N

0 2
i, Aldm 2
Figure 1. Dependences of the LiCl solution conaaiun in the concentration chambers
on current density. Membrane pair: 1- MF-4SK+TEMS-40; 2 - MF-4SK/MA-40

As can be seen from Table, the current efficieney@actically independent of the cation-
exchange membranes type. At the same time, the DM#aAsport number of the MF-
4SK+TEOS/MA-40 membrane pair is 20% lower thathef MF-4SK/MA-40 membrane pair.

Table 1: Transport characteristics of membrane pais

Membrane pair n, % t;MAA' PI;MAA x10°, Ps* x107.
mol DMAA/F m/s m/s
MF-4SK/MA-40 79 11.7 0.42 1.75
MF-4SK+TEOS/MA-40 73 9.6 1.11 5.33

This is the result of lower DMAA content in the hligb membranes as compared with the
original MF-4SK samples. The diffusion and osmofiermeabilities of the investigated
membrane pairs on DMAA are small and not practycaifluence on process of the limiting
electrodialysis concentration of LiCl from its stituns in DMAA.

The life tests of the electrodialysis cell showkdttthe hybrid MF-4SK+TEOS membrane
with a low value electroosmotic permeability rettheir transport characteristics for a long time
and can be used to concentrate the electrolytes®ts from nonaquoes solvents.
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MATHEMATICAL MODEL OF ELECTROCONVECTION IN SYSTEMS WITH

IONEXCHANGE MEMBRANES

Victor Zabolotsky, Konstantin Lebedev, Polina Vasil enko
Kuban State University, Krasnodar, Russia, E-mail: klebedev@fpm.kubsu.ru

Introduction

In work the results of mathematical modelling oflience of a surface morphology of
heterogeneous cationMK-40) and aniono exchange MA-40) membranes on
electroconvection, and also calculations of stmgcthe electroconvective whirlwinds generated
by electric volumetric force are reported. Theraation of volumetric force and its distribution
are made in view of parameters of morphology ofudase of membranes. Calculations of
whirlwinds is lead by the decision of equations NMaStocks and the equations the Nernst-
Planck-Poisson with boundary conditions of nonahid a constancy of concentration on borders
and difference of potential on the electrodialcsd.

Results and Discussion

For an estimation of influence electroconvectionpoocesses in the desalinate celDdA

the two-dimensional hydrodynamic carry ions modeisidering the electric heterogeneity of a
membrane surface is considered. In [1, 2] the medettroconvection based on equations
Navie-Stocks is presented and force electroconmectvas set as constant on the spatial area
modelling heterogeneity. In this model, togethethweaquation Navie-Stocks are presented the
equations the Nernst-Planck-Poisson. Operatingtrelmmnvection force is proportional to an
arising charge on areas of heterogeneity. The asndissociation reactions of water on the
border of cell are not considered in the given nhodector equations of all system for binary
electrolyte looks like:

=t .pcE-pnC +cV, i=12, 1)
RT
0C. -
L=—divj.,, 1=1,2, 2

5 wj;, i (2)
eAd = -F(2,C, +2,C,), 3)
I= F(zljl + 2232), (4)
ﬂ+(VD)V:—iDP+VM7+if, (5)
ot Po Po

div(V) =0, (6)

whereJ—gradientA—operator Laplasa/ —solution current speeg, —density of a solutionp
—pressureC,,C, —cation and anion concentration in a solutian,z, —charging numbers cation

and anion,D, , D, —diffusion coefficients of cation and aniog, —€lectric field potentials —
dielectric permeability of electrolitF — Faraday constantR — Gas constant] — absolute

temperaturet —time, v —coefficient of kinematic viscosityf —force density of an electric field

The Nernst-Planck equations (1) describe the stidons caused by migration in an electric
field, diffusion and convection; (2) — equation sra&l balance; (3) -Poisson equation; (4) -
current density in a solution of electrolyte; (5Navie-Stocks equations; (6) - the equation
incompressibility. The problem was solved in a disienless kind. On an input the parabolic
profile of speed is used. Force f = k{C,) proportional to a spatial charge acts on 6 siteh
model heterogeneity of a structure ionexchange mahend are shown on figure 1.

It is shown, that the volumetric force induced loyise of a current is capable to generate pair
electroconvective vortexes (the second sort eleosmosis), and the sizes of the induced
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vortexes are comparable with membrane distancéertredialisis cell. Electroconvection and

cross-section speed arise due the action of twanwelric electric forces equal caused by a
spatial charge which is sufficient for occurrentecgoconvection. Significant vortex arise in the
beginning and in the end of the channel. Interrmatexes are mutually repaid. Despite of the
significant compelled current vortical movementdgao increase in delivery of a solution from

a kernel of a stream to border of a membrane. fifuigides an intensification of mass transfer.

DN

3
’
/]
s \; ¥
% A
>

Figure 1. A field of speeds, lines of a current  Figure 2. Distribution of concentration
and vectors of speeds in system with scopesounterions in the channel of electrodialisis
electroconvective forces: 0.5<x<0.6,
0.7<x<0.8, 0.9<x<1.0, 1.1<x<1.2,
1.3<x<1/4, 1.5<x<1.6

Taking into account of presence coulomb forcesnterphase border leads to occurrence of
whirlwinds. It is shown, that with increase in larespeed of solution in cell the contribution
electroconvection in overlimiting mass transfer decreased. With reduction of entrance
concentration or with increase the current density contribution electroconvection in mass
transfer is increased. The space charge is form#ddi cation- and anion membranes and their
sizes can be various because for arising dissoniain border, but in the given model it is not
considered.

Distribution of concentration counterions is shoamfigur2. Presence of significant mixing
lead to fast falling of concentration counterionste beginning of the channel already. The
model allows to calculate distribution of intensifyotential, concentrations in the channel, to
investigate the differential and integrated chamastics of concentration and speed fields.

Work is executed at financial support of the RRR&(grant 10-08-01060)

References

1. Zabolotsky V.| Nikonenko V.V.Yrtenov M.X Lebedev K.A., Bygakov V,Electroconvection
in systems with heterogeneous ionecxhange //Rugdentrochemical. 2012 (in press).

2. Zabolotsky V.| Lebedev K.AYrtenov M.X Nikonenko V.\Wasilenko P.A. Shaposhnik V.A.,
Vasil'eva V.I.Mathematical model for the description voltampeves and numbers transfer
ions at intensive regime of an electrodialisisds8ian Electrochemical. 2012 (in press).

261



MATHEMATICAL MODEL OF NATURAL WATER PH CORRECTION B Y
ELECTRODIALYSIS WITH BIPOLAR MEMBRANE IN LONG MEMBR ANE

CHANNELS

Victor Zabolotsky, Konstantin Lebedev, Polina Vasil enko, Stanislav Utin
Kuban State University, Krasnodar, Russia, E-mail: klebedev@fpm.kubsu.ru

Introduction

The problem of determining the concentrations atdhtlets of the electrodialyzer chambers
during pH correction of dilute solutions containiagarge number of components that can enter
into chemical reactions is multiparametric and meggia considerable array of experimental
data. Creation of mathematical models describing phocess in long electrodialyzer channels
allows fastening the calculation process and ptiedjanass transfer characteristics of the real
industrial modules.

Experiments

The study is carried out in electrodialyzer whididaand alkaline chambers were formed by
bipolar membranes MB-3 and anion-exchange membrisided0. The studies were conducted
at three different flow rates of solution througle elementary cell under study: 3, 5 and 7,5 L/h.
Electrodialyzers contained 10 paired chamberswtbiking area of the membrane was 4%dm
intermembrane distance—0.8 mm.

Results and Discussion

Electrodialusis of softened water is complicatedchgmical reaction with single- and double-
charge ionic forms of carbonic acid at pH changadid and alkaline chambers. In presence of
bicarbonate ions in softening water their intex@ctvith hydroxyl and hydrogen ions generated
in bipolar membrane is described:

HCO; + OH ¢ COs* + H,0
HCO; + H & H,COs

In addition softened water contains considerablelarhof sulfate-ions. Presence of different
sulfate forms depends on pH. In softening watethwstlfate ions (S§) there can be
hydrosulfate ions (HS©) at pH<4. In this case calculation of concentragies carried out on
basis of sulfuric acid dissociation reaction (o tsteps):

H,SOy < H' + HSQ
HSO;, & H' + SO

Calculation of transport numbers through anion-exge membrane is carried out on basis of
teoretical approach, describing in [1]. Accordimgthis approach and with assumption about
ideal selectivity of ion-exchange membrane at auregual or above limiting, it is possible to
calculate transport numbers through anion-exchangmbrane only from ions concentration
and their diffussion coefficients in solution:

Zj
T = L A
J.np 4 . 4 ZJ
ij,np Z(l_i)DJC]
j=1 j=1 A
whereJ;im—flux of sortj ions through ion-exchange membrané=ain, mol/cnf*s, 6—thickness
of diffusion layer,cm, z — charge of sorf ion, z, —charge of coionD;—diffusion coefficient of
sortj ion in solution,cm?s, ¢j— conncentration of sojtion in solution. The sum of transport
numbers through anion-exchange membrane is 1:

A A A A —
T + T +To +T& =1

Finally mathematical model represents system oflimear equations which contains 15
equations with 15 variables relative to conceraregiand ionic fluxes. The system is solved by
means of Newton's modified method.
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More complex and important from a practical poiftveew is to build the mathematical
model describing pH correction process of the seftlewater in a long electrodialyzers channel.

pH

Figure 1. Distribution of pH along the length ottmodule, 1 — alkali chamber, 2 — acid
chamber

It is shown that two-dimensional model of multicamnpnt solutions electrodialysis, based on
kinetic equations for calculation of the transpmuimbers and ionic equilibrium thermodynamic
equations can be obtained by upgrading compartri@mtanethod [2], which consists in
partitioning of membrane channel at a sufficiedlgge number of layers perpendicular to the
direction of flow of the solution. Channel lengttasv40 cm and electrodialyzers model was
applied to a distance of 10 cm (n) so that the wiugstimated in the previous section were input
to the subsequent section. The developed progradmwvsalthe calculation of the stratified
structure of the solution as it passes throughcttamnel and find the way the local value of the
ion concentration, pH, current density and the atiffe transport numbers of ions through the
membrane.

For example, the distribution of pH along the léngf the module at a current density of
8010* Alcm? and solution flow rate through one chamber of B Wwas calculated (fig. 1). Near
the entrance to the channel pH change rate witreasing of the channel length, which is
associated with the presence of bicarbonate ioimida¢ reactions with water molecules
dissociation products and buffer properties ofgblition. It is shown that the greatest change in
pH of the solution occurs in the early parts of éipparatus and in the middle of the apparatus.

This work was supported by RFBR grantl1-01-96512-r_yug_c.
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Introduction

Semi-empirical approach making possiblgyémeralize, forecast and scale the mass exchange
characteristics of the electrodialyzers intended desalinationof the dilute solutions of
electrolytes was suggested in work [1]. The conmpantation method serves as the basis of the
approach used for scaling of the electrodialyzdrpanted type. Main point of the method,
adapted for the electrodialysis, is that the loegatting channell( of the electrodialyzer is
considered as a sequence of the elementary chafgel#\pplication of the method allows to
find the solution concentration at the outlet of tthesalting channel with lengtt»L, if the
concentration of the initial solution and a desajtifactor {=c®/c") are known and linear
velocity of the solution at the desalting channiethe original and scaled electrodialyzers are
approximately equal.

The aim of this study was to investigate the poalssibof using of the compartmentation
method for prediction of the mass exchange chaiatts of the industrial concentrator
electrodialyzers on the basis of the experimerdtd dbtained in a laboratory cell.

Experiments

The objects of study were two types of the conetotrelectrodialyzers: laboratory EDC-Y
module and pilot EDC-Il module, based at the conmmakunit ED-1l. Both devices have non-
flowing concentration chambers, made in accordawdé the technical solution of LLC
«Innovative Enterprise «Membrane Technology» [2, Bhe membrane packages of the
concentrator electrodialyzers were assembled frben Ralex CM-PES cation-exchange and
Ralex AMH-PES anion-exchange membranes. The Ra@mbranes and the modules ED-Il are
produced by «Mega a.s.». Characteristics of thdietuobjects in conjunction with the flow
rates of solution at the desalting channel aredigt the Table.

Table: Characteristics of membrane packages of thevestigated concentrator
electrodialyzers and solution linear velocity at dealination channel

Number of . .
EDC elecl—r}(l)%?acl);zer |§:;?1nerln elementary Llnear:/%‘cl'OCIty,
' chambers
EDC-lI pilot 3L, 125 0.0482
EDC-Y laboratory Lo 12 0.0351

Feed solution was 5 g/L ammonium nitrate. In tleady state the solution conductivity at the
inlet and outlet of the desalting channels, the ddtthe concentrate drip from the concentration
chambers and its electrical conductivity, voltagel @urrent were recorded. The experiments
were carried out at the currents densities legs it limit current density.

Results and Discussion

The experimentally determined mass exchange clegistats of the EDC-II pilot module and
laboratory EDC-Y cell are shown in Fig. 1 as theatedences of the NINO3; concentrations at
the outlet from the concentration chambers on thieeat density.

264



300 ;C 9L

250 -

200 -

Figure 1. Dependences of the NND;

150 | concentrations at the outlet from the
° concentration chambers on the current
100 .
& EDC-II/125 denSIty
50 7 A EDC-Y
0 T T T T |
(o] 0,5 1 1,5 2 2,5
1, A/dm 2

Calculation of the solution concentration at theleiuof the desalting channel of the pilot
EDC-1l module, for which.=3L, (see Table), was performed according to the equatio

e =cr(e®)r(e™)r(es™) 1)
The equation (1) was obtained using the recurréoaulas of the type:
cn'= el (e 2)

out

whereN is number of sections to which the channel cabrb&en andcyZ, is concentration at

the outlet of the(N-1) section. The desalting factaF(¢°)) was calculated on the basis of the
experimental data obtained in laboratory EDC-Y .cell

The experimentally obtained during the test of BC-II module and theoretically calculated
values of the NBENO; concentrations at the outlet of the desalting ckanand the
demineralization degree at various current derssére shown in Fig. 2 a, b.
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Figure 2. The dependence of the /NI; concentration at the outlet of the desalting chdsine
(a) and the demineralization degree (b) on the entrdensity

It is seen that the theoretical values are in gagreement with thexperimental datal hus, the
data obtained in laboratory cell can be succegstided to process of scaling and predicting of
the properties of the industriék concentratoelectrodialyzers such as EDC-II.
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Introduction

Membrane methods of processing waste waters hanarder of advantages in comparison
with traditional ones, such as: universality of firecess, absence of any reagents introduced in
waste waters, essential decrease in waste amalative simplicity and compact size of the
plants [1].

At the same time, there are multiple charged idnaetals in waste waters and technological
mixes from many manufactures, effect of which oe #ttributes of ion exchange membranes
has not been studied sufficiently until now [2]. €of the actual problems in electroplating is
purification and regeneration of the electrolytesntaining tri- and hexavalent chrome
compounds.

Electric conductivity is one of the main attributdstermining practical feasibility of ion
exchange membranes. At the same time, currentecamobility in the membrane phase is
determined by hydratation of the‘fixed group—u@uior accociates i.e. by water content.

Experiments

Water content of the membranes was estimated lwnge#ric method.

A mercury contact cell including the membrane underestigation having a mercury
electrode astride was used for estimating resistahthe membranes, which made it possible to
carry out the measurements without mechanical laggaland changes in the chemical state of
the samples. The resistance was measured with IEljmsdancemeter Z-2000.

The experimental data was processed with the EEtBpn Analyzer program which is able
to analyze impedance spectra with the method ofivalgunt circuit design. The electric
conductivity was calculated and its concentratisamgchms were drawn using the membrane
resistance values obtained. The electric condugtofi the MA-40 and MA-41 anion exchange
membranes and of the MC-40, MF-4SC cation exchangenbranes equilibrated with the
chrome chloride, chrome (VI) oxide and sodium cider(for the purpose of comparison)
solutions in the 0.02—0.3 N concentration intewas studied.

Results and Discussion

The electric conductivity values of the MC-40 memani® in the sodium chloride solutions is 2
times larger than the ones in the chrome chlormati®ns, which could be explained by less
mobility of the triple-charge counterion associatgth several functional groups and so having
its potential well deepended. It is also necessaryake into account that there are several
chrome (lll) chloride hexahydrate compounds, sushhe [CrC}(OH,)4CI-2H,O dark green
hexahydrate, the [CrCI(O}$]Cl>-H20 light green hexahydrate and the CrgRBls blue-gray
hexahydrate [3]. The calculations have shown thacentration of the [CrCl(Of]**
complexes is maximum in the chrome (lll) chloriddusions. Mobility of such complex is
expected to be very low in the membrane phasedtttian, the transition from the sodium
chloride solutions to the chrome chloride onesdsompanied by 20 % decrease in the water
content.

The electric conductivity of the MC-40 membranethe chrome chloride solutions is much
larger than the one in the NaCl solutions. Equilibr between the chromic J8rO, and
dichromic HCr,0O; acids is set in the Cg3olutions. Both acids are dissociated in the ftage
almost completely, but there are practically noecales dissociated in the second stage [Remy].

The hydrogen ions released at dissociation andhgaatbonormal mobility replace the sodium
ions, so the MC-40 membrane turns into ifs-Horm and has its electric conductivity increased
In addition, the water content of the MC-40 membraeems to increase by 39% on average
because of strong linkage between the proton amavitier molecules (thesB," particles have
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been found even in the air-dry sulfonic cation exagfe membrane samples [4]), which also
promotes the increased mobility of the counterions.

The electric conductivity values of the MA-40 memube are a bit larger in the chrome
chloride solutions than the ones in the sodium radidosolutions. This could be attributed to
complexation [2] which occurs between the functlgraups of the EDE-10P resin (which is an
active component of the MA-40 membrane) and th& €ations which percolate through the
anion exchange membrane via the Donnan sorpti@cteffhis is indicated by a new peak in the
oscillation area of secondary amino groups (165610 cnt) in the MA-40 membrane IR
spectrum. This results in growth of the matrix gahpositive charge. Such membrane is able to
involve more chlorine ions in the exchange withsaduent increase in the electric conductivity.
The MA-41 membrane active component is the AH-Xghlyi basic resin, the quaternary amino
groups of which are not inclined to the complexatwith polycharged cations, so the electric
conductivity values of this membrane are similaeéezh other both in the chrome chloride and
the sodium chloride solutions. Thus, both anionhexge membranes are in thé €form and
do not decrease theirs transport attributes irCit@; solutions.

In the chrome (lll) oxide solutions, however, boththem decrease the water content sharply
(by 50% on average), which is attributed to theansition to the Crg (CrO;*)—form. In
addition, they change their color from pale browrdark brown (MA-40) and black (MA-41).
The electric conductivity values of both membramiesrease by the factor of hundred in
comparison with the chloride solutions.

Stripes typical for oscillation of the C=0 (1721660 cni) and OH (1390—1350 ¢higroups
were obtained for the MA-41 membrane samples iir tRespectra, which indicates to oxidation
of the ionite matrix into the-COOH group [5].

Thus, the MA-40 and MA-41 membranes retain theinsport properties in the chrome (lll)
chloride solutions. This makes it possible to usent in purification and regeneration of the
solutions. In the CrO3 solutions, however, thesanbranes are subject to full or half-way
destruction. The MC-40 membrane can be used fafigatron of the chromate solutions from
the trivalent iron and trivalent chrome admixtuteg means of the membrane electrolysis
method.
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Introduction

Convective instability in electromembrane systeras heen visualized by means of different
optical methods [1-5]. The method of laser intayfeetry allows obtaining valuous information
about the state of near-membrane solution layee. @the main factors determining behavior of
ion-exchange membranes at a current density exggetd limiting value is the properties of
membrane surface. In particular, electrical hetenegty of the surface facilitates the onset of
formation of electroconvective vortexes [6]; sugdry/drophobicity gives rise to slip of the fluid
at the surface, which enhances electroconvectiah taa delivery of fresh solution to the
membrane surface from the core flow [7, 8].

The aim of the present work consists in investayatof dynamics of a development of the
convective instability region in solution by the timed of laser interferometry. In particular, the
thickness of diffusion boundary layer (DBL) in int@ve current regimes was measured.

Experiments

Concentration fields are studied in an electrodialydesalination cell formed with a cation
exchange and an anion exchange membranes. We thawedstwo cation exchange membranes:
a commerciaMK-40 and a MK-40+Nf membranes. To obtain the MK-40+Nembrane, the
surface of MK-40 was coated with a thin layer oluid Nafion (of about 20 microns thickness).
A commercial MA-40 membrane and a modified MA-40Mmbrane were used. The MA-40M
was obtained from the MA-40 by surface modificati@ming a strong polyelectrolyte [9].

The length of membrane channel L is-4@ m, the width is 1,402 m, the intermembrane
distance h is 5;00° m. The distance from the entrance to the sectiamhich the concentration
profiles are measured is 2,02 m.

The method of laser interferometry of Mach-Zenggetwas applied. The interference pattern
was registered by a video camera with a digitizaticequency of 15 Hz. The convective
instability region is defined as a near-membraneezaf solution where concentration profile has
unstable, oscillatory character. It is possibldind the Nernstdy) and the totald) thicknesses
of DBL. oy is determined by the point of intersection of thegents drawn to the concentration
profile near the surface and in the middle parthef channelp is defined as the thickness of
layer where 99% of the concentration variation escu

In order to avoid the effect of gravitational cootten, the membrane under study was set
horizontally in a position of stable stratificatiobhe current has been directed in such a way that
counterions moved upwards and the depleted DBLumder the membrane.

Results and Discussion

The effect of membrane surface properties on theeotivoltage (I-V) curves and
concentration profiles is detected.

Coating of MK-40 by a Nafion film leads to an inase in the limiting current density and to
a reduction of the «plateau» length of I-V curves.

We visualize in situ salt concentration profilessmution at the boundary with membranes.
Fluctuations of concentration profile in the deptesolution at thIK-40+Nf membrane (fig.
la) arise when the limiting current density,fiis achieved. In the case ®IK-40, an excess of
limiting diffusive current density is needed to guae the fluctuations: i should be 1,2 to 1,5
times higher than;. Effective current-induced convection arisen & tlepleted membrane
surface mixes the near-surface solution. As a teth# concentration profile at the depleted
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surface becomes flat showing that the diffusionsdo@t contribute in this region. However, the
diffusion layer does not disappear. It is shiftegihi the membrane boundary towards the flow
core. There the convection (mainly the forced cetiva) becomes important again, and the
profile is smoother. Thus, under the action of enttinduced convection, the diffusion boundary
layer ceases to be‘boundary.

Qualitatively similar concentration profiles aretaibed by numerical solution of a boundary-
value problem based on the Nernst-Planck equatioopled with the Poisson and Navier-
Stokes equations (Fig. 1b).

It is to note that up to as high current densitpleg as 3in, there are no electroconvection
near the anion exchange membrane forming a desaftinahannel together with the cation
exchange one.
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Figure 1. Concentration profiles of sodium chlorgt@ution near the cation-exchange
membrane MK-40+Nf under different current densijtiég(NaCl)=0.02 M, V=0.02 cm/s (a);
result of numerical calculation of Nernst-PlancReisson-Navier-Stokes equations at i#B);

i1is the limiting current density found by the iner8on point of tangents to I-V curves

The values oby andd are presented in Figs 2a and 2b as functionseofdhio of current
densityi to i;. It is found that the decrease of effective thessdy near the MK-40+Nf
membrane occurs at the currents correspondinggmiieg of the convection instability. Ag
is higher for the MK-40+Nf membrane in comparisathvihe MK-40 one, at the same ratibi,
the current densityin the case of MK-40+Nf if higher. That explaimetlower values oy and
o for MK-40+Nf presented as functions ofi;. Under the same potential drop the current
density and electroconvection are higher for the-MKNf membrane.

Apparently, the main effect of surface modificatimm the membrane behaviour is due to the
variation of the surface hydrophobic/hydrophilidarece. It is known [8, 9] that an increase in
the membrane surface hydrophobicity facilitatesctebeonvection owing to replacing the
boundary condition of adhesion with the slip colit Such replacing makes easier the
formation of paired electroconvective vortexes.
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Figure 2. The thickness of the total (a) and thenNi(b) diffusion layers near MK-40 and
MK-40+Nf cation exchange membranes as a functidhecurrent density: §NaCl)=0.02M,
V=0.02 cm/s
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Introduction

Recently the process of electrodialysis for denahzation of whey in dairy industry has been
implemented intensively. Electrolyzers with cirding cells of concentration are used in most of
the cases. The concentration of the obtained elgtdrexceeds the allowable emission rate to
sewage system though it is much lower than neededther technological usage. Thus, each
dm?® of the desalted whey forms about 0,3-1*drhelectrolyte [1] which should be additionally
cleared. This paper presents the results of redsesmen demineralization of whey by means of
electrodializers with non circulating concentrati@ells in order to increase electrolyte
concentration and to decrease its volume.

Experiments

The electrodialyser consisted of two electrodes thnele working chambers between which
Cationites (MK-40) and Anionites (MA-40) membramnesre placed in turn. The installation had
two circulation flows: one was with electrode sauatand the other one with whey. There was
one non circulating cell of concentration in theottodialyzer. Electrolyte excess which was
formed by ions transfer and ions hydrated shellsewemoved from the concentration cells by
free-run flow through a special capillary. The effee area of each membrane was 0.1 the
thickness of diluate cells was 1mm and the thickraddshe concentration cells was 6mm. Speed
of solutions pumping was 60 dfh. Constant current density was maintained atAH6’. The
whey which was used in the experiments was obtainetthe manufacture producing lactic
cheese. The content of minerals was determined @yductometer with temperature
compensation HANNA Instruments.

Results and Discussion

It has been determined that upon electric currensitly of 150 A/mithe electrolyte of 80-120
g/dnT concentration is formed by means of electric iand their hydrated membranes flow in
the concentration cells. The average volume offohmed electrolyte is 4.42 dhper kilogram
of salt transferred through membranes. Table leptssthe volume of the concentrate formed
during processing of 1#of natural whey at different levels of demineratian.

During calculation it was assumed that the comémineral substances in whey is 0.5 %.

Table 1: Volume of the formed concentrate

Level of demineralization, % Volume of the concentr  ate of per 1 m % of
whey, dm *
50 11,05
60 13,26
70 15,47
80 17,68
90 19,89

Table 1 shows that in the case of non circulatingcentration cells the volume of the
electrolyte concentration is 27-50 times less tthencase of the same condition with circulating
concentration cells.

However, it should be noted that with this settihg current efficiency which is an important
indicator of the technological process is more tR8n% lower compared to the one in the
circulating concentration cells. This is explainsddiffusive ion transfer of the reverse direction
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and by accumulation of sparingly dissoluble pagtcbn the membrane surface that can be
confirmed by visual inspection after the experimeédbviously, the current efficiency can be
increased if the whey is cleared of hardness €aifs’, Mg® *) by ion exchange [3].

Summary
Electrodializer with non circulating concentraticells reduces the volume of concentrate to 27-
50 times comparing to the one with circulating emcation cells. At the same time its
concentration is 80-120 g/dnthat can be used in other technological processesever, this
construction stimulates intensive accumulation efiments on the membrane surface which
requires prior cleaning from hardness salts.
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