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EXCHANGE KINETICS AND DIFFUSION OF OXYGEN
IN LANTHANUM-STRONTILUM COBALTYTES

Apapyey M. Pavinfkova .M., Korwmchlno EXh.

Brstinue of Hiph-Temperdiure Efecirocheminzy,
Lol Drivisicm of Russian Acodemy of Folences, Yebotarinburg, Runia

Lanthamum-grontium eobaliies attrsed an siedton of many reseanchers due to such oubdes
can be wssd as chectrode musierials in mocdem skeetro-cbemical dovices {solid oxide fuel colis,
dectrochemics] pumps, sensors, reformers, COAesers mie). Thare are 2 kot of papers concamad
with chegyrical, yonsport, cawalytic, magnetic and «her propeniss of hese malerials, but in many
cpoes sigaificant dissimguish can be observed et daln from different mimhors. That is probubly
doc o differences i microstruciure of the materialks, grain-boundary influence s,

I present work exchungs Rincticy and diffusion of cygen are sisdied wsing Lsotope
exchange technigoe with gas phase analysis for oxides Lag-S6l00h whene x =00, 0.3, 0.4 1 0.6
it the Larpartipre ratige S00-B50 °C asd gicygen precsur {1.33-99.3 10 Pa. Sctup description
sez in 1] Klier and Kucem model [2] i used for cxperenencl dots textment, @mo izoline
procedure is vaad ko coiimans aecursey of viried paremeiers calculslion T3],

The oxides hive been symihesized with ciiric-nlirate technique. Ascording 1o X-Ray powder
diffraction analysis {Rigaku-dlfiaeiometes D-MAX 2200V, Cig-tadlstion ab alr 21 foowm
temporature) all the samples bave oo any reflexes comesponding w0 impunities  Surface
microsrusture of the oxides wes studled by scaoning elecivon mibcroscopy technique wsing Jeol
{TSM S900L V) hardwarr with micra-analyser INCA Energy 200,

Valwez of intarphass exhapge e (£, ol s e '3 and osypen diffasion eoefficlents
(2, ams" ') are shown 10 Woreass in Ly oSr2CoChs whh x — growth., which is probably because of
owygen non-soichiomery 3 changes, studisd for lanthanm-strondipm cobaltites in [4).Lhing
Tenmperature e of & and O cffcctive eclivation cncrgics ab Goostant DXYED PresIuwe
(66551 33)x10° have boen calculaod. Eifective sxohinge sctivation epcrgy decreases with r.
growith and increases for diffusion of ooegen

Oy gz prescune dependence of 2 bas power function type, - p'{Ox), Moreowsr the index
r increnses from 57 o | with x growih that can be conneied with changing of three exchange type
cotrdion 1o the common cooygen exchange e n irmustipated oxidey 15]. Pimst cxchange type
contritntion is shown Mo deeretse with xc-growth, The firsl (ype goes withoul any ivleractions
bateesn molecular oxygen of ges phase and oxygen frem the solid oxide sorface, which cam
probably be cuplained by intreasing of oxygen vacmncies concentraion on the aolid surface dusa to
Frowth of proepior defiects [Sr,] with x [4]. Oxygen diffusion socflicient lends to decoeasing with
Derypen prossuns growth, which corelates with oxygen non-stoichiometry changing in investigriod
Dithdes.

Relereares

I. EKh Kuumchio, M.Y. Ananyev oftc, fwr. S Efecirockem. (in Russian) 46 2010
213220,

K.Elx, E. Kucern , J Phye. Chem Solids 27 {1966) 10871045,
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CATALYTIC FROFERTIES OF FLATINUM NANOPARTICLES OBTAINED
BY DEFQSTTION FROM REVERSE MICELLE SOLUTIONS

Antosay AYn', Boers 0.4, Ravina Al Sergeyev MO,
Shaymukhasetovs G.R, Zhnvoronkovn KM,

03 Mendefeyer Ummﬁ-yqfchemm r«mqr‘m:m Moscow, Russia,

14, Framkin Insrinee qfﬂm'.l‘mi' f:hmmy anid Electeochemisery,
Russln Acadamy of Seiences, Mozcow, Ruxtia

Manpohjects find sver wider applicatlon fn different {lelds of industry and scanomics. The
theory of heterogeneous catabymis describes how the foom and size of melsl paticles and their

Interactmy whb the spiort affect the activity of supponted catabysts. One should alsc consider
wiseparability and o affes | of these Tators.

The: behavior of platinen nanoparicies deposied from inverse micelle solutions was shudied
(1] reganding reactlons of isotopic exchangs in molezlar hydnogen:

Hy = Dy o 2HD n

in & wida range of temperstures of 7725 K and lowv-temperature erthe-para conversion of
pdium:

o=Hz = p=H; (2

The gizg and form of micelles Formeed i everse micelle solutions {RMSs) ac determined
wsing the method of stomic foree miemscopy (AFM). The adeorpiion of plalinum nanopanicles
from RMSs on the suppor sueface was contoolled using the method of spectrophoinmetry.

The adsomptive propertics of the particles, their sability in tme and values of the mewl
active surface area are dettmminied on the basis of inedrogen shemizarpton at 77 K.

In Whe course of the mork, the dopendences of catalytic activity and activation enogy for
reactions (17 and (2) on the chozen suppan oepe, the welue of solbilamion coetTicient w of 1he
initial safutions deermining the size of pantickes and their properties are found,

The obiained high actlvity values of platinum oancparticles in homomoleculyr praciions of

hydrogen isatople exchange show the uniqeeness of the properiies of namocompaslies snd the
prospects of ther frber neanch,

Beferemees

1. AA. Revine, AN Kezikov, AN, Akkazev, E.B. Haykws, V.V, Volodko, Radiaticn
chemistry synthesis of the nanopariiches of meials, Nenosschnelegy (2005) Mo, 4. P, 105,
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SOLID EVTECTIC MIXTURES ANED CRYSTALLINE HYDRATES OF ALKALE
HYDROXNTINES AS NOVEL FAMILY OF FROTONIC CONDEICTORS

Balkar Yo M.

loffs Phpsicol Technical Insivete, Russian Accdemy of Scionces,

1. Intensive developiment of

B Palershurs, Reein
jte mateslals with echanced wonic conduction has given

Compodite
tha impetus tr prove this phencitienm on salld hydrexides, bt basing on dightly other approech.
The self-aasembled micro-hetmrogensity of the solid ewlectic was used iostend of the: anifizial

1 Lot
"ﬂ‘|
|
g'l“} \

Arovskites: pl = YiBwx0y;  p2 = Nd:BaCel);

micro-helerogensity of g “ionles-diclectric™ composil=s. I has
been showed that ewteciiva KOH+KOH-HzO, KOHHNaOH and
LiCHHMaOH ae solld spperprolonles ap 360-370 1, 360454 K
and 400-500 K, respeciively, These sutsctics hawve showed
subtianinlly hgher conductivity than that of indlvidual pastivers a1
the same (empersure, 2.2. a5 It G ste on Fig.]l, whem curves
comespoid: J e GROHHNSONY, F = o 2001, $—ro (MaGH).

2. Crymalling hydrates KOH-H:0, MWaOH HaO  and
EOH 2H:D have showed also snough high proten conduct-vily.
Our data are presented on Fipt:  HI=KQH+HMaOH; Hi—
KOH Ha; Hi—+  NaOH HO; B>  KOH2B0;
S KOEHKOH Hi [1-3). For comparizon the comductiviy of
most popular noeai diaban condnctorg — perovskiie orpe (pl) 2nd
poid sais {Al) — arc presented on the base of litecature data, Blere

=23
P = YbSrCeOr  p = BaY3n0,,

P B VoS0, p6 = BN p7 = BONDIE, Acidic el Al = CsHSO,; A2 = Ce(HEC0, -HPDL): A3
= R H(Sal ) Ad = CgHPOy; AS = KH SOy,
3. The slecrochemical solid=state cls on the base of thess moved elecirolyies with a hydrogena-

4

ved ol (P, Ti, TiFe) and graphite as electrodes. bave
bom proved as 8 rechergeable bosteries [4]. Matal
clecirodes he-ve oot Dpoa upder-gone any spochl
eatmment before cx-periments and used as fodls (Pd,

Ti}, wites (Ti} and _
y | e

roolten-gacl aval nail

{TiFa}.

It s imeresting o Sl i
the apporunity o ‘ Et'
wrk  at

of this coll B 1.2 V. |1 bas bexn proven a5 power source for

D E:
0T, W

X ]

RSO

1 A r
emperaures the call o
TiFEKOH ZH:OK. ™ o etreend

Emf

elecironic quarkz timer in few moths.

A bl
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CATALYTIC PROPERTIES OF PLATINUM NANOFARTICLES OBRTAINED
BY DEFOSITION FROM INYERSE MICELLE SOLUTIONS

EBotvy 0.4 Antomoy AV, Revisn AA7, Serpeyer MLO,
Shaymukbametova G.R.', Zhavoronkova J.M

D. Mendaleyev Univaraity of Chamical Teohnology of Russia, Moscow, Rucnia,
ofga bodvag@maed v

14N Frumkin nsitue o} Phyrical Chemisiry and Elecirocheminry,
Ruexion Aecdimy of Sciences. Masoow, Rigsia

This work studies the catlytic activity of platinum nancpartices otiained by mdiation
chemleal reduction of platiaem kg in reverss micelle systems {Laboratory of Composite Maerinls
OISC, che patetil of the: Ruscian Federation no, 2322327) and deposited or 1-A k(s {Redkinskiy
Catalyst Pland) in the reactons of homomobecular isoopic exchangs of hydrogen (1) aod ortho-para
convarskon of protivm (2):

Hy + Do e ZHD, ()
o-Hs - g @

Both reacions are of grest interest for the two most bmpertant ficlds of conventional power
enginesring: oucleyy and hydmogen energefies. Reaction (1) is ome of the stapes of indusirial
producticn of heayy waber used in the nuchear induiry & B also & modd Tor reactions coowming
with paticipation of hydrogen. Reaction (20 ik required i indisnil hydmpen liquedaction and
rectiication for i1s use ag b power soured in hydrogen power angnsering.

In tho course of tw wor, the dopendencss an: fund of catapytic sctvity and asivaion
energy of redctions (1) and (23 on the value of sohobiloation cocificient o of the injtisl solvbions,
which & proparionsl to the sdze of the applisd partickes and teir concentration kb ke reverse
miceile soluion (BMB). Smdics of nenction (1) ware performed in o whie moge of iemperaies (77
= 250 K3, while resction (2) was investigatad in the low-tempemhes angs,

The size and form of the platinom nanopadticles farmed in BMSs are determained azing the
method of aromie fome microseopy (AFM).

The process of adsoeption of patinum oaroparticks fom RMEs on the surface of the -
Al suppart wiss controlled using the rsthod of LV-VIS spactrophatomenry {Hitachi L-3019
apectrophobometer).

The adsorption propenties of the applicd oanopartiches, teir stabwlily i Clive, wod 1B value
of the mewl active surface anes are deermined oo e basls ol tydregen chemaostrpton at 77 K.

In i Feand that the activity of the platimum nenoii2e peoticles exceeds by none than an ooder
of maguiteds the sctivity of convemtional platinem cetalysts and approaches the actvity of a
plitinnm flo. The oiwmned high activity yahes of phtium manoparilcles In the reacdon of
homomobscular isotopic cutbange of hydeogen show the unique propenizs of these sysicms and the
proapecs of their funther stndiks.
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SYNTHESIS OF NICKEL-CARBON NANOBORN
COMPOSITE FILMS BY AN ELECTROBIPGSITION TECHMEME

Cppeye ', Muscelion ¥.!, Magaguin L., Dicinch Dagmar’, Langke Thowss'

'Polmecres di Mian, Clemistry, Materiole anwd Chemurivy Engueering Depavivent
Cilio Mane . vea Mooscinelly 7 200 33 Miane, fraly
IChemmiz Unoversuy of Technelog, Inaivue of Comprouite Mineraaly and Surfacr Technology
Chttmitzs, Carmamy, poula copoearuZpelmn o

la thie wark, chctrodepostion of nickel-znglke walled carbon nanohovts somposts 1=
ottaned from a sulfamate bath Microbowdnese and wear oesslanee of the composics ane

ivestigated both propetises a0 laghly infuenced by the volume acthon of incorpertted carbon
nwthoras partichs

Electrodepasiton of mickel-wnohom composites 15 camed oul from o sulfamale bath
contnng up o 1 g1 of dispersed singls walled nanchornx with dismeter 30 40 50 nm  Depoarts
with embedded panobonss, bomogenecusly digersed wn ovetal matox, are obbuned Sinochare &F the
deposis and contents of carbon nanphoms parpcles i these Layvers wars mvasugaicd with nespect be
the possbdaty of aglomerauon of 5%WHH parncles and bath compasiuon (conceniation of SWHH
m the elecimolyte) Micohardness and wear resutance of the compozites ame investigared  Manens
hardsess s Righly influenesd corporatioa of paticles Young's modulus and wear rsmance of
1he micket matnx composites with nenchoms remain snchanched  Morphology of the coalings and
e offects of codeposred parttics on WHIAl MatmX Srpciune & alse reporied
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REDOX FOTENTIAL MONITORING OF BLOOD SERUM
JH FATIENTS AFTER LIVER TRANSPFLANTATION

Khubutiys MuSK.', Chebun A Y. ', M‘, Salenko A.A°,
Golda Mikhall M. 7, Hall B, Duvydev A.D.", Koleanikow V.47

W V. Sthifosowsiy Jnstinge of Emergency Medicine, Moscow, Russin
1Dt Mendeiesy University of Chemical Techmclogy of Russic, Mazzow, Russia
Furctholvde Untwerslty, (lasgow, Seovlond, 1K
“4.N, Frambin insifratte of Physicol Chemiary and Elecirochemistry,
Russion Academy of Schencer, Moscew, Russia

An intarest in mesdicat applicadons of redon potetulal measrement in blokogical medla was
initially relaed w prospects of elucidaing the pro- and antioxidant equiltheium b the bodogieal
medin of the organisn 1], Bowever, the devalopment of Nordenstrem's teary of biologicaliy
cloaed electrical circuits [2] hag plse beroughn abeat the prnise of devcloping dingnastic and
progmogtic oflona for vanious pethological states by measaring open-circwl potentials (CCF) of
clecrodes immersad i the biclogical media vakved, For instasce, the OCP of blood strum bas
been shown to courelate with te woxicley lzvels kb patlents with semieal pathology [3].

The presen work is & continaatlon of imeslgatlons of OCP ip bood serum, giming o
desermine the poessibility of wtilizing the measwed OCP vahies as o prognoshic crtériom Ry Gmsdy
correetion of surgical and therapeuric methods in palicols following the transplanttion of liver. The
impurtance of this geal iv due to the abssace of noninvasive methads for predicting an inpending
rejection of Ihe transplented orgat by 1he patiend

In the: course of monitorisg the OCP in patamis following the transplantarion of liver, in rwo
of 21 patlents under observation, sbrupt changes in the OCP of plainum sectrode wiere observed,
In Paxiews K., & pereotial shifl from ~30 mV o =70 ¥ wes obaervsd. 22 days after the surgery, snd
Potlent 3. had wo GCP changs fom -5 wV o =92 mV, In both cases, this correlaied with olinical
deeta indicating sarhy-siaje v réjoction,

Thys, monitonmg the post-mrgical CP of blood serum in & group of padienis with Lver
imnspiants has rovanked be posaibility of wsing OCP of blood serum as a disgmiostic test to datect
ihve refieciion of the ransplanded liver.

An attempt was plso made to ascertain the possibility of replacing platinum for o malerml,
which ia kess expensive and mors swabe b the w8 media. Electrodes made of mbxed indium and tin
axides wete livedigated. The OCP meaturements with these electrodes in agueous solulons at
various pH values showed that the OCP valugs aficr measunsment ind wosking ol the clecrodes
fuickly returied to the inital values. For matancs, te slocirode OCP i an aseorble aeid solution
{30 mgflin 0,15 M NaCl} was +39 mV, retuming bo +203 mV afier washing with 1.0 M Ha 30,
which was quine glose wor the mitial valoe in the same solution (4216 my)

References

1. L. Roulon, Theary and Praciice of the Blo-Electvonic "Vircent™, SIBEY {1973).

2. B.E.W. Mordensuim, Ecpdoring BOEC-syetem, Mordic Medical Fubllcations, Siackhodm
{1995}
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SURFACE MICROSTRUCTURE ANALYEIS
OF OXIDES BASED ON LANTHANUM COBALTITE
LSING SCANNING ELECTRON MICROSCOPY DATA

Gavriliouk A.L., Ansnyev ALY, Pankrutov AL AL

Adnstinute of Mathemohics amd Mechanics
Instinete of High-Temperature Elecirockemiztry,
"Ll Division of Russion dcademy of Selences, Yokatarinburz, Rutsia

Seanning electron micrascopy (SEM) is widely wsed for surface micrstrocture anabysis. It
15 necessary o develop image analysis methods,

Electroa microscope imiges the sample surfice by scanning it with a high-energy beamn of
elecirons in @ rester sean patiern, The types of signals produced by an SEM include secondary
elecirons, back-scattered elecirons: (BSE), churacteristic X-rays, light (cathodoluminescence),
apecimen current and transmitied electrons The slectrons interact with the sioms that make up the
sample producing signala that comtain nformetion about the sanple’s surfiace topography, chomical
composition and other propertics such as clectrical conductivity.

Giraln size distribution of the maln phase and impurities, frection of the secondary phase,
open porosity of the material, pore size distribution ane the main microstructure parameters (o be
esiimated.

In the present work algorithms for image microsructure analysis hove been developed and
debugged on the image examples of La, Sr.Co, Fe, 0y oxides, which attracts an atention of
scientists a5 prospective functional materinls for modem alectrochemical devices. Output result of
the image analysis in case of LaColh g-oxide surface is represented in Fig. 1.

[N B i W B
D, pm

=)
Fig. L. Duiput resulis of the
prograim for LaColh, 3
) Enitinl breage;
b puancs sementation;
) bounidaris seloctiom
d) prabn segmentation;
) rain sine disritnlon

<)

Images huve been done using scanning elecwon microscope Jeol (JSM 3900LY) with
microanalyzer INCA Energy 2040,

The work was supporfed by Ryswion Foumdotion for Bayie Research (profect 0 08-03-000124.a)
and piiz innavetion gran of Ural Dividion of Russion Acadeay of Sciences.
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KINETICS OF THE HYDROGEN EVOLUTION ON GOLD ELECTRODE.
ANEW CASE OF THE BARRIERLESS DISCHARGE

Elancvs .4 Kréskialik L.1.

AN, Freorokin tagrinete of Phyeicel Chemisiny and Electrockhemistry,
Rueerion Arademy of Sclences, Moscow, Russia

Ameng all the metals poody adeorblng hydeogen gold 9 the mest clectropositive ongg, this
allows ko simdy the hydrogen svolobon reaction on Ihis eleciode up (3 very low overpolenbials,
whers the barricrless dischargs can be cupotted The Tierature dats d not contradici this expoctation
but they cannot be nsad to draw Bn unembiguous conclosion

In dur sxperiments, wa wead gold elecirmdes clectmodeposiied oo godd of platinun plues. All
the reactints witm chemical purc, water bidistilied, The test solwthon wag purified by pre-zlecirolysis;
o increase s effectiveness, the mtio of the sohtion vlume to cathods’s area was made rather
smail, abowt 0.5 mil per 1 cm’, znd the soludon was agitued micogively by an argon strean. The
sobilion in the working cell was dessmtzd with ampon, The mensurements were perfiermed
potenliosratically; polential was shiffied stepwize by 20 mV fiom negalive to mors posithve
potentials, and Hean in reverse dircction. Mo hysteresis wes ahserved, Areack potential the slecirods
wis kopd for 5 min, then argon was bubbled ducing 2-1 min <susing no change of cumeni in an
unstitred soknticn. Removing the dissobved hydrogen by argon sintim, we wend able b perfirr the
measarements at koa polarizations avoiding the interference of the anodic hack-reaction.

The polarization curves consist of twe lneir segnents with TaBl shopes aboat 0.06 ¥ and
0.12 V. This shape of the polarceaton corve wes roproduced in 22 indepecdent sxperimonts, the
slopes varied i limits of 53— 69 mV and 105141 mY, the averaps values are 63 mV and 123 mY.
For the different clectrodes, the sknilar in shape polarizstion curves differed by sveral tens of
milkivel; some changes were ohsearved also afier keeping Lhe elactrodes during Tew days. We naeded
the peuracy oF otder of feoe millivalts. Thamiore, we meoasursd pobirization cunves in diffeceic
solithws on the same slsctrode durdng one day, and we controlled stability of s surfecs by
capecibncs measmements (CVA, 10 ¥ 5™,

Polarization corve with two Tafel slopes of 008 V oaed T2 Y 5 typical of the slow
discharge mechanism with dischargs at bow cverpoteabials being barrierdess (o= 1), and & wosl
{ordinary) discharge at higher ovemotentials (@ = 1#2). To test e reality of this mechanism, i was
secessary Lo study the ovorpotential dependeice oo the soluticn composition. For solutlons of | M
HzS0y and 0.1 M HaS0, + 0.9 M NaCK)y, a1 the shope b= 012 W, the ovampoential in the sacond
sodution is by - 003 ¥ higher thao in de first one, st & = 006 Y anly small {~ 10 mY differenes was
observed. The =ffect of the yy—pommial was sudisd in rwo ways — by increass of Lthe wil isnls
srangth (0.1 M B804 pure and with addidon of 0.9 M NaClOy) and Y tetrabutylarmmoniom
addition to | M Hz504 Inall cases, the shift of y, — potentind increased overpotential at high Tafiel
shaper a5 predicted for the ordinary discharge. At the same Gme; st & = 006 V no change of
cverpolential wes observed [n lmits of. 1-2 mV. Henca, all the dapendencics studled comespond
stricily o the mechaurizm of the bacrierless discharge Bllowed by an oodinary discharge, Wa have
enakyzed the abernative migchanlais proposad n the literatore, and have shawn that they do wor
Rgre with the cxperimenial data.

Thiz work was nigpovted By Rossion Fomdasion far Raxle Research irafecr & 09-03-085-a
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STANDARD RATE CONSTANTS OF CHARGE TRANSFER FGR
THE REDOX COUPLE Cr (IF/CA(TT) IN CHLORIDE MELTS:
EXFERTMENT AND CALCULATHIN

Stulov Yu. V., Kremenetsky V.G. y wﬂ
Fofamoy A.D,, Kemantsov 5.4,

" Insitute qﬂ:‘hsm.!my Koto Sience Certre, Rugsian Aeadenne of Sclences, Anatiy, Rissiv
Petrovavodsk Siate Tamersity, Priroravodsl, Russia

Standamd i constants of charge mansfer for e m™dox couple Co(lINACHID were
determimed by eyelic wltsmmetry on the glassy-carbon eleetrode in molten salt systems NalHKC)
(equmolar mixtuee}-CrCls ECHCCL: and CeCl-CrClL e the Michal:on's  aquation:

k(D /D P h
JED o wF v}/ RT
Equation (1) 1 valid For quasi-revarsibla process if Tt I not eomplicasd By the fonmebion of
inzoluble product, 50 for each system the nierval of polarization e waes found whens th using of
equosion {1 15 sarmesl.

Standard rete constent of charge ransfer (k) were detsrmined v the temperare mage
B73-1173 K and 1hey increase with Increasing tempetature, [ was [bumd thes in motten sall systems.
WaCHKCY, KCL Col) the standard rate consiamts of charge transfer decrease monotonically, The
"appares* acuvation energies of charge ransfr were detenuined end it was shown that the imnsier
of ehecron betwean CrllIL) and CrTl) comploxes proceeds quasi-reversibly mosty under &iffusion
conirol,

Al abseno of complicatons the relathon of the standard mee constonts of chage mansfer
should correspond to the relation of the E. sctivation energy in series of owtersphars cotions
Me=k=Cz, The Euy vales have besn cakubusd by qoanhum-chemical methods. Prebminary
compesitions of the most stable parilehks M -Cr{ 30K were determined, whers M — ouersphare
calions (M =M K, Cs; n= ]-6). The maximutag oF stability v retrieved at 1= 5 for M — N, K
& 7= 4 Tor b - Cs. The Ey cakeulalions were corded out by Marcus farmula:

Euy® (E.+ AGY ME, = E0,

¥y =

P

whese E, is the value of merganioion anergy calculsbed by quantum-chemical methads. For these
maR staHe particlcs the By values increase in serics Ma < K = Cg, that comvesponds 1o a malio of
experimental tanderd mie constams of chargs mansfer.

Hewvever, estimarions of the relation of chatge transfer raes, based on the account of
standard recharge potentiale for Cs particles with &= 4 and 35, have shovem, el elenmon traneler
should proceed via the xs'-tr(:!}(flg."pmich. n this casn the relation of activation encrgles st
corvesponads 1o experinent. Besides thed the £, values beaone mone closz to each other, improvimg
accordance of these values 1o the experimental resubis on the stadand els coostmts of chage
Irmmsfier,

The study was supported by Ruxsian Fourdmion for Bosic Resaarch (profect # 080300570701
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ELECTROCHEMICAL AND ESR STUDY OF C-H BOND ACTIVATION,
MECHANISM OF OXIDATION OF ORGANNC COMPOTUNDS
IN THE PRESENCE OF RADICAL CATION OF PYRAZINE-IM. N-OXTDE
AND ITS SUBSTITUTED DERIVATEYES AS MEDIATORS

Kalakovskeys Bl Kulkor A.V., Fhestakov AT,

Mnstitate of Prodfems off Chemicnl Fingics, Rusrkm deademy of Seiences
JH2432 Morcow region, Chermogolonka, Rixaico

We found earifer [1-3] that electrochemically generated radical cations of arwmatic didh-
oxides arg the carriars of active oxypen capable of Bclivaling the C=H bond of subsrates. Lisipg the
methods of CV A, ESR-electinlysis and dquantiom chaatical simukstion, we giodjed dee: mechanism of
oxidation of organic substanees (alcohols, cihers and cyclolwexane) In 1he presence of
ehectrooberically genersted radical cations of phemnazine-di-M-oxide (PheDNC B, = +1.238 ¥,
pyrasina.di-Nagrids (PyDMNO E; = +1.5% V3 and lis derivativas (Eo it berween +L.42 snd +1.53 V),
Our ESR elevirolysis siudies of the Phel WO axidanion it methano] and ity deunitrabed orivatives,
CHy00 and CD,00 made it possible to observe the ESR spectra of radical inlermedizies with the
following g-factors: 20023 in CHyOH and CHYOD and 20023 and 20036 in CDHOD. I wes
assumed 1t radical inletmedistes represent complaves of the PheDMO cadioal calion wilh
iethaniol and s deuterated derivatives, The dedection of one and the same intéimediste in CHaOH
and CHO00 paified o et iivalvemest of the sloobod CHy proags in st formation. To explain the
obtained msolis, 2 new mochanism of tho owerall two-sliotron =hecirocatalyiic oxidation of the
substrate (210, ExC2) that involwed the formation of & compbex with the aromatic di-W-oxide radical
CELiON i Cy slags was puk formand,

18 the present work we aludy the mechanism aof the axidation of methane and r-BEuQH
(subgrates arg charcterized by high energy of the break of C-H bend, 422,72 klimol in 0-BuOH
and 43543 K'maok m methane) in the presence of mediators, slsctochemically generated radical
catigny of PyeDMOQ, Li-di-Me- and 23,5 6-ntra-Me- pymagine-di-N-onldes by the methods of
CVa4, ESR chectrodyads and guaniam chemical sitiulatlon. The study was camried o at GC md Pt
eletirodes in 001 M LICIOy solutions in asstonitile aod of Au clecirode in 1-BoQH wied a5 4
solvent and 3 substrate camulmnesushy.

ESR specirs ol radical callans of arotoatic di-N-cxides ot 257 € in r-BuOH end n the
abezne and in the presenes of methane at 457 in aoetemitrile are recorded. The stfect of methane
gid InBulH on the shape of CWA curves and Ihe intensity of ESR signals of redical cations of
raging-di-N-gxides was shdicd, The changess in the shape CYA corves snd the inkensity of ESR
signzls of dl-M-oxides radical cations I the presence of methane and ®BuoOH podir to the
activation of the C-H bond Mllowed by s oxbdation. A quantum chemicl smmulstisn of the
weaction of the upnsitssiinded PyyDNG radical cstlon st the C-H bend of methanc and © r-BuQH was
carrisd o, Based on the obtaimad resules, it wag assumed that in the presanca of alecrochamically
generated radkcal catlons of PyrDWO and Its subsiiiied derfvatives, methane and w-BueOH were
oxidired by the mechenism of overall owo-lectron axidation of an organic substanee within ks
complex with the FyrDMNO radical carion,
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KINETICS OF CATHODIC REACTIONS IN THE ELECTRODERFOSITION
OF COBALT-MOLYBIFENUM ALLOY

Kuzactsor V.. Prhenbeliklns T.Y.
Mandeleer Lnbversilty of Chemical Technology. Morcow, Rusriz

Cathodie reactions kinetics in ammonia-cimate solufons for ekctodeposition of Co—kdo
alloys was mvestigated by the method of steady-sale polanizadon cwrves. The electroneduction of
molybdenum-ammaining spacies ot the surface of solid elsetrades o patentials mone regalive tan
=1 85 ¥ (the cleoirode polentinls are mehbsted 10 the standard hydeogen slectmode.) procceds oo
metallic motybdemm. ft was confirmed by XPS analysis, The sodivm maolybdals conceabation o
the solutions under study affects the partial polanization curves of cobalt Ard molyhdetum
elecnmdsposifion. An inereass In o(MNasMoOy) causes decreass of partia] st density of coball
electrodeposition (o). The MapMoD, concentration mfloence on partial corent density of
miolybdepum alesctrdepotition (fu,) is mom: somplicated. Tha affects obszrved cam be 2xplainad by
chadpee in the part of alecirode sorfsce oceupled by adowbed molybdenum-comaining spezies
cauzad by varying of NeaMoOy, concentaiion in the stutbon.

The effect of hydrodynambe sonditions on fpqand iy, was shadied by method of pating disk
elecirode (RDE). To suppress hydrogen evolution reaction, which impedes the maasurements, the
stirface of ROE preliminary amalgamaed. The elactroreduclion of molybdonum specis in these
condiionz alzp proceeds o Mo(0). This concluzkon was made fhorm coulometrc ressuremenis. The
dependences of fop and fo o8 Square rool of egular veloeity of ROE arc rather complicaizd, The
daty abitined can be: explained by Co and Mo meomplete reduclion products adsorption 2t e
cothode, These sdsorption phenomena can nor ke tgnored even at relatively small concentraiions of
Bond iy o] e b the solwtion
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THE FARAMETERS OF HYDROGEN EYOLUTION REACTION
ON Cw, Ax, Pd AND CuAn- AND Cu,Fa-ALLOYS

Dorogoyn M, Zineveva Y., Vvedenala A
Foroneth Scove Umiveraty  Forewezh Russwo

The cahedic bydmogen evolubon macpon {HER) on Ag, Au and Ag.Av-alloys i Bqea
sulfuric-aid sokunon protecds by Volmer—Tafel path {1] Far all examined alloys the stage of H0*
discharge realizes in a hemer-free rogume ar low overposennals and tums 60 usedl pegime wihen th
owerpotential grows The mm of the work 16 10 vl the Kinets choaiie of cathedic
svohiicn oo Cu, Au, Pd and their homogeneous Ci, Au- and Cu, Fd-alloys i a widg mnge ol alloy
COMPOSOTE

The axperunents were camed oul i 0% M H:S0y and 005 M HS50, + 045 M Hag50y
bubiled with argon by a meahod of ovcle voliammenry (dn/k =03 m¥ 3 '}andbyam:dnduf
patental irmnsient after b polarzation swiichmg off

I was foand (hat in 05 M Ha20, st n from 0 to 045 Y the poeniiodynamic coeves of
dirzet and rovorse scan comodes for all electrodes vadeor review withu the eror Two lnear ploes
appear o1 wHammogramns w semi-logantimie coondimates The slope of the first ply (b on 1, I@-
curves (6 low averpatzamals) o betwaen 0059 and 0 071 ¥ for all sxamined slectrodes Only for
Pd imd Cu, Pd-alloys erith Xpg < 30 21 % b, 1= equal o 0030 V' The shope of the sscond bnear plot
{in & range of hygh r) does nat depend oo sllay composinon i a8 whole Ite walue s 0 1000 150 W
and mereases 1o 0 170 For Pd 2nd Cu, Pd-alloys with hegh Pd conceniration

Ar trangicy to 005 M Ha80, the owverpoteniul of HER growa w the mange of high . The
vahics of & roman the same or shighthy increase The kb means thet HyD™ discharge peocends in
ugaal ek m that ange of overpotenuals The ralues of overpoisntial i 1 hidar pROE dots not
depend on aotuion compeston for exanined matals and allovs which approves the bamer-iree
dischargs [n the whole renge of i ihe HER procesds by the Folmer—Tafl route

The miluence of Cu, Aw- and Cu, Pd-ailoys compasitin wis myealed on the overpotenbial
and change-currers of the cathadic HyO" reducuion With increase of the concentaiu of e noble
metal in the alloy tie overpetennal demmshes bot e relsvant chapgs curvent grows This effect i
espezully nodiceabile for Po-contmnmg alloys Even a Itk conceniration of Au and Pd result moa
sharp enhancement of ibe ke of hpdrogen avoluion on alloys However the hole amount of Cu n
the: coysial st of Av and Pd weakly wfluences e Knctic paramewss of cibod hydiomgen
evoluion The vahwes of pazudo-capaciy of atovese hydeogen adsorpien and degree of surface
worvorage porrelate with the Fobner-Tafel routs

The work 15 carned cat in rhe fiawne of FOPK "Sciennfic aud scremiyic-pedapopcal perseresel af
Russw® XW9-200 3 (Site contvacy P2572) atel was fupporied fr Ritgugy Fobmdation
Jor Bazw: Rezeavch fprovectx § 08 03 30]%4)
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ELECTRON TRANSFER REACTIONS ACROSSE A CONIHMCTING
NANOWIREELECTROLYTE SOLUTION INTERFACE

Magmwidivew BB, Bevezin AS.", Brombteln MLI.', Sobdane G2, Schmlckler W7

'Kz Snpe Teckmolopical huvinwe, Xazom, Fureia Federation
Hrastivuee of Theoresicol Chemisiry, Universiyy of Do, E8m, Germony

Some propendez of a charged metal nanowinefelecinolyte solution |nberiace a3 an
slectmachemics system was Broadly addressed for the first time by Leive at gl [1]. Lémay ot al. [2]
emploryed a quagtum mezhanleal thoory of eleciron mangfcr (ETL, in ander te describe the influense
of specific sruchum of the density of elscteonic stilez of carbon cakomibes on the ET vakz, The
cheatrical double byer [EDL) effects oo the cleciroreduction of ankobs il conducting nanowires
(nanotubes) were investigated theorstically T [3]; 2 quentam-chemical model was developed
reeemly 1o describe the camlytic hydogen oxidetion on messl nanowirss [4]. In spile of these
efforts, the medetbng nfdﬁrg: tranafer acroas the micrface betweom a charged napowine (oanstube)
and an elscrodyte solution ia =till o i infmey. That is why we exdend the spgroach based on 2
combination of modern quaniws mechinical theories of charge transfor and the EDYL models with
quantum—chemicn] eaiculations [3] io ather electrachemical sysems.

In this work we cxplare the redustiog of a peroxadizulphals anioa ol charged conducting
cylinderz of nano-size in contact with an eleciralyiz solidion Bond breaking clobon transfer iz
eonshdared in sdigbatic imk: cumsnt-voltage curves wem computed Far a plain meial ploctrde as
well, which is chosen as g reference sysben It is argued Lhat the EDH. effacts play a crucial roke and
crinil & significant rits of cumenn dengity &1 the nanowines, 2 compaved with a plain metal
electrode, The well-knirmm pelerization “pit” o the curmt-vphtage dependencizs was observed to
disappear siatting from 2 cerain value of the radingy of o nenoeylinder.,

As B meNt shep we setsnd oar to cusr-spheae ET processes gl low autrvaliages
considering complex Sations [Fe(HzONF ™ and (RAMH; I s rooded redox-pairs. Sinee in this
case the BDL does not affect significanily ihe reaction kinciies main tophasis was puf on
astimations ol ehectronk: Insenisston coelficent (b, In arder 10 Invertipate the fFech of sleatrode
muigrietl gn the ET miz, we have sdoresaed Cu, Ag, Au and P1 olocirodes, which were oodeled a9
slabe and moneatomic wirey. The eketronic stucture of metals wag dessribed by using pericdic
DFT calgulwions. The decroasing of k, values for the owor-sphene ET finhibition effect) was
predicted when going fom the plane electrades to the metal nimowintg. A poasible comparison of
the computational results with xperimental daim is discissed 25 well,

Thiv wark wat ripported fn pert by Ruseisn Fowndvion  for Bosie Researek (profect § 0803
L e 12 T

Refersanes

1. ¥ Kong, K. A, Williams, C. Dekker, 8. G. Lemuy, £ Am. Chewn, Soc, 138 (20063 7152
7. P.Vékz EPM, Leiva, C.G. Sdnchez, W. Schmickler, Phys. Rev. B 74 (2006) 035422,
3. R.R. Nazmutdinoy, b0 Brmshiein, W. Schmickler, Eleerrochin:, dcie 85 (2009) 61
4. E. Santos, P. Quaing, G, Sokdano, W, Schmickler, Blecivoches, Cornen 17 (30000 1764,



Lol Microsympasiam: Elecirieal Dowble Layer and Elecirochemicd Kinethcs... 43

EXFERIMENTAL AND CALCULATION INVESTIGATIONS OF THE SECOND
COORTHNATION SFHERE INFLUENCE ON THE STANDARD RATE CONSTANTS OF
CHARGE TRANSFER FOR THE Nb{\yNk[Y} REDOX CCOUPLE IN CHLORIDE-
FLUORIDE MELTS

Powivs &Y., Kremenataky ¥.6. , Kremeneiakayn 0.7,
Foluset AD., Kuaxneuor 5.4.7

‘Engtituta of Chemisiry, Kola Science Cenre, n Academy of Skiewoes, Apatiy, Russia
retrazavadtk Stoie Liniversity, Prevosavodsk, Rusis

The diffusion cosfficients (L of NB{Y) and WBIV) complexes In chiorlde-fheoride melts
MeCI-KC] {equimodar mixture}-KoNBF, KO-KNBFr and OsCl-KMNbFr were determined by
mutthinda of lincar sweep volammery, chronopotentiomotry snd Chronomipe ey,

The smeller valies of D were obisined when the eation in the second cosrdination sphere
changes from Ma o O Logarithms of MY and MY diffusion coeffhicients linesarly dapead on
reciprocal value of alkali metal radioz Such changes are due 1o the decreasa of the counker-
polarizing effet of cations from Ma to C5, resultng in & decreate of metal-ligasd bemd length.
Diffusion eoefficiams decrense when niobivm oxidation state increases whilz the activation
energiea for diffasion increase.

The: gffet of the secend coordinathan sphers onthe standard rete conarants of charge ransfar
for the Nbo{VIN V) redo couple in chloride-{lnoride melis was stadisd. The nexl tew: & (KCD <
& (C2CD < b (MaCHKCT as & Function of the composition second coomdination sphire was
obiined by eycllc vediarometry tigthad,

Under equal conditions the ratlo of the standard rate constants of charge transfer iz
determined by a ratio of the £y, activation . Por cstimation of this ratla the ab inire
cakenlations have been carry cut in te systems sM-NHF and Wb NBES - (M = Ma, K, Cs; 1=
1-6}. Preliminary the Ey energies of outersphenz shell formation For nh' NbF; T parthcles were
cabcolated under the Tomntala {for nbd"NEFy™ by analogy):

Eos = E{r"-NbF5* ) — ENOE ) — nE(M ',
where structurts of particles a2 specified in brackets. The maximal stability the NED panticles
have ot w3 and (he Mi(lY) panticles — at # = 3. In conditions of =lecirochemical =xperiment
charga wansfer is carried out close by equillbrivm when the vaboe of Ofbbs energy of shecton
transfer reaction (AG) & approximately aqual (o0 Zz=ro. fn result penerat harcos favmula bacomes
siipler:
Epi=if,+ AGY 45, = EA.

The value of reorganization energy £, was calculxted in thiz case af 2 difference full energles an
initinl =M*-NBF;Y partichs in equilibrism geometry of o final nM-MWIVIF;™ particle and in it
con equilibrium geomeiry. T was fownd Fir the most sisble nM® NBE;S padiches (k= 4] the B,

values Increase in serbes Ma < Cs < K., thal cormesponds to 8 rado of experintental standard robs
cohsthnts af sharge Mans ey

N ey vz suppoted by Ruxdlan Foundadion v Bazic Rerearch (gvaject W 08-02.00397-g).
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EXCHANGE KINETICS AND IHFFUSION OF OXYGEN
IV OXIDES LaMnOs.; AND LaCoQ.;

Eoroinikava N Asanyey BLY,, Kursmcuia EKh.

Susnieie of High-Tempenarurs Elecirochemisiny,
Cirad Dhvesren of Raeswom Acodemy of Sciences, Yeboverinbury, Rictrur

Processas of oxygen sxchange play an mnportant rol2 in work of elcctrochemical devices, in
which materiaks based on LaMirdug B LaColhs can be used a5 electrinde riabenials, membrenes
(sl oxide fus] calls, clecqolizers, slactrochemical gas sensors, reformers, i),

in this work exchange kinetics and diffusion of pxygen are shudied wing isoimpe sxchange
mwrthod witk gay phace aselysis, The dewiled deseripiion of experimental seup and echuigue so¢ in
(11 Klier and Kuczra moded [2] 15 used fas sxperiments! dats treatmesn

Oxides LaMnOpng s LaCoOys heva been prepared uslng cormmic and citric-nimrate
eechniques consquently. According ro X-Rey powder diffrection analysls {Rlpaky-diffactonizr
D-MAX 100V, Cug-tadlsdion on alr st e tempersture) the samples bave no oy raflexes
conresponding to impurities.

The difference of delfct siruciure betwean LabnOaeg and LaCoChy 5 caused an intersst 1o
sudy sxchange Kinetics and dilfision of cxygen at the onpesle range 600-330°C and oxygen
pressure (1.33-93.3000° Ps Under the expatinvendal conditions defoct stmcture of these oxides is
desoribed with differeni models. For cobaltiee [3] ouypen nonstobchaosieny as a function of
temnpcraturs And axygen pressura i described with the model of free or localized clectron caniens in
B-sablovice (1), Lo case of Lubvinty,; {4] defoct siructunes is described wiih the model of Shanki
defevts formation in La- and Mu-sublatticrs, aceonding to £21, which can explain the reison of the
oxygen “"exeoss” exismnce In compadson wih seichlomewic composition {Latnivgd i
muestigated temperature and Xy gen pressune rangs,

O, 10 V0 + 0 T 2,0 Lo, + ¥ 200, (i
10, =30 + V2 L Vo +6h" 2

In the present work values of interphase sxchangs rads and diffusion coefficiant of oxypen
for LavinOhe i shown ko be considerably bower than in case of LaColh e, which has oxypen
comtznl closs ke 3 bt Tess dhan 3 in invegtiguicd range of tomperatures and oxygen presunes [3] in
eom parison with tanthanam mamganiie, which has "mxoess™ of coygen (4).

Vahees of effective activation snergy of snchasgo and diffusion of oxygen have beep
caleulated. Oxypen presowe dependense of interphose chchange b has power fanction kype.
Comiribapions of thres exthange types have been estimated (the detailed description see in (3], The
i exchasge lype is found to predomitate n cose of LaMnCi.s, The type goes withoul
patticipetion of oioygen fom solid oxide surfce, whereas In LaCoCh., the both second and thied
exchange types hive significanl contribution with increase of tempensdur:.
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SYNTHESIS OF NANOPARTICLES IN REVERSE MICELLE SYSTEMS
Serpeey PO, Kuzaetiov MLA., Boeve LA, Reviun A A7

'D1. Mendeleew University of Chemical Techmology of Rusia, Moscow, Russia, Mitit-tH-
Sergrevi@vandex.ri

A N. Frumkin Institote of Progical Chentisiry ond Efecivoehen oy,
Rassion dcoderty of Sciences, Moseow, Rusyia

The pupess of thiz work wis to oblain and identify namoparriclas,

Matinum danoparmcies wiye omained nsing a rdiochamical method in reverse micelle
syaems, The scurce of fonizaton radintion vkt & 1-"Co satep. Thiss systems represent micslles
formed on the besis of awrfackaniz {sodium bis(2-ihyihexylsulfesucoingte, AOT) in isoociane
comaining & solubilized squecus platimam sali soliien, The sdviolage of thiz method s amganed
o ofhar methods 5 the passibility of varying the size of stable nanoparticles providing B minimom
size dismibution. This possibility is implemenited by salacting the value of the molar tatio of watér
and AOT. Their variation allows changing the size oF micelles and, cooespemdingly, the size of the
ohtaimed nanoparhicics. The high particle shiblity i due ke te Bt that the shell of ACT malecules
proleets Hetrn From aggregalion,

Different methods of anahysis wepe weed to confirm formation ef the nenoparticlas, their
characterization and control: UV-¥I$ spectrophotometry, atomic-force microscopy (AFM), md
albst adzomdion and cethdtic ahdies.

One ofF che most knporant tasks i3 daveiopment of the procedune of applyiog 8 micshle
sokution on the surfaes of mick support for AFM stodizs of nenaparticles. The difficulties appessing
here resyll malaly from adeocplion of mkelles with nanoparticks on the zurfage. Due o the Llow
mdsorptin vatues, the micelles can hardly be retainsd on mica In the courss of ks surfbce rinsing,
which rembers the performed studles nearly impossible.

Optical absorption specira of the cindied nanoparticles in reverse micelle solutions wére
siudiad in advance uzsing the method of optica] specmophotometry. Their adzompiicn properies weaee
investigate: on dilferent supports: carbong, ¥-ALO: [refoll), SH:.

This work prezents the resolis of studying micelkes and nancparticles wsing an siginie. fons
miemawope. The obiained resulis evidence that this methed of symthesis allows odrtaining
mnoparticles with e minimam size of 9.6 nm (with the mean diameter of 1.1 nm) to 10 nm.
IWanoparticks am sable for many suibs 200d featwrs high cetalyic activity. Thes, e method of
symithiesis of nuioparticles can be considersd promising and requires further studies,


mailto:Sergeev@yandex.ru
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REDOX-SWTTCHABLE SYSTEMS BASED ON CALIX|4]ARENES, IONS
AND TRANSITHON METAL COMPLEXES

Stepapoy A8, Yamilkly V.V, Nastapove MY, Mustadlea AR, Banllay V. A, Solovieve S.E.,
Annpn L3, Xomovaloy AL

A E Arbuzov Insmnae of Organse and Flyscal Clhemmsory, Ramor Regearch Cenire
Roooxm Acockeny: of Scoancas, 8 ol Arbwsovg Karon, J20085F Ruserg,

E-ma! pamibinGuope ru

In recenl decades, supramolecular systens conteuing redox-active blocks bave pitracted
consuderable sttentwon of researches from ine viewpownt of construcong molecular devices andg
machines, gyaems with poatchable prapanbes such as calour and Rimedscones Achon of such 2
sytems 15 byand on reverstble radox-swihable hnding of componenis 5 suprampisiular system
in which alecinan Iransar g vas nse 10 reversible metecular motion

It haz been exemplificd by means of oychic vollammetry Tt 1008 [MBIPY T (M = Co,
Fe, Bu, Cr) band ta posnl forauothnaeali f4jareme (TCAS) and carboxyluc calodmens (CCAS) m
Aqueals solutions at varins pH values theoogh 1he sulfonae growps of the apper nm The ok
forms bunl sronger tham redeced ones which 13 undersiandabde faking wito condiderabion
elecmoatang chamgter of Inkmchion

TCAS

It has been shown that slectrochemezal reduetion of Fe{ll) coordipmized via Jower phenolate
b imthe ysrem TCAS + Fa®™ m aqueous snd waer-DWMSO solunons inpgers fast dissccianan of
the complex Svhsequent oxidanon bangs back the wnal stav: of the compler Thas sysem 5 an
examnple af redox-switchable beiding

Single-chkcotren redustion w the aysiem TCAS + Fe™* + bapr {pH 25} eoculls an
metel lacentre irenmbon from the lower om (Fa(lI0) 1o the upper one ((Pe(bipy)s]™ ) Backward
transsutian 15 nopossible doe b medsaoor sasdatwon of TCAS In the gystem CCAS + Fe™ + bipy (pH
1 7), reversible redox-swikchable binding of compbo: son [Fe(py ) through the upper nm ocowrs
wpon smple-skeotron tansfer, whersks o U sysisn [Co{bipyh)™ + CCAS + Fe*™ two-thectron
rediction fesults i1 reversible swapping of [Colbmyls]™ wik [Fefhipyn]™ through he
terasulionated ren of CCAS In sl of dee wvemngated sysems redox-switchsble binduig 18
sceompanrtd with synchreomized colour swaching

Thier work we supported By Russn Foimddion for Busic Research {prajects 4 07-03-91 560 ol
1803 00207
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MASS TRANSFER UNDER NATLRAL CONVECTION OF SOLUTION
IN THE ELECTRCAYTIC CELL WITH HORIZONTAL ELECTRODES

Volpl V.M, Reznlkove LAY, Davydoy A.D.

"Tuln Stawe Cnreereity, Tule, Rueria
AN Frumiin rmtinge of Physical Chemistry and Electrochemizrny,
Russian Acadensy of Sciencer, Moscow, Ruoin

The work 15 devousd to the nerical simudation of mass oy uader natural convection
of slecirodyts solution containing ties (ypes of jond in e axdisymmctic clécmochemical el with
harkzanial disk elesmodes, on which the redox electrochemical maction procseds, The risults ane
companed with the experimental data obtained earier [}

The mathematic model of the process mvelved the MavierSiokes equations in the
Beusyinesq approximetion, 1he cquations of ionic mansfer of clecirolyls componens, which Te
caused by diffusion, convection, and migration, and the clectronmatrality condition. The kinetics of
nedon elocirochemical reaction was @icen into consideration by using the Buter-Volmer equation.
Oue w the axizl symmetry of the cell, it was assumed thal the dlstibuions of all dependem
variabes (concentrations of icos, electnic polential, hydrodymamis velocity, and pressans) o
axlsymmeiric.

The numerical solution of the sysiem of differantial equations reduced to the dimensionless
foime was performed by the method of finiez elements with 5 nounifom 29d, A< & resull he Hine
dhepemichenetes of (17 U cumend 2t & canstant imposcd vollage and (2) the voltapa at & given cument
wete determined.

Usireg B¢ numcrcal shnblation, for the miodide mduction in K1 and 1; aqueous soldion, te
dependences of the dlsribautions of ion concenirations, electric polential, sohition density, lacal and
average mass-iransfier rakes on the concentrations of electroactive ion and supponting slcciolyie, the
interelacirods distance, and inposed voltage (currenty were studbed, 3t was Rund tht the cakulsted
resulis agree well with the experimental data obtained earlier [1]. Th particular, tho nurmerical
solation alsn shows that the corment pasting Ibwough the cell monstonically dacreasas even upon
mching the lincar disitanion of concentrations in the stagnant solution. The simuksed results
enabled us to explain this effest by the natural conveetion of sohifion in te peripheral pan of the
czll; i a resull, sn averge concentrtion of cleciroactive ion in the Interelecirods space decreasss,

Raferemce

1. EE. Morgunave, LA, Reznkove, AP Grigio, AD. Davydov, Rue 5 Elecirochest 37
(2001) 982,
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GASEOUS AD-NUCLEATION IN KINETICS
OF HYDROGEN EVOLUTION REACTION

Gutorgy 1, Vvedemakii A, Morozove M.
Vorgmerk S Levermiey, Foronesh, Russra

In the course of cathodic reduction of FaO' Lhe bubides of hpdogen arise ot clecirode
swriace. The aim of this work is to veal the effiec] of gaseous ID-nuckeation in kinetics of
hydrogen evokdion mattion on Cu, Ag Au, Mi, Pd snd P by method of petentiosstic
chrondammery, The experiments were camied out ar 295 K m argon deasrated selutions of (0.3-X)
M Hz504 + ¥ M Na;50y prepared with bidistillaie. To ralms the quasi-2quilibium hydrogen
chocirods on imnsition mdals we apidied the cathodic pre-polarization by specisl method for cach
electrode and samrsted the selubon with purifed bydrogen,

In overpotentul mnge i Eom =045 1o =07 ¥ the chrombammogiars of HaF cathoudic
reduiciion are obtalned Af overpotentTal INCreasas (0 CErAIN Ty, B0 e Cument maxfmun arises on
iounes With growth off i the manimal ampdivdes of cument ncreases ond the peak shifis 1 kss
moments of time The value of ny., depends on the metal natupe and solutmn compownd {table)

Tzt

M [a" Mg Au i (] [
[T 15 — 15 —0 75 007 D -l
003 =i 15 =15 = 15 =il ¥ =1 14k =1l
Ll —i7 i —i 3¢ =0 14 =il
0% =021 =i H =015 =il (¥ =14 =13
L] =1 =t — Hr A g =i
[FT 077 013 ] 48 i I a1l 17
L] = Fr — s =i H =i 212 19
[k —35 —39 — 55 11 —312 0.2 |
LLE ] — 7 —n 43 —h Gl —ir 11 £t 12 — 25
ik =143 = i =13 = 14 =0 %

It was shown, thal the appearance of maximum on ChrONRMMOETAMSE & [ * T 15
conpesisd presumably with nucleation of hydrogen at the: cloctrodes surface, but not with the change
aF surfase coverape by alooie hydeogen, The snslyses of i -ourves (by the method deszribed n [1])
was performed with different models of 3Dnuclestion, It aas foued hat laent nucleation ceniers
are activated instanly, snd the process proceeds in & intial-diffusion regime (i ~ ¢ 2 which is
canacd by safece diffusion of stomic hydogen. Inclusion ke the solption of morfmce-ative ongmic
subsStankces iHereEs g, Mt doas bot affect the ragularines of mucleation, So te scheme of HER
PROCEsS L TransTiion metals mast be added with singes of formation and growth of phase H;

They work 15 avpported by Bueerom Fomadaton for Basier Research fprojesd 8 05-03-00094) ond
FCPK “Scewific and roremdgic-pedarogioal persormel of mmovatmy Russa™ (stale contneet
P57y

Reference
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THIN LAYER ELECTROLYTIC METAL SULFIDE-GRAPHITE
COMPOSITES IN THE MODEL OF LITHIUM SECONDARY BATTERY

Aportplove R, Shembel B4, Knlomoyens (!

(Urerinieo Seene Chemical Techvology riversiy, Dmeprapetrovsk, Ukraie
E-muil: shembelBonil, dp uo
2 Enerilze Corpoveations, Coral Springs, F1. LSA

Me-spthdes (Me - Fe, Mo, Ni, Co), produced in thin [ayers on the aluminum catode
from tha solulipns, cnlaining Me-sulfate and thiosulfate-lons, are suitshle for the posibive
clocrades of low temperature lithlum accumulstars [1, 2] The posshiliby o wse choirolytic
Cio, Ni-sulfides deposad on @ slainless steal i e negntive clectrodes of lithium-ion batteries is
Al showm [3]. The two-Volt Lithiumedon aysiem is offered with te checineai: von sulflde end
LiCoU; as negative and positive electrodes, comespondingly [4). The discharge capacity of such
model system echieves 350=400 mAh'g Fe-sulfides,

In the lait case st of Me-aulfide mikerial is Haied by tho 1andency to decline ils
discharge capacily #t cycling as the result of deposit adbecsion rclcation W a substrate,
Techrmlogy of Me-suifida/graphite composite symthesis oy o thin layer compact precipitations is
elaborated for the increassd shability of the eschange capacity of Me-sulfide cranpogition st the
meex cfitalivo its use in 1he negatve elecirodes of Bthhun-on sysicm. Addition of the disparsion
phese of graphite and Tauryl sulfue in the electrotyte for Me-sulfide synithesis by the metho [$]
solves the problem. The varlelies of the ostursl Chiness graphite and the raodifled nabural
graphitz of (he Superior Ginaphik production, symbeiic graphite, as well & EUZ M oade-mark
Fraphiin ware used with a different size of patichkes for the codeposition with Me-sulfide.

The positive effect of the symhesized compositz i achieved due to a centaln inrease of
elecinade maserind coaductivity that is provided by gropbite dispersion phase, apd by 1he even of
s distribution within the dopesit volume ranging from | up to 20 %, az well a8 thie incroass of
deposit adhesion up to 2 metal substrate,

We have studied electrolylic iron sulfide-graphit: composites as a promised elecinode
material for Jihium secondary batterics. fron sullide-graphite composites with (he mass of -0
e’ presiucad on & sainless sl by the cathode reduction of (be solutions comprising FeS0),.
Meg5; 05, and graphite in the models of flithiun chemical power somoes with {EC, DM, LECIO)
elecimoiyies cun be elecirochemicaily ansformed with the #ffisiency of 560 mah'g during more
thao B eyeles within the 280,01 volusge mnge. Graphits mdmitang in the composite souctune
promodes incrsasing the dischargs rare of seomds poocess. Structurs and morphology of he
aymibiesized composites were axaminsd.

Raferomora

1. E.Shembel, R. Apostolova, 1. Kirsanova, and V. Tysyachny, J Sofid Shte Fivciroeiien,
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PREPARATION OF THIN LAYERS OF THE PALLADILM ON VANADIUM
ANDNIOBIUM FOR HYDROGEN FURIFICATION

Astakbova R, K., Bulushking S.R., Jakovieva S.V.
St -Patershurg State Limiversity, St-Petersburg Russia

1i is known that thin paliadiom membranes with high selectivity and permeshility to
hydrogen are widely osed for extragtion high purity from gas mixture [1]. However, an
application of thess membranes s limited by their high cost. AL the same time, in metals of
vanadium subgroup of (V, Nb, Ta) solubility and permesbility of hydrogen is high enough,
Therefore, the purpose of the present work was to receive thin strong and continuous coverings of
n palladiem on vanadium and niohium by electrochemical déepasition and  chemical
sedimentalion. Since the surface of these metals is sirongly osidised, the role of surface
preparation: is very important. Yenadium and mioblim electrodes are degreased, then pickled ina
mixture of Nuodc, mitrie and dairy scids.

For electrochemical plating of palldium monoethanolamine and  glycine-cloride
electrolytes wiene wsed.

Thickness of covering wis measured by gravimetry, determining the weight of the plated
metal, Calculations were made sccording to formuln o = m/Sx, where & — |5 a thickness of a
covering, 5 — the clectrode ares, & - weight of a mwr‘r? with the thickness of | micron of
surface per unit of surface (for a palladium it is 1.2 mgfem™),

Samples of niohium and vonadium with o pallsdium deposition of & various thickness
have been received and the aren of sn setive surface of palladium was caleulated by cyelie
voltammetry, According to the size of areas under adsorption sand desorbtion peaks of hydrogen,
received ot different scan rates the quantity of electricity @ (pC) spent on formation of o
monolayer of hydrogen on & palledium surface. The area of the active surface of palladiom was
ciloulated with formula § = /4240,

The samples prepared on niobium and vanadium have been examined by means of
scanning electron microscopy. It appesred that clectrochemical depositions contain microcracks,
while chemical ones were shaohutely continuous. Therefore, for preporation of pore-free
oontinuous depositions of a palladium an vanadium and niobium for kydrogen parification the
chemical method of sedimentation has been recommendid.

Chemical (thicknessl 3 micron) Elestrochemical {thickness 0.96 micran)

Reforence

1. Tetzuyn Ozaki et af, Prepamtion of Palledium coated membrans for hydrogen purification
by clectmoless plating technique, fatern. . Hydrogen Encrgy 28 (2003} 297,
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HIGH FERFORMANCE SUPERCAPACITORS
WITH RONAQUEDS ELECTROLYTES

Agwpov VK., Charka M.Ya.", Besedin V.V.", Glotor AV., Kravcheako T.A7

Yovanezh Specicdized Decign Office “Ricon ", Voronesh, Russia
! Virorezf: Stave Unbarsity, Foronezh, Bxesia

Elecmochamical capacitor (supercapaciin) & a secondary popmer source, which oeouptes
an intermediste position having spocific poeer and energy in range berween batteries and
aluminum oxideckimlylic capacitars [1]. Accumulation of snsrgy I supsrcapecins is the
resuk of charging the elesiric doubde layer, which capacimnca depends on the surface aran of the
electrodes. Therefore, the use of alecirode materials (such as activated carbon, carbon ezrogels,
carbon nisotubes) with bigh spacific surface wres (Up 6o HHH me) allews bo creatz cellz with an
eleziric capacily olup ko soversl housands tarad.

The report prescnis the reaulis of studiss of composite electmde materisls fir
supeTcapacitars based on activaked carbons of different nalwe crbon multi-wallzd (“Taundl”)
and singlz-walled nanoibes. Deperdence of specl e capachiance and squivalent series ressiance
of the sopercapacitor on the ratio of mioro-/mesopores in active cerbong iz presanted. Tstablished
specific capacitance and electrical resistance of the composite electrode material based on
navcsrakctired carbon materlal, an electrically conduciive filler and pebymeric binder, dapaosii=d
on & metallle cwrmapt fead

The original techniques for synthesis of higheparty components of radibonal nom
squeons alecindyte [eraethylanmonium teraficroborat, matibrdelilammoniva tetrafiorobomat)
aned Fandamenmily new - [enic iquid {1-methy]-3-ctilimidazaliys samfiormbomt, ™, N-dichy -
{2-buytoksistilpN-metilanmmiyz riflate , W-2-Methoryetindj-M-mehyl-pyrolidine
tzmattoroborat, N-{Z-2ioksietlb-N-methydpiperidine teimftorcborm) ane worked oul. Lisimg pon-
squeous dectrolytes based on lotie ligulds has boremsed ihe specific copscitanes oF
nanodtructored carbon material wp o 85 Fig and rduced equivalent sarwes resisance of the
supcrcapazitor by 30 % Investignion of elecwochembcal stability of nonsquenus elecinolyies
based on lonic Oquids showed their stablliey in rangs of £ 3 ¥, On the basls of composis
nanostructured carbon matedn] and non-aqueous lectrolvte containing icnic liquid developed
roll designed 3-100F supsrcapaciter with squivalint series esistanca 10-100 mOhm and keakag:
20-300 pA. The higher salubility of lonic lquids provides the supercapaciiors work st =45 2C
with an increase of aquivalent series redistutce in |7 limas and reducing capacity by 10 %,

Releremon
. AJd Bclyakav, Ekctmchemtbcal supercapacitors: cument #tams apd development
probiems, Electrochem mmergy & (20045) 146,
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DEVELOPMENT OF NON-FLATINUM ANODE CATALYSTS FOR ALKALINE
PIRECT ALOOHOL FUEL CELLS

Dgvydovs E.5. Modestar AT,

AN, Frakin frsiine of Phpsicad Chenusiry ard Electrachemisiry,
Ruxsiom Academy of Teiences, Moscew, Rursia

Alkallne direcl phcobol fuel cellz are developed as reserve energy supply and pomer
sources Tor mobile applicafions (porteble clectric vehibeles, mobile telephone and Liptap), The
advaninge of using akaline media In fuel cell i the potential wie of non-Pr camlyste In the
checinodes, Requiremants of low cogt, bigh sctivity, soceplable stability are imposed on catalyats.
The caialysis should provide Bigh fuel
wiliznton.

A geries of RuNIC catalysts wa
synthasized st 400450 SO by reduction in
hydrogen atmosphere of meepeclive salis
adaorbed oo carbon mgnort [ 1, 2).

Specific sucfece arca of cotalyses was
deermimed by OO sripping  voltammeiry,
hemical composition and  crystallopaphic
structure of calalysts was studied by XRD
method. Ke-may photoelecron  spectmscopy
{XF5) was used to identify compositon of de
outer  hayer, Cyele  vokomnetry  amd
chyonpEmpermelnic  Heaummenls Wl
applied 1o £valyate sability ol the eatalyste. Model experiments were carried our in 2 M KOH +1
M alooh M 40 "C using rocating disk chkcirode Activity of RuN¥C caplysis in cthamol,
propancl-2, sthybkais glyeol and glyeerod electrochemical oxidation wes determined by cyelic
vohammetry, According to thase studiss, the oxidation rates of thes: aleohela it RuNiAT catalysts
couk! be wmanged in the Following stguence: propanal-2 > ethanol > ethylene ghyeol = ghyeersl,
The respective valies of the apan circut potontial ars O.56, 0105, 0. 150 and 0225 V versus
HRE.

Membirane ehectrde atamblits comprizing RuiNi'C cacalyst in anode and ColayC camalyst
in cathode were tested using 3 M KOH+2 M EtDH feed w0 reveal the perfonmance and long-time
curability of catalysts,

The BuNIAC caalysts were optimized by sdjwstmsnt of dunation ad wmpenture of the
tmeatment, Ru-Mi stomic mtio ad bpe of carbon suppon, The catabyst 20 w1, % RoMi (21
stWKeyenblack BC-G00 JT was proved te be e most aciive and stable in the ethanol
elecpoxkiation prxeas,

The dependence of elhanol exidation curment on compegition of the (Ru-Ni) camlyst b
showm in fig.l. The EtOH oxidation current vahie, normalized per unit mass of the catalyd, is
plotted on the Y-axis. Cumreml readings wene srhsuved at fixed potensials 0.3 V, 04 ¥V, and 05 Y
{HRE).

The work war aupporied by the Federal dgency on Sclence il Inemvarions (Rosncukal, Stare
comiract N 02 74011 0264 on OF, 2000
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Fhys, Chers A B3 (200%) 1830,
2. MR Tamsavich, Z.R. Karichey, ¥.A. Bopiandwskaya, A Y. Rapustin, €W, Lubmin,
M.A_ Qoive, Aur. J Elecirochem &1 (2005) 224
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THE ELECTRODEFOSITION OF CuloSe;, CuloGase,
THIN FITMS FOR SOLAR CELLS

Deregchers MLB.. Urarov KA, Pentloren MV,

Eokobky Inctitate of Crgame Catslyys mdﬂemmbemm:}-
Alnewy Kavekhsian E-munf w1 gergos

The development of 4 low-coa thoy Alm solar eeldevica has atiracted reseach misres
durmg past decades Most succesehid cells qre based an Absorber thim Blm semiconducior matenak
CulnBes, CulnGiaSe: The clectrodeposiion & moere simple and nelaable method, whuch allow ko
decrewss eost of ¢4l productwen conparsd with ofber methods

The electrochemical reactons for eleciedepositon of thrie o fowr compangnts 1 one
stady defints the stohicmetry of deprsned compound Therefore i 15 nead to invesugar the
slectmochemical reacbioas on electrode for separate st CullE)L, SelY], In{IIl), Ge(li) and for u's
snmuhanacys mduction with possible chemcal repctions near elecirede sucfice

In rpon the results of mvestgation oF ColnSoy and Culm,Ga; 152 elecurodepositon e
prescaied for differend clectrolyies (sulfur, sulfamote, swbsalyclye acds, Ma crrae, K
twphmalut] on different elecrodes The saponary disk electrodes have been wsed (glanscarhon,
mohybdeniom, copper) fr mvestigation of reduchon process by cvclic voltampersmetry mediod
The naeihod of X-ray phase analyis, meihid of slecnine probe and wethod of atomee fonce
trcrescopy have beaw nted for confirmanon of sructure and compesition of deposita

It waz shoumd that firg siage was the alectrodeposuon of copper followed by Formation
of copper Aim on surface of il swdwed elecimdes  After this Ihe simulaneous reducivn of
coppsr and sckenium wons Hias been observed with formation of mrmedists doubls compoumnd
o0 dxpanticn

Cu*? + tH Se0n + dxH" + (2+ds) & > CuSe, + 3h (1)

In{Li} yons 15 able to reduction only for igh nogative potestials, for mstance  ~350m Y
CAZAGOD 1o 0 1M sodiain cirate Gallll) wms don’t reduction b rsgron of hydrogen evolubion
10 acd electrobylzs However the fommation of CulnSe; deposits at potentmls —200 m'¥ has bean
faunded It was comfirmod that the: reducoon of ndium 1ons was raalized by UPD mechaan on
elezmirde awfice, ctversd by precursor of dovble sempound copper-scicmom

CuSetIn® + dH il + 3) & = CulnSe; + ZHSe (2}

The ckemical reactioas of scleasde wons and indiom wons also have wapoatancs for
fomatien of nple compound cn slecimods surface Themtfors the sioboometos compositon of
depoddl comaieels wih e af wns concentration i electrobyte
The slectrodepoation of four component compound 15 camed ot m conditions of concurrEnL
reduction if wons of indium and gallum presents m ebkeqrolyte
The compoue of compound ekectodeposied & constant poteniial  dependences  from
concentoaiion of wns For high concentraiion of galliem 1ong ihe full connection of selenwde-rons
oras ceach For [rmaton of eompound Culng 2Gag Se; The size of parbcle was 50-- 1001w
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ELECTROCATALITYC LAYERS FOR SOLID-POLYMER FLEL CELLS
Dobvovolaky VA,

Iretitnte af Probfemes of Chemtiesl Physics,
Ruscian Academy of Sclences, Chernogolovks, Russia

The woek on 1he resesrch and development of bow temperature fuel cells is actively
expanding nowadays. The success in implementation of fuel cells can be veached ondy after
eliminating shorcamings, such as high o, short fe-span, and high requirements for purity of
used fusl, These drawbacks can be sliminated partially by using now types of catalysts.

H is known from the res=arch that ona of the ways b climinat; these drewhacks is b uss
more slable supporting material instead of carbon thal 1 used as o cotalyst support i the swodem
catalysts.

Regully of sxpedrwental vork on eplsceroent of carhot bisck 25 B suppert by carbor
nanciubes, semacanductorkig highly doped coxides (Salk, WOy TIOs and prodon conduckns on
the basiz of tusgsrer bronzes and hererepabycompaunds have been disgussed in this report,

It was shown thar stability and cabytic sedvity of platium clupep depend to &
considerabie degree on surface reating of nanostmuctured carbon.

Method that allaws obtaihing estalytic active layer from platinized nancfibers direcily om
e sucbice of e di Fuelon layers wis suggested.

Accelepaiing effact of oxkde supporis on elkcirocaahtic propeniss of plelinum in
oxidstion reaciions of hydropen and aleobols was studied. Possible mvechanizn of this «ffect was
discuased.

Influence of akectronic and protonis conductvily of plaitized supports (clectons: and
provon conductars) o the efficiensy of elesmocamytic 1ayers fonctioning was smdied,
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ELECTROCHEMICAL PROFERTIES OF Ni-Pi ELECTROPLATINGS AT
EVOLUTKMN OF HYDROGEN AND OXY'GEN IN ACID AND
ALKALINE EN¥TRONMENTS

Dromiovick V. B., Kubrak P.B., Zherski 1. M.

Befaruslon Shwe Tevimological Univarsity, Belaruy, Mimk
E-maif: plchenvbifmail ru

Thers are actually important based on e Echnical-sconomical snalyds questions of
creation of highly affective hipalar elcotrodes, elsctmde-daptragn blocks with zsro-gap for
alkading ekctrolyzes, and from there are questions of raplacement of sgtngive oorpen P-lr
clectrode and e cathode wih ihe platinum alecirocatatyst for membrane clecoolyzas,

The work purpese wis platng aod mvesfigation of eleooslalytical o hvdrogen
sowpHion praperiies of gatvanic Ni-Pd covenings on vanogs sabvitrates, The Ni—Pd covermgs were
obfained from atoonium-chleride and snmoniveesel farc-chloride slectolytes,

The ¢harging curves were obiined for these coverings on vanious substrates. The indial
section of charging curves comesponding to F-phase of pallsdiom bydride was practically Insar.
The dim peak desorption of hydrogen was chserved at potential to be move positive 02 Y and the
arca of peak was much mors for porous substrates than thet area 1o be for smooth nicksl, The
amooth of peaks, most poxsibly, was caused by the alloy fivmation of nickst with palladium and
the saluradiod of Ni-Pd coveriig by hredrgen topiber with possible fomvation of tew phasss.
The ortzontal platform of charging curves for the NP covering an smooth and perous nickel
was obsérved at range of potentials from 0.8 1w 135 Y as well az the platform for paladinm
ehectrodes that cormesponded b3 so-called o manciton, ie. transformation of the deh hydrogen
phazse {B-phase) in phase impoverished by hydrogen (z-phase). Hewever, the borizontal section it
charglag curve for the Ni-Pd alloy cavering on smosth and poreus nickel was displeced in the
area of positive potenttals on 0.7 ¥, and the horizomtal section Gor this alloy on the porous tin
was ranspoeed mare then on 1Y in comparizon with the harizontal section in charging curve for
palladivn covering. Maximal Tmiliing corrents wene reached ot rate of potendal o be more 0.05
Vis,

Tt was establishad, thet the Ni-Pd covarings plated on porous titanic substraess and
thermoprocesesd m alr af temperabwe 300 °C possessed raked elecrocawlylical actvity b
evolution of hydeogen, ogygen, diret anoda canversion of ethano! in alkaline pedi, comgion
rdistance m nigete. fAeoride, chioride media o temperarure 39 °C, Usng the XRD method,
scanning elechonic microscopy with chemizel energydisperse enalysis, chemical stehing 1 was
cstablished, thar uniform volme distribation of Ni-Pd covering in porous stucturs of disnic
gubszirale had been result of thevmodilFuslon processes.

The padladionn and nickel hes close alectonic structure amnd the different sizes of abons.
Taking inte acoount tat encrgy of aclivalion to increase st accrotion of Bttice siges, it is possible
10 expect mcrease of exchamge current with magnifyving of the: mainteronce of nicke] i alloy.

Thus, e analegy in behavior of sdsorbed and dissolved in Mi=Pd covering hydrogen as
well as the hydeogen in palladium coverings and the hydrogen edsorbed on platinum surfce wae
ehscrved ihal waifed to sknilarity high elecirocatalytical propendes of ihess makerisks in
evohrioh reaction of hydrogen,
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DEPENDENCE OF ENERGY AND MOWER FPERFORMANCES
OF LITHIUM-IONEC BATTERY ON MACROSTRICTURE PARAMETERS
OF ELECTRODE MATERIALS AND ELECTRODES

Dubasgvy V.5, Mikbaylove V. A, Nikoluks A-F.; Fonomarevs T.A., Sslmova T-¥o

Federal Store Compary * Reseorch Instine of Electric Corion Producis™,
Elebtrongli, Moreow Repion

The wquirements b electrode makenals and elecirodes for batteriés of energetic and
power types  aee slgnificantly Hatinguished. Ewargy danalty ag tha okl important panime ke of
cnergelic type Ithivn-onic betery (LIB) operanng ar bw and  moderas charging and
dischging ke ([ = |Cwn) depends in the biggest degres on specific capasity of skeimnd:
manierdaly, potental diffaence of positive and nepative elaciradss and comyibution of Ihess
materials 4o banery weight and velume At ibe same time, clectrode materials and electrodes for
atargetic type LIB bave 5r make sure Arad of all the high specific powsr of batbery, ke, have high
rate poasibilities 1o a comoideratls extent Japending on slanmonic and ionic conductance, Ohimi
and diffusbon parameders of eleernodes s delined by the composition of slentrode [ayer (ype and
relation of sotlve material, binding ageol and  clectmoeomductive additive), mMacrastwture
parameiers of elrctrods materials aod eleciredes of them (particly size and form, thickness,
slestrodas lover density).

In this congibution, te influgnce of macrosmychwe parsmeers of both electrodes and
1heir aclive materials on ensrgedic and power parineters of bansry wes studisd by caperiment.
As active material of negative eksirode, ¢arban materials bosed on natral graphics with particlss
of scaly and spherical shape were used and cathodic materials ave LiCoOk, TiMi_ o0z and
LiFzpy

Elenrodes from sbove-mentioned materials of various matmostrlciur: wene tssd n half-
Cells with lithivin Counier <kcrods Wl i prismatic bameries with 1 M LiPF; solulicns n
equivplume mimiuce of ethyleas corbonsbe, dimethyl carbonase and ethylmeihyl carbonate as
ehectmiyie, The procedures on assembling of hall-cclls and batterics wom fulfilicd in glove box
in Lhe stmosphere of dry srgon. The meazurentents of thelr elexirie paramciers were paformed by
galvanosaide method with using awomsted test setp. Macresiucture of slectrode: materals and
ehoctrodes were shedicd by SEM method.

It wag shown the advaniage carbon masierial with sphercal panticles in @2rns of vate
paramoiars in comparison with matorial wich scaly particlos. Sphevical panicles permit o fonm
elecirode layer equinvailable for 2lecirol vz at optimal density. The influence of particle form md
ehectmode Inyer densily is etbanced when mereas: of heclmode layer thickness,

On the basis of oblained experimental dain, the mwain pararmseters of LIB uoder sty
namely, Regoze diagrom  for batteries with electrodes of various composition, thickness and
density were calculsted. Diogram analysis permits #0 optimize the parameters of slecirodes for
hiffierent conditions of baiery aperation.
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NOMNSTATIDNARITIES AND FLUCTUATIONS OF HYDROZEN FUEL CELL
ELECTRICAL REGIME AND TT3 DLAGNOSTIC FEATURES

Erdokimpy Y K,', Marsemlanoy 5.4.% Grafev B.M.', Dembiov ES."

Karom Stare Technical University samed afier 4. 5. Pupolev, Karo, Ruesia;
ILET R CNRS A2 8508, Thiversltd de Foltiera, Pottiers; Frane,
S0 Fromkin instiiure of Physical Chetisiry avid Electrocheniizie,

Firstan Academy of Scicnees, Mosow, Rustio

Proton Bxchenge Mewibhime Fuel Cell (PEMFC) iz modem  high-perfomance
dlecirochemical souree of electric oy, Stabillty and efficiency of FEMFL operation depend
m 3 buge st of pameters such ag pressare, moisture of supplied gases, Toel cell (PO}
tempe e, ekotrleal operating condltions, eke., a2 well 23 substantially depends on the current
status af membyanc-cloctrode assembly and gas-wansport channeds. All these Factors have also a
significant infipaie on effciency of energy conversation and coneistency of operaion.
Thercfore, nowadays in modemn bvdrogen &nergelics basead o Tl coll technology e of the
main problems s development of reliable, nem-destructive, on-strtam methods For fel ol
diagnostics. In frama of this project the information capabilitees of elecirieal nois: was offared to
use Itke basis for the appropriakz diagnostic systems. The fact that noise measurement does ot
impiled elkecirochenical system dlsturbance by any extemal probing signal is the importam
features of notse dingnostic methods.

The rmicthod of fel el slascthcal nols diagnostic was proposed Tor idenlification of
relations bermesn noise chamcterisiics avd membrane-zlecirode  assembly corrent slatus
akerations. Essence of the mothod is a5 foliows, During bong Gme period FC slectrical nolse
tneaswement s cartled ook withowt perturbation of FC opesaticmal regime. Periodically noise
measuemnls e imemupted and Aegueency characteristics of FC lrepedance dre measuned, FC
impedance chavackerishics are used for identification of parametars of fowr FC elecirical medel
elnems donble Lever cspuwelty & Warburg elements 2., membrane resisiance Ry and
elactrochemical rochon resistance ¥, On the basis of fregqueney identificstion ekecirica] modzl
elemems parameters mend and electrical noise stbistics] paramotas (Spectrum, waveikd,
comelation, prohebilivy distribution Amction) trand ane obearved, Comparizon of thesz pavo trends
allows to search owt diagnostic properting of cleclrical notoe. While smangement of the
avresponding  regression  dependences  will atlow to cxproas  quentitative  dimpnestic
interdependence.

Hydrogen PEMEC Ffucmations charseteristics was setimated by sxperimental studies
resulis. Analysis of experimental data showed that flachomiions behavier s appmcisthly
dedermingd by fusl cell operation parimeers,

Pelatbons beiwesn fuel cell eleckrical flvcinations and parameters which characterized FC
rchnical state was shown in this wivk. Oblained rezults allow to predicae that elecrrical nokse
has dingrestic capabilities which i necessary for development of fusl cell tachnleal disgnostics
syziem.

Thin work A Been sovomplisied i frome of Internations! Russiae-French gromt REBE-CARS
Mo G7-D5-92167 HIFH a
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DEVELOFMENT OF FUEL CELLS AND ELECTROLYZERS WITH PEM IN RTISSIAN
RESEARCH CENYER “KURCHATOY INSTITUTE"

V.M. Fateev
REC “Kyrcharor Inviirage "', Adosoow, Rugsin

Fuel cells and elecimodyzers are e key componente of hydrogen energy fir long lerm
perspeciive. PEM systems are conskdered o be one of the most perspective for solution of Lugs
serles of tasks (cremtioa of hydrogen infrasuructure, wansport, backup powsr and 50 on) Large
atbention i3 paid to these systems In the ramo of Foderal Agency on Sclence and [ntovations
{Regnauka) projects. [t is recesmary to uiderdine thar the bevel of developments is very high and
Tskess onganlzatlons ane parthe lestlog inthalr Gudbar devatopinent and commecialiadion,

In the frame of Fedéral Target Scientifee Technical Frogram RRC “Kurchatov Tntinse™ in
cooperatlon with CHIESET, MPEL and cthers was devaloping a pikn plant with PEM Toel cell
with pewer 10 KW, |1 was developed oeiginal matericls and technology that sohes the basic
problem of creaiing a domestic PEM fuel cells, [o particular, developed new nanosmucinned
chectrocaabysis with redueed conmmption: of platinum, modified membiane with high termal
stabillty amd other key materials, developed & new plasmachemlcal Tuel conventer for hydrogen
production from gas snd 1iquid hydrocarbons, In the couse of the work wes cncated significant
scientifbc and sechnical and technological basis seaded o create protolypes of plants with PER
fuc) gellz ulbowing to cmicr the serial producrion of such power plants mogd commenia use.

Goals ol the project ane:

= creallon and &xperimenial-lidusirial wse of FEM power plants with powar 310§ kW for
stathonary applicstlon;,

— creatlon aof experimentsl-industrial wil Gv production wmd tesls of cxporimentnl-
indusirial FEM fue{ cell power plants (10 uDit per vear

TFogether with development of fuel cells projeets on high sfficiemt PEM electrolyztrs for
hydrogen energy (creatlon of hydrogen initastructure) are carrled out, Speh chectmlyrers produce
hydrogen of high purity {59.599 %) i prezsure up o 130 bars withoul sdditious] sompmsszion The
project i caried by ERC “Kurchahow iz i de™ togethar with Plant “Red Star', WMPE] and e

The project has enabled the creation of techologics for the maln componempts of new
generation of electrolyzors:  nancstrucheral oot plafinum olectrocstalyss and mixed oxide
elegrocatalysts oith reduced platinum mesttk bading and ncreazed life 1ime, membranc with
bvw gas permoeablliny, bipolar places pnd cument colleciors whh protesiive coatingsy. The pllou
insiallatlon of 10 nm""nfh}dmgen pet hour and bas successfilly passed the preliva nary testz.
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ANQDE NANOSTRUCTIRE CATALYSTS ON THE BASIS OF DRGANO-
METALLIC CLUSTERS FOR LOW-TEMFERATURE FUEL CELLS

Grimbers ¥.A, °, Mayorova N.A. °, Pasysakii A4, 7
TN Frumiin fnstitute of PRysioal Chemiziry ard Blartrarhemiiey,
Rusein dcodemy of Spipncos, Moacow, Bussia
E- maif: varinbersiphpehe.ce.ru

N5 Komakav brsiiine of Generad ord tnorparic Chemistry,
Rousrien Acodery of Sciences, Moacow, Kussia

Development of fuel cells, operaling on the basis of alechols direct oxidation without
extemal raforming and borohydrides direcr oxlderios, loaks sspecially aupactive begause of
signlficant skaplification of el design which is one of cruchl Bactocs in the production of
effective pover sources jor ponsble devices Both ethanol and sodium bocohydride hava high
specific entrgy density — £.1 XWhikp at 114 ¥ and 9.3 EWhiky ot 164 V. Besides, athanol is
wery perspective abd inktresting at 8 nawable ficl which can be produced in abundance from
b,

In the presen work we suggest o oew approach bo the sythesis of dectmocatalysis on e
bazis of mdlvidual beterometallls clustsrs of prescribed composiion, which were subjected to
thermal destructon at highly digpersed carbonacsous carmions &t temperetures 230500 *C. The
disiinguishing festure of these catabysts is their good reproducibility with respest to comprsition,
o3 will & wniforminy of the catalyst distribuikm owver camier, ohich maulis In stabllicy and
reproducibility of the catalyat’s characteristics [1, 2]

Bimetallic platinum-in caialysl {FUSn stomic macio In surface leyer 2210 and Awe-
containing nickel-rutheaium catalyst were synihwsized by depositing oo bighly disperssd carbon
black from clusters of the comesponding metals. These catalyzts (groms Rormiplee are TS and
Wi pRoF: cotrespondingly) were charseterized by N-my diffrction snd shectran-dispersion
nalyses {EDAX), laser mass-spectromelry (LEM} and tranamisslon ehectron microstopy (TEM),
The menn size of these catalysts partieles was in e range 1-12 am. According to vokammetry
dath, specific chamcterimics of the synthesized catalysts PSn (in the reaction of sthanol
cxidation) and M BuF; (in the mectien of sodivm bomohydride oxidation) ane superion [ toss
of the: plutioum -tis and niskel-nrhesiom camlysts described in litersture.

Referemces

|. V.A(rinberg, 4 .A. Pasynskii, T.L. Kubove, A, Skendin, N, Mayoroya, 0.4,
Khoonva snd C.0) Law, Rus, S Blechrochemn. dd (2008} 187,

2. V.AGrinberg, T.L, Kulova, 4 M. Skundin, A A, Pasynskii, US Parent Application
20070072352, April 5, 2007
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USE THE ELECTROCHEMICAL NOISE METHOD FOR STUDRY AND
MHACNOSTICS OF LITHUM FOWER SARCES

Kancvilil L5, Abaturoy MLA.

AN Frumbin instinae of PRysicel Chesntsivr and Elecirochemisiy.
Rusrian Acadesy of Sciznces, Moscow, Rnssi

It is deskgocd apd inodoced in laboratory practice suitable and evallsble methods of
investiganions of nonequilibrivm slectrochamical noise (podential and voltage Buctimvions), which
the makn meason of the gigin e sctively-passive ransirmation of Li shectrade swefbces &1
electrachemice! influmee [1). For studies is ussd as import aquigment {Solatron Electrachenrical
[nmrface), so limanad in AM. Fromkin [osilste original measurimg complex. A1 dovclopment
of 1hiz complex is sohved problem 10 registations micovolt Muchubons on backgroand high
lewe] constant yoliage (or poiential) in the power sourco.

Within the Fatework of work on creation efficent Li-baltary with negative electrodes. from
metallic Li, which could form the competition |ithind-ion babzey, 15 coetled gt sudies of the
ilse chirscteristies of Li elecirodes, polarized in different orgamic clecirobes. The ohstacls
industrial realization P2 with elecirods from metallic Lf i meosbility these electrods in the course
of eycling owing 60 deodeite fomting o deir sufaces. One of the possible ways of ihe degision
of tha specified problam = 4 selection ebectrolyses, in which oyeling of Li glectrode dendrits
Sorming occus wilhiout dendcile Goming. The studies of ckcirechemical neiso in miscellancous
electrolyins is installed correlation betwesn level of the noize and intensity of dendriie formiog on
LI alecirode: then below level noise, 9 mone 50 abored process of dendrite forming and beter
electrode cycling [2]). This allows oo condugl the supnas-saresning optlmrn clectrolyie fn
comeicered rechargeshle power sources,

The method of cleetrochemical nokss was used 8150 for anudy dvemmics of passivating Li
elecinnds tn differant shestiabytes [3) 1t is shawn tat than quicker fllz the power Auctuations of
potensial of nonpolarized elecods thel quicker ooeurs passivation of clecrode surfaces and
decreases tha declivity to 1he denadrite forming. This allows i i3 enough simply and coiectly &
predict a priovf possibainy oF the use 1he considersd electrodyta in lithlum power sources,

The serlous problem appeared ot usages of the primary lithivm — wionyi chleride cells iz a
determinalion their depth of discharge. Ar presens, te reliable meatod of such disgoostics is
abgent The noiss gudics of spesified power sources (m the course ol their unimermupisd
discharge ai constand [rod) have shown thal focnsation of de cells volage, lioke ioEnsive on
consdsrable part of cycle, sharply increase at the end of the dischang [4], The got results can
serve the base of the development of the real mehods of the diagnostics of lithiwmethlonyl
chioride cells. Pantiodady, valuabls informalion caries the nsmee of de power spectrum of
checirochemical noise, allowng differentiste the vells with different depth of discharge,

The work was partly supparsed &y Russion Fowsdatlon for Basie Recearch {projecy & 08-03-
HHS i),
Referemces
L. L. Kanevskii, Flectrochemical Molse, In: V.5, Bagotsky. Fundameinls of
Elcetnismisiry, Hoboken, M1 John Wiley & Son, Ine. 2006, P, 626630
2. 1.5 Kanmvekii, B, Grafioy, MG Astafiey, In: Moige and Flueuations. Trans. LE¥ Int.
1. Conference on Nolse and Fluctuations - [CWE M5 (Salavancs, Spain) / Bds T.
Gonzales, ). hstaos, [ Parde, Amer. lustitute of Physics, 2005, P, 647-650.
4, LS. Kenovskd, B0, Gafor, fous J Elepirochen. 44 (2008) 370,
£ L5 Kancvskil, Rus. Jf Elecirochem, 45 (3 B35,
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FLECTROOXIDATION OF METHANOL AT PtiMol-ELECTRODES
Kuzweltoy V.¥," Podbrvedsinks B.L7, w‘.
Kurbatur A.Ju', Makosoy Jy.M,

| Marideleey Univerrity of Chamica Technology, Moscow, Russia
L ufoscow Sate Uiniveraity, Focalor of Cliemistry, Moscow, Ry

PoMojelecirodzs were cheained by immnerslon  of molybdenum  plates inte a
chloroplatinic acid soluion aF open-cioeil pointial One can meogniza te pair of peeks &t
potentials 0.15 and 0.25 ¥ (The ehectrode podentisls are relatsd o the reversible hydrogen
elecirode in the same solution.] ab Pohojelecirodes cyclic vollammetsiz (VA curves obtained
in 0.3 M H:504 in the poteniial range 0.05-0.5 V. Thesz peaks am wypical for platioum
glectrodes. Presetice of PU clusiers at the surfwee of esctrodes obtained was confirmed by
scanning clectmn micmscopy. Lt should be noted that the disaibution of Pr clesters st shecirbds
surfece is not wniforme The true surface of Py ares for these dlectrodes is about 5.0 mtlg Pr
Pado-mlectrodes exhibited snhanced electoocatabytical activity towand methanod oxidalion
reaction in the potential moge 0.35-0.43 ¥V in comparison with PuPtelectrodes This
phenomenan 5 attibuted 00 an inbeseton berwesn nwthanol adsorpion  products aed
molytdenum oxides formed ot slecimode sinface. The conclusien about oxkdes exissence was
madzs from deermedynemic data. Mo oxides, however, cowld not be identlfied by XRD anabysis.
Probably this is due to very smail thiokness of molvbdenem oxides layer. It was propesed that
weockmation of methnol clecrooxidation by bifunctkanal mechaniam ogours ot Pridoll,
oundarics malnly.

PuMuo)-clecinodes alas were obimincd from K PICly solutlons in a simila techniqus. The
tue swlace wen of Propanticlkes in s cast is higher (11.5 m%g M) The mehanol
elegiroexidarion oae nomalid W P surfece is higher in companizon with PPt but amalker m
comparson with eleprodes obiaingd fom HPrCl sohions. The latest corrslapes widh
asumpiion sbout Key rofs of PYMoCy, intarfaces in promation influence of molybdenm oxides.
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NET MILYMERIC MATRIX BASED ON FOLYESTERDIACRYLATE
FOR S0LTD AND GEL ELECTROLYTES: EMPLOYMENT FROSPECTS

Yarmsiesko 0. V., Khnimulies K05, Bogdaneya 5. ML, Effmov 0. N,

Tnsresse of Problems of Chenecad Fhyercs, Suanan dcademy of Soremces,
Chernogoiowko, Moscow oblnn Russio

Met polhymears hased on new Polyesitechacrylue (FEDA) ant 4 prosising pohytiner matng
for farmabon of =old {SPE), and gel clectrabtes (BGE) Ir 15 knowm diacrylaims able o
polymenze by the mactwoary wrmudl groups of C=C with fom theee=dinensional netaoork
Movel PEDA, chitumed by condeombon of the momuee of 2-hydrosgyeinyviacrydate and
dusoeyanaie amowic polytenzaonn prodects, commn up o 10 % crown hke mecneyshe
eomperunds ihat 12 veceserry o provide the high womc condectraty wathin the polyriser mairiv abd
on e wmietiece with Lhe elecrodes [1]

Tha presence potar NHCO-group in the PEDA chain £ essanbial to create the PGE vth a

tigh conduciivity This group proqmokes A strof@er fitznbon of polar electrolyte and the stabihty
of PGE Ability of PEDA to pohymenize in the proseoce of termal or phote: initeucs provides an

opporumily for cross-lmksd polymer dinscily o hqusd organie elecirolyie and the formatwn of
1he gal alectrolvie

REDA-based PGE [2] with the introduciion of up to 33 wi % orgamic clecirolyvie have the
hagh 1emes comductvty ol uga b 4 18 1 Qhm™ om ' st 20 °C The glass ransition tempersture, T,
vapy (—103 ——129°C) scotrding b the solvent (ethylens carbonale, propylene carbonate, gamma-
butymlacions) The kv T, provides the sterage af clectrochemcal properiies up to 24 °C [1]
and apens the provcipal posssbility of improving of the performanse of Itbum-polymer banery 2l
low temparatures

BEDA snd LiCICy-hased SPE have the ome conductivity of 131075 Ohm ' em' m 260
°Coand EBx10° Ohom ' em ' 8t 100°C [4], and, T, = -29 *C The [ahium ons conductivily
provided by structural partyularsy of FEDA chan, namely, by the inigrchange of ether and ecter
Froupain every hink

Comnprontise aliemalive of POE baze on PEDA, LaC10y and atiylene cabonate (EC) was
syntheszed BEC o refamed i the polymes matny of PEDA at beabing © 100°C wiren the EC
content 5 45 wt % Its condustivaty was | 9= 107 Ohm™ om™ a1 20 °C, T = —65 C ‘The fixaty
of FIE ecomponeats and high conduchivity are & premequisite (o obian of dhlum-polymear batiery
For edectne vehighs This, we can conclude kbont the winjueness of the PEDA-bagad matrix, te
modifzatwon which allows obtaming of poboner fectrohies with the desired propertias
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ULTRATHIN CATALYTIC LAYERS SUPPORTED
AT CARBON NANGTUBLES AND POLYMERS

Bhazevs G0, Tusseeva B, Mikbaybova A A, Kresbun 4.V,
AN Fruskan insistss of Physead Chemisry and Elecirocheuzpy
Rpssuan Avedamry of Sciences Moscow  Rupsig

Hnstitate of Problems of Chenucal Phyocs
fussm Acadsvny of Scrences Clermopoiovta Russm

Thn layers of patinum megels deposisd onte carbem supponts or non-platmum s
(uch as corp-shel] suuctiones) have stmacid atents o ocont yoers doe to ther pesuliar
sptilyie actvaty and high degres oF preciots metsl utilcebon fn g werk tho e swa method of
Pt—By monolyyer depostbon at the suppan of pobydeally dimetholy lammonim chlonde {PDDA)
adeowrbed st the OC clecirode covered with fonclionltzed swple wall carbon nenombes
{SWCNTag was developod The |ayer of strong polvelecirobie PIDA 15 belieyed ta be adsorbad
3t SWONTsr due o the x-2 ntcractuon betwoon DDA and basal plane of graphens of nanotobes
Pt-Ru nanopanicks wene thon e sk synthesized on the PRDA-SWCNTs; layer by chemcal
rechuckpm of the assemblies between Pt=Ru wins m the solution and positpeely charged Fubctionsl
poaps of PDDA  The prepantd calabnic layor showed voltanmetne curves charactenstiz for
hydrogen adsorphon-ionzanen on PR st the loading T0-20 g et and a specifie surfice aree
o 290 m? g The elecrocarlyne scoviry of Bus kyer an 1he methanol oxidation feoctioh was
higher, as compared i Pt=-R o deposited ono SWCNTsal the same: loading

Thai fitms of SWCNTS; + polyamiling compotites were synthesized at ihe GC dlectmdes
by electrochem eal polymenzation Erom & ot of 025 M sohution of CoHiNH; m 03 M
Ha5C0y and SWCNTy suspeaiqon m sopropanl  The plahnum-ruibeniom cotalysts wers then
viopporalsd into compasies by bocping the chestreds i the solunion of te comezponding
prezursons with subsequent electrodeposibon o B35 ¥ (RHE)

The compoaie fikne have hiph mechancal dusbility and conductivity and peovide Righ
diggevienn of depozned plannum memls The mewl ek o doos not increass ot the growth
of loudung froo 10t 400 pg cm @ The P-Ru specifl sutfce nea at & Ioating of 160200 pg
cm ¥ wag about 200 =° g | (mean pamcle siz= —1 7 om) that 12 teuch higher, than thet of P-Ro
chectrodaposind onle SWONTs, a1 the same loading It 13 possible that dhres-dimansonal
aricure of the composites pravents the enlbrgemant of colalyst rapoparticies due D thar
finatway mssde the composife’s st tute

This work wos sugporied by Rueonan Fousgdatron for Boxe Rezearch (propect 8 08-03-0403 7
and by the Nanonal Seenisfic grd Techmnend Programms (prapect # 02 323 12 30200
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METHODS OF ACTIVATION OF METAL-HYDRIDE ELECTRODES

Eolesnichenks L, Lukovisey V.P., Gai AP.

AN Frumtin Instlture of Plosieal Chemisteyr ond Efocirochemisiry,
Rutviem Avademy of Sclencrs, Moscow, Ruosio

The incressing prices on the foetil orpanic el as el o plobal scologics] problems have
determined huge imezest o the hydmopmen &5 universal power carfles B e stationary and mobike
power instalkations

Dreveloped by prosent lime hydmgen sbsorblog alloys consist of the mewls that form
sinble hydrides {rare earth metals, Ti, Zr, Mg and cthers). They are ahle to caalyze the atomic
bydragan formatiendsxidation process on the alloy (Fe, o, Ni and othars} surface and metals-
spbstindons which cpfimize te expioiting chameteristics of the atloy.

In the presenl paper TI-N1 alloy was picked cut as the ohiect to be studied. The
availsbility ¢ iensify the formaton/ovideion proesss of atomis hydeagen on the alloy surfoe
was studied by it's activation with small amwunt of high dispersad catalysts sccelerating these
processes, At this slage of our invesligadon platlaum group (Pd, PG Eh) metals were used as sach
catnlysts. The activation was realized by the method of chemical reduction of the salt of
correspanding metsl by hydrogen baa sorbated by the afkoy

The availability of 1he activation effect realization on the dispersed elecirode was studied
mt on the real anode model of the metal hydAde accomulator, The clesmode was nicksl oet
sublayer with pulverized mixos of the T and Cu {1 2 2 powder leyer presscd on it wdsr
approxicnately 100 kg om .

The obtained data give possibility 10 supposa thet similer # smodth (non dispersed)
ekcirodes the addilional surface activation of the alloy sbworbing ydrogen by the camlyss
accelerating the process of electocatalylic fonmation/oxidaiion of e stomic hydregen give
possibllity I ceriain condlfions to simplify the process of prelmivary metal-bydride anode
activation and Tikewise (o bntesify the process of electrochemibcsl njection and extraction thal
axcelemtes charge and discharge processes too.
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BIMETALLIC CATALYSTS FOR HRECT ETHANODL
FUEL CELL SYNTHESLZED (N CARBON NANOTUBES

Borchanin O.%, ©, Novikov V. T. ©, Turaoevich MR

U, Merftieytr University of Chamical Tecfnnlogy of Rusrel Moscow, Rusia
* AN, Frumbies Incpituge of Physicof Chemistry ond Elsciracbemiziy,
Rurpim  Acodaey of Selevices, Moscow, Rusoia

Developmzot af highly active and stable snode catalysts is coe of the main tacks for
proctical secomplichmen of law-lamperstura direct aloohal Toel cells (FC). In this work, PtSa
and RuW glloys as satalyss of sthanpl slectroomcidation onthesized on dovble-walled carben
nanomibes { CN'T) were investipatad

4 % PuySnwCNT calalyn synthesized with modifeed polyol mvethed was investigated b
¢thanol elactrooxidation reaction in ecidic media (1 M CaHOHH)S M HaS0,). This canbys
activity exceeds significantly the activity of commercizl catalvsts Pt (40 %) Ru (20 %) HiSPEC
1000 and 43 % Pr(E-TEK). Accordmg 10 XRD 4 metallic phase of this eatalyst |s PrzSn. The
averages size of paticks wis spproximaly 4 pmy According o results of gas-liqui
chromatograghy anslysis the mixhee of products of mbanol clsctrooxidarion maction on this
catahyst has Following composition, namely, 26 mol. % COy, &6 mol. % CHOOH, 7 mol. %
CHCOOH and | mol. %% CH;CO0CH; The dovcloped cotalyst was tested it membrane
Clectrode aszembly of olbanod-oxygen FC. Optimization of catalvst loading and ionomer
{Natica™) content in snode aerive Jayer is carricd out. 1t was shown that the increase in loadimg of
meial phase (PHySn) in sode active kayer fom | o 1.5 mgfem’ nesults in doubling of power
density of sihanol-gxygat FC. The maximum powcr density of ethanol-ooypen FC reabized m
ternperature 75 °C wes 51 mWien®,

The catafyst on the base of the RBu¥ alloy synthesized by reducion of precursors in
bydropen aimosphere wes studbed i cthanel chectroosidation remctlon o alkalive media (1 M
C;HAH? 3 KOH). Double-walled CHT a2 suppont for Ru camlyst wers investigated for the
first ime. The RuWACNT catalyst contzining 30 wi. % RuW {Ru @ ¥ =3 I} paggrssed the highest
activity, The activity of BuWCNT catalyst wes higher than that of 30 % RuiCNT and 23 % Bt (E-
TERK) camalysis Influence of high-temperuure vacoum spncaling {1 760 %C) on CNT propenies as
suppint oF RuW catalysl was tested. Tt was shoam that this weatment of CHT resubts in activily
increase of te catabyst by 5060 %G

The pofiwmed resstwch rewvenled the prospectivity of using double-walled carbon
Ninctubes is suppont of bimetallic catalyas T abanel dectrooxidation.

Thiz work wan perfivrsed with pariied finareefof cupport of Ministmy af Educotion and Scienes,
grae @ G274 11,0264 29,06, 700%,
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ELECTROCHEMICAL OXIDATION OF ALIPHATEIC ALCOHOLS
BY ACTIVE FURMS OF CHEMICALLY BOUND OXYGEN WITH
BORON-IOPED DIAMONT ELECTRODE

Kornienks V.1, Korsiaks G.V., Chansks N.V., Maksinov N.C., Varsin V..

Institwe of Chenddry mnd Chemived Technnlagy, Siberian Division,
Raisalers Avcebemov of Seiences, Krasnnarsk, Ritsic
TAN Frumkin Inseirme of Phosioaf Chemistry and Elscirochemntsay,
Ruspicms Acadomry of Sciencss, Moscow. Rurxin

Processes of chalmadidation of oeganic  asbohoe: consisl, i esSence, In the
glectrochemical gepermbon of highereactiviy inezrmediats, and an elter 2 cathode or an &pode
for, possibly, on both the cabede and the anode simubaneowsly) and their subsegquent chemical
reactions with auhstrates on the nodic surfase or, patsiby, n sn electmlytic salution.

Kineties and selectiviey of the oxidation of tutyl and momy of aleobols sudied.
Ekecrmobyszs went cartisd oul usiog undivided cell {volume - 5 L) with boron-doped damond
anode (FIDD) by aciive chemically bound oxygen. Active chemically boend oxygen {HO:™, HDxs,
HCF) were generating in situ from Ok, HeD 2od HeOg added to the chsimolyiz, The gromenical
anpde surface arca was 4.6 cm’ the cathode (graphital was 9.5 om’. All elecmochemical
experimenic ware caned ol st voom emperanme (2325 °C) in 0.1 ki HeS0u saluions, The
BDD clectrode a5 anedes is the best choice for the higher generation of BH"-radizalz. This redical
ia & very powerlul oxidant (£7, 2.2 V va. SHE) which keads In a very effective oxidalion process.

Found that st the BDD ancde during the oxidation of butyl {= = 0. mol Iy and nanyl
alcohals fe = 0.0% mal 'y in aqueous solutions et current densities of 5 meA em = (0 =027 A W}
10 produce te comesponding camboxylic scids. The yvisld on the sohsanoe of ol aid — 7.14 %,
yield on the currenl — 8t %5 & The yicld on the substance of pelargonic acid s 98 %, ¥ield on a
cumrent ~10 %. The higher densily of a current {1 530 maA con%} and the higher specific. charge
passed head 1o the decreas: inan exir of @mrpet produces. 1t i3 explalned by the e thal with
increasing denziry of cument Mmcreasas the e of penermtion astive HOY-mdicals. Carboxylic
acids (oil and pelagonic) frmed after hydroxylation of sleohols, wnderposs sohsaquent non-
selective axidatiw with the formaion of seveml inkmmedmiey. Nedt, thess intsrmeadistes
Gecomposs (0 OO0k and HyO,

Found thet paired electmlysis by semuhancously generation on the eathods Tn sltu active
forms chemically bound oxygen {O°, HOw) and with BDD anode selactively gensrating HOw.
rntieals stemns to be sekeetively 1 produce eompetitive carboxylic acids Than thage direct anodic
cridation or anodic oxidation with HiDh sdded in clectroivte, For example, af the direct oxidaGion
of butancl on BDDE anode at a current donsily of § mA cm™ and spetific change passed of 1031
A hois produced yield of obl acid of currenn i 66,0 %% Tn paired clectmolysio, s Ch*, HOs,
producsd ab e cathode In oxidize te Tadancl w0 acid oeroased to cument eMelency 137 %. [t s
evtshlished that o oxidation butanel with increxse in apacific charge passed fom 0.1 to 069 A h
cumsni efflciency decrease t¢ 54 %% for direcl anodic exidarkon and decrsase b %6 %6 for pained
elestrolysis. I is connected with Increase in the contribution of competitive process of oxidation

target produc,

The suppont of Russion Fowsdmion for Bosle Reseaeeh and Kremoparsk Regional Fured support
sclentific and technicol activitles [aSiberias D9-03-98000) 1s ackrowledged
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MANOMATERIALS FOR THE LI1ON BATTERIES
Korovin N.Y.

Moscow Power Enginearing Irstivwie {Techrical Univerainy,
Moxrow, Ruorio

Barameters of the Li-ion batteries lust time wens improved. It opany new Felds of thaic
application, for example, for the eloctmantomobiles. the elecmoboses, e hybrid sutomobiles
and buses. For a wide application of the Li-bon badierizs it is necessary o sobve some probilems:
the charge acceleratlon, Increass of the speciBe energy and powver, 5 cyche lifs aud an cificiency ,
the working tempersbure expanslon, especinlly in 1he feld of low wmperstures, and o prics
reduction. A soluthon of these problems is safficdentty complicatad, because s improvement of
siie parameters keads toa worsening of ofhers pursinetess. So it s mecessary bry to find new and
compranise Solulions.

Doz of ways of these 1agks salutions is the nansmaterials and nenstechnologies use. The
lithiuen diffuslon durstion in e nanoparticles s jower, spacific surface is higher then i the
micropartiches. S i permils to asceleraie the battery chorgo and disclonge and to imcrcass &
baltary power. A use of te sunface cleciro-conductive nancdayers increases curment demsity. Bur
with the size particke decreesing the relationship betweed parts of the surfass aboma and the
vohime akwns mortasts B changes sirwctures and properties of e electrods sclive saterkals,

M important inluence e the electrode behaviour axerts the interparticle layers end the
offeet of dimensions fa change the elecronic and crysialline struchwes, the vacencies
dissppearance. o decrensing  of an elecro-conductvity, a diffusion coefficient, & termal
conductlvity and o on), 50, ¥ iz mecessary i find the: aptimem partichk: sz,

[t iz possible ko racelve a considersbls improvement of the Li-ion batierles parameters on
& way of the dew anodic and cathadic nanomaterials application. For the anodis panomatrials
can ba use, for example, the modifisd carbon nansdebes or hanofibees, nanoexides of 1m o of
translbiooal mictaly, campeisst of sllicon, nanocomposits.. For the cathodic naioisaterkls can be
used, For sxampde, the modifled nenoolivines. nanospincls, the complex nencoxides of Hi, Co,
¥, Cr, Al Mn and. A pammetors of the slscirodes can be impooved also by an opimiring of their
composition and soructure. An inportar direetion of an Improvesment of e Li-jon batieries is an
application of the polynver electrolytes with pancsmructuncs, In thal case it is possible o uss the
lithiim metallic anodea. Wew lechiotegiss of & synthesis of the nunemsterials foo the Lhion
batteries  { with 8n w32 of the mechame-cheminry, the ulirasound —chemisiry, the impulsiva
technology wd odher) arc developed.

Some neooways of 2 bettery pammeters inprovenent wete Bvestligued, ollier megquice
fundsmenial investigalion. There ane @ e paper the concrete examplss of the nanostruciones,
e nanomaterials and the naaotechnologies which are osed nooe er will find s applcation in the
Li-won batlarhes.
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SYNTHESIS OF NANOSIZED MATERIALS FOR LITRIUMW-10N
BATTERIES USING MECHANICAL ACTIVAYION,
INVESTIGATION OF STRUCTURE AND PROPERTIES

Kosovy N.V., Devystiona LY,

Tstrizne of Sofvd Sare Chanusiey osd Mecftioobelnbitny
Rurzran Academy of Scences Novosibirsk Rueens

Last years, a preat intepcst anose 50 nanosacd cheatrode materials for hithwm-oo batenes,
bascd on the demands ko mcpmss their capacity apd power charsciensiics The advemages of
oaneEaicnals wecluds the mercased poacheal capacity dug o betor vtilzation of nandcpantclc
volurie, the improved stuctural slabdony due o befer adapmabalily of panopartcles to volwme
changes dunag mseronexmaciuon of Uthiam ons, the enhanced hiph-rate capatilny due to
mcreased ebectrodefelermolyte surfsee comtact and sceelerated g ansport, ©c Hexdes the
effect induced by cnlatped surfarg, the effects assooaed with the chaoges of the dectome
structre are aleo observed Mumenouz defecs result in treadening the specrum of the exergetic
posmons for Irthiwm rons, which infinences the electmchemical propergcs of nanomatenals

As 8 rube, nanosized mstenaks ane prepaed by solution meshods (copesipitaion, sol-pel,
hydrothierivial, <c ) Parbcia size and crysiallvary are conmolled by varyeig the cmpemture and
the durstion of subsequerd heatmg Recently, different funchonsl nenomatonals are widsly
prepared by 2 dry, non-wazme and cosrgy-eificent method of mechamcal selvomnon (WA
Prelumnary MA of imbisd mixiures kads (o decrease i empersors and duraion of subsegeatl
anncahng, thus prevenimg de coarseung of partiches, and w decrease of the amount of
sinediate stages, unproviug the homogeneity of the Fal produg

In the presem Audy, MA method was applied to synthesize the clactvode compouids
differing by simucture gnels (LabineDy, LuTislhz), loyored (LiMi o CoMoyOup and frame-
wiork compounds {EiFePOs, LiTi{POu);) These marermals differ by e vabue of condectivity
from 107" Scm for LeiColy 1 10* Siem for LIFEPCy According io 5EM date, ihe average
partigle stee was abowt 50200 om Loose seqondary apglomens with 2 round Borm wang
vheayid According 10 XEPS, the paruchks ae charskenzed by scgrogeuon of daons apd
eraased concemttation of defeets (29, onyged wons with lowss clecronse densty) o thwar
surface, resubung in 1) the rise of surfisse Li-won conduetivy (LiTi PO, 20 the mensse ol the
ranges of formaton of 3olid ssluwos durmg cyel ng (LiMogOy, LuTieDya), 57 the ehange of the
eechunem of misrcalation of Lithium tans CaFePOY), 2t 1his Gyeduabng e capacuty asd the
poweT properises of as-prepared matenals

It 5 concinded, tear the maamal effecr of MA 15 achieved for malsrels with low e
and elscuonic conductivly To mersase cecimone conduckvity, nancized composus: mawrinls
with a shell fprmed fom high-cotdustove eompound (2 g, carbon) st prepared For insiance, 1he
conductvity of LiPeM/C nanocomposkes mortaits by some orders of msgnitek Sude
mactons of chemeally stlive and largs surfser of 2s-prpared matenals with 2lecirolyte ane
suppressed by sarfice modifiestion with inen compoands (2 2, LiCoOolal0s)
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PROSFECTS FOR CELL LOW SHARE FOR HVDROGEN STORAGE
Shalimsy ¥.N., Kodryash VI, Shaliov D.L, Tirieheako LS., Koyaley Y.E,

The Fedarof Srate Unitery Enferprize a Sciemific Desige Techmical Burem “Ferrie
Fargnerk, Rurvio

In practice, e use of systems for hydrogen storage in the form of bydrides ane bpleally
used Pd or P However, their use is lmnizd due o the high cozi oF ihese tems.

Important Fole a3 8 deterrent to widespread use of thess elements ix thair high specific
weight. This applies in particular 1o the application of hydmgen batteries in airereft, As for te
light clements, their hybrids have not ye Tond application a2 o hydrogen sorage for o
RS

1. The echnology of mecption is difficult (for cxample, ahuminum hydrides AlH;),
3 The enargy eonmumption fof ils eXTaction is great (Licnp MaH: ~ 400°C, Leramy TaH: -
£00-°C),

The particular infzrest for the processes of mydrogen absorption ars light shemenis in
combipalion with bonn, AL (ke same hydeogen capacity of hese compounds increases
preportionally ko the numbir of valinca boids. The sompoonds Rermed the el Towti of
Be{BH(}: or AKBHLY mler e compounds with bridging connectlons and tharefore should have &
relatively low wempersture of decomposition. Finally, the production of fydmgen from these
compounds can be made direct reaction wikh water.

Experimental confimeation of o possibiliy of obtaining  aluminem  hedeide
elestmochemical way has been foond in Lhe sady of the emperaiors dependence of imemal
friction for samples of aluminem subjectad 10 cathodic hydrogenadon.

Analysiz of the Q™ = F{7y showed that all samples shows *hydrogen® pesk, and its
poition on the curve and the amplitude depends ca the mode ol hydrogenation However, it
should dwell on the probleme associated with hydrde siorage of hydrogen in metals with a high
gogree of passivalion, The presance of a potental barrier at the interface in the Torm of the oxide
layer of thick Min boetnlls (for aluminuim). Has an inhibiting =ffcet on the desorption of
hydmgen from the metal siructure. And if the process of dissolotion of hydrogen n the siructurs
of bawriey-fres drive & tansition i possitde with high probebility in clectrochemical "charging® in
coonecticn wilh tha small size of the particlas break out (H"} then, for 1he desnrption of ydrogen
molecules, this barrier mey have a negadive effect,

The muthors of sttermpts 0w ac alloving compononts for light meals carbon. The
suthors obhearved increased sizhility of such hydrogen storage materials. In addichon they Fund
that increasing the concentration of carbon In the alley Me-C-H2 reduces the emperamee of the:
wxirastion of hydrogen from the alloy,

From a posllion of power is przferable az & component alloying for bydride hpdrogen
gtormpe uging bonan, beeanss i syaian AHBH. ) seturabsd with hydrogen storage con be carried
ol by slectrochemical method, Ulimaely, slecrockemical technology of metal bydrides is
characterized by a high degree of controllability over rechnology pas saivration st high prescemes
and temperatures.

Thius, e use: of meta] compounds barabydride anall periods for soring bydrogen is vary
promising, but the practical applications of such daviess necessary to conduet eiperimental
research on exmaction of molecular hydrogen from & reservolr with the laast expenditure of
oy by reducng the polsnbial barvisr, o search R bamicr-free crossing.
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NEW ELECTRODE MATERIALS FOR LITHIUM-M BATTERIES

Ealeta Tk Skundus AM.

AN Fromdon st of Plymeasl Cheimionry and Eloetrochemising
Ruarion Avademy of Scrences Mascow, Sriin

All modera lithwm-on batieres (LIBs) amc hased on trachoonal &leztrochemeal syszm
Mepstive clectrodar are made From carbon materls, whereas positve obes are mads from
Inhisted cobak oxide {overwhelming mapory), az well as foom Tuhted mckel cesdes o Iithium-
manganese spnels Such srong cxsdizers prmnde mather ngh vokage of LIB bar smnlansously
they crame senoas safety problems Another ongin of the problems 1= in=eaction of Inhaed

carbon with an electrobts Spacific capacity of the madinona! materials of negahve and posibive
alecrades anonnta oo 350-360 and 120- 150 mA /g, comespendingly

Some new clecooe matrials were peoposed and stedied mo Frumbkon fosbiuee 1w
coaperation with Lomonsey Moscow State Limversity, Karpov Insutuee of Fhysical Chenmsiry,
Tofke Physke-Techmcal nstitutg, and Physioo-Teehnologecal Instsbyle

The: best matemaly five negalive cherimde ane based an aboon  Silcon 15 imown by possese
ihe recaed specific capaciy of 4200 mAh/g [k"s well known also dust lohium ingerteon i erystat
mlizon resubia in huge volume mercase and m gompleic destrochion It waz shown that thin Rlms
of Amiorpliks S are capabile to revenublz cycling, e capsbalty depending on method of the
Abnz application The best ceauls wert schoeved with Bt spuienng and wih BF ghow
discharge The cyclng behavior of such films i improved by dogung of S by Al Anclber
promising masenal for negateva electrade 1 composit: sboon/carbon Very oaovement method
for symthesis of such compostes 1 ayer-by-laysr magnstron spuniening of 51 and graphute ot
Cu fal Actial speerfic capacity of amarphaus silicon and Silcon'carbon compasites i3 chost ta
35004000 and L300-2000 mAh'g, cormespondmghy

Ratter promiang reatenals for poake cheetrode are based on vaneduom oxides Usual
vanadwm pxides are capabic to reversible nsert small amoonts of Inhiom (up o E5 mah'g) and
attemyHs 1o insent more Jithuan results in rreversible structure changes At the tame taine sz
manasiiciured vernons of vanedum pertoade, including coraposites of Velu nevogel with
conducting potymers, a8 wall x5 nanobeks of Ithum-vanadum bionzes deraonstiale reyersible
capacity up 1 500 mAhg

The work wer supporied by Ruestan Foundmiion for Basr Retearch (reyeet § 180100050



T4 Zud Microsymposium: New Processes, Moteriale ard Devices for Succrssfid..,

INVESTIGATION OF ETHANCHL. ADSORPTION
AND ELECTROOXIDATION ON PLATINUM CATALYSTS

Kazov AV,

AN, Fronkin fnstitnde of Physicol Chemisiry and Electrochemtsiry,
Rusvian Acadeiny of Sclences, Moscow, Russia

In the present work investigation of ethanol slacirooxidalion was corvied owl At thee
diffeem systems: monoplatinusm calalys 0 wi% PV, plininemenshenium alley FIRWC (40
wit % P+ 20 wi%s Rush and PISn AC (3 ¢ | at. 40 wi. % Pr) catalyst, which in aceordanes with X-
ray phase and|ysis oan consists of decorakzd by So oxides PtSn altoy. Carteon camier in ali ceses
it carbon block XC72. Accerding ko the TEM data average panicls size is 23 nm, specific meial
surface area iz 560 mtfgn. lnvestigation of ethavel clectrocsidathon in scld media {1 M
CAlOI + 0.5 M HpS80y, 80 "C} at quasisafionary coodidans showed the following ander for
catabysts alivity: Fisn > PiRu = K1)

By means ol adsarbed ydrogen displacement method oocupation (8) of PrSa, Pdtu and
P canalysis sprface by partickes which weme formed during cthanot adsorption was measured.
Concentration 8, lage apd time 8, logr dependzncies in middle cccupation reglon comtspond 1o
Tembin equation. Comparizon of obminsd dam showesd tho following onder by valee of
ocupation by strongly chemisorbed particles Pt - PRu > PtSn. Ethuaol chemisorptions on Bt
sarts ik lewer bulk concontration compared to Pt alloys. Temperaiore evaluatlon ke 60 *C in case
of M onetuhs i f pasameter reduction which points 8 nomower disiribution by energles for
chemisovbed partiches,

Investigatiom of ethanp! elecirooccidalion products ar PiSn, FtRu and P1 In sistionary
condilions &l different potenthls was made by means of HPLC and OO analyses. It was shiwn
that aceinbdehyde e a man producl. Al tow polarizations reaction with C-C bond cleavage aod
OOy fonnatioe is poatitde. The highest vield somesponds 1o montplationm catalyst. AL high
polarizations ecetic acid yieH grows up.

Comparison of adeorbed patheles occupation dak, questity of eectbicity which
comesponds b cument traosients measursd durng cibanol injection imo elecrohie solEcn and
ethanol ekscrgoaidation producis analysis dats shows that rising of cthangl concenimation msuks
in decreasing of OOy yeild bechusz of catabyst Free surface bhocking by incomplee swidainn
prducts. Ethapo! ndsorption at low concenirlions is followed by approximately | chectron
wansker per adeorpion olace, That comesponds o degidrogenstlon with | hydoogeen steam
detachment. It seems Al in the case of phinun cualys suonger cthana) mdsorption with larger
voleculs degidrogenaion digores e,

Conzigdered anods gatalysis and novel tolernt cathode catakysts wer oked in direct
ethanol-oxygen Tuel czll.

Relrrooes

I. M.E Tamasvich, A V. Kurov, DA Pripadchey, V.E. Baulin, Aliemathmays Energetica §
Ecolomiva (in Russian) 19 (2008) 153,
1. AV Kurow, MR Takzevich, VA, Bopdasiovskaya, Rir. £ Elecirochen, 4 2010
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THE DIRECT OXIDATION OF ALCOHOLS IN A S0LID
ALKALINE MEMBRANE FUEL CELL (SAMFC)

Ly C. Simoes M., Baramton 5., Conmnceau T,

Latormiorny of Elecirocaiaiyns CNRE MR 5503, and PACTE, CNRS GDR 2985,
Urrversty of Porters, 40 Aversie du Reciewr Proecey, 86022 Poutiera Cadex France

The synihezes of new sion exchange membrits, sonductiog by the ydoogd wis, opens the
pomabibily ta devalop all solsd feel cells mmitar to FEMEFC, bt workmg in alialine madiam [1]

Thua Solid Alkaluw: Membrang Fuel Cells (SABMFCs) wang anjois menivieeg any Qe
power sources for amall devices worlang wnder ambiest concrtuons, such 83 portable slectronic devices
Companng SAMF with FEMFC (Broton Bxchange Membrane Fucd Cell), the kincties of the ORR
{Deygen Redhion Reactond 1 coner m alkdme medinm than i ocuihe medivn, Toading 1o the
porabilily i activale the slectrockermcsl reactions by non-noble mewl slectroomalvies [2] Furtheraioe,
the crossover of fusls {dlcohols, such as methanal, cthand, ethybow ghyeol and glycerol) doe to tha
ekrim-aamoie efect wall be imeicd, a3 8 consequence of the hydvexyl 1o cemcdochvily acmiss (e
riimbrne Morcover, the hoghest act ity of slectrocatalygis in alkelios medum or aloohel oodanon wil
albpw us to burkd anoces with low lavel of platim, o eves wiboot platmun [3] Co the pther hand
abeohols, such a3 mathanol snd othanol, are vary coavenaent squed foelz, smce they can be sauly sorad
aml tramapontad, converssly oo paseous hydrogen

Bicsudes, pibier aloohols, such s cthylone Elycol (RG) and glycerol (GLY, appear (o be veresting
fischa for SAMFC spplicxions They ere bess w0 than methanal, they display a speafic aoergy denany
closs to thet of dw otber aleohols (52 and 5 0 KWhvkg Far EQ and 051, reapechively, va £ 1 and 240
KWhkg, far MeOH sd EfOH, rapectvesly) (4] and swch curbom atom camses an alephiol growp As A
eritequei:, thér oxxdaiiog 1 alabne medium o gooelabe {000 00K b or mesolate {000 00000
¥ spetts, 4o proposed by olber athory [5], invalves & aoles ol slecirons per mole of EG (inotead of 10 for
camples oxedatnn o T0h) and 10 moles of ckeotrons per mole of AL {wesesd of T4 for complens
oxsiaton 1 00y ) whch moans a farsdw efficency of Biand 71 %, respecively

The concept of 3 Solid Alkahne Meanbrans Fuel Cell (SAMFC), wwolving the dirscl elseivn-
cdatien of aloshols festhanol, cthanal, otvylene-glyool, gheearol, ¢te ) i afkale medias, will be first
preseaied inodhis lecturs

In partwcular ibe sectmocatalyic owudation of ahybmeglycal |6] and ghecerol [7], meude a
SAMFC with o plrtinwm or pllachum besed anode, will be disomoed Saveral sbecinpentybesas (PN, PAAC,
PELC, MBWC, PIPIBGC) diaperasd ooto 8 carbon suppert (Vebsan XC-72) were smibeuzed by the
“wdber-an-cnl™ mocro-cmulbaion mctvod [8], whech seems 1o be mote appvopnoke tha the collosdal method
denved from the Bonneman procedur: [¥] Afer chastenmbon of the catahests by physicochemical
methods {TEM, EDX, XRD, ICP-OES, stc ), thewr calefyt actonry ovirds the slectro-oxdation of EQ
. OL was uvestgaied by clectrochemical owibods (voltammetry, RDE, sc) The adeorbed
miberreeiiakey and reachon products were analyzed by IR rellectancs spoctroscopy, *C HIWR and FPLC
Finally thesr slcctneal perfarmane m g SAMFC was svaludted gl room empersme

Farr of tfus work war dome ender the framevork of 2 proyect (AMEL 0P propectt supported By the CVES
Fnery Frogratr T atthors aivo afrowizder the GDR CHES nt2085 (PACTE}
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CARBON-SLPPORTED Cwi@l AND Pt-Ca NANOPARTICLES FGR OXVGEN
ELECTROREDUCTION

Lagwvigs T 4., Guitrman V.E., Kabirov YoV,
Souh Faderad Univertity, Rostov-on-Don, Rurria

Low temparature axygen-hvdrogen fucl cells ane associted with call aificiency losses,
becae: oF kinedie ionimtins of the oxypen reduction reaction, PYC is ussd a5 ebectmocatatyst,
Carban-suppiricd plaiinum alloys wilth vanous mnsition metala (Ce Ni, To) ane employed o
imprave sctivity of the catalyst, Plasinem stoms disribution m napoparticles can play a critical
rele i catlytical propertics of PIMAC. Characer of this &istribution can change it b booad anes -
from hatogensous alloys %0 nanopanticles with core-shell stracture,

The aim of this work was o prepare PLOWE cualysts with differon metals dlstelbution bn
nenopanicles and inwsthgale theic cafalvtle adtivity I oxygen eskehomduction reackion,
Manogarticles of the PtgpCus wilh covg-ghell structure were prepared by two fallowing rcthods:
- successive reducticn of Cu™ and Bi{1Y) from solullon of precursors,;

- miccessive reduction of PICL™ fons over the Cu/C.

Moreover, o modificals Co padckes growth new technique was developed. Small
quantlcy of HaFrCle 6HD was added o mitizsce CL nucheation

Particles size wag desminsd by X-ray diffmaction, mstals contend — by X-ray fluoreseom
analysis. Elscirochemical behavior of PCWC cafalvas in 1 M HzS0, was swdied by orelle
yohemmetry an the riating disc elecrode. The glecirchembcat active surfaie ama was meanm:d
by CO sripping voltarsmery, The cormosion stebility of PICWAT was Tvastigated (0.

Metal's loading on dte carbon corvier was 26—32 % wi. Preporcd materials bad high
elecinocatalytic activiy tn ORR and pctive surface ared up ko 45-48 m’.fg. It was shown that
PLOWC  camdysls with ot bhomogenosws metmis diskibothon o ooparticles  had
Ehecirochenical propenizs and eorndslon stabllicy dlstbnguishing from those of PoCu &lloys,

Thiz work wom sumporied dv Risssion Foumdarion fiw Bazie Resaarch {prapect § Mp10-0 3-(004 T ).
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SIMULFANFEOUS ELECTROCHEMICAL AND GAS-COLLECTION
STUDIES OF BOROHYDRIDE QXIDATION

Wang KT, Ly L, Zawang L., Cha C.5., Lin F.F.
College of Chemiziry and Molacwlar Sciences, Wadian Undversity, Pudon $30072, Chirr

Bomhyidride has been shedied extensivaby as a foel for Al cells. The are owo differem
ways of wilizing borohydice For fuel cells, te., oo be used a direct fiscl or an wdirect fuel. In the
Laticr, borohydride plays the role of a bydrogen camrier 1o produce hydrogen gs (o feed the
hydrogen-onygen (nir} fuel cells. In this way, a pan of the chemical eoengy stored in borobydride
is wasind on the step of hydnogen production from borohiydride. Theorstically, Ti is mons enorgy
cfficiant to us bomhydride dircstly as a fucl. Howewer, this poteatial sdvantage of dircct
borohydride fuel cell (DBFC) over tbe [ndirect oo can be realimd only if the number of
glecitons involved is § and the elecirads potemtial i3 mors negalive that the reversible hydemgea
decirode (RHE}. Ta reach this goel, ther is sl 8 iong wiy  go and & sound understanding of
the borohydride coidation reaction is cascilial

Siltneous electnochiemics]l and gAs-callection measarcmentsl1] on a few catelysts
{intluding B Au, Cu, Ni and Ni-based hydrogen storage alloys) revealed a number of new
features of borohydride cxidatlon. For example, we found that hydrogen evolution can take plice
& potendal siore positive dos RAE (“onderpotendial hydrogen svobution') on some calzlysls
whilc dihydrogen oxidation ¢an occur L poténtial more negative than RHE (“underpotential
hydrogen cxadation™) on sache: other catnlysts, On tia bagis of these new lindings a kinetic modz
ia proposed, Featuring & high =nergy stare of adsorbed hydrgen. It iz further inferred that the key
to make full use of the potential advantage of DHFC is very quick oxidation ef the high =nergy
adsorbed hydrogen and 5 catahyst able o0 provide active oxyger-conmining species might be
suliable for this purpess. This postulation scema to have been supporked by e performance of a
new catabyst PTi-onades. With this camlyse, “S-checmon obdation st potentlals toons negative
than RHE™ wis realie=d for the first lime [2].

References
1. KL Wang 1T.%u, L. Zhusng, £ Pier Chem C Y11 C2007) T456,
%, K.L. Wang, K. Jiang, L.T. Lo, L. Zhuang, C.8. Cha, X H. Hu, G. Chen, L Power Sougces
185 (2008) B92.
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CARBON NANOTLRES AS A BUPPORT
FOR FLATINUM CATALYSTS IN DMFC

Mzyorove N.A,, Tesseevn E.KC, Krestinln A Y.", Khazova (A,

AN, Frunskin fupituts of Phivical Chemistry and Efectrocheminry,
Russiom Acodemy of Sriences, Moscow, Russia

 ntitue of ProMers of Chemical Phystcs,
Runsfan Acadesy of Sclerces, Charnpgafovka, Russia

Carbvems ranotubes are imed 2t a catalyst suppond lor fucl coll due to their high conductivity
and comosion resistance and the pasdbility to obisin well dispersad catalyst's deposiis. In the
work simgle whlled carbon nanciibes (SWENTs} wem gynthesized by are method using the
nickel-yitdum catalysts and ten were thomughly purificd of amorphous carbon and meral
caialysis, Afler treating nanotubes with & midure of concemrared HaS0y and HMNODy oxygen
cenbaining fonctional groups appesred of thedr surface. [ the result of functicnalizstion, the
mitially hydrophobic SWCNTs hecome highly hydraphilic which is imponant for catalyst
dapasition. The dependence of spacific surfsca ares of elacrodeposited Pt and F—Ru on the
straeture: of the support was stuckied. Ac e small depesite of metals (510 pg em ™y on the
Functionalized carton nanowbes (SWCNTs) their specific surface anea is very higie {up to 300 m°
§ 1. When the ameount of the deposit intrtassd ta 50200 pg em™ the specific surface desreasss
te 30-60 m* g'. 50 only a1 he initinl stpe of elecurodeposition n carbon SPpan structurs
determines the degree of dispersity of te deposited catalyst, at more prolonged depesition the
structurs of the deposic dependa on parametsrs of this procss,

The electrocata lytic activities of SWONTs supported Pt and Pi-Ru catabysts were studied
In the mactions of oaygen reduction and methenol cxidstion. High mass spevific carments of the
reactions were recorded ai the amall amount of plabimim metal doposit: for oxygen reduction the
spocific Kinctic cument reaches to 400 mA mg™ m the potontiat of 085 V (RHE), that is n
provniging result for developing ministure Torl cslls. However, whan the loading of platinum
mesals Increassd specific curments decreased in sccordance with dimizishing of the speeific
surface area of the piatioum deposit. The curments at plabinum catalysts supported a1 SWCNT,
and A the conmmersial Vakean XC-72 refgred o o wnit of ckeroghemically aotive surfses ares
wers close, e the intrinsic canlyic sciivity does not depend on the nature of carbon support. 5o
the high mies of the rescilons reeaded a1 kw kading were detennined by the sracture of highly
dispersive eatalys liyers deposited on SWICNTE,

Thic work was supported by Russfan Foandation for Basie Research (profect W 08-03- 0037} ond
by Netional Sciemtific and Technical Programme {profect § 02.523.12 302),
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OFPERATION MECHANESM INVESTIGATION OF HIGH ENERGY
DENSITY SUPERCAPACITDR BASED ON ACTIVATED CARBONS

Yoltkovich YoM, Rychagoy A Yw, Begrachey Dr.A., Mikhkahin 3 A,

AN Frumin fmsivate of Privsrcod Cheitixiry ared Eleetrochemtsiry
Kz Acodemy of Solencas Moscew, Riztsia

In the framework of high specific encrgy chatrochemical capaciars clabormon, the
shacirodey based on schyvaisd carbonts (powder ADG and carbon-cloth CH-900 and TEA) with
specilic surfoce area 10001300 m/p m concentoled solution of sulphimie aced (304-60% mass
frartion) an the wede applied volinge ranga (fram —1 ¥ to +1 V) have been stndwed

For the purpese of peoasses charging saparabion, cycle vol-ampen: Sinves measuvad o
o voltage ranges have bemn compered  These vollape ranges can be: named a5 a reversible mnge
(from 0 1 ¥ 40 0%V} and a desp chargmg range (or 08 ¥ 10 1 V) The first one corresponda b
the chargang of elestne double layer and fags redox-reaciion of sinfce proups i Sppros imately
10=104 5 = Here todal specilfic charge 15 about 200 Cfg As for the s2eond one, 1a the range of
negalive potewial (< — 0 1 B) the faraday processcs with cxtromedy ligh prendo capacity valnes
ond charping bme from handreds of seconds to 1263 of ours are obaserved (total specifio charge 15
up i 1300 Cigh Al thess nes, ol only abows mentoned fast processes proceed Takmg imo
soecunt obtaned resulis, 14 cin be assomed thar there are also the processes of chenneal hydrogen
adsorptsan ononteriacel arsa carbonfelecimd e and he elecirchemyeal hydrogen interealation 1n
carbon at deep cathode chargng of actrvatn carbons take place The intercalahon process =
governad by slowed aplud-phase hydnogen dFusion, which may sxplinn very high maxomal fime
of charging util 100 hours a5 well as the propathuality peak cureent Snd squane roo from the
porenbal stan rate The valuez of chargn spent on adesrphion snd inercatabod are cooiparshle
The fack of rmimg charge growt wimh ncrezang of salphunc acwd concemrahon (from 1 M %
to 50 %) haa been esiablished wnd the masimal toial charge of 1500 Cfg has been obtaned The
amilyr expenments in phosphonc acid have beet produced and the maxme! kil change of abon
1004 Cfg has been obtmned Impedancs spectroscopy masaches af sctivated cadons slecmodes
and the achve ressstance migasunng of thess ekecirades in apeem] eoll sl drscl corvent have been
made: The osemiml moreass (o dozens of lenes) of clecimdes meaistance at deep cathode
charging prstess has beew: fumd B may be due 1 formaton of isercalaied CH pype compound
Pasmble bmit composbon 5 CH, anatognus one 15 el

A two-dimensional raathematical nodel of carben elecirgde chargs diacharge process has
been developtd The mode] takes ink sceount the followng factors charging of elecine doubls
byer, chenncal adsovption of hydrogen at an interface carbondelecrolvie, elecirochemocal
Iydrogen aviontalaten by evhie solul-diffusson, difswon-migmton on anaport i the pores,
the chemctenstics of the =slectrode porous strcture measueed by psmg the method of standasd
COIACT PO UmSLrY
Tt wiovk 15 sapported By Russian Fowndatwn fr Bane Rerearch (propecy # 090800238}
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CATALYTIC AND CAPACTTANCE PROPERTIES OF COMPOSITES
FROM CARBON MATERIALS AND FOLYANILINE

Mikhavigva 4. & Rrchagov A Yu., Yaellkovick Yo M.,
Krestion &.V.', Khazevs 0.4,

AN Frwabin fnsrivare of Plvsing Cheelsiry and Blectrockeminiry.
foeaicn Academy of Sclances, Moseow, Rossia
Testhee o Problems of Chencioal Plosics, Russion deadensy of Sclences,
Chermngofovia, Aussia

The composics of functonalized skngle wall carfbon nanciubes (SWONTs and
polyaniline {PANT) were studied 83 8 catalyst suppert fr DMPC apodes, The films of SWONTs
+ PANI composites ol the plocirodes were depogited by electmchemical palymerization from the
mictwe of 025 M solwion of CHNH: in 05 M H;S0, and SWONTy supensin in
istpropanol. The voltenoneirde and capacily properties of SWCNTs and 1heir composibes with
potyeniline wer investipated. The composite leyer i3 shown o have exceptionally high
capaciance {more (i (000 F £ thar is due 1 the lanse surfnce arca of the Frmier and ag well
due wx the proceoding of dee reversible Faradake reaclicn oF counter fong intorcalation inta PAMI,
proceeding ot the ramow boundary kayer - polyaniline Flwils |/ soluton in porce. The specific
capacipnce of the composits Byer iz 40 % mone than the capacitance of pure PAMI, the Later can
be the resnds of Iosrsentng of the PAMI struciore upon the nanstihes incorporation.

The piatinue-tutecivn catalysis were incorporaied inte compesites by the 2lecinods
keeping in 1he solution of the corresponding salts with subsequent electrodeposition at 0.08 V
(RHE}. ALthe prepared elecirodes a sigaiBeanly mort prongunced catalytic effect is cbserved as
compared 1o PFi-Ro slectrodaposited on other suppovts. AL the composite supported catalyst (at
loading of 200 pg om ™) & muhi-fold incresse of the currends in kinetic region of potcniiaks is
observad — 7-Fold, 10-5akd and cven 15-20-f0ld, as compared to pure polysniline, SWCNTS ind
Yulean XC-T? suppord comespandingly. It was shown thal the methonol onidation curmsns
rzferred 10 the true surface area of Pt—-PRu caralyat does nol depend o b nabure of the supgponts.
So it can be suppostd that the main fackor tal determines the overd] catalytic acrivity is the
highly dispersive structure of the catalyils layer Incorparanad lnre Hme-dmensional struchire of
e Counperses,

Thiz wowk wor supported iy Russim Foundation for Banic Rerearch drofeces # 0503000417,
OP-03-00254}
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STRUCTURAL AND EINETIC CHARACTERIZATION OF GAS DIFFUSION
PFOROAIS ELECTRODES N RECHARGABLE LITHTUM OXYGEN BATTERIES

Mirzacian M. HaW £,

Deparmment af Chemical ond Process Englnesring, Usiversity of Strathelyde
Clapew Gf TX) Seodond, UK

Because of (heir imhomnt simplicity i coscepd batieries are at 1the forefromt of de
chectrical energy storape sysiems, The amoumt of miergy pér thats or vahiie: that a batlery can
deliver is a function of te: ocll’s voltage and cRpac iy,

Chwing to lithiom 'a lighttasss and its loweat e kolonegativiky amangst the sxising metals,
lithivm based baneries have a high energy demsity, high specific cromgy and high operating
voltage and are mtpacied as the patenal power sources for many applications. Cotumercial
rechargaable lithium batterics oz Kthiun transitgon metal oxides, typically LiCeOs, o3 cathods
and graphite a3 anode. Thair specific capacily depende on the capacities of bath the cathods ad
anods mamilals. Energy storage in thest beneres i limbed by the cathods and does nof siceed
00 A hg

The capacity of o lithiom baticry myeiem 2an be enbuneed remarksbly by wing o
eompletely different appreach which combines Li sz mnode dimothy with oxygen 35 cadwode
active meterla] jn & Lifocgygen cell. Oxyeen scoessed from enviconment is redused calalyrically
on & 3l elecinode surface and te catalytically formed anions react with Inbivm cations supplicd
by thie anode and deliversd by the electrolyle to form Lids on the air glectrods surface doning
discharge process.

The pir glectrode in lihivnfoxygen bateries iz a composit: elecirods made of 2 poroan
carbon, & camlyst and a8 binder in which several elecirochemical and transport processes acour
simultanesrshy. Them are many parameters that affect the pediomance of o lihhaa oxygen
batiery, such az: cathode siructue, clectrolyte composition and how dhe cel] assembling ks canred
out. The ratios of the moeterials conimed o the cathnds, the sdecomde podosity, the chwice of
catalyst material sve also as imporant ag the stoclure and mompbology of the Mg
compounds. All these parsmeters shoold be considered when makmg 8 well function cathode.
Engineering snd chemical advances ate akeo requirsd o prevent the acoese of OO and Hy0
which couM react with gither LixCy or lithis metal.

n this siudy porous catalyzed choctrodes with linproved Kineilcs and enerpy efficiency are
designed by preparing, polymer bassd carbon atrogels with controlkd parsity at iuhio scale. The
ehecirochemical performance of the chectmdas has beets tesied in & LG cell. Through the
palvancetatic charpeddischargs mexsarements, it i Found thay the: ool pefortance (1.6 disharpe
capacity md discharge voliage) strongly depends on the porows siructure of tha carbon used es
active miaterial in 1he elocirads ol 3 combined effect of pore volume, pore skze wnd surface area
of carbon affaci: the seorage sapacity, A Lif0k cell nsmg 4 carbon with 3 high pore slume
{3146 om™g) and » wide pore sizs [17.4 nm) showed a specific caacity of 1682 mAh/g. This
capacity i almost 10 fimes of the capacsty of & commercial lithium foa battery.

The electrochenyical impedance spectroscopy was applied 10 the investigation of the
porous oxygeh electrodes The quantiodtive analysks of E1S resullz showed ther the shape and
valoe of the mesistance in the impedance specirum of 2 LiADs cell are strongly affecied by the
pacosity of carbon uzad in the cathada. Poregity changes due to the build up of discharge praducts
hinder the axygen and litun on ransfer into the elecirods, resaliing in & gradual increass in the
call inmpaciance and change transfer resistance with cycling.
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CO TOLERANCE AND OO OXIDATION IN FUEL CELL
WITH FOLY BENZIMIDAZOLE-HFM0,: MENMBRAINE

AD, Medustav, M.R. Tarasevich

AN Fronshin fnntitwe of PRaical Chestisiry omd Efectrochensiry,
Russicn Acaclermy of Seiemeas, Moseow, Ruceio

The use of polybenzimbdazole£LFD, (PHI-PA) membancs in proton exchangs
membeane fuel colls (FC) &nables 10 Incraase twe opermtions] empersture of FC up to 150 °C,
thus dramatically increasing tolsrabls level of CO comcentration in hydrogen fuel [ iz long
kmavm that CO baberanee of Pt hydeogen oxidation catalyst can be incretsed by addition of the
eecand companent, .g. B The cffect of Bu addiicn w Pt is asceibed primarily oo the increassd
ratz of secroehemical CO oxidation, which icmperatlly frezs portion of sis om the catalya
murfree for hydrogen oxidwtion, However, oxidation af one adsorbed CO maokecube reqaires one
water molacule. In cantrast ta low temperature FC, the media of FC with FBI-PA mentbeanss is
neacly enhydrous, Thersfors srong influence of futl mmidifaton on CO tolorandt can be

e

— = Ioflwmce of Awt homddiffication on CO

s i) iderance end OO oxbdalion at PuC and PR
= Py hydropen oxkdetlen catalysts was studied using
= membiane  elecirde  assamblies with  PBI-FA
membranes &t fempaatuces vadging from 140 w 130
5C, The platinum group metal lnading at the anndes
. ???? s nomwe | Was mpp. 15 mg cm”. Curves of dependence of

1 dems

Wi
b — hydrogen oxidation currents on pokandal messured al
. ﬁ;"’;‘é/ T80 °C &1 PUC and PIRWC catalysts in presemce of 00
* o T] TR .ﬁ. . . in. F!g,l (0 wation in H; ;
- . mictures 5 imdicated a3 pumbers ab the corves in
- 7 woluoine *a). For somparison, when dey minture (95H;

- ,'.ﬂ; S, + N was weed a3 foel hydrogen  axidation
5 s | opervolbage 8t 0.3 A cm™ reached 50 and 35 mV at

" b PUC al PrRuC catahysts, respectively. The figire
L revealz significant decrease of hydrogen oxidation
. overvollaga in presence of CO wih  fuel

“ ""m W oewkgr humidification and superionty of Pri'C cabys. CO
oxidatlon curves messured af PUC and PRl
catalysts using homidificd {24C0-76M;) gas mixmre at 182 °C are shown in Dg, 2, Comparison
of OO oxidation curvies mzanred with thise calnlyzn dhows tist MRWC camlyat is much miome
gctive compared to PYL cambysts,
The obsetvations help aseribe bigher wicmnee to OO0 of PRw, comparsd 10 PG, 10
{ncreased rate ol OO removal from the catalyst surface by akecirochemical oxidation.

The mechanism of CO oeidation, which Incdudes steong 00 adserption, slow stage of
waler sctivalion by one dHexinon reduction, and subscquent reaction of adsorbed specics, s
sipported by measuranents of OO oxidation reaction order with respect o WAKT YA Pressure
{close &3 wnity) and CO concontration in gas phase (Begaiive values).

The work was sigsporied by the IF Program of findamerenl siwdier ™ Chemion] Aspects of Power
Generation " by Peesicinne of Rustiar Acodensy of Sclences,
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MODELING OF THREE-FHASE BOUNDARY INTERPHASE
LAYERS IN THE SYSTEM Li-She5.

Misdiar A, Mibsilova A., Kavimeva N,
Sarmwov Stare Techmical Undvarsity, Jorogor, Ritrig

The L/Sh:S, voltamperio sisdy showed sliilar betuviour of thees systeming, moreover by

the use of the ampiric coquation
log I=A +AAE'? in

Muost satisfectory limcar approximation i3 echicved. Earlier we are showed [1, 2], that
vanows Compasilbon Hthbei tiostbnakes are pradusts of eathodie proceis of LiBlnS, evatem. [t
ia known that analogic dependencs takes place in the: thermociectranic and thermoionic emlzsion
of 8 diekeciric with eleciric feld applying. Scholtky's equation binds emission current (L) with
clectrio field strenpb in a disleowic [3):

b = AT axpi—eqikT7 axplerkT VeaAE dmec d)), £

whers A = 121007 — ls the Richardson's constant; W — e — i3 the cloatron’s work
function; ¢ — v the metal-dicleciic harrize's height, AE = 54 13 the volmpe drop on dielectric
Nlo, it is belicwcd cqual 1o owter; d — is dhe dicTectric film’'s tkickness, m; E—~ ks Lhe electric fiel
irength: k= | E058EF " VK — is the Bokmenn's constant; ¢ = 1602107 C - iz the slesizon
charge; & = 33543500 Fim — is the vacuun dieleciric constant; & — s the relative digheiric
COsil.

Metal-smmicondoctor's portniial barer's magnimdes of  LISheS. system may be
determined from the lollowing equalion:

(g igd, = log (ATY) - 043 eqrkT 'K}

The calkculsion give mapnitades of LitShaSy and LISbaS: awsten’s potemial barrer's
helghts. o and 4 significances found from de calcubtions: @= 051 ¥ and ¢z = 0681 ¥
respectively,

Isaee from zlecraphysicnl pammeters of stady compound®s [4, 5], i is possible to
cakzulate magmitudes of potential beuzisr's height fro possible sysiems by difference of elactnon
woek focibons, For LUVLisShe-,Se systems: 9= 238-1.60 = 0710 V if x = 0.33; but g = 238~
141 = 0.970% il =~ 0.50; far LULESbS; ¢ = LI38-1.36 = 102V, for LiSheSy g = 238 .64 =
0.740%.

The cabulation bastd on cur experimenial dates for syster Li-—8hy3; give magninde of
potential baricr beight- it i cqual 0.753 Y. This magnitde is nearky 10 systems LidSheS, (o =
0.740 V), LiLisShe s Sp(x=0.3, ¢ = 0770 ¥}
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MECHANICAL COMPOSITES OM THE BASTS OF TRANSITHHNAL
METALS - PERSPECTIVE CATALYSTS FOR CATHOMMC
FRODUCTION OF HYDROGEN

Reshsinlbiar S.M, Syugaey A.V., Lamsers SF., Lyaling NV,

Lifnurt Siape Uriversity, Irhevek, Buzsia
Piyeical-Tachmical ftinae, Ural Bronch, Rusion Academy of Selercer, fzheesk, Russia

An slectrolysic of water is one of e most perspective sethods of hydrogen production,
advaniapes of which are 8 high cleanness of the product, simplicity of the tachnological process,
the mast valusble by-products (ocygen, hesvy waler esc). This methed of production of
hydrogen is used in countries having the conslderable chenp hydre and Abvmie power ressarses,
Thas, there i a oeed [n developmend of cheap amd effective eleciro-caralysts For hydmogen
prodecelan.

There are references in the liernmme secifving the perspectives of Ge carbides of
trunsitional metals for eictmchemical achnology of production of hydeogen (TIC, WC, FedC,
FedSiC cig]) as the over voltage of molcasing of hydrogen on thes: materials is considerably
reduted, However the activity ef 2 number of individual non-equilibrium carbidic phoses has not
boen studind as well a9 the Larar of dwe composition materials oo the basis of the nnasined
incotporations of carbides ol transitonal ymetaly of diffent morphology in conducting matricas,
Themost simple method of receiving such makerials is mechanosynthesis.

Subseraent dynamic pressing of powders after mechanosynthesis allows petting modal
macerinls with density baacly o 100%, which can be usad both: for ancsistion ol activily of
cabides and their incorporations and ressarch of mechanistn of hydrogen veaction and co-
operation of thase materials with e ditbpuished livdrogen

Compaciing composite materiels "a- Fat carbides of iron, fitan, vanediun and sicblum®,
and also individonl carbides {Fe3C, FaSSIiC) pot by the dynamic pressing of the powder-like
gyoiems and prepaned by the mcthed of mechanosynthosis were snadied, Tesis of activig: ware
conducied in acidyr and alkaling sulfatz solwions,

In acid solutions most sctivity in the process of cathods releasing is possessed by the
cabides of ivon, on this sceont that the sclivity of composes conmiderably gocs wp with the
merease of propolion of cemeniite, dispersion of mconporations or farming of 8 nado sized net
typed  stucturs of mcorporations of Fe3C. I i Fonnd out That the mosl Aslive compasiles ans
frmed during the mechanagmihesia in ligueid organic soligions. Valee of be reaction of renewal
hydecrpen for cementine and most active coampesites in acid selotons is ~of 60 NV,

The activity of composiies ad  individeal carbldes of imon in alkaline solulions is
comsiderably bower then in aoid ones, and the value ofbe iz ~133 wY, The possible mechanisma
of reaction of mleasmg hivdiogen acid and alkaline sohdions are nlze discussed in Lhe antcle.

e rerearch it supporfed By the program of the Departareny af Physicad Sciences "Frasies of

new maieriols ond sirsctves ™ “Seleatific basis of creatton of volume mamcompOsite Corrpse-
proof materinly gr the basiz af Ingn with the refrociary phases of fttodection ™.
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THE ELECTROCATATISATORS BASED ON THE TRON FAMILY ALEOYS

Ved MY, Sakhnenko N.Iv, Syvehepis ¥.0)., Balrachonya T. M.

Nl Tecimical Diversity * Kharkor Polvtecimie Inriineme ",
Kherkeae, Lol

The sources of the dischange different carbobrydrates are the chemical, chemical-recovarny,
pemochemical industry and =5 indusiries using the organic solvents Tor painting, varnishing that
in the drving process of wood, metal and polymer product escape in the air. The industrial
discherges are very variablc i their composition. So, the main sk of the modam coology {5 the
probkem sakving of walker polhuniion with the highly beui: organic compounds, Besides, the ectusl
taak is the development of gas eating methods from ©40, organic compounds, nitric (idss and
the other sphstances. Thers is the tendeney to meteass quantity of catabytic matertals on basis ol
thin-filmed coating.

It has boen proved tee covering cificlency CoW in #hwe Awmsless benzal owidation
reaction. T is obsarved the mamimum concentration CO and 004 m the gases in the ourtput néactor
by using fellour optimal point of view the composition catalyfic activity — 30 mass. %% of the
high-melting component, For confing the other composiion if 5 obsiret] e decnsne of the
single and corban dioxide coneendration 1 compaison with 39 mass. %% wngsten alloy. 1o this
cass the degroe of carbon ail degp translobmation notably CO raduction avwoants 1w &6 %, It has
Yeemy abst Found exnperimantally (he increasing catalytic activity of the covering alley Co—%W in
comparisan with ckctraplate individual cobah (fe. 1),

L] 4 1
F4 I 4
g™ 3 =1
w 1 E 5

1] 3 “1.
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Fig. |. The dependant temperaiunes of the velume content OO {0 B TOs (5) in the gases in the:
cuiput reactor in the Pameless benzol wadation reaction o te maerials of the different contant
(mass, Wy 1 — W30 2 = Co-WA0: 3 = Co—"WID; 4 = Co-WIi 5 = Co.

The slecrodepasited alloys Co-Fe have been tesicd as checimde madedals produclng
hydvigen by water-nemralizing electrolysis, The date authenticate that the using of the dlectrodes
#llovwwn b rechw: e bl oversifess 1015
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MATHEMATH AL MODELING OF THE INTERACTION OF HYDROGEN
WITHMETALS DURING ANODIC TREATMENT

Shalipsy XN, Neckaey V.NL, Mileming E.5., Belyakova N.V., Sapins LA.

The Federal State Undiary Enserprice 0 Scientific DesignTechioal Bureau"Ferrie”
Fororezh, Russi

Strictly speaking, the mechanism of hydrogamation of soma metals in their teameay of
the ancds as an ambigwoss caplanation of a number of authes. Tiken, possessiog exceptional
bt high aclivity it the interactlan with hydrogen, Formimg hydrldes even ot motn l2mperatuns.
The authors attemyi (o establish the relwlonship amounts of dissolved hydrogen with e
chemizal ¢omposton of titanivm altoys has ol given a clear dependeans sn the caocenimbion
alloying companend. Bul the facr of hydogeation of tianiam and s alloys during anodic
Ipestmen is not catfered, and the mechanism of hydride formation 1s sl undepstudled.

Barrier-froo ransfar of hydrogen ai the caihade should be ol a certain temperature, whoss
value: depends on the chemical compasition of the slectrolyre and the current deasity, Accomding
10 the dependence Ig@ = 7 (10%T) determibed be tempertiue af hammier-fres transition o e
hydragzn ions. As aresult of pur cxpaiment it was found that the gradient of the 1emperature in
the reaciicn zone i3 much higher than the calculsted values Thit in um provides & basis to
sugest the possibitlyy of e methaniam of mansfer of H in the stuctace of 1he metal when it
arwdize baed on bhe experimental and model representaticns of smikar processza,

Sa, in the processing lompersturs of the electrolyin within tbe neaction 200e will change,
its measuromont is pot lways passibls, for o siationary process i the presence ol simulbineously
QCCWTing redctions. we proposed an analytical equation for determinmng the tempembwe i the
electrode layst through the procedss paratielets,

Thit equatkon has the Form:

AT m— it
T+ :X IFH,

AT-mioess surfaee temperature of the ciectrode over the middle in e elecinolyte

4, — the current density of the chocteode (Adm®)

Tycna™ EXPOIURC TIMYG [N,

@ = dimcasionkess coalficlkent, is a nomogranmy

“The nomogrimiy repessents @ Gamily of lines @ =7 Tuw. ) for different values J,.

Based o experimental data on the hydeogeatbon of likmium ai ite anodic eament and
resilis to detarming (e sorface Kmpersturs can be physical-chemical basis model of int=caction
of hydragen with Steel broom titaniunt, The resukiong H' ons & o reult of kakage ot the woods
paraliel i the sxidation of water 10 form pattlzlly hydeied bydonium oo (B300), partly using
the bowrier ¢rossitg, Inmersel with fre swal atnns. Hydogen jon being chemically active
spocies, snsily reacts with a free atom of timnium. When wheelchalr passage of 8 hydrogen ion
should fhotor in the inkeraction of the dyamal Ficld (thermal diffusion) The vecter of this field s
epposiie (o the sleciric Aeld vector, L ncreases the probability of barrier-Trez vansiilon. This ia
bomuse the jons T ©, Ti', Ti'* and H' ions i the checiric doubls Layer of hydrated and reicased
&t the same Gme the thamal coergy creatad in tha surfics tsmpermiure gradisnt, which arises due
o thermal difiusion of pactlcles.

The expariment resubts And anslytical calculstions for anodize Hoanbnn  replized
temparature 1n the reaction zone aboul. | D020 4C,
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INTERRELATEHON EETWEEN HEAT-SINK ABILITY TO HYDROGEN WETH
STRIFCTURE ELECTROLYTH: METALS ANT ATTOYS

Kushchey 5B, Kosilov A.T., Nechney VN, Siallngoy Y., Shvedoy E.Y,

The Federal Stade Uity Enterprize o Sclendfic Desizn Techmon! Bureaw* Ferrie®
Vorenerl, Ricslo

Ability of hydrogen 1o co-operate with metals depends on 2 number of Factors, The metal
natute concems them st of alk. The mest typical hydrogenactive elements are P4, Pt elaments
OF J=4th eollateral subgroups 4, 5 and & periods,

At regearch elecirolytic metale and alloys it heas been established, that interaction of
Byitugeen weith rpetad is caried gul ca defeeis of structine, Tt s cxperimentally established, tha
encrgy of sctivation in system hydrogen - clectrolytic chrome for the coverings recsived from
chmomie of skcobits depends on cheotmervawilization modes (densiy of a fument,
miankiatanee ey I ekeirslvte), Thl the olher hand the number of place s oF nkigetion (quantity
of defect of stractuns) in strong degree i defined by the mechanian of Pation of metal

Structhure.

Erom the aquaion i i visible, 1hat

T

quantity of (he centee: noechkation Todirect mto 3 an averseain or density of a current of
crysial lisation amd in inverss proportion b ey nucleatlon,

The mors the conters nielention it is necessary on surface vnk, il i more formed metsl
hydrides. Influencs of sructurs of the el received by a method of electrocrystal lkzation on
process hydnogenalion missowiches clasieal representatons ahout an estimation of degree of
pereation of siracture, S0, the quantity of te hydmgen dissolved i the semple increasea for
structares with the amall szes crystlline partichke (line-grainsd deposits). Whnss, in iechnology
of checiroplating #ach samples are considered moee perfecL

Amorphous metals are capable 10 dissolve considerably great yolumes of pdmogen n
comparison with meials of ¢ryste] strecns. Hovwever glectrochemically it is passible 1o genernis
svsbom close on properics bo mmorphais, using so-called "rgid® modes ddeetrpdysic. In this case
the sizes of gmains of cryslline panicke shoukd be mitimal, The multilayered meial structurs
formed in 3ach 2 way in some approach will be similar “pseudo-amorphous™, complete: siailarity
i iz caze is mot observed. Mevertheless presznce grain bonders n such syslems promotes
ncrease hydrogen capacity aoch systems. Far quantily reduetion shydrogen trapes with rigid
Axing oof gasegus hydeogen it is desimible o bring some channels focaed in planes perpendicular
surface of an electrode-gtom ("draim” of mabssubar bydrogent. Sweh modular ehecirodes possess
CApRRiTY o hrydrogen, arz charscterised by perfect degrae of sdapability oo marifacnees and keep
all advantages of way hydride hydogen storpes, namely: stability of work of tha accumulabor,
pood penyeuscisian Atality (it is defived by geomery of channel-traing), sppose reusable uga,

Thues trietal sirsctures on & basiz slecmalyic memls and their alloys, received o 5 method
of electrochemical formation with application of wchnalogy pulsed cloctolysis can Bnd
applicstion in mar B of electedes for hydride kydrogen stonages,
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CONCENTRATION DEPENDENCE OF HSTRIBUTION OF JONNECTIONS OF
HYDROGEN WITH MEYALS [N ¥OLUME OF A FLAT ELECTRODE AT
ELECTROCHEMICAL INTERACTION

Shallgoy 5. M., Parpheask V.1, Livisoy Y.V, Shalmav DL

The Federal Stare Unisary Enverprine a Scientific Besign Technicol Brrean *Ferriic®
Vongserrh, Russio

Assamcd, that the probabiliry of reaporing a certaln type of ipns depends mainly on the
Currend density in some aress of the slectrods. Howewer, oxperimenal reaulis of the hydnogen-
content detcrmination for separale elamentary sies of sh elecode arc nol proved by analyiical
cabrubrions. Ag it has bean csablshed carlier, inbermetion of hydrogen with electiohtic menls
and alboys is camied ot on defects of smucars, i.e. the greatest prebability of formation of metal-
hydrogen comminbeanon s corded our b poims with the highest power budget. The volume
density of such defects iz oxiremely non-uniformly distributed in wolume of mctal. Camplexity of
experimantal dellnithoa of quanting of 1he dissolved hydrigen 1 is conaesizd wilh thet facy, that
even & exsct definition of suwfsce density of coment, te volume density of defects in metal
siructure cannat be connected with 1L by linear dependance.

For an: initial srface of metal with unifinn fincion (o nuckeaion can ba wrilktn down n

the Form of e pression:
L)
szhkxiﬂx.}"r,

N —is numbey of probable fotmarions of Me—H;

& - iz number of commaunications for the given density of a cumenl oh C&mAin roctal;

a — i number of elenrentary plaiforms for all surface of an electeads,

{roees — 15 currenl of & platform deponding on its co-ondinate.

There are some reasons to . The mae reazon 15 non-ubiformity of distiibutlon of &
curen and thermal effects ansing oo o surfsce. Dynamies of beat-mass cxchange becomes
complicated also becmue of the collateral processes arlsing in bankes co border of metal-
electmlytle soluton. 3o as a resull of the emenging Sore effect in tha electrode arey mort mobiLe
"light" componems are maved be the "hot™ reghon of spece, snd mor: "heavy" molecules in "cold”
region of space, Thas the equation |1} will be marsformed to the Xind squation:

N=zk freyn K1),

ey~ 13 the functlen considering distributlon of & cucrens on inyers,

Kif) = is the Faetew, consbdaring milestoe of thermal effiects in plankes.

The greatcst conoertration of hydrogen is roached in the modl rmote from a substrade
leyers, as the namber of defects increasss in metal sructure with incregs: in & thicksess of o
eovering. Exisling opition oo inverse relatlonship in kinstics of hydrogen plokup is possible bo
cuplain only by mnpossibllky of complas extraction of bydrogen during the experiment, Ansher
acknowledgoment of cur conchiions is camying oul of parallsl tans of definilion of hydrogen by
& ntethod of vacuum fusle, whoo all hydeogen, absorbed by the sample, i sxmacied,

Thus, digtinctions im concomreion of conmecton of metals with hydrogen in
elegrechamical sysitos pe Is delined by speciflc Rature of formaron of defects in sthuctures of
thega systems.
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COMPUTER SIMULATION OF LITHIUM-FON BATTERY: CONSTANT CURRENT
DISCHARGE, MODEL OF BFQUIDIMENSIONAL GRAIMS, CALCULATING
FERCOLATON CHARACTERISTICS, ACTIVE GRAINS OF HOST,

ROLE OF DIFFUSION LIMITATTIONS,

ESTIMATION OF WORK FARAMETERS OF THE ELECTROMES

Chirkev Y4.G.. Rostokln Y.L/, and Skapdin AM,

AN, Frundkin Institate of Physical Chemistry and Electrochemisiry,
Rasslon Acscemy of Sclences, Morcow, Russhs
Nectiond Research Nuckear Uniwersity (Maphi), Busriz

Compuier simufation of proccases taking place at negative and positive elecirodes of
lithium-ion batiery st gmlvanosstic discharge has been performed. The complske rescarch
program was accomplizhed accarding to geners! theory of porous electindes, The progium
intludes () investigatiom of the model of squidinsensiona) prains tese grams forming three-
dimenzicnal cuble lantlce of sites, () Invesrigaiion of percolaion behaviour of sciive lavers, (i)
caloulation of effective charge- and mass-irnsier coeffclents, (fr) development of the compleéz
equnting set deseribing the electrodes” functoning. The modsl of equidimensional grains
deseribes o nepative electrode eonsisting of two phises — o interealator and mm ehectrolyie, and &
positive alectrode consisting of three phases — on iercalator, ap skcrolyte, and conducting
additive.

Some spoeinl rascy of grlvanoststic discharge are copsidercd, specifically, “ideal™
electrode; electrode with nencsizad graing; clestrods with thin active layer. Concept of “active
intercalator gpram® it mbodeged. Peamistible valume seocentration g of intercalmor’s graing in an
actve lpyer is shown to be Imited by 0 < g < 3% for positive and 33 < g < 65 % for negaiive
elertroda,

It is shoom that average number A of slectrochemically active edges of active grains 3 less
than 6 and iz limited by 1LE = A= 1.3 for positive and 1.9 < 8 < 3.6 for negative slectrades,

Optimum: working paremcias of the ckotrodes, specifically, volume concontation of
intercalator, artive layer thickness, whole discharge time, discharge capacity, and clectrode
polarimtion. The mponence of grains’ sanosies amd sufficient elocrobyie conductance are
eriphasized.
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SOME STRUCTURE EFFECTS IN THE NANODISPERSED
PUC ELECTROCATALYTH: 3YSTEMS

Sounova N.V.

Fourhr Ruxmon Stz Techrnood Untrersity (NP8 Novocherkosed, Rissia
Email grirhde swilmad

Ome: of Lhe mawn probleins of clectrocatatysis 15 determuning the istoosips between the
gructure of the slectrode and s sdiveplon nd catalylc propeties  Adscpien aod
ehaetrocathlytic reactions ot the skeirede-slecirolyte interface are very sensitive 1o the structure of
the solid phase For & sceence-based crsations of the catalysls with a view on ther praciieal
applicatuon requims an undsrstandmg of e naiuee oF siructurel effecis s role 1s parculady
Ereal i e NENG- 3126 SYSTEmE

Manopericles of suppornng omlalysts typically have g crysaline siocture which tiiferend
from the structure: of sodil phase N can be as a consequence af (he sz effect as a consequence of
the imflusnce of o support et lkes the active part dunng e fermaton of particles In s
PApST WO atiempe bo asscss the roks of strectural effacts on tie cxampls of opc-component PLAC
ranacatalysts whch sas aldanct by difforent methods The struclucal, sdeorptaon aod ealnlyic
propenties of PUC calalyels with dafferent bosding of plaboum (10 0 40%) snd  different Bt
vanoparticley sres (fram 2 ko 10 nm) wed mvestigais The catmlysts were peepared by ligud-
phaise synthesis (Sthykene glveol, oxalw acid or NaBHa i water-gthylene olymal solulioon wars nes
a5 reduction agenis), by elecimochemical dsperzion of platuen, a5 well e the cammemal
camlyst E<TEK

The sebeetion of the electrocatalysts shoold be puded not only by the desire b maximize
the wse of pluunam, which was achizved by creating the sicallest posable parncit sre 1-2 nm
Mead 1w ke inka Account the pecularies ol adsomion m nancacale systems also The uflwence
of the oegive x1ze effect of OOy, Hyy, Ogye ciiaddrn o the vangs of P pasuicle sz 1% nm
wias much wesker Wan e snall partcles The grezier aggregative sty of conmimng larger
partsles catelysts 13 wnportam oo Fhe rode of surface defocts amd thaw infuence o the catalvix
propertees of nancpartcles now 13 only being dscussed The paper presens daba bhar may provade
cvriemse of M3 prponant cole i the complen of Blors bl bed o gh actvity and stabulny af
1he camalysx
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EFFECT OF THE NATURE AND CONCENTRATION OF DOPANTS
ENERGY O METAL-HYDROGEN "IN ALLOVE"

Shakimov ¥.N., Shvedov E.¥., Kndryash V.1, Lirjcktpko LS., Kharchesko E.L.

The Federsl Sinta Unitary Enlerprise a Sciemiifle Dezign Techmical Bureaw"Ferriie”
Forpmerh, Nusiig

{mzrest in this process iz becombag increasingly imporant in the development of new
technologies ko create naterial e hydnogen battericy,

Such maisrial: mus posscss a aumber of propentes, namely: pood mechanical propertics.
gre resistanl w thennal cycting, 5 suifeltly high cormmsion resistanca.

[ wddition the developed mamerial with a fairly simple sechiology should be able to foam
& i of i banches open-circuiied chanael tepe (Mo closed labyrinhs). The last candition is
very necessary For the constrction of high-mass storage.

Since the formation of chomical bonding of metal-bydiogen s most likely to defect
structurs, the primary roka of 1e ligend In the alioy is reduced to the creation of the deformation
giresz in the sructore of meal alloy, The deformatlon of the crystat latice i asuslly mkan to
descrlbe o siress defvmatlon b the complex fmm:

=g,
whers o, — amplituds of the voliages; o — cinolar Seguetey ol sasillation,
Immicdiabely stovin can b desmminsd by the expression:
g =g e

whers £, = the amplilude of defonmetion,

¢ — Iha angle st which lag behind the deformation (e angle of Ines).

[t was experimenially found thar Bor the alley Ni-B dependence of the amount of
disgolved hydoogen in the ally on the concommbion of boron in the structure of the graph
¥,, = fIC,] haz an anomaleus fallure for the concentration of boren in ihe alloy

Mast Ilkely the inereased concentratan of boron o the alkry, which forms the phase of
roplementaton, keads to on increase i te number of defects par undt volume, Themefee, the
ascenuding branch of the curve Ky a [0, ] disst oiod contradict logie, A3 For the Gallng branch of
this dependence, there Is observed the localiztion of te aoms of nicke| valence checiron of the
boron srom with the: formation of communication Ni-B. A sharp increase in hydoogen connt i
the voluma of the alloy with incressing concantiation of B can b eapluned by the interaction of
bydmpen atome with boma atems, this means uader thess conditions, formation of hydride-npe
MiE and B-H.

We aler fownd that ibe hydrogen in these cases fems & very unsmble connection with
these components, 1 is extracted Trom the sarnpdes abizsdy At room Empertunt.

To vonfirm ths mechanizm of fermmion of compounde expresesd by tha hydropen in the
ulloys doped with boron. MNesd Lo canduct Turiher coperimenial studies of siruciural-sengitive
meéthods Ve can s thal osing the method of intemal friction can be detectad pesks of
inezinal Gictlon oa the graphs of dependance ' = (7). Lt con be assumed thal ther peaks e
in the field of cryogenic temperstures and can be imposed gnosach oiber. T the range of helivm
can be datectad peak of intermal friction, which i characierlstlc for dlffusion occludsd model of
nvdlecudar hydrogen, The resuils of this experiment allow a fidy sccurake £ix, in what foms and
b much hydrogen is comtained in the sample.
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ELECTROCHEMICAL BEHAYVIOR OF MICRO-GRAFHITE MODIFIED
BY MULTIHAYER CARBRON NANO-TUBKS

Tovgaphovs LE |, Viedorovich V.17, Akkaasking B.V.”

! Yooy State University nawed afier G.R Derziavin

Torhov St Techeical Laiversady
Buzyin, Tommbov, E-mail: wiged Byl re

The kinetics of hydmgen svelation reaction (HEE) was studied o greased iz no-grinhite
and its compasites fllled with activated mulilayer carbon panc-tubes (MOMT) in 6cid aqueous
aud ethiybensghyeol solutions with tie compound ol gleatrlyte x M HCL + {1-2) M LICL MONT
with inside dinmeter 20-60 nm, kength up to 12 pm and specific surface 144 m® g7 were
produced by coabyibe pyrolysis of mopae and bumos miciuee on & magnesium znd nickel
catalyse The inifinl curment-free potentials Fmp = 0,440.5 ¥ of unloaded pressed micro-graphice
with cathonbe-polarizathon growds shift towards negative values in the scetion of Linic cuwmen with
HER artpust ko ¢he Tafel section. Under reverse move fom € = —0.7 B in it 21 E1g oy, {fom
being calkode-curemt density), linaar dependence remains up o Eag, that 15 8 large hysteresis
loop takes phice. ARer tx) electrode hold M F and futher repeated eycling, the size of the
hystéesia koop i3 dekrmindd by fise T, ALT = O, the: loap i absént, Thé curment-iToe polontial of
the pressed micro—graphite elecimde, which does not contaln MOWT, relstively quickly shifis
towands the posilive side after it preliminary hobd {or an hour at potential 0.7 B, Two sactions
e obaervabde an lho curves st E - £, JE/ £ 13 high by the First ona (i the rnpe of anell penioda)
and its ket i3 practcally not related with hydrogen-ion concentration, In te socond o, GEfdy
is csaendlally decreaged and atlakny value which i mear or squal o 2ero. Fillkey inlroducion does
oot alicr the quality, which allows for HER kinttic paramsers difdlgi, dEdIpCic and
digi/dlgCirt at E = const and n = consd. It may be presomed thar under the snidicd conditions,
HER runs, sccording (0 ihe ¥okwer-Talzl wwechanizm, Under ihe cathode polorizetlon of mbcro-
graphite modificd Ty T wt Y% MOINT in queos splaions, the Talfel section womrsaponding To
hydrogen evolution mesclbon wider reverse polarization move {from Ihe cathode area) shifts
twands Lhe cathods, Cue growth Kads o HER mis inoriass in accordancs with U meshanizms
of electrocherical kinetics. The vabues of dEdlgh. dEAIECrt and dlgidligCyt+ at £ = const ar
equal 1 0140 B, 0080 B asd 0.1 respaafvely, 20-Time deerssss in MONT cosconpation (0.1
mass. ) keads o e Ballowing kinetic parameners: dEdigi: = 0.160 B; dEdlgCy+ ~ 0.06 B and
digadlgCy+ = 0.50 = 0,05 (£ ~ consth, Evidently, in the firsl case, the stage of discharge By +
€ = Hyy k& stowed down and 0 is that of recombination He: + Hey = Hy in dhe szoond one.
Thus, the hydrogen coverage of the mieto-graphite surfies and the stedied composites with
MCHT on its baals and, theeefoce, the Bow of s diffusion inte a solid phase ars egulatsd by the
contenis of tha filler.

Under sthyene-glyeal conditions, an exienisve hysterssis kop is observable again i the
thecnce and presence of MONT an the cathode, The valus of digi/digCit iequal to | {1 & £
= _ 14 E), the vahes of dEAIgic and dE/IgC,+ are mqual to 0, 130 and 0,005 B respeciively, Al
HER proceeding [E=const) the: influenes of the solvent nature o iy valys i observed. S, inthe 2
wi U MCNT presence (0.5 M HC] + 0.5 M LICL, E = —0.45 ¥) the HER rats is cqual 1o 40 Aim®
in the aquens soluion and § A/m™ - in the sthyloe glycol one,
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FEATURES OF DECOMPOSITHON OF GAMMA-BUTYROLACTONE ON THE
LITHIUM ELECTRODE: THE THEORY AND EXFERIMENT

Tullaeva G.Z. Yarmokeso 1Y, Fetrera G.N,, Bt 0L,

Inxrinme of Probieoss of Chemicml Phyaics,
Fussiom Acadary of Sciences Chernogolovke, Rursia

Pachargeable lithium hatteries are rther perspactive chemien] pewer soones Bot there
are @ mmber of the problems canszd by prsstvatdon of Lif electlyte inerfne A cotroskon of
lithivm mectal amd side reactions of decomposition of elechrmlyte components with ghssing are
possible st cycling in organic slectrolydes. B results iz decapsulation of power ssarces case and
2ven 1o explomion.

The purpse of this wonk was sxperiments] aud theonstica! resenrches of 8 decompasition
reaction of gamma-butrolacione (GBL) on lithium sleciddn surface during a charge. Then the
poiential of Ll-slectrods i displaced in negathve area.

1M salytion LACM in GAL ot water coment 0,008 and 0.2 wi. % was used for shudving
sice reactbons of decompoellion of slectralyte. The gassing process was shadied in o feid thrée-
alectrode cef] ar constant-Tampersture conditions (20 °C) st 0.57 1.0; 1.5 end 2.0 mAfem® current
denaities, The metal L1 was used a5 working shkatrode, chlonine-silver — reforence electrode, Pt -
counier alecirode. The contents and composition of generated paces of decomposition of
electro|yte were analyzed by the gos chromstegraph “Biochrome™ and the mass-spectromets Mi
1LY,

The atecicolyts docmmposithan wasei obsorved 2t low weter concentration. The Hz, OD
and 0y gases in comparable quaititles and 5 hydrocarbons gaszs (CHa CoHa, Cifs Cily
C3H,) are generatad atcument densities = | 0 mAjem’ {overharge] st waizr coment 0,2 wi. %,

Tha quantum-chemical modeling mmtemction GBL with lithium surfice »as carried o For
understanding of the basic features of the gassing mgchaniam. It was shown, that the enargy
barrlers of reacthon will be high In ahsence of waksr molecubes. b corresponds to the experine nol
fact, that the gassing wasn’t observed at minimally prasible waler content fup 1o 10 wi 44

The conlignt C-C- and C0- bonds breakage with the snerpy ghin ans obeerved o
modeling reaciions of hadrelysls chemisorbed GBL molecules, [n resulis propane and OO,
vobecule in chemisorbed condition were formed, which have boen found ow experlimenalby.
Formation of other prodects which have been found out in mass spectrums, spparenthy, was
connected o pagsing paralisl precesses of main products reduction.

Thus, the decompesiiion reaction of electrolyte based on gamma-botyrolackone at wator
varicus content was investigated. The absence of gases products of GEL decomposition maction
at 0.8 w1 % water was experimentlly shown, Foomathons superficial Li-organi compounds
from GBI melecules wers theorstically showm thal was known from e licrary deis. The
sheetrachemical GBL decay on OHy, OaHso CoHa, CiHs, CjHy, Hp €0 and OO0 wis
expetimentally shown a1 0.2 wt. % HxO. The advantage of decompasition resction superficial Li-
onganlc compaunds from GBL malecules with gassing was disorstically shown ot the presence of
waler,
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POSSIBILITY OF USING ACTIVATED CNM IN ELECTROLCHEMICAL
ENERGY ACCUMULATION DEVICES

Zhvllooki ¥.V.!, Drozdevich ¥. B.', Zhdsnok & A% Kiawkda AV

| Befmusian Siate Technological Liniversity, Balaras, Mingk
F Lyekrv Heat and Maee Frangfer Institute of MAS of Belorns, Balorns, Minsk
Eemail. glchemdeb@imal] ru

The development of eloctrochemically reversible hydmpe sccumubilion processes
aszumes the use of mmerials wilh highly slectrocamlyiical activity in rescion of hydrogen
evoltnion, hydrogen sonption capasity, providing necessary amoumt of charge-discherge eycles
and comotion resistance in water alkaline and acid sleetrolybes. The prior studies [1,2] show, that
sueh arerials can be ranocarbon makertals, and also composites based on them.

The lighi-weight fsction of carbon nanomaterials (CHM). synthesized by elsctroars
method from metnanz-air mix sl smeapheric pressure in presence of caahvats in A. V. Lyekov
Heat and Mass Trowefer Insituie of NAS of Belams, wag nvestigated, The CHM, obined by
ulirzscaic division from il mass, wem bleck powder with bulk density wp oo 0.8 gism,
consigting of amerphous carbon (net [ess than 55 %), carben nandlibees with dismeser 2040 nm,
kengih 1-15 pm and mulfiwall carbon nanotubes with diameter 2080 nin and Lngth 1=10 pm.
Charge-discharge cyches were discrtiely camied oul o potentlasiafle, palvanostaic and
pobentbndynamic modes In 1 MH; 505 and 1 M KOH. The partmeters of charging wete opimized
wlth the purpose of the Rllast hydrogen saturadon of invesligated samples, The elscirochemical,
copacitar, hydrogen soiption  properties of the CNM wate conslderably increased by
elecmochamical activation i concenrated elsctralyle of selfurkc acid 85 2 result of mising of
structure defickency, inoculation of functional growps, implamation of heteraatoms [1], and by
sedimentativn of 2lusier wnd sd-anoms ol eatalytically active mewls

The beginning of dizcharging of actlvated CHM on constant leading was characienized by
1he maximel valves of specific comem vp 6o 3.3 Adgin 1 M EOH and 1 M He304, The groates:
conviribility in repeated changs-discharge syeles was obsarved ab shargemg coral 1o be 0.4 A2
ang it wee D005 %, bux the maximal hydrogen sorption capecity reached 0063 and 0075 mas. %
of hydrogen in 1 M KOH and 1 M H:504, accordmgly. The CHM chemical medification of
palladiun  microquantiics n e low concentmted combined palladizing sebotion allowed
inoreasltig mote than in 3 rides hydrogen somion capacity of CMM dthal, most posaibly, wag
caused by surface formation of helkatoms and clusicrs of metal palladivm, The pocotinl
Icbnapants of hydrogen-carban ckectrode weere defined For palladieed CHM and the diffasicn
facors of hydrogen in CHM were calewtsted, The increase of diffusion facters with raise of
current denziry pointed distribution of process charging in deep struciures of ChM.

Referemces

1. ¥.B. Dreadovich, PE. Kubrak, 5.4, Zhidanck, AY. Kraoklis, Physical problems of
hydrogen enerpetic: maerlals of the 4 Russian Conf. St. Petersborg, 2007, 56-358.

2. VA, Droxdovich, P.B. Kobmk, 5.4, Zhdanok, AY. Krsuklis, Mrerials of the First
Tolernational Conf, Manasttechural makrials - 2008; Belarus - Russia - Ukmine. Minsk,
OO 359=304.
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‘THE, INFLLENCE OF MMEGIN FREADSORFTION AT BENZOTRIAZOLE
ADSORFTION DN THE SURFACE OF A PASSIVE IRON ELECTRODE

Acafonking M., Andreeva M. P., Xazwetror Ya, L, Solovieva 4. B}

AN, Frembin Inrtinve of Physica Ohemistry and Elacrochemiziey,
Rumz L dedeay of Scleneas, Moscow, Rugeia
NN, Semenow insiioie of Chemical Physics,
Rursion Academy of Sclencas, Moscow, Romsic

The influence of dicodium =it of deersporfyrin [X (dimcgin on te anodic bahavicr of
mild gieel in 8 borale buffr solution with pH 7.4, conteining 0.01 M NaCl wac dudied. [ wes
found that aircady at €= 5 mkM the reduction of passivation eumant densiy oocurs snd poléntial
of piting increases by .23 V. Since the ability of dimegin o inkibd the steel dissolidion &an e
connecied with its adsorption on the electrods surface, its adsovption on oxidized Fon shacinods
(a4 E =02 ¥y in borat= byffer sohrtion with pH. 7.4 was studizd by elilpsometric method,

The sdsorpiien of dimegin iisslf s describad by the Temkio squarion with the value off
free adsorption energy (—AG™ = 43.3 = 2.6 Klmol I was shown that the dimogin can be not
only an irhlboer of anodic dissolwtion of von bul also modifier of ckomode sunfies for
incronsing further adsorpdon of 1,2, 3-benzotriazok: (BTA) o1 L

We carmied oot modifring of the oxidized imon clestrode by dimegin at different surflice
coverage degrees @ = 027-1.0, with following washing the cell by background soludion withot
switch OfF the potendal. In all cases ibe adsorpion BTA on pee-modifled surfsce Incrchs i
compared with adsorpdon on oxkized iron elecirode. However the dependence of (~AGT or the
hetzrogensicy famor ithe value £ in Tankin isatharm) on & of disegin preadsorbed ai gt oxidized
iron iz pagsed through meximun, Same possible rezeons of the phenoaren is analyzed,
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SUFERAYBROPHOBIC NANGCOMPOSITE COATINGS FOR
THE FROTECTHON OF LOW-CARBON STEEL AGAINST CORSOSION

Alpyshaverns D5, Boinovich LB, Vershok 4B,
Emeclvancako A M., Prskinie A5,

AN Prumiin instftate of Phyrical Chemisivy and Electrochemistry,
Fooxjon Academy of Sciencer, Mescow, Sursio

Application of low-cathos siet] For the prodistison of construction materials mquires the
sahrtion of the problem of mtcormsive proteaion of matedal surfsce. On of the rethody of
eomasion mhetviton fxr porous metallic swiaces consista in the modification of & surfaca with
impant the soperhydmphobic properties ta the surface. In this work superhydophobic
nonocinpasite coalings, conaiing e layers with variaug chemical nature and vamious
mechaniama of prosction, are proposed,

Three orpes of coalings, differzar in composition and wetting behaviour with respect 1
aquenus media, were oained and studied. We have analyssd the resigmnce of coatings obmingit
agwinat cotrosion under both the continuous comact with squeous media and the periodic wetling
of surfaca expased to 100 % hunid rosphers, The retults of our mvesfipations convincingly
demonstrale that application of superhydrmophobic costings joinly with 2ither oxidation or
phosphatizimg pravides the simergetic effect in anticomegive prowection of the composite coating.
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FUNDAMENTALS GF THE CREATION
OF MIGRATING CORROSION INHIBITORS

Andreey BN, Starpvoitovn BV, Gedvillo LA, ind Zhmakius A5

AN Frumbkin Insifture of Fhvsica! Chemistry and Elecmac hentiziry,
Ruseiem Avademy of Seiencay, Moscaw. Ruesha

The steppth and duwshilily of reinforeed conceets stuctures ofisn depends on
reinfcement cotrision stape. [ue to the atkalinity of the pons Huid, steel in concrele is passive
provided that 0o chlofldes are presem. Aowever, penciration of chlordes to the metal from
oulside, chioride addithoss during congrete preparation, and decreasing the pore fluld pH due io
concele eurbonation create o hazard of relnforcement comosion.

The prablem of cormosion prewvenlion can be slved uging cormosion inhibitors. Such
iphilitors are piicmlly wdded during concreic proporotion. Howewsr, an approach thay is
imemsely developing in recent years Iz to protect sieel reinforcennent by migrating corrosion
inbildtars {MCR) that can pencirate the concraie slone and reach the steed reinfoncement 1 shrw
down its deserioration. MOIs ars applisd om0 the swrfges of a reinforced concrers anicle of sdded
00 conered: that Ls uzed m nepair operations, The use of soch inhibitors 1o ensure protection of
strichures thay are sleady in use and are aublect b cortosion shows high prospects. However,
produces svallebie on the maket show low effcizney. As we belicye, this & due 0 weakiy-
developed wienific bases indedying the ceeatios of oigrating inhibitors,

It hag been shown in oo study that e abiliy oFliquids o penemate conaete and coneeie
sione & deermined by the wetiing of capillary pores. By sclecting a surfactant oas can vary
broadly tive p=rmeebility of sobvents. IF has been shown that the methodology of directed cregtion
of MCls can be duced to () developnend of inbibitors efficient in the conerete pore Buid, and
(i) seloction of srfaciants that cnsure inhibitor pensiratian into concrete Stone,

A systematic study of the effect of structures of amines and substbuted benzoates on the
cificieney of sieel prototion in shecirolytes simulaing the pors (uid oa concrete stons has been
carried out b as been shown Ut the protective effect of amines vnder these conditions depends
on pia and iz mainly determined by electrobvie akalizatien. The coatribuwion of adsorption @ the
prowetve offect is more significant for ethanolemines whose inteection with the meml is
enhanead by the alcohol groops present i the molecule. It has been found thar ihe protective
effent of subsrinued bengnaies and wilrie — benrowis Trmulslions wider he aame conditions can
be described by Hancch substiuent constants In terms of the “linear tee coprgy reliomship™
approach. The efficiency of steel proteciion by inhbitors decreases &5 hydrophille or hydrophoble
substituents are intradused in the aramatic ring.

Congiderntion of the above “structuns — protection efficiency™ regulariiiss combined with
ratipnal selection of surfactanes allow one o ceeae highly efeient MCLs. Examples sm provided
i demonsteate the capabllites of thls approsch to tve croation of MCls.
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INFLUENCE OF TRIAZOL DERIVATIVES ON CORROSION
OF STAINLESS STEEL IN MINERAL ACID SOLUTIONS

Avdeer Ya i, Frolove L.V, Kazesiaoy Yol

A W Fromine ienmee of Phyocal Chemustry ond Elecirosbarsriry,
Rusyum Academy of Scrences, Mascow Russior

avdasvavdrenimen ru Ruzmelsovi@yee rear i

Mew minbiors of mewd scid correson, whch are mean! derivanves have been developed
Therr iavestigation showed high effsctivensss of Jow-carbon and bagh-sirengih ssed protcoton
frosm corrason i 8aid solutons [1, 2], including even such empermms 35 T = 106140 °C [3]
In the prosent wek was oweshgated the cifcctrvoness of damkss mocl protecoon by new
wnhubwars, at sehing of which many of comvenimal inhibrtors, widely wsed for atesd acad
cichmg, shoor low officcuvensss o smukate ComDsoD dunng protccien

Bt v shown that cotnsasen of choomume-nkekel staucdess steel IXI18HIT i 2 MHC) «
H:50y proceads i the aen of achive metal solistwod. Mawe inhibioss efestvely dlow down bk
clecirode rescuons of steel TX 1BHAT in thete atids They peovide high depres of stee] protecton
from comomon (£ 93 %) and hydrogenatien (2= 77 %) m 2 M HCL and H:304 (T = §0°C)
even & jow concentranons (5 mbdy, surpessing m ts the famows indusinal nhibor of scd
comosien (catamin AB). Jound applicahon of developed intubwars wath iedade and brommids amiona
n 2 M EhS0y; mcreases mtandation of comogrn protess and sieel hydropenation subsianually

Dunng etching of sieel 1IZX18HIOT e 2 & HCI and H:S50y al F= 80 “C both mazol
detvanves are al:o boucesbly more effective inhibiors of a01d cotroaon that catanun AB For
ther aifeciveness i S0y solybons on tins sieel one can recomueid additwons af iodsde and
bromude A
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CORROSION MECHANISM OF IRON AND LOW CHROMIUM STEELS
1IN THEEMAL WATERS

Banas Jucek, Eukaseceyk Alicjs, Krawiee Halina

AGH — University of Science and Technology, Fazulty of Foundry Engineering
Deprartmer of Chenrisery and Corrasion of Motaly, wl Reymowta 23, 30058 Krakaw, gomal;
[efiTciph. e gl

One of the mojor prisblens connécled with the exploitation of geothermal hot water fields is
corrosion of the thermal water installation. Thermal water is chemically aggressive system of HyO-COy-
H:8. [1s corrosion aggressivensss depends on the chemical compositian of the wister (salinity, scidity) and
exploiintion pormmesen such as flow mie, temypersture snd pressore, Chrics of proper corrosion resistant
materinks for pipes, litings and hem exchangers is essential for correct and economicnl opemtion as well
of genthermal wells as of surface explofation svitems. The aim of the Wik B o peesem the mechanisms
of ancdie dissolution and cormosion of Fe-Cr alloys and low chromium sigels in geothermal water of
Geotermin Podhalnsskn 5.4 (low salinity system of HpO=COpHGS ) end Geotermin Stargord S.A. (igh
salinity system of HyO-CO-HS), Our investigatlons of the corrosion behavior of low-chromiom aeels,
performed in field conditions, in operating geothermal heating sations, und in nboratory experiments,
revenbed that the corrosion mate fulls nearly exponentially with chromium content in the sized [1]. The
obseryations wre consisient with the results obtained by Ueda [2] and Lopez [3] for carbonic acid
envimnments, Ebectrochernical investigations of Fe-Cr alloys (1 to 5%Crl and low alioyved steels show
ihat the eornosion of these materals |n HeO0-C0-HSS system prooeeds in the prepassive range (see shadow
srew on Figl) end |5 controlled by protective properties of insoluble surfsce layer of corrosion product,
SEM and EDX mnalysis of carbon steel and fow chromiom steels (1 o 5%Cr), exposed in Geslermin
Podhalaficka, indicates that the surfice product consise mainky of mugnetite, mackinavite (FeS,., ) and
small smoamis of siderite FeC0,. The lgyer becomes more compact, homogeneous and fine-crystalline
with inerease of chromivm content in the alboy. N appears that Tow mmounts of Cr stimulee the formation
of dense well fitting to the metal swrface snodic film. Polentiostatic tangient experiments and
electrochemical impedance meusur ts, perfurmed on pure Fe-Cr ferrite alloys, show that the time of
formation of surfsce Inver deercases: with increase of chromiwn concentrion i the alloy, It scems that
the high activity of chromium in the first saconds of anodic etching enhances oversaturstion of metal
wurface in corrosion prodisct, and promotes oucleation of anodie layer, Even negligible chromium comtent
in the ferrite matrix acis os modifier of formation of pretective lnyer of iron surface compounds:
|magnetite, sulphide). Fig? presents the effect of chromium on the growth of the layers.

- i

.

E e =
Fig.l. .l.nodhm&:rfmhu ] by ﬂglﬂchﬂtnfﬂumﬂwﬁufmuﬁ:hyﬂmlhﬁe-
chromsium sizcls in thermal water I}nl'lb;-m.rfﬂlnlh:pqntwmp

“The comosion rmbe Fe-Cr alloys depends aleo on the sieel mierostroctire, Fleld experiments (LSV,
EIS) ond labortory measurements [micro-clectrochemical investigntions) present that the eutectic phase
with fine dispersed carbides (perfite) shows higher cerrosion retistance than ferrite or modensile one,
High dispersion of cathodic phases (carhides) promotes oversaturntion of ferrite matrix in anodic product
and nuclention of protective layer.
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LOCAL CORROSION OF THE O1L REFINING COLUMMN EQUIPFMENT

Baglor V.Y, Aksyboera AL

Al-Reirsior Sebewwsfic Research fnninve of Pervochestiond Procesivs,
Sairi-Fetersiueg, Russig

Druring reseturch of the reasons and kinds of compsion desmaciions of parolcum refnery
column equipmen] the aggressivenes: of raw materals and e operating eondifioms ane
tradifionally conskdersd. However the general cormosion swabilily is detesmined by meegral
influcooe of emironmant media and conditions a1 all operation phases and depends on
aggressiveness of deposition of sediments and condensates of seam curing as well, those being
comparable o0 aggressiveness of oil and procided technologial media. The resubs of
commerinl compsica wsis oF the 320 carbon wezl and the 08X 13 steed (main maserial of the
plating layer) in the operating eohwim squipment of pricsary il refining units of the Kirshi
petrolenrn refinery testifly, that the fo@l speed of skeel cotroslon in the operatmg conditions of the
mefineey unils, with rmre excepion, docs not exceed 0.05-0.06 mmuiyr that being 8 goad parametar.
At auch raie of comgsion the deplh of corresion destructions of thick-walled cquipment {up to 40
min) i operaling conditens o the wiing baing operating for mare then 30 years, should ot
exceed L.5=2 o, Hoveever o8 the redull ofteaxs in All columns st operating condilions the piting
cornoslon 1s repistered, which depth, in compardison to the il cortosion size, it rather
sgnificant, in particular, on e 08X13 steal — the main plakng material of the squipmen:

The problem of lncal corrosion damages iz aggravatad with the fast, 1hat presence of
aggressive fons on the surface and I plblings, appearing not only from technological media and
deposits, ban slse being formed during smam curbng of the cquipment during its ropair, thus
lendiog a the further pirtings* developmenst and regenecation and 1o conmsion cricking, Darkng
the percds of repair and mainenance inepection cases of comesion crecking were registersd in
all columps manufactured ot bilayerad metals. Medaliographic cxaminations have shown that
cracks in weided scams, periscamal  zoncs and plating layers, were chaeowdsals for chlorde
cracking, being extended both by inter-, and tanagramukar ways, wssally down ko the base metal,
Hhus g comasion it a crack was sharply intreased. The ceacking, ac a rule, began fron the
pittkigs, On dhe average in 45 years after detclion of the welded szeams racking the
development of cracks and ubkcers of the wal patieg layer, dowin ke 15 complese ssparation from
the base metal and collapse, hns been regdstered, Now for this reason at the peirolsum refieny the
scheduled peplacenint of colnns with nee anes 15 taking place.

The: amnalykis of the real cocnosion problems which have been Found ot during operation
of wnits, shows the pecessity W0 coosider (he propensity w local etorogsion as the desmining
factor in comparison with the size of toial corrosion when sokooling the congirusiionsl matzrials
of oil mdining equipment. The resukts obtamed show the groundlcseness wnd weuccesstul
selection of steel 08313 a3 the plating materinl of the oil reflniog column equipment. In this
comneilon, search of comstructional meomls with bigh pitling resistance foc columnns and oder
cquipment platiog i¢ the cxiremaly important and actual problem.
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CYCLIC THERMAMMETRY OF ELECTROCHEMICAL
AND CORROSION PROCESSES: IDENTIFYING
THE ROLE OF TEMPERATURE

Bwrsieln 0.

Deperimar of Materialt Sorence aid Mytallirgy University of Combridge
Pembroke Sireat Canbridge CB2 30 Unlted Eingrion

The much-neglecied rz of lemperaturs in slecirochemica] reactione it appeasched by the
teehmicue of cyclic hermammeny, “Thennammetry” is & word soined by the awher to deseribe
1he measurement {-mety) of carrenl {-am-, from ampdre) as 2 Amction of temperthies (tham-),
The mle of temperanure s usus(ly spprosched thermoswstically, with the electrode potzntial as the
prime elecirochemical varlable. Cyelie thetnacmetry is a dechmique which makes temperature
the fundamental comrol varishle, and consists of sweping tho remperatuce of an slectrochetnical
cell Enearly thraugh heating and cooling eyeles while the system is held undor potenticststic
conirel.  The Llechnbque shoms the extreme sensilivity of clecmochemical reaction ratez to
kmperture. A delalled deseriplion of e role of tempersbure 1o ihe passivation of metals is
presented. Descriptions of thermal reversibilily and themnal imeversibility am described, and
Some oovel reaclions are discussed.  Cyclic thermammetry reveals procosses which ars not
wlntified by the il of codventional thermostatic sxperimants,
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PASSIVATION OF MILD STEEL BY INHIBITORS BASEE
0N 2NC COMPLEX WITH FROSPFHIONIC ACID

Clurkpwsy A4, Keonetior VL, Flppov LA, Sorokaa OUY.

AN Fronchin Incpiroes of Plygwcal Ciwomistvne aod Elerocie m oty
Russran Acadmmy of Sreences Moscow  Russan

Phosphoni: ecvis and thanr complexes wath metal cabons are well known as comresion
ubabibors for neotrs] aquesaus solutians They are widoly used for waker treaimeent i cirsalaimg
aystems The mechanzm of their acuon 1 lnked maunly with formaton on metal suriacs of thin
filma consstng of barely solubla hydmocodes and polynucicar complexes {17 This mechamsm
Allgws one to pggams that the phosphanate inhubrors ¢an be ugsd far ercation of passivatmg
lyers on stecl winch are Altle to preven the abmasprbens cormon

A anc complex of 1-hydmeyethane-1, -besphosphone wond (HEDPZRY 5 keewn a0
&ffeciive inhatvinr in noutrsl aquéouy ofutwne B has beega shown that the films fomed on gl
aurface in the selubons of HEDPZn allow w previnl an stosphene. cofmgon Rt 3 bpme
Efficency of syuch Mims 5 =ssentaily affoctsd by prslimery weament of the surface,
temperaiure and pH of 8 solunon The most stsbk: layers are formed o 60 “C and newtral pH
wahee, howevet, their pootect e sction 15 comparmiivaly [ow

It m possite 1o impwove the efficiency of HEDEZa bty different addinvas, such as oxsdizers,
camoniars o Terocyels compounds The problem of szlzction of addinves 1ies i the Tact 1hat
many ¢f them can determimis the comphexonate, causng ity deposbion m ihe soluton In thiz
Conmesctuty il bs ipassile [ use 3o s1iis of mgher Eaety acsds, for exampbe, which also ablc ta
e steel W pessive shts Mopstheless same compounds can esentially enbance the protachive
peoperoes of HEOFZn and the fisming fikme haye # high resetance s humid artoosphere Some
Tformubsbions based on HEDFZ: wath carboxilates and heterocyclie compownds way developed
and investigared The sffciency of steel prowecinn by the formulainons was 10 tmes higher than
complexonaie n U=IF, akbough die thickness pesave layer was not over than & seversl kzns of
nanomcitr

Referemie
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ELECTRODEFOSITION OF NICKEL DOATINGS FROM LOW-
CONCENTRATED GLYCINE-CONTAINING ELECTROLYIES

Deigkh £.%,. Vo Thi Duyes, Sotkaya M.V Lyrkine 4. 4.
Voronezh Stale Dniversity, Fororezh, Rissta

The purpase of this work was ko study the possibility of using low-conteniested chioride,
swifate and scetaie glycine-contining slectalytea for the elecmodepasitlon of nizkel contings of

high qualiy with 2 ghvoo 551 of propertics.

The buffer properties of the investigated slectmlytes wern sudind, It was fornd that 1he
masimum buffar offect, they arc display in scidic (pH 2.3) and subacidic (pH 4..6) media. The
beet bulfer sotion have: the acoiale slecimlytes which bulfer capacity in the mange of pH 4.5
ety that for the sandad Watts clecrolyte mors that 350 Gmes.

The influence of the naors of tie kackground amion on the Tife duration of the nickel
plating clecirolyies was oatimated. In the process of deposilion pH and deposit appearance wers
comrolled, The experiment was stopped when 8 pH of Inrdrate Foomation (pHyd was reached, as
judped by the bubidity of the solution. It was Fund thet the like duntion of the investigated
chomolytes comelstes with thair buffer propeties: pHyy Kcreases dmmg the oansition from
plytinate-chiloride 10 the giycinate-acetate sahmions; incresse In the concentration of ghycing m
the solution ko a certain lim# alac improves pHy.

We congidersd the impact caused by the snionic compeaition of the clectrolyte on the
peculiaritics of the nicksl coxtings skectmdeposition, Ui stucter: and properties. 16 was Fund
thik ot kvw caffwade curvent densty (i = =5 mﬂtmz). the masitiin cumsnt yield {CY) provides
the chleride clecumivte, and the minimem — soctale cloctmlyte. This I8 due @0 the high
polarizaticn of the nickel fons reduction frem acetate solutions, Af the same time, In an acetate
sheomolyie we coukd receive the highest oument vickd when the curnent densliy waa increased by
10 times du= to its good butfer properties,

The role of the nstre of butfer sdditves in the formaton of surfpce morphology was
investigated. Coatings deposiied from chlonde solution, are charsctsdizad by the prasenca of the
largeer sphenca] clusters of homogeneons size with distingt gram boundaries, in the sulfde
sojutims coating aurface becomes smoother with separade sphenoids of differen sizes, On the
coatings depasited from acetate electralyle, tere ave vimustly o taces of indlvichal grains,
they are elaracterizad bry the presenot of oecks, mdicating considerable mtemal streasts,

This difference in the deposits morphology affsels their properlies. We estimisted Hhe
cambytic properties of Mi-coatings deposited from clacomiytes of verioos anlonic compoesikhon, as
well a3 their poroainy, which determines the corrosion resistance. As a model neacthons anodic
axidadon of hypophosphite ion and cashadic fdrogen evolution wens telsoted, It was Tound thst
the catalytlc activity of costings deposited from chioride ebectrodvic ks very low, especodly in the
anoaC process. Depasits received from the scstate solutien, by comtract, exhibit good caialylic
propertics, duc probably o their spocific morpholopy.

This work is supporeed By Rission Faundiiion for Baske Resdarch (projecr ¥ 08- 00000 94da).



JIrd Mierasyms potbass: Corrosivn aad Privectics of Maerials TEl

ANOTHC TMSSOLUTION AND PASSIYATHON OF SOME METALS ANTH
HETEROGENEOUS ALLOYS PEPFENDING ON ANMMN COMPMOSTTHMNY
QOF MEDIA AND ORGANIC ADDITIVES

ERIIK V.Y, Berezhnays AG., Tikiombrova K.5., Ogarey P.L, Midharov V.1
Souhern Faderal Upiversiy, Rostav-on-Don, Kussia

The anodic dissolution of kad, bissocth, tin, Ziec, codeium o well 8y of PbSn, CdBi,
EnFn alloys has hesn sudied by using mon-steady-state and quasi-sheady=SCATe MEASUPENENS
depending on anion compesition of medin and oo potssiem aleate (POY, benzoimiazole, and
benzimidazok: addifives

During the enodie polarizathon it can be observed & possibility of izad gxide passivion
followed ty sulphats depassivatron and repassivation which i5 connected with a chanpe of
poweotial avd pH vafue at the mewl solution nterfsee, The parts of the cument allocated to lead
digsolution, oxids and salt im formations heve beso determined. The informuion on a specific
effect of addilives has boen obizined deperding on thelr nanore end co a iype of Aim formed, The
cimilarity and 1he difforenes bepween the anodic bebaviours of lesd and bismuh in the solutions
wiltuout addivives and with the qrganic compounds sdded has been deicrmined and anabyzed,

h hax been shioem that dnodie proessses o culectle bismuthelin alloy and additives effect
are mainky determined by the second alloy component. Passive film compasiton is changed writh
A ipercase of NagS0, concentramion, therefore co-crdinate of anadic polarization peaks observed
in sulphase saiutions ane changed sccondingly. The ofzanic additives have been fund io be mone
elfective inhiblvors of cutectic alloy dissolutlon compared with pure biemuth dissolulion,

I hag been found that the rate of cadmivm, bigmuth and deeir alloy anodic disstintion
rises with an Ewrcass of horon contafning lons comcentraton (FCs )} i borate buffer. Bismuth
coprosian poeniial is decreastsd with increasing of g At the highest concentrmions, the peak
of the anedic polarization curve s mveaked, and bz cumeqis of wial pasdvation and
trinspassivalion increse However the patential of tranzpassivatlen is not practically changsd.
The anodic behaviour of alloy j5 smnilac b that oF cadiiiur Passive filins ave oot dasthoyecd, but
on the Sy ars Gphtened when the divection of polarization i= changed, This is confiomed by
ke terger values of cormosion poential on tsmuth and alloy.,

It has been shown that an incréase of fin caitent in SaZn Alidys chanpes charncterstics of
the anodic polarization curve. The critical corrend of pastivaron eod the cument of ot
passivation decrease. Meanwhile, the current ln passive range is more slabie and s lower for
aloys then thet for pum tin,  Inhibiting ¢ffect of PO is observed in the mnpe of tin aclive
dizmalution aly, while inhitirion of alloys 15 abzerved bath in active and in pagsive mngey, PO
siimulains the active zine dosolution. Prowectve effest of PO i passive rangs somewhat
decteases with fima. The thme dependenca of it In active disolution range has o nonBosar
Chprmeter. The reasons of a difference 7 an inflvence of alloy componems natm on the aoodic
behaviour of honogensous a5 well a9 hermpeneous binary alloys and on the effectivensss of
organic additives have besn analyzd,
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ANALYSIE OF WETTING DYNAMICS AS A TOOL
TO STUDY CORROIION FROCESSES

Balgoviek E. 1., Emelyancelio A.M,

AN Frumkin fstinne of Fhysical Cheminiry omd Elactrochenuzemy,
Roesien Acadawry: of Sciences, Moscow, Rurnir

The demanding problem for cvahurimg the eficieney of anticomoslve protection by
warious protective coatings iz the creatioh of express methods allawvitiy ont to rseover gven vy
early stapes of aormoslon peocessas ot metal sutBises.

Ong: of th: most promisimg methods is e anshysis of the wettng dynamics. The conmel
angle valmt i5 detcrmined by tho struciure and the siate of the topmost material Byer with tens of
nanceneters thickness, 25 well az by the strociure of slsciric double fayer af the metasolution
interface. Therefore any varistion in the state of the surface due o =lectrochemical reaction,
associated with 2 comsion prostess, will dmmediace|y be reflected in the change of contact angke,
alkwing s analysing the charscier of interaction beowesn the metal surface and the comosion-
active media in sita, The sensitivity of cooiact engle value 1 procezses A8 the surfaces casentinlby
exceeds the sensitivity of many other analytizal methods. The important advaniigs of the method
prestined hers in its epplication To the problemn dlecucced in this paper consistg in the posgibility
i mier the conclusions on the mechanisms of Teactions, taking place ot the surface, on the basis
of combined anzhysis of the hehavinur of comtact anghe and contact diameter of the drop of sesting
liquid. Begides, It is possible o investigale 1he comosion processes in various media by dhe
appropriate chowce of the test liquid,

The medhed based on the malysis of werting dybamics was employsd n our work to
gtudy the Kinretics of corrosion and the protective efficlency of the coalings developed in A M.
Frumkin Institute of Physical Chemistry amd Elschochemistry of the Russian Academy of
Sciencea.
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MAGNETIC FIELD OF CORROSION PROTECTOR FLEMENTS
Filimovikiy ¥.Yu.

AN Frombin Institate of Plygica! Chesnitey and Elecitockemistry
Frysign Acadenry of Sciences, Mosoow, Ruxia

The development of e methada of the Anding and conrol of megnetic feld promoted
the reanimarions of the mitrst b questions of e fuence of the magnetle phemomens oo
ekctrochemical wnd conmsion processes. s considecd for 2 bong time that in conssquence of
wmall velue of magnetic foreny, acting on ion componénts, magnet Fclds pot capabls o cagse
ecsantial change of kitetic of phyvaical an chemical procesges on metalizolution inkerfase.

This opinion was conneciad first of all with =Iatively weak magnetic Tields, used in sludy.
For sxomple, mageetic bductions (F) of naowrel and rechnical magnetd usng in mod
measmnmens Bikls Into calegory of weak {8 — K7 =107 2 T). The appesarence Parrile magve on
base Md-Fe—B -pewnider materials hag allowed to wse inoseienific shdy magnenc Relds with & iy
15 T. In mew modem plans (simllar w Lorge Hadron Collbder (B-10 T or  scpacsors of
mimenl-concenirsting plais (2 =1 TH magnelic forces ars mors impona. In such ceses ta
possible influence of magostie eld on clecirochenmical and comoslon poocsses e iy
cesomial.

The renewal of the intersst to COMOsioN process in magnelic Acdd & bound with
appetuniaee Sensitive MagneTometsrs also, capale to register the magnetic induction & i
intervals 10-10F nT (IMPL4) and 107107 T {SQUID-nragnetometss). SQUID-magnetometar,
uaing fine measurments Joskpheo Jungtions current, succ2isfully leed, in particular, & stody of
very small magnetic falds of biological objects and procusses, sccompmying change of mewl
filmis Bpecturs

Use prosector, ie. material with elocmonsguive peamtial Ep o ths statiooary poisotial Ey,
of the protectatds metal, brings ahout appearance on surfaces of the melal galvanic couple and
sheciric cwrr=nt in cormasion cnvironmend, The deasity of this eworenl § (on oeder of the value) i
eel i ~ BBk Here ¢ - ghectro-onductivity of enviconment, 2nd », —a typical size of the
profector, The electric cumm in crrmion envircnment B sccompanied the appearance of the
magnethe fiekd srengih i, For quantitative caimation of the sirength gppearing magnetic Geld
uze the caloulabion for mapnctic fiedd of conductor with current.

Lo, aguming that sde-bonndary of the protector similar solencid with current, for valus
of 1he ipduiion appesing magnelic fiskd iC's possible w write B ~ ppoal, Heme pe and p =
tragmeti. consant and magnetle permittiviry of the environment, accordingly. Having substimted
i brought Eornulka of MpORAREE pot--1 26210 HAAY), pi~Z), (=) Suwim), AE-1 B, shall get B
~ 7.3x10°0 T that is Fownd within possibiliiics MIRETD magreometirs.

The moe ®nct calculations cuesmed for ™o wide-spread Types profector (circulsr and
sariped), confirm the brought estimations of the magnétic indoction valse.

In bedow-menioned publications [1] are brought some of the malt of the ues SOUID-
magntimeter for siudy comusion rocsses,

Referemoes
I, E. Juzcliutms, M. Samulavichens, &, Sedaviciug ). H. Hinken, Eleirochem Sofit-Stere
fap. 3 {20000 24
2. Q. Skennerton, A, Aberdi, G- Kelly, L P, Wikswa, JOSE 3 {23 (20}
E. Juzelings, Yu Pej Ma, LP. Wikswa, M. Sainulevichkne, 7 Plhys. Cfen 8 106 {2002}
12545,
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THE FEATURES OF STEEL PROTECTION AGAINST HYDROGEN SULFIDE
CORROSION BY VOLATILE AMINES

Etshhovahiv B.Y, | Knctier Yo.L ', Yagapor 57

"4 N Frunshos fesrzmes of Phyncal Chemmsiry and Elecrvactemisiey
Rumnar Academy of Sorencos, Mascow, Rusng
* LLC sGoazpros FNINGAZs, Kadkn Moykovakaya eblast, Russia

In the case of new felds design and nse necceswy of working hie of ofd Cields the
wnportani sk remams the most pehable and safety operation of herdware o ol-and-gas ndustry
Inside corrasaon OF el equpménit and pipehibes saises siptifieant Gnancial eodta, thal 1s nwre
senous 1n the presenca of sour comporems n hydeocarbon e matenaks (B8, CO; eic) s
mhibitor profechon thae 1% the most affiaent way to stmgels oganst comoswon  ueder
comreaponding condmion However, widely used contast inhibitors ane abbe @ protect steel apaunst
HyS=comrosnor (HSC) i case of 03 prelsniwary coanng oh peotected maface ooly  Sech inhibugr
layors 2re not able to self-vecover on conditions of integriiy break ing, for nstance by gas siream
VolatUe conosion inabuors (VICEE) are possassad of that property, 0 they ae abile 10 vapomnse,
saturate & gas phase and adsorb from i on 3 stee) surface [1]

In view of the design priosity of effleent and Becessible VOLs aganst HSC for native 0d-
and-gas nidusiry the protective properes of more than 30 volaule compounds were studied by
ui Investigations were carmisd oul in media mvodeling the real environment of pas-condensaiz
fiald HS5 cobceniration v vapeu: fhise was 213 vol, ¥, range of studied media pbi 3 5-84 It
w8 astugn that Aliphane secomdary and feracy anincs demanatvaie betlar profectivg SC00N AMmong
compounds uwoder ootsuderatin Bul denmund lewal of profecion foud i specific @nge of
C{H:3) and pH only [2] Pratectran by the amimes 13 conssdembly reduce ander low HaS comzmt
in vapour phase andior alkaline regwon of pH values £ 15 coused by appearnocs of modiicahon in
sulfide film smucture which 15 able o passess a protseiies robe i some degrease wad progwate the
ammne adsorpbon B ok known [3-5] that ¢leerochennd wipedinee spectroseaty (E15) e o
of the im sty methods 1o evaluate properties of different films on metst and nhibnor adsorption
on b Try to spply EIS to detgetion of some VOIS scoon feaures has beer undéntalien by us m
thes work
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ELECTROCHEMICAL SYNTHESES OF COATINGS IN MOLTEN SALTS
FOR PROTECTION OF MATERIALS FROM OXITDA TION

Huzuetsor 5.4

Insiiture of Chemisivy, Kola Science Centre of Russin Academy of Sciences,
Apaity, Russa

Mmeclals based on praphlle are widely weed in present-day technology, mostly n
oerespace hechmigues, because of te unique properties of graphite, Howeover, a drawtiack of
graphite is its low beat resistance in oxidi@ng atmospheres. To Increase this heat resistance,
siliziding and bomsiliciding are currently used. Such articles are operable ia a limited period of
ime at wmperaiee up ko 120040 only.

By clectrochemical synthesis in MaCHRCl-NaPF-JGHIFz-KaNEFr melt HFNb coatings
of the o+f-Compisiion with the thickness 2040 pm were ob@ined on amicles from
berosilicanizing grephite. h was found thar mighium in hafniom-aipbam alloys sabilize e low
emperaure monoclinic modification of HEy formed dwring oxidation. Dee to this the
exphitation af graphite anizles with Hi=Nb coatings can be increased up to 21 00=-2200 =C,

Tha results of slovivochearmical syothesis in iplien ealts of hafoiom, 2ireooium, nlobiom,
taptahun borides ant discugsed too. 1 was shown that these compounds arc promising marTialy
for protection of graphite from high rmperatune oxidation.

Protettive Mo—Si-B coalings were attained on molybdenum subsrate by synthesiz in

molten salrs In this proesss, the Mo subsoare was first siliclded to produce & MoSiz layer, which
wgg bironixed jn a subsequent elep. B was detzrmimed that durmg boronizing of dMoSiz several
boride phases are Mermed amd hear vesistance of the compesition Mo,B,-MoSk/Mo increases in
the next row: MoBabMezBarhoBMaB. The optimal regimes of boronizing, which I=d to the
farmation of MoB, in the bulk Moy phase wene fund. Stdy of composiion materiak
MoB,(17-15 with-MaSkh/Mdo with the coating thickness 5-T pm, obtained 31 current density 5
mA om T and tzmpermire 00 °C showed that no pest disimiegntion of the molybdenwm
substrate wis observed it an gir-water mixture at 300 *C after 70 hours.
A new peneration of Lighly active and sable cataiytic costings MoyCTio for the water-ges shifl
resedion by hgh-enpersowe alectrochamical synthesis in mollen ashts has been developed. This
camlytic coatngs can be usad bath for the bow and high temperature waler-ges shifi reaction. The
coatings were bl ar 450 °C during the thermal cycling, while the activily of cosmerncial
catalysis l=ods o decreas: with time
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SOME PERSORNAL ADVENTURES IN EXPLORING THE PASSIVE STATE
Macdomald Digtey D,

Trsmgrurshed Profexsser of Marersods Scomce and Engtneerine,
Departnsent of Meaterrale Scence and Emgroearing.
Pempivaue Stare Lnnersity,

Uriversity Park FA 15302, L0SA

Al reacuve metats that are used for soructurml, eleciroms, of dacorlve purposes, such as
sy, cheomum, nkel, mon, ZIConunn, magmesium, and many oteers, and the alloys of
biese elamenty, owe henr bineus sabilbies to the fommaton aod continied enstences of &
“passve” oxude fim on the surface that effactvely sepamics the moactive metal from e
corrcsive envirenument  This Gikm was inbally dateensd by Machacl Fasday w1533 a3 the ol
of g faumpus “ipen 0 onee powd” expeoment  Since thal tene, numencos models have been
devized to descnibe the propernes of iha passive film, whuh commasly fomos as 4 belayer
Struciure compnsing a pomt-defeciive bamsr koter and w panous, prégipaated putzr aver  Io the
case of all metals and thewr allays, te bamer kver, which grows dneclly Eom e metal and
which s ptually desygmated ss MO (2 g, M), has a securate frtuts of M., O, where x and
desnnbe the non-stoxchiomelry of the phase, with p = 0§ for an ooygen-deficisnt phase, due b he
exyadente of oxypen vacancies, and = = 0§ for o metal-nch phase due 10 the exisience of canon
interstiiale oF cotiom wacances (in whigh case v s negatree}  The first two deftets dope e
bamear leyer tetypo In clectrome chamertr  Contranwise, of © < @, correzponding 10 4 catwn-
deficent phase, due W te ensience of yasnces on the metal sub-lattes, e oxsde 15 doped p-
Eype: In glectmm; charsoter and hemee the electrome properies of the bamer lyyer can be uged 1o
aseertaon the donnand defect 1 the systemn On the ober hawid, he outex lpyer fowtiis via the
hydrokysis of metal cations that &R gyecied fom the barner laver amd the subsequent pracipiiadion
of & pdmoede, oxyhydrowde, oo exide, often i the form of 2 porous Bim that comans species
from the sofutiont (e g, borate) Thess species are sover found 1 be present i the bamer layer,
wherzas alloying &lements present m the subsmace sl are gencrally fued i both dve batrer
and partey yers  These observahons are consastznt with dve onigns of the bamer and our Tayers
bewrg direct growth from the metal and preciprisbon, respechvely  The prasent mik wall revew
wieat 15 knowm aboul the: passive (im. that fanes on reeals and alloys wnder anodeeog Sondtions
andd will shooy' that the Rornomiron and breakdown of the film 19 well-descnibed by e Ponk Dedest
Eload] (FINL) that hns bemn developed by the Buthor pver the past tireo decades  The PDBM also
ennfles strategees for Producing mEee GomosKn ressthnt swrfeoes via chemical o physial
mgdhficateon of the outer biyer  Stcse of thase sralegies are already practocod in the anodizing
indusiry {e g, seahng, chromate conversion coshngs), bul shets ane ess-well developed (e,
rhotoanhitition af passiviy breakdown)  Modification of dee bamer lyer i ems of inizreciom
of mobile ponl defecis (og. catan vacanpes) with mmobile forsgm cabons on the calon
subltactice 15 2lse an alirctive soaiegy, paricilady for impowing pittmg reseskance, but it has not
been cxpioned m 2 campiehensive manner
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DEVELOWMENT OF CHEMICAL-GALVANIC FROCESSES FOR LITHOGRAPHIC
FROIWCTION OF 3D MICROSTRUCTURES

Abramaldl A. Yo', Goldenberg B.G.5, IE'IBI}HLG Kumdratbey V.17,
Korolkev V.., Koroakevish V.E.F, Masiiy AL, nnd Modvedev A ZR.]

! fnarriwe of Seld State Chemiztry and Machanochemusivy, Stheran Branch af the Rugsrar
Acadsmy of Scrences, Nevosihorah, Rursua
? Badber Fastunse of Nuclear Pivscs, Siverian Branck af the Russiam Acadensy of Scaences,
Movogtbwsk, Russua
? frestinete of Ausowmarion and Elecirmery, Siberiar Brarch of ife Russran Acodemn of Scendes,
MNevosrbeak, Bousenr

The paper discusses thographic snd galvanic processes, which are the mapw compomels
of LIGA wchniques The fabrication of X-ray masks (XREM) and the copying of the diffrastive

apuical kens are used &% examples.

The fabrication of XEM is an cMigatony imtial sage of LIOA-techrology for produciog
of any mbcmstiuctare with dezp chainels (up 00 200 putih ond 4 high espest mtic (up o k1)
An XBM & an X-riy opasque pomers of the futare misremrucuee suppored by an Xetay
pantal waler, e excarnple, & glatsy carbod o Condridt e of the XBM o dilfeent
absorbents ware caloukated For the radiation source (X-ray synchrotron radiation, & VEPP-3
accelerator, Budker Engtmie of Nuclear Physics SB RAS, Novosibivsk), and Re and Au were
cemonsiraled to be the best absorbents.

The paper reports the reentts of the elecincdeposion of a Re=N1 albay (9095 w1 % Be)
from wlfm aad aceinie chovirelyies onto XRM blanks Dn the first caos, if cwrrent density & 513
Aidm® | 1ha averaps deposibon rate about ¥ pmvh, cwrent cfficency 20-30%, and 1be final
oAt d'lll;lmm 20 pm, the coalings arc gray, wedulming, very bigh-ctressed, and with a2
continugus network of large microcracks. Using an scetalz oloctrolyte allowsd us o stabiliz
solution pH during the 2hecrodeposition and o obemn hight gray, lower stressed coatings with a
FeMi alloy. Nevonthedcas, microcracks cannct be fully elonluated from & 20-pun-thick cnthade
deposit even i this case,

GoM i 2 more proonting absorben Jor XEM It was deposiled onto XRM blanks from
suliite—thioaulfate and citmie—cyanide clectrolpés. Ag i il thi: case with Re, both dleeirmlytes
yicH conanuois end tense A deposus, which msare the requined hoggh conast (100-150) oF
they are 20=30 pm thick. A citrate electolyte produces higher quality and more fins-crystallns
Au coalings

The ceniral problem ineopying 1he flar diffractve element was high inernal siress madke
the electrodeposits (ospecially Mi oncg) 16 results o (ol separyion of the conducting sirike
layer (chentbcal sihenng) and distorion of the copy microtapography. A flat copy cen be
otiainod with the waquired acoursey it following way. Fioe, o chick (40-50 pm), low-stressed
copper byer = deposiled onto a silver sublayer, Afler thal, the Mo copper ooy 12 separated Trom
the arignal {together with the sublayer), and a thin {12 pm) functronal Ni layer is deposited onie
e Tz fircen & sullwnere elecnolyte.

The sty wows congecied under megranon prgpeel No 15 of it Seberron Sranch of the Russtan
Acadermy af Sorences " Xoray LIGA Technugues fir Spethacic aff 30 Daffracnion Struciaves ™
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INFLUENCE OF CONCENTRATION OF 50DTDM HYDROXIDE ON
ELECTROCHAEMICAL DESTRIMCTION OF NICKEL ALTERNATING CHRRENT

Nikiforoiw E- Y., Kitinnik 4B,
FES MPE ~Fombov Suve Tephmical Dvatversins™, Timmbow, Rrasic

The mathed of cyclic voltampetry (CVA) and preparative elocirolyses for slectrochemica
behavior of nicked was studled in sofnions of sedium hydroxikde with 4 coveenctanion of 1 w2 17
M I the imposition of & sinussidal abbernating corment of irdusiriel frequency, TWA were
obtained on 2 sackonary disk, using @ nickel microckeainode, penerator GF- 113, potentistst EP
22, ADC-DAC modale 18/16 Shpma USE amd PC.

It is shown that 24 & result of anodic polanzation in Adkeline solutions Ovigin of wabk-
forming onbdes of varisbde composition of nicke! Hi — W0 — Nisdy — NizOy — WiQy In de
cathodic halfcycle iz a restoraton of the sarfece oxide 1ay=e, and mechanica) sloughing does oot
réstere sorme oxide wilk paseous hydrogen, It formed ultramikrodispersey poeeder the oxide ol

: nigkel Hack. With ibepeacing cooconiatlon of il
hydroxide, ather things being =qual, there is on increase ram
of destroction  of nickel deciode,  locrcasivg  the
concentralinn of stdivm hydroxide leads to & shifk in the
ancdic habf-cycle of achievable curmsnt capaciky i the
megative dirgetoa (Fig. 13 In solwtions of soditm
hydroxide with & coneenteation of 1.5 B al the eketrode
surtace forming dense, thin oxide Ghms, bar 1017 M
solution on the electrode suriece fomned unconscikdated
porous layers of oxlde, which facilltaies the removal of
hydrogen excreled in the cathodic halfcycte current. The
Fig 1. CVA, taken on 2 nickal  firpe required For the accunulation of sheei fcant cude Tayet
cheztrode in sodwm hydrokids  wnd the beginning of the dettruction of the electrade with

solution Aty = T0°C, increasing  concenirstion of alkali  markedly reduced.
500 Hz and concentrtions: When the polaremtion of nicket with the poizntial
I-IM.2-5M, sean rabe 2 Vs in T M sohdion of sodium hydrogids ameunt
J=10W, F-1TM of electricity rmoyched in the: anadie process (0.} Formalion

of oxides Niv0y apd NigOy commonsuraie with e amount
of electricity recycled in the racovery of these oxides (Oy). Incr=asng the conceniration af
sodivm Lvdroxide Teads 10 an increase in the ratie Q0 and alkalt conceniration 15 17 M it
reashes 4,94,

Ditamed by us olemicrodispoeny powder of tickel Oxdde wits tosttd in the calabtic
synthesis of carbon nanomaterials
The work wos dane in the fromework gf the analpricad dapemtmental for specia purpose program
of the FEFF “Scfentific and solensfic-pedagogioal cadrer famovarive Russia™ i 2009=-201F
pea,



Jrd Mlceesym posdwmer Covrerion and Frodeceion af Materiols 7

CORROSION OF METALS AND ALLOYS IN IONIC LIQUIDS
Periul |', Caporadi B, Feenati A.7, Lavacchi A7

! Dipartimenso df Chimica, {niersitd degli Sradi di Firange, Sere Florentin, Sy,
atituie di Chimica dei Composti Orgatomeetidtlicl (FOCOM-CNR), Sesto Fiventino, faby

Ionic Liguids (TL5) sre sats compnyed of large and non symmetrical jons [1] Suoch
iregubye shipes prevent the bons packing veatly, so thar the salts are liquids even sl roont and
lowier iamperanrma, The gun conductivity pamits the electons (rnster from mesaliic material w
e miedia, and, potenlially, corrosion phenoiena mey occur. During the list fow years, they have
been widely ibvesizated for o variaty of applications: the wse 20 solvents fn chemical symthesis
[, %], media for electredeposition of metls [4-6], ekecinodyie for shecimohomical davicty sach as
batierics [7], suporcapacitors [31 flvids for thermal storage amd exchange in solar concsmating
pownr piants. (91, as additives o prevent cormsion in aqueows salntions [19]. Many of such
miducirial pppliceticas have required investigating thé imicrecticns botwesn metals and alloys and
the ILs 1 establish their chemical aclivity a5 posslble cotrosive agenis, The stdy b3 resulied
challengrer becavse of both the po invial chem kal-physical chameterirstion of the mom
empeahse molicn slts (hemal subilivy, condectivity, viscosity, vapor pressare, mass tansport
izaues and 50 ond a3 well as the need of 3 desp revision of the application of dw modal and the
methouds o the combgion study weed in squecss sollion or in molecular Nquids solvents.

The ocormdion behavior  of  sovers]  ILs,  especially  hbhesed  on

bis{tni flusepenethy bu|phonyUipdde anbon were Investigaied n conmer with 2 varlety of metals
amd alloys [copper, nickel, brass, carbon asd stainbess sesls, Inconel) by mom Emperatue
electrochemistry rechnbques and y nmersion weaty up o 200 *C,
The nature of comreslon morphology has been deeply investipated by SEM wd EDAX anglysi
und the depth profile of te inrrsotlon layer by SIMS speciromelry. All dhe invesiigations wers
corsdueled in the 1Ls *as purchaged” and i open to air conditlons. The results show 8 compax
behavior of the differtsi cambinations of subsrate and ILe. In several cases, mnporan cofrsio
phenomens wers observed that can be anribwed ot the prescnce of ILs impueritics asd at the
presence of dissoived oxygen (from airk The investigated topics will be the chject of future
studics being coscial inthe path For the charister2athon of the 1Ls corsion behaviors.
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SELF-GRGANEZATION FHENOMENA IN THE FROCESSES OF GROWS.
AND CORRQSION OF Ni-F COATINGS

Bghukhoy LY., Medvedera N A Moskinaky 5.5, Nabiullina M.E.
Porm " Siate Lbersity, Perme’, Rurein

The analyzis of the 1opagraphy and nicrommuciure of growlng MNi-P coatings as well as
the analysis of the spoctra of oscillations of the plating potentinl during the clociroless nickel
plating revealed the slements of self=organization of tha elaceraless nickel plating process.

The togography and microreliel of Mi-P coslings obiained by the ehectrolnse nickel
plating were fnvesligated by using the mcthodt of the 3D nonconsa profilegephy,
interferential micrmenopy {Mew view 000, Zygo) a5 well as by scanning eltctran microscopy
{Hitachi S-3400MN).

The audy of the microstruciure and microrslic of the gowing Ni-P coatings revealed
that depenidiig upsm the conditioas of plating the growih of tha costings may occur by eideer the
Iateral or noomal growth mechanisme.  The former mechanid pasulls in the fommaton of
spherchls, which are highly chongaied inthe plane af the kase plate, while e kter mechanlam
Ieads 1o the fomatlen of sphercids with the axial mtto less than 10, The tansidon from ihe
Fovrer Lo the Later meshanist posurs due bo 8 decrease of alckel ion conceniratian ai the groth
front and an ioemase in the catalylic activity of the costing, surface: For the anadie rescthon of
oxMation of MaHzPO:  The limiting case of tws normal growth mechanism is te fonmation of
globlar dendrites follcwed by a *decomiposion™ of the elecintsts nicke] phiting sobation,

Self-organization upon the mickel phaling is alsc revealed by monitoring the periedic
oscillations of the pleting potential, the amplitod: mnd Foquency af which are depend upon the
chemicad cormposition of the plating soltitkem a5 et 85 the platfng conmrthdons.

The electrochamical ciudles were carrisd oot wsing Solartron-12554 device with the
elecrochemical imerfece |I8Y. To analyze the oscillatlons, the frequency spectrom was ohigined
by the fiest Fourter ransform of the oscillaions of the plaing polential using packages MATLAB
7.4 and Orighn B. W Found that the low Frequency ascillations {with the oscillation period = 100
5} are relaied bo the fonmation of the lemeilor stucttne of the coatitgs and change in the cambytic
aehivity of the coating surlsce for the anodic reaction of oxidation of NaH:PO» The oasillalions
with shorter patipds {10103 3) are predominanly eawsed by the cathiode reactions of ftration
of nickel and hydrogen, Thus, the oszillations of the plating potential and change of the coaling
prowih meshanism depending om the condiions of the slenooless nickel plating rwal the
elements of seM-crganization of the studied system.

The phenomenon of ssM-organization could alse be wmveakd i e comosion-
slactrochemical behavior of NP coatings, which hae baen mvestigatad o the neutial ehlonide-
and sulfate-containing media as wall as in the azidie sulfe-comtainmng medb (phd = 4.5=3 00
Self-organization is revealed ip a complex dependence of the corrosion rate on tne in the schidic
salfase-contalning medla and b some peculiarities of the ancdic dissolution of the coatimgs- This
happenis becawse of lortaation of the phosphoraus entiched boundary layee at tho murtees, which
is followed by its degradation upon further apodic dissodetion of the coating.
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SYNTHETIC DLAMOND ELECTRODES: THE STRUCTURAL AND
SEMICONDUCTOR EFFECTS

Hleskoy Y ¥, Krotevs MLD.

AN Franmkin fistiode of Phooical Chesstry and Elecirochemisiry
Russian Acadessy of Sownce Moscow Rxceeor

Hegkownipicorocthem mak ru

Cranng 10 itz extranrdinacy chemical stabiluy, diamond 1F & perspechive ddectrode Taatenat
for umng wr the theomiral and applied chelmchomisiy The oloctrochomical bohavior of
diemond eltcirodes was studied by slectochemcal impedance, cyclic voltamimetry, and
SpeCiroscopy ohndques

The clestrads ectvity I electrobta sohstions was measirsd fin hotioeprbcgal omon-
doped CVD diamond th Rms, grows: by het-Alameol ecknwgue on (1L, (1 10%, asd {100
drentgted diclectre; diymond substrabes The acceplor conceniration, determiosd from the slope
of Mott—3chottky plois, decieasad in the saquence [polycrvstabime] ~ (151 = (1103 = {100},
which epn be expluned by difFeremit miznzey of Se Jopant (Baron} inkotpdiaion min differmnily
onentated diamond crysal fees dupng the Alm for swf aystal] growik The s aof
electrochemical reactions i the Fo{CH)" * and RufNHzy redox gyskems decreases i the
same sequence, n full greement wih the recendly fomnd merrelation berween the kinsts of
tlectrocherncal machons on diamand elsctmades and derr doping level [1] By and lane, the
cffect of cryatal face oreniaton an the demond checirode dectrochemical Betvimy boals down to
the varation of dopanl concemiration b e elecingdes

Electrochemizal properhes of the atype dizmend fils ame sodied for the firest ome The
fitmes of sulfur-Joped symihelr: damond were chemical-vapor-deposited using co-doping with
stiflr and bowdn Eketechemical, thenmoelezme and Hall measuramerits showed that the enlfur-
conwmng Qlms grown from 4 gas phase [ean m boron dre a-type, wheress thase grown with
highr boret cotimit arne overoompensated, Betee, phype The Mot—Sehabiky plals and crche
volmmmagrams of the r-ype semcondictor dismond ebecrodes are mEmH-symmetrical o those
of p-type diamond [

The effeet of the surface morphology, m partcnlsr, surface moghness (which vaned from
01 1 =10 pm, the orue-to-geomeincal surface area ratw, up to =33 was vestigated Generally,
the differentin] capaceance followed the e srface anta of the skctmdes The zlectrods
revasibilty n the [Fe(CNy) {FoiCN)]' miox system ncreased with inersasing surface
milghmess the transfer cosfficients increascd, 1he potentsl difference for the anodic and cathodiz
cumant peaks in cyalk volammagrams dacreased The apparent wioresse i the reversitaliny of
the: reactinn can be mipiamed by the decrcase 1n the true cumemt densigy [3]
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CORROSION AND ELECTROCHEMICAL BEHAVOUR OF MOLIBDENUM AND
TITANIUM SILICIDES IN DIFFERENT AGGRESSTVE MEMA

Bakitvawakgya 1 L., Putoking 1L
Ferm Sume Umiversny Parm' Rucmn

Metal silicides ars the wels ol of the submances which have imeresting clesme and
magretic chamatenstics They are very prospachia now matenals for soience and technngu
because: of their chemace! sahiiny, the comosion and mechanical msstancs and the possitlity of
formanon m kow tempetmun: condimns

The iwvestigation of anodi bohavior of the molybdenum diailcide Moz and wanvm
daiheds TS wed dome using vohemmetry and CV curves, SEM and macro X-ray Specaoscopy
The comrosive media were the salunons of NaQH snd Hy SOy having ddferent concemimbions

In 0 1-5 M MaOH MoBiz 15 mors resistive sgaimst comosion than his pure components —
molybdenum and silzan The potentiogiatic curve has the peal of achve diosahrtion &t O 17V
Adver o the inberval of passiviy was regratrwd  The wason of passsvity o the formation of the
protectve laver on the surface of material whch contams the medure of molybdenun oade and
sthicon oxide [n 0 05=2 5 M Ha%0y the comosion ceststance of MoSi; s higher in companson
with puwre Mo also The maw reascn oF igh comesion staboily 13 the formaion of surfacs
prowective [aver consisted of 5i: The addiion of the fuonde-wns i the soluon decraase the
oo statulity of MoSy, s companson with sokuton contammg enly sulphune sed, becaos:
of desolatmig the prosective layer frovn the surfece The condent of the elements 1o surfaca layer
aficr ancdic polarsation wad [wd by SEM and mucro Xeray spectroscopy In bath acsd and
zlkaline solubons the perceniags of molybdenum oo the surfuwe & decreasing and the peroe plegs
of sicon s ncrcasing  Most hikely dhot silicon on the surface 15 i 30y fopm pratscung e
inaterial fron the digsolution

Tha comoswan resiziance oF TiS1: i the | M NaOH 13 between the same charactengtcs for
the pure siboon And pure franaum For TiSi; e curtent densiy on the volammeory curve  the
passive mdetval of potenuals 13 three obdors kss then for pute silicon amd ono ender hagher then
for pure tnanmem  in sulfunc acd the dresolauon mte for TSy 1 ke for pure Te The eurrent
density on ths corve 1y five order bess then foF stbcon SEM and ricro Xerfy speciroscopy
demonstrate that raoo of oEamom and sicon 15 cqual witer anodic polersancn TSz i differont
elactrotytes This fBot shows thay the batk components of mernnd 1ake: the squal pcpuston n
Interectn wilh cormosipn medn

The wwveshgasan was supporied by Ruszun Foundation for Baswe Research (propect § 05-03-
S0 b}
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PORMATION AND SOMF PROFERTIES OF FLASMA-ELECTROLYTIC
FROTECTIVE OXIDE COATINGE ON ALUMINEM AND TITANTUM

Endyey V.8, Yarovayd T.F. Nedororoy AR, Mabyshey LY.

Msrime of Chimiztry af Far-Hastern Branch of Russion Acagemy of Sclmaees,
MaaTwostok, Riesia

The method of elkeetrobytic formation of oxide surface layers on conduciing materials
under anodic, akemating anodic-cadiodiz, and cathodic polarizatien conditlons as 4 vesulr of
spark, arc, oF propagating electie dischargess in the nedr-electrode region I8 called the misnoarc,
boroplagig, o the plasma-shecimalbytic exidation (in the lurther ext, PEO).

Aluming prokective costings oo aluminem alkoys were prepurd by FEQ techtigue in
eleciralyie with MagB.Op. The microdmcture, phase composiibon, «lemental disudbudion, and
micro-hardness of aluming ceramic contings were invesfigaied. The fabwicaled semples were
composad of p-A L0y and a-Alply. Micro-bandness test shows thal the prepared coalngs ane of
high hardness, which can satiziy the mquiremelus for the mechanical applcation, Fle. a)

The films fomied oo fitoium in aqueoss soluims of ZoS0,);-4H20 wder galvanoalalic
cotditiats h)' PEQ oethad catnbeed considershle aoounts of Zireoniuy ad, comeapetidingby,
crystalline zeeoniom oxides. The flms had a ecall number of porss, wene dense and poorky
wened with waer, Fig b) and e} They ame nt‘:mereum,undmm ﬁ;u probective sygbems.

! o
|

I K I
i

Fig. Micro-hardness
of some samphs
measnred under
differerd  boads  (8)
Sorface crganihilion
{&lectron-micrscopic
isagts) {by and the
pufik of a dmp of
distilled water placed
al the fibm  swrfoce
fe)-

Oice—phosphate Inygrs with a thicgkness of 20-150 pm wers obtpinsd on Banium by PEO
in aqueons clesmolytes with polyphosphate complexes of Ziconium (V). The coatings comgined
PPy, Thege eoatings s of iniems ap Stemmal-resipant ones,

The coatings contabing Lilan, zircomiom and cedum odides were fomed m the Gtandium.
The: coatingd combined 2-3 aft % of ther ceriom. The addition of the badgm salt 10 tha yeed
ghecirolytes promoed crysmllization of the cerurn oxides, The coatings aieained were smooth
and dense; they practcally were not moistened of the winer. The cormpositiong THOs -+ Zrly +
Ca 1L Ti can he parspective 65 candidales Tor comosion protection and oxtalyilc applieation, The
approach described can be applied for formetion of coalings with various mre-sarth metals.

The itoh-contaming oxide coaltmgs on alominwm produced by PED had fereomagneiic
properties. The coatings with o thickness of 30120 pm comteined up to 20 20 % Bz The
rigasymed codrtive fome, 40-L00 O, vt Chasar 1 the: vAlues conntapsrd B2 o tugmethieally hid
makrials Tamperature dependences of remnant magiclic moments woie evidonce of soma
Terromagnetic order In the exidized surface layer.

EsgpiBsgi

u}
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NANOSTRUCTURAL OXIDES FORMATION ON ALUMINEUM AND TITANILM
Shcherbakoy A ], Cherssva G. F, Skvorisove LB, Kausilkjms LY,

AN, Frmkin fesiinie of Plosicod Cheminre and Elactnochemisicy,
Ryssion Acaderry of Sciences, Moseomw, Ruxtio

Mew passibility ol use for oxide films, formed on aluminivm apd Lilapjum with 8o
anodizing tredtmant  have boen found recently. Anodizing allows through the sell-oganizing
ooiide fermoation 10 greats the regalar and coherent superficial struchures with the cells sizes about
W) Theeh oS

Formated with anodizing techique oxide may have a reguiar porous striscture with ponos
dismeier from  séveral o 0y nanometers, 1t may be emploved a5 a caalyst camier for further
fills with varicus sdditives md give the nanostruciiesl meserlal with unique physical properties,
First of all, it concerns the creation of new ppe of semi-conductor, optical, and also sagneric
sEns0ors, by any cass the purpase i 1o obtain & ragular nanossalc porous cxide on the sorface of
Aluwminiun angd Henom

Onide films consiat of owo lavers. +hin porousless  oxide layer of barder type {the
thicknsss abowt 0.0T—0.03 microng), directly contxsng with & metel and the porous layer
represeniing the basic codde body. The oxide film on ahuninium is rot a monclithic cocds,
chaotically penctrated by channels, bul consisls of densc packing oxide cells in a form of
hexagonal prisms with the eoaxinl porct, nomally dirscied to a surface and soldered on laberat
gitles.

The sexes and regularky of pores depend on aa anodizing selution eomposilion and the
ehecirochemical regimes and the semperature. The cleanliness and struciure  of 2luminiom and
Lifatum Are dlgo bave mo mmportat effect e e colls regulsniny, A surfsee of the fAlms was
investigated by meams of atemic force microscopy (AFM),

The eampkes of sluminiom, apodized in 10 % H50, 8t 5-20 mA/ewl, fomm the
anwtexture of heccshedral pores, surounded with hexahedeal oxide [ades The minitium popss
e s whowt 15 nanometers. Phoo-clecirie polerizadon technique was ussd 10 study the
mechaniom of the phemomenna. 1t s been shown that the  pores initiation i3 coused by the
cation vaconcies superssturation in the surface layer and their sogregation with poms germs
gendralion.

The porous titanium oxide formation occurs in the Duoride-ion con@ining onyironments
(1 b H250y + 10,15 % HFY. Well propared titanium surface started to polariee frem the comogion
potsntial up ta 20Y with the scan ate of L0 mVi. Then the potental maintalied at thls level
The current thus decresses with a time and $ome oacillations were oheerved. The oxite of
naolutniar sirocture Formed a3 a resub, Such prepaned samphcs were coated with  platinum
miropaticles. For comparizon the seme trealment was empleysd to tho axidized Hinium with
smonth oxlde, Platinization in both cascy impives, both enodic and cathodic  chectroG kamical
propenties of the surface. However the =fficicncy of the platinied sampls with nanowbulnr oxids
iz bernier,
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CORRCKRION STABILITY OF ATTMINIIM AND TITANIIM
ALLDYS WITH MICROARC COATINGS

Shicfam V.., Bamima M. V., Yod M. V', Sadohoeake NI, Bogojavienokapa E. V.
Nt Techmeed Utrversny wlChmiow podytecheeol irituta o, Kharkor, Draine

Cog of de moden amd perspective methods of prescnbed composioon oXkde coalings
TotaAnion Ot irbetals o8 mrctdre oocdiing carmed our under wnodw: polarczabon and ckcinesl and

il beabodersen af barmer Filmes miweansr and waier bros shatoaly its

bliemoane gudizing technolegy allows rong coatngs with vanoes iU propaics
ugh brardress, corromon siabiliny, wear reaiHance, ohs

Timem and alommam alloys posssss many vahable technelogoal and opemtion
qualites, therafors esscatial interest repoesend oxide ciabings which contain dopants compounds
of d= wnd T-elemens

Yamaoon of comesponding elecoofyss tmodes, clestrobye compostion, tha polanzation
cwmrent fanm allows 2 change the qualiauys composinon of coatygs i a wuls range and 1o
miprove their funciona properties essenteihy

Thus work repovts the experamerntal results and the analyais of merean coslings Fosmetion
Emetics oy galvanostate aod pulse modes from the electralyies omtiming the compounds of
vavadpii, bupgsten, ciakybddnum, mangansse, cobalt and cenum  Dependence of campasion,
morphalogy, duckness, dumbily of adhesive binud and other properies af gxude coatings from
et microare ceidizing i esablebed [biluence of the above menboned compounds o phas:
and element sinacture of the reecrved conbngs o bianugum and Alonpnnoa Alloys 15 defined The
composmon of clectralytes snd moadea of micmars clactrolysis on the spocifisd alloya for the
purpase of obtaining coode coatiags with hugh wear resiand and cormosson stabdity 12 openized

Tha camasion behavior of ttanim and shinmum slloys wuh axedes coanipgs obamed by
mecroRr oxMEng & mveshgated by impedance spectroscopy method n sclubons of sulflne
acid, sodivm chilonde and sodiuny hydrexide Impedancs frequency dependencs recoived ot the
exposiion m sxdiom chionde solutwn are alike the smciele and are charactenzed by high
vitlues of charge tranafer remmsience both For menas dode coatinges and Fe the anodie eottings
recerved by classical oxslizmg technology The geometry of impedance hodographs on tranmm
afloys with a film of oatwal ceades in the concentraied sulfunc aced solution hes & clessikal
At of two semaemoies ot the ceare oo 8 matenal pas The mIChHn coRlings preseme
on ttemune and alumwsam alloys surfaces essentrally changes a kied of sample’s frequency
deptmieneies the chargs imnsfr ressiance merases oo Ltheee onders of magriiade tal specifies
an high eemosen siabilily Microar: oxslizig beads te meress tanasm and abspimoen allgys
open Crcui polnbaks in comparson to samphes with natural oxde Bls and classical asode
coxtinge

Thus, as a esull of escanches it & cslablished tat oendn: odide cxatmgs and coatogs
rectived by claxecal oxndemig undér caposdid e néatml envdtnmeénts  posasic g
ANMCOTORIVE properties, however microdc oxidizing keads 10 subgannal ncass (O comog
stabsity of namiue and aluswm alloys i sulfunc acid and sediom hydrecade sohriions
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DORROSIVE-ELECTROCHEMIC AL FROFIRTIES
GF NANOGOOMPGSTTE MATERIALS ON THE BASIS OF IRON
AND CARBIDES OF TRANSITIONAL METALS

Strgwey AV, Lowintvs S.F., Resbetmkov 550, Lyabos N.V.

Fhvswcal-Techeal fusimre, Dral Branch of Bussion Acodeony af Scrences
Eehevek, Ruiie
Uldhistirt State Urversny Iebewt, Susrm

Carbides steels, wihnch are composites wiih a carbide consoldating plase n a visiad
el matn, belong v perspeciive amposmon masenals Physical and chemcal propenses of
carbudes sleels are delemuned by drspersien and by volime contents of carbide phase  Frem dus
pomt of view production amd research of naposirsciured analogmes of carbades siee)s oblaned by
the methiod of mechwmical ailaying presony smc oiiees Rescach objects wore compachive
gomposnan waiecals o carbpdes of won, en, vansdwm and nechiom, got by dee dynsme
preastng of ihe powder-like systemy, prepamed by Lhe methpd of mechuncad gyntbesis The
mynthens was conduciad i the ball planeiary mull by different ways mechanical alloymg of
imitires of powdcrs and ion with the proparcd carbrds in the cnwronment of argon, mechankel
actvation of medals 1o hoguid orgame enviecnimends, wnchiding different addioas

Ian &l cpces paogrysialipe marshials weres formed wth the s of gran o-Fe from 10 to
40 vy Substantial nflugnes of e of mechaniesl chanical synideny oo he amount and
morphology (s1zes and mutuzl location) of wcluding of carbuhe phasss was esmblished In
paricoler, carbedes being mulled m orgamc cemonments foom the npnosized  retsculaced
alewcture

Elecirochemcal propertpes of the obimnzd eomposices ane mvestigated o the wide range
of enyinemments, modeling the most widesprend cases of cotroson sulfure (pH = 0 4-I9,
sulfap-glkabing {pH = 12-13 7, borate solypons (pH = 6 3-8 0, newtral chlonde sohimens (1
40 58 WaCl)

The most meaungful Facior mn the comosve conduct of composiics 15 the eontent of
compeniite, characienzed by the higher over voltage of dissolution D 1o this facior with the
et of hiz mubienanes: nses puting ceasiance of e composies 15 ncreasing, and the ineval
of concentrations of chiondes when the fomation of pimng 13 pessibke B deemeasing  High
actyry of comentas: 15 shoem dunng the cathode selection of hydrmogen i 6cKd &Ny IFORINEILS,
especially ot the size dirmnishing  wcomorahons and femabon of the comentite reuculoed
slrisctanes

The mfluence of the mnoccystalline state 13 revealod only e the procasscs of ative
chesluhon of the composnes and smby 10 sad environments The protective abiliy of passive
filins does not depend on the presence of plenly of bomders of grams ferdffemit and
ferrcementrte, bul carbon accumulated on the surlace at dissolution B thers 15 cartnde of i
(e compomiles, ther pastivalion  n neuiral snvironments £ condinonsd mamly by faoing
mzxed exudes of BgO-Ted; on the surfacs

The work 8 sppporied by the prograve "Physes of pew matenals oo sruchures® “Seientfic
bocex of erealion of By WHIME RmOCOMPOsE corvasnve-prnaf materials on the Bares of or wil
rhet peframdory phases of waeodiciion
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CORROSION BEHAVIOR OF SINTERED NdFeB MAGNETS
ALLOYED WITH COBALT AND IV SPROSIUM

Bayeschuy BE, Bovda A M, Madzelis AA", Onischeako LV, Trubidko LY,

" Wowioned Techmical Univerzity »Kharkav Palviecimic Insifinvey, Kikwkou, Ukraine
? Dstitate of Sofid-stege Physics. Materigle Seience and Te
Nertiongerd Setence Cervter “Sharkor Institute of Plvsice aad Technology™, Kilurbav Llirerine

High energy products NWdFeBbiied magoete Foid a mapidly  growing  varsy
of npplications. Howaver, sreng galvanic interaction among phases consliteting  magnet,
oxidetlon tendonay, &5 well ks hydrgen absonptinn cxpabilfty of the rune earth elements are the
canges of the poor comosion resistance. Addidon of dysproslom improves the Inlinsic
coercivity of NdFeB magnes o the expense of imanence, with the nereiss of Dy ad Mb
contents more stable inttmetallic phases devidop within the imergranular regions [1]. Co and Ga
tdditiont  reduce the miz of imilistionand propagalion of plting comosion of MdFeB
based muagmes {2,

Beskizs the change in the compositien of a magnetic material Fr magnification of it
eomrisipn resistancs and mechanical charmctenstics, proteciive plaling i3 @lso used. Plating B
camied out in rather aggressive solutbens.

Siwdiesx of magets comosion ehavior wore camed out [n de solutions conmining
background components of ocid and alkaline electlytes for plating These solutions
correspotided b the clestrolyies based on simple metal sdis, a9 well as comphex compounds. Disc
specimens of 15 mm digmeter apd 3 mm thickness were out out from 1he slntered alloys of the
nominal composition Ndy, oFeyy By and Mdis Dy aPemCosaByg 5. All magneks specimerns
were b demagnetized siate. Ekctochembcal compsion siudizs were performed in termas of
Quasistitionary anodic acd eathodic potenliodynamic polarmation measuremesnts at the opan
clrcuin polential ot & scan e of 05 m¥re The comasion  sludics were camried out m sermted
solutions, no-shmng.

The potenttals of comosion for the afoyad magnets in all the studied background solutions
Showed wore positive values (hy 25-200 oV, depending on a compesition of the sohrtien and
magmios inmeTsion Hme i it), 23 compersd 10 the magnes withour dysprosium and cobai
additives. The comosion cuments in seakly alkaline (pH 8.5) backpround sohrions am: lawer for
the allyed magnets. The slowly fomed peodints of corpesion were stpopgly bound 10 the
substrate; the weight of the magnets increased at the mitial immersion period wider centain
circumstances. However, the comosion e of the alloysd magnets was 7—3 times hloher b the
wepkly aridic selutions (pH 4.5), Boih in the weakly acidic, and 1n the weakly abaline solulions,
the pregenca of the ligands forming strmig solvable complexes with the components of magnets,
led to the considersble growth of cofrosion rake for both magnet types (by 12 ordors),

The results of stidics can be used fir the saboaton of electrolyizs for elecroplating of
enagnets. 49 well as for the surface realment before platng withoui degeadation of magneds
propertics of the material.

Referemes

I L. Yu, Y.H Wen, M. Yan, £ Magw Magn. Mever. 2683 (2004) 353.
3. AA EHMensim, A. Geber, /. 4ppl. Elrciroches. 33 (2003} 705,
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EFFTECT OF ENYIRONMENT EXTERNAL FACTORS ON CORROSION
CRACKING OF LOW ALLOY AND AUSTENITIC STEELS WITH SLOW STRAIN
RATE TN HEGH PARAMETRES WATER

Kharas LL.', Zubehenko A 87, Petrova O.Yu”, Takay BAZ

! Publie arporaion Scierifie Producho Asocrason oCNITREASH Aoseoor, Ko
TPublre Bxpenmwenial Design Cifice nGIDROPEESS:, Podolok, Rusnia

In long-tesmn puelesr power plant practice service wilh water-cooled and wattr-modemated
mclear reactors 115 occumed dameges ef squpment clemeniz which contact with dewomiezcd
waler with 200 30 and equih brunt pressuns

Meanallographe snalyse of dacegs chascter estabhzh thar they s cposed by the

simultantony nfluence on mefal process of sboess under show rale of defwmanon and cormosive
enviornuen) and igenbiied 3% melal cormocon degradanon by show sompn corroswm cockeg
mechanism (SSCC)

Edevtrochensical nature of corrasion crasking depends on combmatan aumems cobemal
and niemal foctors which detomune metnl dabhonary patentsal n cach mctal-enviconmoent
system

The report comender the inflhuznee of lemperature o the range of 200 30°C dussaolved
oy conteniration, chionnz-Lons content, pH value of emviranment on stzel corroson cracking
wnder boad with slow saram mee (1 410775

It was resemrched the behnvior ol secondary coclant circut basic constructional metel R
VVER —of low ailow steel IAGNZMEA sod austenitc sleel 08H 18N 10T in condrtrons of 550C

Low alloy and ausienin: steels ars mclined 4o $5CC under phe siran riz of § dxI0s "' m
deonized watcr and conuning hilonde-rins high paranetens salubion

Extreme docrease of ductiliy for thew: STesds 18 ypucal In 200 200 %C savireaseaial
kemperature e

The degree of sznstivity to SSCC i evaluated by complex metal siruchus comibimatn,
parsmeters and environnental sodizing properise, cherical petentral of metal

Mature of cxpeitnenially receved desruchons 15 wdentscal b desmection which are
obsarved i real sérvice condiwins
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THE MODERN APFROACH TO THE TASKS SOLUTHON OF
ANTICORROSIVE FPROTECTION OF FIELD FIPELINES

Lgloen B35, Moeeva LS.
Unitted Research and Developrent Contre TLC, Moscow, Ruswia

Comoslon of the industtial equipment and plpalines is one of the principnl canses of
decreass of their apeatonal nesmaree. Nowadays e sahifion of effective decmass of comrosion
mite task requires develepment of new approaches such 13 modeling. of camosion processes and
development of computer systems of decition support of estmation of cortogion risk and
protection problems. Thot am seme bypes of cooosion, the conmibutbon of carbon dioxids
comrgsion in destruciion of pipelines under influences of the transported media (steatal waret) &
considerable, Al the same time along with this process oceurs parallel procesding process of sak
depozition (8008} which hes considermbl influence on stesl cortoslon rats. The xothors
desdoped ¢omrosion modeds for the informativn compuling system and the algoithm of carmesion
rate caleolatiot Vee o0 the basle of these models, the pamllel poceeding pmetss of sakt
depoaition was iaken im0 accownt, At the same= Hme there is no need 10 camy out axpensive
nonitoring of wilmsss samples For caloulstikn: of Fuo, it s coongh to determine chemical

indicators {pH, the genzral mineralkzation (M), concentraton of elersents (£, Coar Con

Cra,» Cas Ty o) and ischnobogical pararvedees (flow mite (Ponwd and temperatues (77 in the
eomoaien media sample. Ust of this sygtem will allow receive dain on a corregsion situation in an-
line a rmode that wiill help to prevent breakouls contect=d with considersble amissions, fhe
maserinl losses cousing an ceonomic end coological demage on the objects in proper Hime.

The following mansformed model of ¥ caleulathon which Llakes procesding procsss of
salt deposition ino sccoun i sugeesied

1730
Igir’n,-3.?96——-—-—2?12“1-&,+ﬂ.3-65-lng], ()]
whers &, = atale Bycber of srsbimy’s pH in cose oF salt déposilion.

i 1ke sigppested o] the mflustice of (he Liniled number of fckore of the madia on
processes of comosion and 52l daposition is considercd. With te reference to Fizld objects for
account of more sgnilcant faorr: anether model of Mo cakubion formatized as follows is
suggested:

AN -Fitha
" F e - FiD), @
whem ¥, — comrosion rale calculatad by the resuks of tha factor analysis of the media on the
basis of soepal wawy (chemical and technological indkaiorsh mmvest, o — maximom
torrogion rete meagursd o object {peal), momdvearn, F{F) — estimabor.

The category of madia comosion power i3 determined on the basis of the resuks of
calcolated Fo ind ihe devizion on Lhe necessily of protective sctions (Inbibdifon)s issued.

The: mformation compiding cysirm developed by suthors 15 applicable for ehjzets of fas
and 0il produsing industry whens there ia 8 problem of carbon dioxide corosion.
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FERCOLATION EFFECTS INTO METAL-HHN EXCHANGER NANMKOMPOSITES

Kravebeake T.A. Cyavka MYy, Zobotwkkina E. V., Krysasov YA,
Voranerh Save University, Fopornl, Recsip

An joiorest 10 nenoaructured cleotrodss s concened with the presenes of the nmengas
intzriaces allowing sssemially 1o mensify chotmchemical process. To increase an aggregats
durability and susbilization of medsl nanoparticles various polymeric and coal materials are used,
A apecil clags of camicrs is reprosented by don-enchignging miamiies (membianes, Fbers,
granubesk. On it's besis composites with valume disrbuted metal m e st quantity can be
created,

In this work e condition of chemically deposited copper in masroporous sojfocathiom-
exchuengey CUXT 157100 Is siudied. Drata ebizined with the use of scanning 2lesiron microscopy
(SEM) has shown particley of copper in de slze of 200600 ranomeiers, wich ane ensembles of
smaller particls with approximate value of 36-51 nanoneters defined by the X-ray analysis. In
its rw, large melal Sovnations, revesied by SEM, represent the enoembles congisting of crystaly
with diameter of abowt LS MARMMEEFS, and that slluws 15 speak ubout uoosrychred copper
condition in ion-exchanging matfxes. Electronic ooadwedvily of nanesmpositn masl-ion-
exchanger (5 delined, Dependence of conductivicy mad quamiity of chemically besicged metl bas
2 percdlation charaster [1].

Electrachemlzal ackivity of & composiv copperion-rachanger is smdied in peaction with
oxyyen  shvirorecthmtion. It wes  found dhad a2 high  prodon  concentration  In
the ion-exchange malnix causes 4 decrease in (he oy pEn reacticn overvol e In comparisen with
& veulrd] solutbon by —0.2 W dus to dee fon invobvements in 1he slow stage

Q.+ +H" = HO,
W have winkied gul the similse efTect o coxyg=n reaction oo de dispersed sibver = ion =xchanger
CU-23 and metml (Cu”, Ag®) - ion-exchange membrans MC-49 composiis. This very clfect docs
ot dependd on the natare of the depesited metal and 5 cansad only by the ion-exchangs malrlx
property such az high cation-mchange cuypacity.

The nancsirecwred sise of copper paricles couses siahitipathon of the intermedal:
product, e, hyndogen peroxide, Asappmﬁdmibcwmmtwamﬂdtﬂwpﬂmuﬂ
vurve of vygen akectroreduction on the copper — ion mechangees ranccompasiiee poscassr) bea
waves in tho meutal solution. At die naogstructured copper pariicles sabilized by ibe ion-
exchange iatiy, the pavity of speeds of fmation snd redvetion of hydmogen peroxvide, which is
the inbermsdiale product of oaypen reactlon, & changing thed lcads 1o s accumulaion in the
near-surface layer. [t is important thal the addinonal wave on the poladsation cuwrve iz no
obgerved ol oiygen ebectmneductios an the: gilver-contuiming composite m which meal partioles
are it the nancestructuned fovmations (more than 100 mn), The skcirmshemical maponse of such
cheemode material s similar 10 te response of the compact metml cloctmds. Lsing the mtsling
disk ckoirode mathod, it was detecicd tha the process is limited by cxkmel diffusion of oxygen
10 composite grains. The paygen nsction is mostly concentrated on the grain surface and surface
layarsz; oxygen i3 reducad in the bulk due to dispersed sopper exidaton [2],

This work I+ supported By Ruesleon Foundatfon for Basic Researeh (projecis # 090300954, 1.
H-Q0E4 7, P00 531N,
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ELECTRODFPOSITED NLE-COATINGS AS CATALVETS
FOR HYPROGEN EVOLAUTION REACTION

Doleikh 0.V, Setskaya K.V, Kravisova Yu.G.
Foronezh State University, Foranezh, Rustia

Mi-F allays are of undoubwed nberest 10 researetvirs 26 an checlnode oaterial baving 8
good cotalytie actlvity In the hydrogen =voludon reachion (HER), b dam on their caalythc
properties ave Tow snd conradictory. The aim of this mork wes & dotaded study of the cmalyifc
astivity of clectrodeposited nickel-phosphicous coatings in a wide mngs of compositions in the
resction of fydroges svolition from solarions of sulfunic scid.

For N B-coatings deposition we applied gheclne-aceate electmlynas with differetr sodmm
hypophwosphite conceniration, alicwing o obdain Ni=F deposits with phosphorus cantent froat £
o 126 wi. % Coatings wers deposited i the pulvanostilic mods 4 room Emperaturs.

“The strecture s morphotogy of freshly deposkied NP alloys of Glfem composition
were investiped. 6 was eslablished chal all of them have pramary iexowre (2000, e faction of
which reaches | when the phosphors contene is 7.7 wrte Thert are some cracks an the surface
of Mi,P-¢oatings whosé pod betomes tiore pronounced with ihcreasing of the don-metalii
RO ot

Thet main paremetin of hydmogen evaluthon reaction firot acidic soluions on Mi-Pallays
weng Mound, Mamedy, e reacthon mie at constant overpotentlal @, snd bydrogen ovarpotental
T,- B was ectablished that the inclusicn of phoaphons in electrolytie dickel in an Mo op 1o
6.5 wi % had almet o efecd on the oie snd overpotential of the investizated reacthon, Fuather
Increase of phosphonss content in e alloy canses drop of 3, ad  acceloration of ).

The conribution of the surtace devalopment and stual camlytie properties of the udied
materials in the acceleration of hydrogen evolution was estimated. Ta this prrpose we nonanalkzed
i vahes e cormtsponding vaiues of relaive oughtiess facfors. 1 was found that Mi- and
L P-contings containing small smounts of phosphorus (1 %) skow extremely hfah cmalytic
activity in hydmsgen avelaion ramtion: the speed of the process i3 move than an order of
magniruds higher ten that or compazt pickel. Wiih increacing of phosphorus content catabytic
propertics of the ciatings ecome worse, and when the phosphorus content Ls nvore dhan &. 3% the
retction rate goes to Lhe Keval of compact tickal and does aot change with further changes in the
ally composition

Thug, the natwm of the accoloraiion of HER by alloye of various composition is diffenent:
the actubl canbytis scTivity have only coatings contining up i 5 wi. % of phasphons; for MiE-
coatings ciriched by phosphons rgaction sceelemton it achieved only throogh slgnifcant
devalopment of the urface. which, Bowewer, does nel prevent them use &5 electroade naleriak,

Thir work 13 supported by Russicne Foundation for Basie Resvorch (pwofict ¥ 08-07-00)940).
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COMPARIEQON STUDY OF THE CURRENT-VOLTAGE CURVES PARAMETERS OF
DIFFERENT COMPOSITE MEMBRANES ON THE MF-ASC BASE

Kosomesks N.A ", Baretioa NP, Delgopslov S V., Timobeyev 5.V7 apd Bobrovs L

"Kuban Stae Untverilty, Krasnodar, Rusria
‘Enterprize ~Plavpolymer ", Sairs-Pesrfng, Ritsia

Methods of perfluorinated membranes podiflcaiion for fesl ocslk e mensively
devalopad wow. The varine additives Tead ta waler immichilizalion o the membrane increasze of
thentmaiability aff polymer, and also preparuion of compoaim catlyst Tystems. The Com i son
study of composites on the base of MF-453C memboine ind modifying addivas of organic and
morgnic type was carricd oul by membrenc vidtsmmctry method. Polyviny] abcohol, polyviny
tunmal, suiphooaisd  polysulphon, hydrogen  zirconium  phosphate,  polyaniline  and
renodispersion of platinum were uged 83 modifying agents. The currenitvaltape chamciorisiics
{CVC) of comperites in the “foe standing™ stale were meamirsd by method described lsewhers
(1] The CVWC of the initil MF-45C samples with various exchange capacity, wwler content and
thickness were measured to estimate of bfluetce afects of the varous modifyiog addhives, The
paraneters of CVC ta be tosd for tcling of menbrane ane a9 folloes: tha slope of 1the chmic
portion (FAE, S/mD, the limiting corrent value (fum. A/m?), the tength of lntithg current plaens
(A, ¥), and the podentisks of the tanciiions inks limilng (3w, ¥ apd overdimiting (A5, V)
shike,

[t was meveabed that e 24K value is tbe came for membranes modifiad by bysdrophilic
pokyreers because the membranz coniribution ln the general vesistance of system 13 nol essendial,
it was discovered the i, valee decrmase on 10-15 %5 after mehesion of hydrogen zimconinm
phospha and the platinum disporsion. The paraneter A5, of hybrid membranes is above 1.3 ¥
in the ease of hydrogen zircogium phosphase and above 1.0 Y in the cese of the platinum cosling,
whereas for the initill membrane thiz valye & 008 V. More asrontial effecrs of te CYC
pamamcters change were discovercd kn the case of MF-45C membrane modified by polyanline,
The polyanifine Intercalation in the templaie matrix lzads 1o the change of the A, pammeotar
from 0.8 up to 3.2 V [2]. It ks boon shown thal the platean length depenids on the bpe and
comeendration of sohnlon, chargckeristics of the Initial membrane aod pobrandlind oxidation
degreg,

The asynonetry of CWC &t the curent reverse is found in the cass of ME-45SC aficr
surface modification by polysndling [3). The effect of asymmeary is the most essential for
pamreters FAL, AF- and A in HCL solutions. The asymmetry of CWC is observed for platinum-
cozked MF-45C also. The reasons of these effscts ame diseysed tking iot consideration ihe
chemical rype of additives, the warz moganiomon in the memirane nancsirscture, aod e
formadion of concendration profile inside te membrene.

The work iy supporied Sy Russian Foundotion for Baske Research (profect § 03-03-0000%).
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SELF-ORGANIZING CATALYTICALLY ACTIVE LAYERS
OF OFPFOSITIVELY CHARGED COMPONENTS

Gumggp G F. Ovayiaarkovs LV, Alpsdora N.M.

AN Frumkun Inviuuie of Phvencal Chemiity and Elecirochesisizy,
Ronstran Acodesyy of Sciences, Mosopw Rusiig

One of the most effective ways of surface mgdrfication 9 tho methed af the eloctroastane
coverage by tho lawers of opposinvely charged sbatancies (Layer-fy-Liyer tachmgue, Lbl-
method) Fortogry we have syntheszed polylayer compoiiuon of ukmthin amcie layers of
sibeoadodecamalybdate (i) med cationic enes of polyaliylammoniun o palledivm [, 2] This
LbL-compositicn has catalytic activity at the electrochermical aduction of HRNO.

The formauan of scli-orgamzing lavers Fom opposmovely charged componenmts 15
peeible For phidosiiimes, conbung ankane oF catiofic subsiuters Bol w comuary o I
Formabion of sbcododecamol ybdaie fika on glassy carhon murface the pretregment of pliss
nessesny for foranon of phealeeyanine self-erganang fm on & It was shown that after such
pretreannent m polyabrensubfonata (PS80 solumon i 13 possble to form up to 30 belayars of
coppenill) phizlocyanmgtstrasullione atidt (CUTaPe) - polydullydimetbylummonmes (FINRA)
an glass, comchacang ghass and quart: $CUTsPE 16 &0 oauonec companziy, PTHIA ig 8 GaTkon e} one)

The possiihiy of synchaniz of |ayers ty EbL-meibod {or catbionse phiglocyanine Aloan
Bluz, pyrding vanant (AB) and PSS (aniuc compopoat) 1= shown &t 1he figore Mafion can al=o
be ixzedd &3 SNIORIC COMPONET

The formanon of te layers by LoL~method o & rather haed process This 1@ why we
have doveloped a mmpler mothod — the Tonmanon of s betwesn cohonse and adwne
components 1 the procsas of pounng Hee solution at the awface The inteaciion  between
companeits of salt grves rise to loss of solubelity m thet media where the individus] compenents
awe soluble (zhle}

Film Medium

CuTsl

AB

CuTsie—AB

Ps5-AB
FDDA-CuTsPe

Elpciromc shsirphioa specinum of svepoiie Abcma

HA | He500H0 |
+
+
CuTafePiCk | —

+
Llvjefefn |+ |=

AB=B:hic bl formed through polyay rescoulfone 2 quanx

(13 hilayer)
The films contzining phislocyenre sehs are slectrochemcslly acbve m the splunon of
DMF, Bw,BF. 1 the potenial mpon from & to ~1600 m¥ {sce ) The film fomed from twi
phiakcyannes has ibe most ety
Referemces
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2 OF dwins, MM Alpatova, Srer f Eferfrochen 44 {2008) 343
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SYNTHESIS OF POLYMERIC FILMS BY INTTLATION
OF POLYMER[ZATION OF ACRYLIC MONOMERS
BY METAL ZINC [N A(HEOLIS MEDICM

Karpenko M.A., Kofzinovs LG,

Ingitere of Chemishy, Far Eopern Bramch,
Russiom Academy of Sciences, Fladiosiok, Rassic
tolzungvenifiich o, ro

Electrochemical infilatiem of palymerization {EIP} of monomers is one of the perspactive
methads Ffor crestion of Binctionsl meserinle and coatings. It leis to form electw Isolating,
smifriction, protective, decormlive, inunobiizing and compesite coatiogt Morgover, it is also
eificient for obiainkng of double-layer asymmetoc poous membrancs for  uicaliliration,
nanoflmethon e reverse ormiosis, Such membrides went synthesized on the bass of crozs-linked
ci-polymers obiawead by polymesization of acrylamide, formakdehyde or W N -metlylene-his-
acrylamide and zine chloride was used as an inkibabar [ 1=3].

We stated that metal zine may be used a8 an ahemative polymarization initiator of the
above-mentloned mosomer compogiion in the cummedess regime. Inoonder o form pelymeric
films, 3 steel pluia was covered by layver of electrodeposited zine. Afer immersion of soch an
elscerodz it 2 monomer aquecns solution, the Former ie covered with a uniform and rangparemt
palymeric ilm Dynamics of the polymeric Eyer prowth & investigated. It s stated that o Arst
the spesd of the cxuting growih is comporable with EIP kinefics or even somewhat higher than
the Loeter. Then, the process s retarded snd betonties statlonary, and thickness of the film does nol
practically change,

The mechaniam of initkatien is stodied. [t i siated that chemical intersction betwesn zinc
andl &crylamide (n aquecis medium rsults i formation of the hydrated complex [acrylimide-
ZnOH']. The standard cxchange corrent of zine is known to be equal to 5= 731071 A cn™, This
value is comparabls with that of the cathode cubwent dengity in e EIP process, Therefore, the
current density of zine mxchange iz apfficiont to provide the cunplex discharge producing
acrylumide radicaly [A4] which imilimics mepoamer polymerization. Thuz, initistion of
polymetrization of acrylic momomers with metal zine in agoeocus medinm in 1he curmind lbse negioe
s choirochemical panwe, And polymetizalion procesds in the condiions similar 1o
potenliostatic regime.

The struchue of polymeric films obtained wnder influcnce of metal zinc is audied osing
ths light microscopy method with differential-imerference contrast It iz slated the fllm coniBins &
morpholegically isieied thin dense layer at the side adjacent to metal in 1be process of synthesis.
The siza of this layer was aboul 12=13 micens; e Gkl o tickeess oqualled ~480 micmns,
Formation of the dense layer |5 condithoned by specife adsorpilon of scrylamide on mztal. Thus,
initiation of acrylic monoter pobyinetization with matal 2Ane |4 0 fom the Rlms with
asymmetrlc stuctire which ey be nsed w5 membranes B barmembrane processss
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CATALYTIC ACTIVITY OF PEDOT/TH COMMOSITES
N RESPECT TO HYDROGEN FERUKIDE ELECTRORETATCTION

Hondratiey V.V, Flinera SN, Bahkova T A, Maky V.V,
5i. Peteratowrg Stke Univeraity, Dupowimeed of Chemistry, Sr, Perersbwrg RBwsvie

Foly-3,4-sthyiendioxythiophane (PEPOT) i= one of the most promising conducting
polymers which possces high electrical condnctivity mmd good chemical mshility. [n p-doped stam
this poakymer is well quited a3 & conducting pobymer matri fr boading of small pariickss of
metaks for fabriawion of novel composites with inleresting chectmealytical, shoctroanalytical snd
optical propeatics.

Iz thig wark, the spontancaus dcposiion of pallsdicm panaparticles inio PEDOT films s
aseribed ta the rade reaciion betwean reducad fragments of PECAFT and P lons due to thelr
high oxkdation potential,

X-tay photoslectron spectmosecpy (NP5 data confirmed the presence of metallic
palladium in twe polymer. Morphology of the pristne sd compesite Flms, o will os b size of
P nanoperticics and their disiibution were characierized by using scapning electon microscopy
(SEM} and trwsmission electon mieroscopy  (TEMD. The elsemochemical properiies of
composies materiak  obtired wom  Ivestigsted by epelic  volmmewy, EOCM and
slecirochemical impedancs gpectroseamy.

The syszmalkc stedy of ws elecrode processes such as redwcion of hydrogen pemaide
on FEDOT/Pd-elecirades has boon performed. It wis found that the chotmpduetion process
predomdnantly peoceeds on pallndium oanaparibes acling a5 nanoclectrods aray. The olrtpintd
kinetie dats show that with an increase of density of Pd panticles in ¢omposite filmg the Timiting
curretts of clecironedietion ahe increased and reach 4 saturation et highest Po-loading, It was
suggested thae the rate of hpdrogen peroxide reductica proceeding on Pd nanoparticles in acid
s nentral ckotralgs, 9 conolled by diffesion and by slectron-transfer steps. The porsus
network structurs of FECOT suppors an efective dispersion of Pd partiches and fazilikales an
easy ancess of reagents ¢ the catahytic sigs.

Finonided sappcst from the Russian Fawndation for Basic Research fprofec #20-03-00793} is
graiefinlly aoknaledged
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SYNTHESLS AND ELECTROCCHEMICAL PROPERTIES
OF PEDOT/ Au NANOCOMIMSTTES

Kopdragiev ¥, ¥, Pogulalchenko N.A., Tobtopyatova E.G., Maler Y.V,
5r. Petersburg Stoie Cnfrersity, Deparimens of Chmmisiry, Si, Pesersturg, Rassia

Poly-3,4-ethy lenedinavthiophone/du (PEDOT/Au) composite fitms were obtsined by
electmdess deposition of highly digpersed pold panicks inte PEDOT Flm from seluion of
Haut"l, with veried concenmation (5107 —5x 107 My in 0.1 M H;80,. Sponiansous deposition af
pokd takes phice dist 1o the redox maumnufmdmed fragneemts of PEDOT film with AuCL™ -ions
acling s oxidizing agent,

The EQCM messuremenis were appi led for e observation of Au-loading procestes and
estimation of amount of gold incorporated into PEDOT Gk, The fact of inchmion of gald
partiches inte PEDOT illms with formation of PEDOT!Au compesite was slsn confinmed by
means of EDX analysis. The motphalogy of PEDOT A manccomposite wag mvedtigated by
scamning clecion microscopy (SEM). SEM images show highly migooposos strucire of bath
pristing and somposite films, The surfise of palytier [s coverad by gobd nanoparticies o the case
of composite film. Tessinisshon aleciror microscopy (TEM) revealsd mom details about the size
and distribution of gold nanoparticles, As was foond from TEM Images, the mean sise of the
panfcles and degree of thedr sgglomeration is dependent on synthesis conditions.

The stectrocherwal chacterization of FEDOT/Ar composites was perfoemed by using
eyclic voltammelry preasurements in sohtions of &0 M H;S04 and the same solutins with
sddltion of vardous sencesimtions of chloride ions. CVs of pristine PEDOT sod composile
PEDOT/ Au films recordad i 0.1 M H:50y show that the velpes of cxidation/reduction cuments
practically comeids in the potential range from —6.3 to 1.0 V and they re determined by the Eim
charge/dischergs processae, while the participation of gold nenoparticles in charging processes is
not shserved, Inroduction of chloride-ions into #lecirelyte solulion emused the appeamnce of &
new couple of redox peaks witich are assaciated with formation of gold cxidation product and ks
recigtinn. The oxidstion proeess of gold pertichs was Fud to be of (he firsl ordgr with Tespost
¥ chibwide-dowis. The parallel OV aad EQCM dite 2uggest thd appeonimately obe chlonds-ion B
transfisred per one elocton during e process of oxbdation of godd with formarion of gold(ll}
chioride complexss asn producl.

Hascd on the mass changes apd checmode kinetic daiw # war proposed thet gokd clusers in
PEDOT/Au composile have porous of dendrite-18ee struckure, It is consistent with TEM-imagss
of some gold theskers at higher magnificathons - aaglometale strsedured, Foived with snaller
medal clusters of approximately 10 nm dizmeier ae obsenved. The slecineiabytic affecs of An
waswoparticles incorpomied into PEDHIT matrlx wers studied for some test slesipode reactions
sich & oxldation of ascorbbe acid ad dopamine and reduction of hedrogen pedoxide in
phiosphate buffer solutions,

Finrrwiad sisppewt from the Roasian Foumdotion for Bazie Rowmareh fprvect 8000300793 i
gratefudly nckmowlzdged.
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ELECTROCHEMIC AL SYNTHESIS OF FUNCTIONAL AND CONSTRUCTIONAL
COMPOSITION MATERLALS ON THE BASED OF TUNGSTEN AND MOLYBDENUM
CARBIDES AND METALS OF IRON TRIAD
Exakksoy I, Adamokova M., Kvaghin ¥, Kardsamv A,

Eabm'tﬁm-ﬂ'dhim -S‘me Lhmu:n Ndn.w:. Rectsicr,

Cemented sungsten and melybdenam cabldes are comenerclally cue of the ofdes and
trioat suecessfnl pevrdar metalluegy producss (1] Thess composiles are exsenilially apereptes of
partickes of wngsion (molytkonam) carbbdes bonded with coball {iron, nickel) meal viz Tiquid-
phase simiering.

. MmﬁwMﬁMmﬁdsmbﬁesMﬁemﬂndufﬁghwm
electrocheical symihess 12 one of mos cifective method of refimctory nutals carbides synthesis. O
the: basds of high-lempemate slemirachenical synthesis of tmpsten and molyidenum coarbides [2] an
mrultislstronic slectroshemics] procazes of joinl slecondeposition of nogsen, molybdewm wed
carbon on 1bc cathode and their subsequend ineraction at alomic kevel with omation nencsized
powdars of fangstan and molybilanam canhides

In thiz work results an join electvochemical electroreduction of tungsten (molybdznum) with
cobalt (iron, nickel) and carbon in onic molly s petestited af temperanang WK C,

By mothinds For research of joint clectmrsductin of iefiockoy metal with inon tisd neetads and
corbon hase been dhws: oyclic voltummelry, poiencionstry ond alas X-my, X-Ray Ouorszne:
methods of anabysis.

The dependanes: of eathodic depocits Amucturs on clecralysis conditims were invesvigaed by
mesthads of one st and cyclic voltammedry.

Elerrochemical systams ane deweloperd B symivesks hand-atioved ceramic composies of
varhldes of ungaten, molybdenam and metals of 4 tied of iron on the basls ol thee proctaces,

Optitnam conditlons of the nanesized pondars obiining of double: nngsten ad molybdenum
carbices with irn metalr bind (2omend deasity, ok composites, Emperstive) are found.
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INFLUENCE OF INTERFACE BETWEEN LAYERS IN
POLYMIFHENYLENEPFHTHALIDE) FILM ON ELECTRON TRANSPORT

Yasupov AR, Tameey AR, Pﬂhﬂj‘.&.ﬁf
Rakhmeev R‘{L , Salilchov BB, Vannlkov AV
£

! Bahkir Stare Peaapogical Untversity, L Russia
AN, Frumbkin Institute af Plysical Chembsiry and Electrochemisiry,
Russion Acodemy of Scirneey, Moscow, Russia

Sequential deposition of poly{diphenylenephthalide) (PDP) layers was shown to form o
palymer film with & well ciear interface between the layers which exhihits unique electronic
properties [1]. In particolarly, abnormal high electronic conductivity was found along the
interface, while the rest of the polymer bulk remained in diglecteic state. Such u muliilayered PDP
film with the embedded interfiaces can be evidently considersd as o palymer composite materinl,

In this work, an influence
of the interface between the PRP
Al layers on the charge carrier

transport in the normol @ the
. — i v

investigated. The study was

PDP carried out with specimens of the

mo structure shown in Fig. 1 by the

Class use of = conventional time-of-

flight technique, The films

Fig. |, Experimentat sample for TOF consisted of one through  three
meazarements. ITO — clean indium tin oxide; POP - Loyers.

polvmer films; Se(Culc) - photopenemtion loyer; Al - The transiont current

top electrode messurements showed that the

transit time ty for electrons is
equal to4 ms, 2 ms'and 3 ms in o
Z.4 pm thick single-layer film, 5.4 pm thick double-layer film and 7.5 pm thick three-leyer film,
respactively, It is seen, that the transit time does not increase with the thickness of lyerad films.
By contrasy, the transit time is known to incoease with the flm thicknegss for polymer films
formed by single layer [2]. Thes it is established experiméntaliy that the eleetron transport
behavior Is significantly influenced by the interface between the layers of & PDP film, and the
iransient current decay iime reduces,
In the report, the obtained data and cloctronic processes (generation and recombinotion of
charge carriers) which allow us to Interpret the electron trensport throwgh the interfaced layess are
disrussed.

Thee atwely wos supported by Russion Fowndarion for Basic Research fprofect 09-03-006fti-al

Refervnees

1. RM. Gadiey, AN Lachinov, BB, Salikhov, V.M. Komilov, B.G. Rakhmeey,
AR Yusupow, JETE Letiers, 90 (2009) 821,
2, MSiolka, JLF. Yanus, UM Pai, JPive Chenr, B8 (1984) 4707,



4th Microsym posinm: Efeciroactive Compoxition Materials 225

NEW ELECTROCHEMICAL ROUTE FOR THE SINTHESIS
OF MICKELCARBONIC COMPOSITE

Leoniveva D.Y.', Leoatyey LN, Smirnova N.V.'

| Scruth-Rusvian State Techeical Unbvarsity (NPl Novocherbassk, Russia
“Southern Federal University, Rostov-on-Don, Russia
da feoniyvasmarl. ri

The nickel-oxide efecirode hove been widely used in organic electrosynthesis, due o high
eificiency ond selectivity of the process; as well as low cost electrode materinl and the simplicity
of its manufocturing technology. In pecent years; for fhese purposes ome investigated nickel-
curbon composite (MIGAC).

In this work we proposed & novel method of electrochemical synthesis of MIQAC
composiies.Our method B based on the dispergation of metal under asymmetric alernating
current with simultaneous deposition on the carbon support (Vulcan XC-72), Such technigue
allows to obiain nanosized particks NiO and prevent trace-clement contamination as well,

Interestingly, thet XRD patiern of synthesized muoterial show the five broadened
characteristic peaks of the face-centered cubic crystalline structuee of f-NiQ, The average grain
size of synthesized materials estimuted using Schermrer equation was 3 nm. However, os Indicaies
SEM imuge (Fig.la) the aversge parick size according to SEM wos 500-800 nm. The
inconsistency between XRD and SEM results suggested that the observed nano-sheets wiere
passibly formed by stacking of MO nano-grains.

The formation of the P-form has also confimmed by our results of the eyclic voliammeiry
(Fig 1), The potentials of nickel higher oxides formation (anodic peak) and potentials of their
reduce (eathodic peak) for NiQVC composite close 1o typical for f-MNi{OH)s, while nickel-oxide
elecrode synihesized using conventional electrochemical method close to typical for a-Mi{OH ),
[l

We suppose that these synthesized NiOW composites could be very promising for use in
elestrocalalytic processes, aswell as NVMH batteries,

i 1@ % id 3 38 1A A 1T

B Y
b}

Fig. 1. a—5EM image synthesized NilVC composile;
b —eyclic voltmmogram (1M NaOH) of the nickel-oxide elecerode (1), NIOVC [ 2)
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HFFNG CHARGE TRANSPORT IN QGRCANIC MATERIALS
Navikov 8.¥.

AN, Frambin fnrpiteie of Physical Chemintry and Elocinocheniziy,
Russinm Acodemy of Sclences, Moscow, Sutsia

Mogl dizordeted organls matarials mre molecular ghasses baving very bow concenization of
intringic movable charge camiers. They demonstraie measuable conductivity anly wfier injeerlon
of carviers by the wiion oF the laser pulss or strong alectric fisld, At the same thwa, organic
phisses sually haove high concentmiion of dipoles and quadrupoles. Dug o alosdsl 2em
commenialion of free ciomos and Bek of soresning such wolecules poovide loog roige
clectmosintic copiribytion to the overall et dbondee Rt cbarge camicrs. Useally, 1the
nesupting mndom enorgy landscape () coubd be accurmsly approximated by the codom
Gousgisn fickd with 1he oypical magninsds of energetle disoeder close to 0.1 &V, Long rioge
sources insvilably lend to the srong spadal comhation oF madom arsgy LUV i argank polor
muakerinls (dipolar glasced) conclation funcios &0 mmdom LR =D decays as L
and in tonpolir materials (quadropalar glazsesy it decays as 14 {1.2].

Long rangs correlations mean e siles with chose values of randoin energy 1end (o smup
together wnd fomm ebusters (clusier is defined a3 & et of connectnd sites, whera all of tham by
sl ey U7 geaier han same boundary energy L), Hened, organic Elmases have & notural
chester srisgiure and o prokmbilivy bo fnd jange chusters ia gremer than te comesponding
probebility in rov-vorelaied random landscape by many orders of magnitude. For exemple, n
dipolar ghss the aeympiotice of the clusier numbers %, for clusters having large random energy is
In a, = "%, while for e mon-commelaisd Guuszian field In g, 2 - fhere £ i the number of sifes in
a ghukr) [3]

Epatial comalations dirscily povern the fizkd dependence of the hopping mobility of
charge carricrs in organic glasses. For 10 madel the power-lm asymiptenics £5r) « 14 keads
the field dependence of the mobility In p s« £ ="'V [4], and this result is supported by the 30
conpuser mulation [2]. This mesnd that in polar glegses the mobility ficl dependence has a
foern 1o g = £, and Iy sonpolar glasses the comespanding mmuislnumE“.

Eleciroshatic combibutiont to the 1kl random =pengy is significenthy modified m the
surface of the ekectode, Indotd, elecipesiatly enerpetic disonder in organkc glasses & just & reflec-
tion of the disordar in tha spatind dieitinion of slecirasistic potential, genorated by randemly
shuated and ocjened dipeles and quadrupoles, In the organic layer bownded by coaducting
checirodes this spatiel disribution must obey 4 boutidary condition af the elemirade awfhee: ol fie
surface the poiential should be a constant Thas, al the clecirode surface thare i3 1o cnergetic
disorder st wll, imespoctively 10 how disondared is the nusterial in the bulk, B away from the
intarface. This means that the magnitude of clectrostatic disarder ineneases while gomg sway
fron the elecineda, asympintically reaching ¥s bulk valuc. Behavior of the comelation function
£(r) is different in the vicinity of the slecrods, too [5]. This effect leads (o the dgifieant
decppare of channeling of the Injacted cumenl in organic elertromic devices. Hence, it decreases
local overheating and improves stability of orpanic devices,
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SOLID FOLIMER MEMBRANE WITH MROTON CONDUCTIVITY
Movogiov EF.. Smlrnova O A, Gerakkov N.V.
Savedov Stede Techizol Unbversiiy, Saradov, Reucsin

We siadled the Follining thrss-component copobrmers: (1} butylacrydate (BAj-styrens—
medthtc oyl b scld (MAA) (CiaHps0y) with an inlerstitinl snionic surfactant, & hydrophobic anionk:
pabmer with 2 moncmer mass aquivalen of 300 g'mol; (2) BA-butyknstserylai (BMAFMAA
{Csk5:0; ) with wn iwierstilzl ardonic sefactant (RSO 3 —Nab, 3 hydrophilic ankonic pelymar
with a monamer mass couivakal of 314 gimol; (33 BA-methacrylate (MASMAA {CyHaeOn)
with an intersitial catlonie surfecant (R-MCI), a cationle polymesr {aquosus emulsicns) with 2
manomer mass equivalent of 300 gimol; and (4) sorylic acid (Adjstyrene-MA A {nonaquecus
copiby mer). Didentions of the emulsion pasticles varied wilhin the range 30-300 nm.

With a ihickness of 00305 mm, these mémbranecs were oplically mansparent;
chemically resisnnt o concentzalad solulions of bascs and nitric, sulfuric, snd bydrochloric asids;
atwd saluble in acetic acid They could alse be zafely hemcd 1o 2 tamperature of 323 K. Their
tesigile sieigth was 50 gBen™ with a melative closgation of 600 %, Elecirical conductivity of
the fitm with the anionic surfactant was  Lx 107 Som at 203 K and 52 % humidity.

Aparicic o al. have noted that for polymers based en perflocnmulfonic acid (PRSA)L
which comain rdroplilic and hydrophobic groups, the indrophilic region of the rancatructure is
hydrated in the presence of water and thus suppozts conductiviry, whils the hydrophobic regions
provide mechanical siengih, The highest conductivity of 1 5 om?  was observed at 393403 K
for membrones prepersd by moditving the BFSA with » styrenemathacrylate compesite with
Si0;  with incorporated phosphotungstic acid (PTA). SPE based on acrylaies soluble in
benzene, wluene, and petraleurn ether are hydrophilic o ethyl akcohol, sbyl acerate, and
earshydroforn {THEL This property makes it possiide 1o poegue thin SPE Rlms by applying 2
solutlon ¢ elecirode surfhoes in varkous elecrochemical systems and evaporadng the selvent wilh
a small amount of heating. These are termed polymer alecirodes.
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ELECTROACTIVE ANION-MODIFIED POLY ANILINE
Andreey VN, Ovgvaanlkovs Y.\ Efimer ONZ, Alpatova NM.!

*A N Frumbin Faxntwte of Phyvancal Chemtisiey and Elsclrochernsiry,
Rustum Aciiemy of Scrences, Marcow, Ruzro
fnmcrtae of Prodlems i Chemicad Phyncs, Russran Acadomy of Serences,
Cherpogolovia, Mosoew oblmd, Ruysour

Large electmoactive snen-dopams (d = 1 am} are imemiobilized i a polyaoilioe (FANT}
matnx in e course of the eleswochemical o chwamical PARI synthesis These ankons can soree
o effective modificalors far PANI [1-3] afecting i3 elsctrochemical, electmachromic amd
catalytic propertios,

To modify PAMI we wsed fourchaged avion: of copper wetrasulbphtbalacyanine
{CaTSPe, amon 1) ond silicedodecamolybdate (Side, onm 23 16 i showo thl the
akecuodynthesis of PAN] from 1 M HyS0y squeous soluboms conming the modifiearrs is
complicazd by the reachon betwoimn s o Gabons and modidcator anions yeldng inscluble
sak, Omly solutipne with low concenmsliom: of precursors are sfable in Give snd provids
reproduciblc kinetics of anudic synthests of PAMI-asionic modificator composite, A3 follows
from spectral (enicn 1) wnd okectrochermeal (atlon 2y deis, both modificaiors enhance
sghificanly the rate of PANI polymonization (see, e susmple, Fig. 1) and incorpomte nbe the
polymenic matrix, As shown b Fig. 2, s eyelic volammogram for the PANI-SilMo composit 1=
o0l 8 simple combination of those for PANI and Sibdo/multl-ovalked cacbon nerubes (MWN T
thes pointing to the polymer-modificator interection.

Lndam’ LmA
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0 L1 S S [ || |1 ag i M EY
Mumber of cyclas

Fug- 1. Redon secviry Tor £1) PANI aad [2Y FANE- Puc 2 Redox tansdoms of FANL, SiMo, med Sibio-
CeTSP: composite @ eaction of cumber of PAMNI composite, FANI ood Sibdo-PAMI films wer
cycles ofwnodic mmakesis, Filkns weve syuthaslzad  syvibenazed on MO glass, Sibo was adsrbed oo
on FTO glasy v= 0.2 ¥ 5 MWNT, v=002 ¥ 5"
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REDOX PROPEETIES OF COBALT{IN) AND MICKEE{IT)
OCTAABENZO-1A-CROWN-5) FHTHALDCY ANINES IN APROTIC 30LVENTS

Dysyannllers E.V., Logachevs 8.M., Baslim Y.E., Alpubovs NM., A Y. Tsivedrze

AN, Framidn iinire of Phsieal Chemisey ard Electrochemising,
Rosyien Academy of Sciences, Moscow, Kursia

Cathodic redox gapsiions of fims based on cobalt and nickel phtbakwyanine (CoPe,
NiPe) and their octh-[(4-benst |5-tmwn-Shmoy] desivativgs {Coergle, MicrdPe) [1] wore
stndied by uwsing cychic volammetry in the 0.1 M BuwNBFy solutlons [n dimethyl formam de
(OME), dimethybsulfoxcide, and poopidenecarbonate. The films ware applied onta 8 glassy carbon
{GCY electrode using & technique of slecironstc rubbing. The merkt of this procedurs (s s
simplicity apd possibility of applying minor amcurfs of suhstance, the weakness 2 the
complexlty of determiniog preclse amownts of substance rubbed onto the GO due te conversion
of Inkthl solbd-phase thick flmes to alisthin ones as a resulkt of gradusl dissolution. The ke films
can be charscterized themradhnanically by estimating the fomal poleninials ol redox reactions.

Cyelic vokamindgramy both for unsubetibuied aid substiveed compounds display twoe
guesireversible redom transitions (Figure), A compatisen of formal posentials (5] EY for CoPe -
CoersPe and Nife = NiernaPe touples shows thal &' and K7 are thified (owards bsy negative
vahues with the introduciion of dhemal substituents in the metal phthalocyanines. Although de
shifls of By s ne more than 30-100 mY, they point to the faciliation of the mdox Teactions
invalving crown-substinmed phibalocyanines. This may be explained by the msmetion betwetn
ungaired shectrons in cownsoxpgens with BuN" colictis thut an facilitats the chostron tansfor
2 tha CocreF and MicnPc compounds,

1 omA a I A b
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elE A2 BE fd MOEY A r o8 i DRV
Cyelle voltamnvgnanms fors (1 Colo, (29 CocraPe (2) and {77 WiPe, (2% WienPe (b Qlms ulbed

enko G for &1 W BgNBFo/THE solution measueed at v = 4 ¥ 5. Formal potendaly,
(5CE): E, = 045, B =—1.d4 (CoPc) {a) &) = 032 B = —1. 3% [Coongfe) £y = 085, By =—
1.22 (MiPch; £ = .75, E; = —1.12 (MicnPc) {b).
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CHEMICAL AND} ELECTROCHEMICAL SYNTHESIS
OF POLY-0O-PHENY LENEDMAMINE

Pisarevskava E, Yo, Ovsyannikova E. V., Serdyok T. M., Burynk A. K. Alpatova N. M.

AN, Frmkin frstitite of Ploodcal Chemisiry amd Electrochemixtry,
Russian Academy of Sclences, Moseow, Russia

Poly o-phenviencdinming (PPD) Is 8 choracteristic *ladder” redox polymier. It is usually
synthesized anodically from o-phenylenediamine (OPD) in agueous acid solution on vorious
electrodes (P Aw 1TO). Thus svnthesized polymeric film, as we demonstrated by mass
spectrometry with matrix-assisted lnser desorption/ionization (MALDT), contains 4 mixture of
aligomers from dimers io hexamers with prévalence of the former. The quantitative ratio of these
aligomers slightly depends upon the type of substrate,

The pmetical application often requires chemical synthesis, Here it is very impodtant to
produce OFD polymerization products in water-soluble fomn, Eedier, we chemically synihesiced
madified PPD using silicododecamolybdenic acid (SiMo) [1, 2] as the oxidizer and modifier.

Im this work. we studied the conditions for synthesis of water-soluble OPDy oligomers as
precursars of electrosynthesis. We showed [3] that chemical oxidetion of OPD with air oxygen in
agqueous ecid solution to-oligomers in the presence of the oxygen complex of iron phtholocynine
tetrasulfnle (O:PeFe(TIT) as the catalyst results in sccelemtion of farther electropolymerization,
Fig.1.

We nlso studied electrosynihesis of PPD on carbonized cloth and showed that synthasis of
OPD oligomers starts by some 600 mV carlier than on other electmdes. When the cloth was
impregnosed with SiMo solution, the latter was strongly fixed on the surfice, acting as the
catalyst of PPD svnthasis, Fip.2.

b

E.v

0 25 S0 75 Y o4 F) 0.4
Fig.l. PPD redox activity vs.  Fig. 2. 7 (b) - CVA of cloth treated with SiMa, 2 fah )
nurther of ¢yeles in is anodic  ppD synthesis from $x10°"M OPD solution in | M HyS04

synthesi: | - OPD  + o pure (o) carhonized cloth (synthesis of 60 cycles) and
hPeFe(lll) + OPD oligomers  preaed with Sivo (10 cyeles, bl 3 (2, 6) — CVA after
after 2.3 hour air bubbling, 2 - completion of synthesis.
OPD without additives, p
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AFPLICATION OF HYBRIN ORGANIC-INORGANIC MEMBRANES
IN THE FROCESS OF ELECTRODIALYSIS COMCENTRATEON
OF LITHIY CHLORIDE FROM THE (HEGATNIC S0LUTION
N THE BASIS OF N\N-IHMETHYLACETAMITE

Brstasor K.V, Zabolecsky V.I.
Kubgn St Hiiveralty , Kreonodar, Russia

Correnddy existing regeneretion processes of organic cheotrolyte solutions ere ofton
eergy-intensive ad low efficiens. lo this ragard, you need seanch for pew techrological
provesses of separation of soludons on the components of organie and inorganic e while iis
concentralion. One of the most perspectives i5 the process of sloetadialysly conceniration.

Usz of electrodlalysis in crganic electralyte soluions is 2 relaively new ama of ioa
exchange membvanes application, The aim of this wodk i3 to study theorstically and
experimentally the akecrodiabysis concontration of |thiam chiscide fom the arganie soluion an
the: bagis of nn-dimethylaceamids,

The sk of the wink i3 00 sndy 1he bebhavior in the efectrodialysis concentration proceas
of perfluaninated membranes ME-4SC, and hybeid orgaric-inorganke: mentbranes based oo thom
Concentration was cartied ol in elecimodialyrer-concentrator (EDC) using the labormiory-scale
method described in [1]. Analysis of experimental daia shows thes In the concentratlon chamber
of EDC formed with hybrid organlc-lnorpanbe membianss MP-45C + SK02, salinlty of
concenyaE higher on L3=17 % in comparizon with the criginal membeane MF-451.

Caleulstien of the mnspor characteristics of membrenes was carried ot using the model
of electrodiahyels concentration process [2] and showed that the slectroosmolic permeability of
the membrane pairs comaining hybrid membrme is kwer by I mol DMAAF, than dw
membrane pair included the original MF-45C.

Thus, the modifization of & homogeneous membrane MEISC &y silica can decresse the
elarmposmctic  permesbiliy of N N-dimethylicmamids and, consequemily, increase the
corceniration of being in te process of eles rodialysis Conce s
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OPTICAL FROPERTIES OF POLYMERS AND COMPOSITES
O THE BASE QOF METALLIC NANOPARTICLES

Beving 8.8, Tedoradze M.G,

AN, Frumkin Inwiitzie of Phsical Cheminey and Slecirochamisie,
Rautnicrn Aeadeny of Sciences, Moscaw, Rusxia

Spectrphotomeric investigaion of the metallic and bimetallic ranopanticles intsretiom
with light-sensitive polymer, paly-2-metoxy-5-{Z-athylgenyloxy)-1 4 —phenyllarviny lene (MEH-
PPV} in the orgenic solulions were performed  In onder to Jeam the influence of different
additives o0 the soler energy shsorption and the enengy ransformation by pholoactive palymer
layzrs, Prior o it optical absorption and Juminescence specira of metallic {Ag, Pd. P1), bimetallic
nancpartizhes (P4-Ni, Pd-Co) and speetra of the MEH-PPY in the organic solutions ware shidisd.

Statle metal nanoparticles. in Haguid phass wete prodeced in mvsrse HAVAOT isooctane
micelles a6 microreackons wing ohdlton-chemical method at Lanascom Lid labormory (] UV-
¥15 Specord (Shimadzu} was used for opthcal absomtlon specim measurements,  Flupgseonce
spectra regiclraion was perfoctved with Hitachl FoM00 spectmnoter. The nanoparticle size effect
on thet: ppiical characteriatics of clociron absorption spectra and luminescencs wire investgaed.

To detmeitie eepooeal inflesnce of B, Pd nanoparticles snd selected porphyvinates,
various volumes of reverss micedlar solutions with o = 5.0 ([H2O]{AOT]) contining meml
manoperticles, with initial metal jon concermration of ~- 4.0x10* M were added 1o aptically
sengilive light porphyrinakes [2]. In case of Ag nanoparticles, the shudy was done using solutions
with metal concentration increased by ooder of agndude. whike & valoes varied from 1.5 to 5.0,
There i a known dependemcy betwsen flasesscance emizsion quenchlng capabilides and
photoyolinic paramelers of energy converters. Our study has proved thay admboues of PIT) T
o the porphyrines (H;TCP) doss not make inpact on its Inmingacsnce characteristics, while
widtion of Pt nanoparticles (MP) 1o porplyrine (PATCP) solution causes quonching of
lvminescence in e mnge of — 650 nm. Aleng with porphaTine's im inesoence quanching the
buildap of cuedas: Pr NP luminescenos was abserved,

Similar elfect was detammined during examination of Pt NP and Pt porphynaes (TCP)
intzraction,  [ncas: of P NP ralsted stody, the intzasity of the main porphyrinte luminescenes
band Chgyay = GO0 nat} inceeassd by 15 % Addioon of Ag NP te PATCP has shown oaly
decreasa of Turtinescenca band {\mua = 680 om). Owr sudy of reciprocs] influmee of PTCP
and Ag NP reveled NP size cflect on decrease of Muarcsconce intemsiy.  Volisic data measured
for photossnsitive MEH-PPY layers prove thal the addition of Ag NP, synithesized in reverse
tmipelles with mo = 5 couwses huminescenoe quenching, and most efficienlly incresse the
photovolmic parameters of the light-sensitive palymer lavers,

The concept of synergetic effects of bimatallic perticles (Pd—Co and Pd-Ni) sbeerved on
luminescence quenching should be developed because of these eocutslysls may improve the
efficiencics of the stlar enérgy absorption and convergence.

Thiz work is supporved & Bossion Fesmdation for Basrle Reseorch (projecr ¥ 18-03-00796,
09-DE-M0T75A),
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ORGANIC ELECTRONICS - SILICON DEVICE DESIGN WITHOUT
SEMICONIM/CTOR SaND THEORY

Scheim L.B.
Prctopemedertr Coreains, Son Jove, Caltfryn, US4

Before the iventhon of the tranzisior in the 15405, semiconducions were used as Jelectars
In pdios lnoa device calked o “cal's whisker,” A1 thal time thelr operaden was complately
miysierious. Only afier the inroduction s2nleondustor band theary did it become clear that e
“ept's whiskes" s 2 prirnitive canmgle of o Schonky diods, Today ceganic materials are being
invemipued for s elecuonic properties. Such materisls are espocially sitmctive for
lightweight, Rexitde, and low-cost solar calls snd light emrtting doyices, as wetl as trmsistors and
elestropbotographie pholoreseplors. Yel, even after 40 years of work and a lerge daabase, dw
physlcs sno chemistry 1hat determines the chectronic properiies of erganic matorals are no well
undersiond, Practicleg organic elecironics is (ke attempting te do silicon device dosign withow
semizonductor baod teaoey, 1L is the purpose of this paper 1o Wrielly summorize what is known
shiopt the clestranic propertics of orgasic matersals from charge wansport da, It will be shows
thet car understanding of the charge transport mechanian and the loetouic e of ocgank
materials & 4t 4 nodimentay phase, very similar wo the “cat™s whisker” phase of inorganic
serniconducior research.
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ELECTROCHEMICALLY CONTROLLED MULTISTARILITY
OF DOUBLE-DECKER CERIUM PHTHALOCY ANINATE ULTRA THEY FILMS

Schecipr 5.1, Arstanoy ¥. V., Gorbanova Ya.G., Rajtus OLA.,
Shcimimy L5, Birlo K.F., Shokerov A V., Taivadee A. Y.

A N Frumbin Ingtitte of Physical Chemistyy and Electvochemisivy,
Reexwiom Academy of Sciences, Moscow, Ruesta

Lantheiid e-orewtiphilbabocyadine sindwich-type complaxes are oF great imberest Brom the
viewpoint of supEmplkcular device developmend. In the pretent work the optical and
electrochemical investigations of Langmuir—Blodgen: Hlms (LBF) of novel double-decker sernm
ktm- L F-crown-5-phthalocyaning complex (CefRyPel) were caried out The ability of meml
ko 10 exist not only in oxidation state +3 gyploal for Ln series, bt alsn in the cxidation s
o, allows one to expand Nuictiodal abilibes of supmmolecylar dsvices kased on corum
pivthalocyaninatss.

The: analysls of absorplion spectra [AS) of ColR4Po)z In chleroform: in conskderation of
Ce™* (1143 AY and Ce' (0070 A} ionic mdius differenes and earkier punblished linesr
comolaion betwesn lanthanide bis-setra- | S-crown-5-phibslocyanipato band position snd [onis
radius alkvws us 10 reveal thal the valene: sware of cardutn In complesx sobutions is TV. The spectral
neaswemens showed that the absorption spectrum of such complex Langynuir monolayer after
spreading onbe water subphase appeared as a spectrum of rewital compies with wivalan metal
center [RaPE e RaPe )T Monalayer compression up o sarface pressure 2325 mbfm
{phasc transition of monclayzr) is accompanicd by increaging ofthe all shsorptlon band indensity.
The manolgyer AF starts +0 change gradually upon funber conpression and becomes similar
the spoctrum of tetrmvalem metal comphex in solution. Comparison of thess dua with AS of
monalaysrs af asalogous wivalmi prascodyminm s Inksium crownphthalocyaninaies allowe s
iv suppose thal intnmokoular clectron ransfer from phihalocyanine macnoeycls elestroni
system to M7 orbital of corivm oocurs upoo complex selution spreading onto the swbphase
amiace, and the reverse procsss of electron detocalization stavts at high yurface pressures
Possible mectanisms of intramolecular redox-traneformulions in Langmuir monolayers. initaed
by lataral pressure and found out 1 e pressne stody for the first Gme are discozsed.

Cyclle vollamomograns of both CefRBuPey, LBF obtpined st 200 and 25 m™m and
uncrdered thin film formed fromn solution show thet within the polential region — 0.5+10 B
{Ag ATl cach of thess sysiems reveals throe redox-processes which poseotinls depend on
molecular order of the film and s initial stae. Electochemical messwrements of anelogoos
doubie-docker trivakent lanthenide {Lu, Th, Pr) crowophthalocysiinar Eargmuin-Blodged: s
were carried out W0 2udy mechanisms of the oberved redoy-transformationa of the Aims. LBF
multigtbilty opon redex-triggering was demonstrated alre usTng surfaes plisimion resonance
speciroscopy. Fast response and reversibility of swhiching batween siahle stalcs com Serve a3 8
basis for developing switchable apdasfecivasls o'skams.

This wirrk: is supporied by Aussine deademy of Sctences [program § (3 oed Rorsion Foundaiion
Jor Basic Rezearch  fprajece B 0803 -00835).
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STUDY OF THE WATER MOLECULES DISSOCEAXTON

FROCESS AT THE ANION EXCHANGE MEMBR ANES
NG THE BOTATING MEMBRANE DISK METHOI

Sharafan M.V., Zabolotalky V.1, Hugakay V.V.
Kuban Bowe University, Knomodar, furria

Modification of ion-change mmnbranes b change [ catalynic activity agpinst bo water
disgosiation reaction iy oee of the most perspective ways (o increass ohecirodialisys procesy
effclency. Thls can be achleved &y replacing iongeni: growps W eguipoler with roduced catalylic
activity in thin surfece By

The wim of this work 1 to study slecromasstwstor and walker mokeculea dissosiation
processes using the rotatdng mombran: disk (RMD) [1] methed in the systems with indusarial
MA-40 membmoe aod chemieally modified by sireng pehthamlyie complex (PEC)
anionexchengs MA-I membranc. s surfice layer makily aonsisla of Quatemary Aond it
bases

It was determined that membrans weatmieil by PEC kads mo total suppresshon of water
dissociation reaction while conductivity, comparsd Lo imitial miamboune, slighdy decreases (o to
20 %). Thug, OH oansport nembers in modified MA-#0 membrans drops o 0.1 against §.2-
2.3 B milial MA-40 undet overlimiting comants,

It was shown For the First Gme that For Inltal and modifled anbon-exchange membranes
A0 and WA -A0M) deperidence of the [imbiing cument dezsity versies the squarn o of the
membrane disk anguler velocity coases to be linear and goes o plakeaw when rolation speed
bigher Lthan 200 rpme It may indicate of 5 new kinctics type whers the fons wangpon acmes the
mieimbrane does nod comespond b he regulaiions of Slassical s mal-difeion Kinetics.

Mmss maaspon cocificients of swdled membranes wore calouleicd wsing the penial
cument-vohage characteristics {Fig 1)

PRy WA

o b e o

0 3 1 11 ) 5
[ TY
Fig. 1. The dependence of masa oamsfer coeffizients on the cprrent densjty for mambranes
MAD and MA-400 at the membrans disk roration spead of 100 rpm.

It wag shown that galt fons mess wanspon efficiency is higher on modifled WA 400
tembrase conpared o nlial MA-40 membrene by 20=30 % under overlimitng comens.

Relerence
. ParL X»78577 BF, M.V, Shamfun, V.1 Zabolotsky, publ. 27.11.2004,
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ETIDY OF WATER DISSOCTATION ON THE INTERFACE
OF SEMIBIFOLAR MEMBRANES

Sheldeibary MLY., Meloikay 5.5., Zabatoiaky V.1
Kubon Stae University, Kramodor, Russin

Hipalsr membranes {BIFM) is & bilayer compasites, in which cation cxchange and mion-
exchange kyers posses fon-selociive propertles, Such membranes allows production af prodons
ard hydnoiides ions from water mokecules under the Influence of an eleetrie fument, Thes, BPM
an be viewsd o mnisure chemical resstors, having & function of reaction produsts separation.
Thes: properties allows te design of unigue dlectromembrane processes sueh ag acidificarion or
alkalinization of technological solutions without additipn of chemicaly apd by-produets or waste,
In cases where the requived change i soluton pH lay widhia narow Lmiks, this problam cah be
solved by the so-called semibipolar membraces [IT. Dnfroduction of varlou: sddiffves b the
membrane interface, such a8 wano- or wiceaized particlex of inorganic compounds 2], o
ivnpolymers [3) can catalyze the water dissociation mecten and mduce bipolar regiom
vervalbige, therely improving e perfurtiance,

The main aim of this work was aostica of semibipalar mernbranes, in which cation-

cxchange layer is a thin film of MF-45C with caelic additive, conmpaaiie o dw indusinial
bipolar membranes.

Eased on & set of experimente]l dxia with model proposed in {4], the cffective water
diszociationt in reciion layver of samiblpoder membrane rate conmemis (e and coefflcients 3 were
calculated.

Comparing the valpes of the P for ke parameters for semibipalar and hipolar membranes
thows thai the obnined membranss with caiabyst have a high catahytic acivity with respect (o the
wier diggoeiation and cen be efftctivaly applied in ekctte-acidification and alkalizing of dlwe
lecmalytes sehinong.

Tahte. Obrtained semibdpolan(*y and Industrial bipolar membranes characteristics

AM-IY | AM-Wcaialvat ME-1 MEB-2 MH.3
iz, 175 3.5 15.8 8.95 0401 248
Bl miV | 421 626 365 717 .41
Refcremies

I. OR Shewdrd:, ML Ponomarey, Y. Grebenyok, L prdhl. Hiwesd (i Russiang 59 (1986)
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FROTON FERMSELECTIVITY AND WATER EL ECTROTRANSPORT
IN COMPOSITE MEMBRANES MF-45C f POLY ANILINE

y Bevi A A-R. ', Kelethko M.V, ,
Berrciaw N.P.', Compan V2, Timoteev £7.7

!Kutem Surte Uneeersiy, Krasnodar furr
! Daportmerto B Ternodinomed Apleada Unversrdad Polusenics &2 Volensia, Spein
? Erverprase " Plasipofeer ' Sand-Peiersburg, Russ

Proton cotductiviy abd waler baispont with proton i the petfluonnated sulfocation s
miembranes and somposiies sre imvestgnad to ase mthe fied cells as pelymer ol electmivie

Transpact peoperiies and morphalogy of the bulk- and surbwe - modifeaisd,
nanccompoae menbrenes MF-4SCpolyaniling are mvesngaced and the intermelatronshps with
the matnx synthesis conditions are reveiled The rode of the morphological factws a the
manosysitm Fwmatkm nede of polymer mamx, which presenis the nkerpolynmer complhes
between solfogroups, nitrogan centers on Hie arpmaos chame of polyamine and strochred waber
1 discussad Waker slactroiranspont with protons 0 the bulk- modificared composies MF-
A5Cipabysmiling docs net dependend an the camposite morphology and chenges from 3,5 up 2
mol H:2O¥modH™ (wuh the concentration HCI inerease from 0 M up 1o 3M3 [1] 1t 15 shown that
compesates MF-ASChpolyamling are the matersals with high value of prooon permzzlectivity for
both emieralfing and pamgranilne forms of pobvaniline newie of tempist: makrie (G950 96)
2] The dyname hydmion numbers of protons and chiondo casions were astmated g the
“Jrue™ iransport numbers of protons and the <leciroosmotic coefllcients of composies The
pradent distobution of polyenidne i the basic membranss in the synthesia of the sirface-
miedificd composite: ME-43Cpolyamling lesds to the morphotopy trnsionm from mermaze
coptings (1=2 um) @ e nendsize inclusions of polvandine fAbals (3080 nm) f3] The
ssymmedry elfect of diffieien permeatahity and current-voliage charetenislice were discovened
for the anisotrop composites and the modz] for ihe estimastion of the polyambing layer tieboess
was propoasd [4] The possiboliy of transpon and morphology regulanons with belp of the
parameters andhesis vanalions 5 demonsirated The matenals obtuned ars applcated n the
elecicodialysrs concenirating of sali solwtons and n the Ducl cells [3]

The work o supporied by Riostan Foundation for Base Research (proect ¥ T0-D800758)
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THE CATALYTIC ACTIVITY OF Ni,P-COATINGS
MODIFIED BY CAREON NANOPARTICLES
IN HYDROGEN EVOLUTION REACTION

Saprones LV, ., Dolglkh O.¥.',
Vigdorovich V.1, Zhdaseva E N

! Firomerh State University, Fororseth, Ruosin
Iambow Sraie Technical Universiy, Towaban, Roda

One of the promisig metheds & modification of metallic coatngs is the ipclaion of
solid partielts of differont nabpre. Such materials am characterizad by signiflcantly impeoved
mechanical and imique magmetic propertics. Despite tha fatt (het mertionsd in the literturs sudy
focused primarily on the investigation of physical and mezhanical propentics of such composines,
il should be emphasized thal tbe size offect i also determined by the elocironic stucture of
mandomaterials. These propertiss, i turm, detarmine the specific resctivity and may be weful For
ekecirode materials, which enhasce the rafe of eecirochemial processes. Therefore, I is
expeciad that nanostructured nickel coatings will heve a high catalvtie activity in reactions wiik
the participation of Hw sdsorbed intermedistgs, for example, in the hydrogen evahdion maction,
S0, Whis work was aimsd gt madification of skectmdepasited Wi P-coatings by particles of mult-
walled panctubes (MWNT), swpordispersed.  diamomds (SPI¥ and graphite and soedy of thelr
culahptic activity in the lydrogen evoluion reaction in zcid mediom,

It was found that doping of WI,P-coatings, evon by small amounts of carbon particles
kads o & change in theit Cotmposition, strueive abid momhology. Thie, usage of the SDO led o
an incress in the phosphorus content, while MWINT and graphite decmasze this parameler,
Dhespite the fnsignificant chatge in the cotposition, surfce motphology chamges mfficikeny
doring the tmansilion from the original Mi-P coatings 0 compesites. Inchusion in the conting of
solid carbon particles causes a refinement of spherulites and the appesrance of 2 grid of cracks.
The most prosounced of these sffacts are in the cage of contings Ni,P-grphiie, Simuliapcously,
theee coalings ar: the tost amorphous of all the soudied materials.

The catalytic propertics of sypthesized coatiogs iu the ydrgen evolutdon reaction wemg
Investigated. I was foond that doped allcys, sbiingd from the dectrolyre with low concentiation
of nanomalerlalz, ncrease the reaction rate of hydrogen evolution almost twice &5 compared with
cast nlckel and tha original Mi-P allay. The grphilz particles only slighfy reducs the activity of
the costings in the imestesed maction. Womaloing the raie of hedeogen evolution 1o he
comesponding vahes of mlative rovghness faciors of te coalings showed that the high catalytic
activity of alfoys MLP-MWHNT caused only by the development af the surface, while all the other
stodied coatings increase e mis of the precess ool only by geomerree factor, but also bedanss of
their eecteodiie stractuns. The diret elstion bermvech the raction mie and Eaction of the grains
with {1 113 orientaiion was faund.

This work Iy smpported by i Russian Fewwdailon for Baric Resecreh (rrofect § 09404
TS Yz
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STUDY OF pH CORRECTION OF SO0TMUM CHLORIDE AND SODIUM
BHCAREONATE DILUTED SOLUTTONS IN ELECTROIHALYERIS
WITH HIPOLAR MEMBRANES

Uiln 5., Zabolotsky V.1, Sheldesthior M.V,
Knban Stote Liniversity, Kresmockor, Russio

With conventionnl application of ckctrodialysis For desalinatlan ad comcentration
recently process of ackdification amd alkalizaiken wslog elcrodiabysis with bipelar membrans
demandes wihiely. This protdem appears during production of ackds and basss [1], pH comection
of okecrolyte salutions in chemical |2] and food indusary [1].

[n thiz work for investigation of pH comection of sodium chlonde and blcarbonate
chieride diluied solufions (consentration is 401 M) two-companment elecirodialysis cell was
wad a3 elemestary unit and consisted of two blpokst membrans MB-3 sl anboa-exchangs
membrane Mk - between tham, Cument afficiency of pH corraction prosoess of sodium chilonide
depmnds on intensity of water dissociation both on bipofar membrane and anion-exchange
membrane. It is discovered that when pH values of solution pear membean: are more 10 & 3
chserved decreasing of waler dissocialion rete (decreasiog of B and OH iranspont numbars)
coms=d by deprotonation of tertiary aminogroups of rmombrane MA-40 [4].

During the invaetigalion of electrodielysis with bipolar misrbranes for pH sortetlion of
bicarbonale soluthon it necsssary [0 ke Inte comtidenttion chemical meaclions bebwssan
mearbonate-ion and products of water dissocistion, occwrtlng in sdution and in ion-exchengs
material.

Thit work war sighported by Raosion Foondarfon for Bofc Ressarch (profect 8 08-03-98527).
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ELECTROACTIVE FOLYMER COMPOSITES BASED OMN
COMPLEX HAVING PHOTOREFRACTIVE SENSITIVITY IN OPTICAL
COMMUNICATION RANGE

A Vapnikey, Yo G Gorbunova, 4D, Grishing, A.¥u. Tlvadee

AN, Frunmbie Frastliate of Plhvsicol Chemnelstry ond Electrockemeliiry,
Rugsian dvademy of Solnces, Moscow, Russia

Composikes fom PYEK and supeamolecular ensemblies of Rulll) tefw-15-orowne5.
phihalocyanets motorules sinlly coordinated with etiylisonicolinne, (ALERRWEINE, bive the
Chargs transpirt proportics, ako phowoeloctnic and photordmetive (PR) sensitivity ar the aptical
comnunication wavelmgth 1550 o The PR offect is uwsed for comrection and amplification
infortative laser beam and appears in 8 photosensitive polymer compogie vpon interferencs of
two Inser beams. Under thegs conditions electrons and holes, genemied in bright interferencs
fringes, drift in condycting polymer matrix in oppodile discdons in an applied de sleetre figld E,
undil their capture in deep traps. The papped anlikely chacges form 0 perodic zpeee-Chage
electric fiekd E., which poles monlinear optical chromophores, temby causing periodic
odularion of the refractive Index As, Le, crealing & phase diffraction gratng in the pohymer
hover. Ar diferene deift mobilicy of valike charges, the grating becomes spatially shifted by »
disiamz x or & plmse o = Mara, whee A IS the prating spachng) relative o the nterference
patemn. Under these conditions, one of beam {te probe beam] s in phass with the grating-
diffracicd part of the second pump bewn, and thelr corathicuve interference reauls i
empfification of the probe beam. The two-beam amplifcarion soeffickent cquls [ o=
dxincos2Bsing (8 is 2 angle betwesn beams, 4 = 1550 nm). The pemp beam is ot of phase w
the diffracted part of the probe beam ang ther desnuctive inferference leads to attenuation af the
pump beam.

Principa) dincetion of our wark |5 the claborstion of the PR composites based on the hale-
sonduction palymers having high glass transidon temperaiure T, The high Ty polymers improve
the sebility of composie characheristics bat nequings the use of the third-grder noalineandy
optical chrosnophores as only third-order dleleeric quaceptibility has mounzsro value at chaotic
distrRsdon noulmear opfical chromophores which ere frozon at casting of the pohymoers with high
T The third-order nonlinewriny was estirated with methad ELFISH - the alsciric-feld-induced
sennd-harmagic generation, The third-grder suscepdibility of 1 M makeuka {R.qPi:}RH[E[N}; it
cotimatad as 77 = 0.9 x 10°7F oz and individual molecule polarizability & abouly = 4 x W2 e

It was established thet 2t 1550 nen the basic PR charmscteristics: two-beatin coupiimg gain
cocfficicat T, the nét coefFicient T — o {e i sheorption coefBolent} and the tlme constant of he
diffrecthon grating formation, T, equal correspondingly 10 25 cm™’, 19 om™" and 3.8 5. The
additional ntsedustion of Coy fullerane i the composite and preillominaion (peetininary
illymimatico of the whole Iayer in an oprical absorptlos tange of Cgg in the absence of £y Beld)
provides pariisl Blbng of the deep trag and increase & phass g, Az rasule die wo-beam coupling
gain Incrsase 1 [ =483 o™ and inthe net gain roaificient iy C-g =423 om™.

Thiz work is pupporsed by Russfme Foondation for Baee Resevnck (projecis & 080308027 ond
O5-03-00835) comd the SSTC fprofecs #3715
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ELECTROCHEMICAL CHARACTERISTICS OF NAFION
MEMEBRANE WITH CNT MODMFIED SURFACE

Vederpikowa E.E., Melnik N.A., Pismenskaya N.D., Sokolav MLE,
Kubam State Umiversity, Krasneodar, Russia

The surface of Mafion-117 jon-exchange commercially promembrane was modified by
ihin compozsite polymer film of sulfonate polyietrafluoroethylens (SPTFE) doped by carbonic
nanciubes (CNT) Complex of experimental dats were obtains including clectrochemical
characteristics  (currenf-voltage curves, chronopotentiogramms), transport  chameteristics
(concentration dependences of electroconductivity -and  diffusion - penetrability), structural
characteristics (topagraphy and morphology of volume and surface) and contet angles of the
initinl mnd the modified membrane surfaces.

It b5 shown that CNT, which introduced into the volume of the modifyving film, "stich”
SPTFE. As a result, the diffusion permeshility of membrnes with modified surfoce decreases in
comparison  with commercially produced membrane. For example, in the syslem
H:¥membrane.5 M NaCl diffusion constant (em’/c) is equal to 5.6 x 107" and 132 % 107
eonsequently,

External wall of nanotubes ks "wrapped™ by hydrophobic chains of SPTFE, and
hydrophobic fragments are concentrated apparently at the surface of nenotubes and hydrophilic
side chains sre repelled from them and are found an the surface of the modified membranes,
Hydrofylisation of the modified membrane surface reduces the development of electrocemosis of
thie second kind, which noticeably change the elecirochemical behavior of jon-exchange
membeanzs under intensive corrent regimes.

e WD rifmi

Fig.1. Carbonic nunotubes wrapped in Fig. 2. Curreni-voltage curves of the origin
sulfonated polytetraffuoroethylene on the Mafion-117 membrane and a similar
surface of the modified Nafion membrane memhbrane, modified by the film of

sul fonated polytetrafluomethylene doped
with carbonic nanotubes

Thix work ix supported by Russian Foundation for Bazic Research {project # (9-08-946529),
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POLYPORPHINES: A NEW FAMILY OF CONDUCTING POLYMERS
Yorotratwev M A, Komew T I/, Doviliers €./, Baxverkhyy 17, Helntz 0.7

iU LR 260 CNES, [ "Universié de Bosrgogne, Dijor, France, i Bor gogtie i
PACE-LIMR 5300 CNES, 1 Lindversiné de Bourpose, Difon, Frane

Porphiyrin molecul=s contain a coajugated macrocycle of 4 pymole rings linked via CH
Ieidges, to which varows subsifend groups can be siached. Such substiruted porphyrins
demouserated inweresting propentles in te areas of catalysis and elocoocatalysis, sensort, non-
linear optics, Inmineszence me.

Numeraus stdics wers dovited o incorparstion of subsibded porphyrins ime 2
caddicting-polyter MalTix a8 counter-ions (pophyTing with sttsched negatively charged proups)
or owing 1o 1hn polymer chain formatien by a substitaent (2.8, aniline), In 2008 1he fArst examples
of eonducting capolymers with porphyrios and aromatic dngs insids the principal chaln we:
nepoited

I our shaly we have syntheslead for the Brst time ropresentatives of & new family:
conducting poiymers based on an ansubstineed posphyrin {"porphing”) a3 monomer unit. The
deposition can be redized alsctrochemically with a stable growih of the conducting Glm. The
properiies of tha resultimg pelymer depend crucially on the dapasition poisutial, as demonsirated
with the usz of a set of sxperiments! chniquez (CY aod chroncamperometry, i s
conductivity, optical micromopy, XPS, XRD, UV-visibk spectrociechochemistzy, FTIR
speciroscopy, MALDI-TOR),

If the porphing oxidation W realized at & bow podenlinl the depasited polymer (™l of
type: [") eonisdas of chains, with neighboring mooomer wnlts lnksd by & singhe bond io e
pogitient. |15 redow propenies ave comventional for conducling polymers, with potental intervals
for v and n-doping (In which the polymer is clectronically conducting) separaed by an clecto-
inectivity range (i which the polymer i an intulaior).

Electrochenmical repment of thiz palymer {oc the oubdation of solutez monomer] uwader a
higher positive posential resuits in fomation of Quibe 2 different matesial with very wnsual
properte (Milm of type 11", En particulas, it demonstrakts an clictoactivity unlfoemnly
diztribubed within an extremcly brosd poseniel bterval (sbove 3 V), sad the neaterial rdaing ils
elecironic conductiviy within this whole potential range. I implies that te clicironic
delocalzaion oceurs for & brosd mnge of the pakyiner oxddation kvels includmog its nautral slete
(for which comventlonal conducting polymers become imsulaling). The: spectral propertles of the
polyaner i the LTV, visihc and IR ranges also change eadically, This maserial with a zero width
of the electrochenical band gap and pariculer opical popertics is promising e varkous
applcations

Fimareirl sugpovt of CNRS, Congell Kégiona! de Bowrgogne, Unfrérailé de Bourgogte
gl Rugniar Foundasion for Basic Reseorch (prafect § 0-010101 7la) i acknowiodged
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CONDUCTING POLYMER AND YANATIUM OXIDE BASED HYHRID
NANCGHCOMPOSITES FOR LITHTUM BATTERIES

Fozwdigwairy O Xy, Gomchavok O A, Dysdyan V.5, Kahsehkn V.G, Pokbodenko V.5,

L ¥, Pisarzhevsky Insitvte of Physical Chamistry,
Netionat Academy of Sciences of Ukraine, Kiav, Ukraine

Hybwid nanocomposites based on conducting conjugatcd polymer s (OCP) and different
compoonds of transiion mewls anrace anention of many reseschers eypaged in cresion of
prentisng cathode maksials for lithiva battexies, [n e present report, using vanadivm oxide and
polypyrrole based coraposiles as an example, the cesulls of the compambive study of the
functiconl elzctrochemical characteristics of thi hast-fuest hybrid nanacomposites (HNCy), in
which the predominant part of the CCP s inserted inzide e imterlayer gallades of the inorgnic
maimix, nd the core-shall hytrid nanocomposlees (HINC ), in obich e polyiser fowms the Glm
o1 the surface of the oxide nanopanicles, are presented.

The data of X-ray diffraction ahowed the incorporation of polypyiele macromokecnks
lnslde the interlyyer space of the inorgasiz compotenn of HNChy st aise e disondercd shre of
the crystallios latice of ¥l in HNC,,. It was extablished wsimg TEM 1hat HNCip congisted of
aggregama of polycrystalline particles of 20-50 nm and the size of te panticlas In HWNC,, i5 100
nm.

Cyeling volmmmogram and differential ity curve of HINCyy comiained two cathode
peaky af potentials abowt 2.5 end 2.4 V wr LifLiT which correspond to intercalation of lithium
ions in o and hoenters of WOy xerogel, while oaly ome peak abont 2.2 ¥V which prebably
corresponds (o e Imnsition of te cxide n y-phase was observed for HNC,.. At prokonged
charpe-dischargs cycling HNCy,, in comparizon with HMC.., possessed higher specific copacity
and Improved cycHng abdlicy,

Fig. | Nyquist piots for HMC.. (2) and HMCyy (b) ar different petentials.

Froquency dependanie of impedance was measured in the range betwoon 100 kHz amt
.75 mHz. The different behavior of the impedance of the nanocomposites was established.
Equivalend clreuits for interpretadon the Nyquist plots ware propased; they thowed the absence
of the passive film on e surfice of the panecompasites of beth types, The values of lithlum fon
diffusion eoefFicients, which in HNCy sppeared o be one ooder greater than in HNC,,, wese
calculaizd. It was shewm (het high dischage capacity, sbility oo prolonged <harge-discharge
cycling and impeoved diffusion of lithive ions in HNCey are the consaqueice of pllaring aclion
of the CCT macromolecules o the Javers of the inorganic matrix
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EFFECT OF INTHIOTHREITOL ON H' TRANSPORT IN FUNCTIONALLY
DIFRERENT CEEL REGIONS OF CHARACEAN ALGAE

Dodoteva 8.0 Krupenina N.A, Balrehey A A.
Leinonorovy Moseow Stare Undversity, Foenlty of Biotoegy, Blapfysice Dep., Moscow, Bussior

Lluminated cells of characean algae produce spatially heterogoneous apoplagtic pH prodile
with ahernaring regions of high H* pump activity and high meambrane conductance for HY, Action
patcatial { AP keads to the ismparal cossation of souner—diree=d 1 flows and opposits p] shifts
in difforent call arces, which allows tho asscasment of of H™-pumps and loak sctivitics. |t was
shown with the hielp of pH microzkcimodes that, in the el rezied with dithicthreiol (IFTT,
disulfide reduciog 2gem), the AP-loduced pH changes decreused In the alkaline soned and
inctegsed significantly in acid 2ones. Meaawsmenis of membrane conductance b alkallne zones
avowed that DTT lowstsd the light-depondent membrane conductinncs of the resting czll and
weakened the AP-induged conductance inactivalim, The msulls of this work sugpest that 5-5
bonds reduction dedrtased de membvane eoodictence, while e activity of H - piatip resikmed
miact or pven mkersiBed. The HY Bosvs 1n alkaline and acidic Zones are disnapred in anch a way
that the cherge caned by H pamp E compansaied by fues of odver ion species. Thaza fuxes,
in ¢otiragl io H' Aows, ane disteibured uniformly and are inasnsifive 1o tbe electic excltation of
cell mermbmands.
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ELECTROSTATIC AND MECHANOCHEMIC AL PFFECTS OF POLYVALENT
TONS ON FHOSFHATIDYLSERINE MEMERANES: RELEVANCE TO
MECHANOSENSITIVE CHANNEL FUNCTION

Ermaks® Yu.A.', Kanarsjs K, and Subkarev $.°

A N, Frumkin duttute of Physical Chemisivy and Elevrochemisey
Rarxion Acadeory of Sclences, Moscow, Rwela
“Deparement of Biology, Dmiversiny of Maryiar C‘afkgt Park, Mondand, US4

Membrage protein function often involves large-zeale conformational dynantics which
akes it senadtive 15 the composition and physical propertias of the sumounding lipid inatrix, The
mechanosensitive chantel (MaeL), a common cinalyte kst valve in bacleria, iz one the well
sudicd model systems, At membtane ensions of ~10 mbin, MseD ¢omplex opens a 3 nm
conductive pore undergoing & 20 am® li-plare shpatision,

Gd™" ions were reponed to block many pes of mechanosensive channely, bt Matl
apening was jnhibited only when tvw chennel was reconstowed wih mdoake Uphds, e.g.
phizsphatidylscring (PS5, Taking this bead, wo performed & detadlod study of PS interactions with
Qd"™ using the lipid moualayer Lechniqus, intrmembrang fick compensation {IFC) on pianar
Lipi bilayers and elecimokinesic and iscthermal titration catorimeiry techniques on liposones, All
techniques suggested an effective Gd™—P5 binding consam of ~10F M. Electrokinetic
measur=ments show completz newcralization of phosphatidylserine. headgroup charges by G,
whersis IFC detects large { 1(H=140 1mY) changes of the Imerfacial dipode patental sssosiaied
wilh kon bindling. Monalayer data in confurctlon with IFC Indlcated that tie siong dipole offect
i & raguk of mechano-chemical compactdon of lipid molacules apparenily due o coordination of
multiple phesphaudyzarine headprotups by ad” ioms. The depree of phosphatidylserine
compaction depends on the sanwation of the ac chains with the maxinum efTect observed in
dimyristoyl phosphatidylzetine, which undergoes a liquid-gel phase ransition in the presence of
Gd™, The ekecirosatically-driven mechanochemical compaction of phosphaddylssrine by Gd* s
predicied o change the lateral prassure profile consldened an impoeteni physical propey of the
lipld bilayer aberimg the Rinction of membne prokehs,
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INACTIVATION OF H-CONDUCTANCE IN THE. CHAkd CELL INDUCED BY
ACTION POTENTIAL GENERATION

hrnpeging M4, Bilychey AuA.
Lomonosy Moscow Stoie Undversity, Foouliv af Biology, Blopfaics Dep., Moscow, Russia

The action potential of excitshle phant colls is & multifnctional physslogical sgnal Lt
genemlion 1n characean alpae cuppresses the pH banding for 1530 min snd cnhancey the
heterogensity of spatial distribution of photosynthetic sctivity, This suppression is largely due
the cessation of H' mflux {OH 2fflux] fm the aicallne cell replons, Measuramenis of local pH and
membrane conduciancs 10 individunl spaoe~clamped alkaline ranes showed thet the action
potectial gencration is follewed by the ansiziu disappeacance of alkaline zooe i parsllel with o
large decrears: in meribritte candindance. Thes chunpes, specific (o glkaline zones, were only
ohoerved utder continuous lumination following a relaxabion period of al least 15 min after
Previous axcimion, The cxcitation of tark-sdspied cells produced no conductance changes in the
post-cxcitation period. The resulis indicase that 1he origin of akaline zoncs in characcan oclls is
net due bo oparstion of elecimonenral HYAHCOY ™ sympet ar O /HOOy™ andpedt. I is concluded
that the membrana oxcitaticn i3 azsocisrs] with insctvation of plasmalemme hikgh condoctance in
e alkaline ocll regioos.
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REGULATION OF UCE- MEDIATED FROTON TRANSPORT

Pohil Elens E.
Depariment of Bromedical Seronces, Unferedy of Falerinary Madicine, Fiermo, Ausiria

Uncoupling prowzins UCP| and LICP2 are mitochoadrial inwer membrans protsing, which
combribute b the dissipation oF the prokn gradient in mitchondna The tight reguiation of proton
conductence may be Imporatl it mitochofiddal respiration and metaboliom. Meanwhile it i
acceptsd that LICP] and UCP2 are activated by Free falty acids (FA} and inhibited by porive
nucheatides. Meither the mechanizm of potivation, nor of inhibition s anderstood. Tn our tecent
wik {1-31 ¢ imuestignted the ability oF scveral small mokecules and different physical
parimecicrs 13 activale LACP, The well-defined model of planer ipid membrenes recmstiouied
with recombinant LICPs was uged, Owr data indica that Both wrssmrated FAs and the high
Tranamemsrane podentiol A% contribate signifcacly o the ineresce of the UCP-medized
memibrane conductance, n conlrmst, akiehydre product of lipdd poroxidation 4-bydoosy-2-
nepemal, witich was propased to be a putstive ICP activator, has no direct sifect on e protein.
We discuts the results in 12mits of the “faly acid cyeling™ hypodhesiy,

R resines

1. Beck V., labuck, M, Breen, E. P, Poner, R. K., Jezek, F, & Fohl, E E. Fischim
Bioghys, Acta 1757 (2006} 474479,

2. Beck, V., M. Jabunek, T. Demina, A. Rupprache, . X. Parter, ®. letek, and E- E- Fohl.
FASER X 31 200 11371144,

1. Rupprecht, A Sokolenko, E. A., Beck, ¥., Ninnemann, O., Juburek, M., Trimbuch, T.,
Klishin, 8., Jezek, P.. Skulachev, V. P, and PohY, E. E. Biophysical J. $8 (2010 1503—
1511
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FROTON MIGEATION AONG THE MEMBRANE WATER INTERFACE

Sprmger A’ Hagen V.. Choropanev D.;* Antemenke V... Polh P!

! tohapima Kapler Linnermuas L, Auctrue

T Forschungaeain fir Molehdare Phormakelagre, Serive Gerowmy
YA N Frupien nstitute of Plysicel Chemusiry and Electrochemistry Mosoow Russia
*Befezarsky Iituie of Frasco—Chemeea! Bralogy, Moscow, RBussa

Proton duffusion slong membmne surfases 15 thoupht to provude an efficsent link
berween fikes of proden nebeass and sies of prolzin comsumpion The teo-dimenswomal
conflincménl méy noly wark oF there 1€ an enengy barner eebich prevenis e promns from
resctng warh mabile burfer malaegbes from the dolk, or Gom dfismg it Be bk solon
The ongwn of this baerier 5 ool clear Mod ulien, i@ anrbezd 1 caeobile bufer molerules
emtbedded wilo b membrase Altemahively, profoins mey be retuingd close w the momboae
because proton upake by iptarfacel walsr moksculess which have sacuficed one hydrogen
bond may be snergetically less costly than upiaks by bulk molecules We have test=d the
hypoihesis by measuning the H' Hox abong 1he yurface of planar bilayer hipad membranes (1)
Therefore, ihe protons were rei=ased m & small reclangular ams by Nash phatabeas of &
hydrophobie caged compound DMPC) (1) H mugrancn oo 2 region of inkrest was visuelized
85 & chaops in feonescence mensty of & Lpd bound pH-zensinve dye (PE-fluorescem)
Memibrane formaton withost (1) phosphadylethanclamne headgroups or fu) phosphate
moweties decrensed the amoum of peotats mixpating Along the surface and incresged the probn
flux wvia bulk diffusion Howisver, 1f the conientrapon of mohile buffers was also decrensed,
proton suctaee duffizon was ohearyable even w the absance {1) of mmabile membrane bulfers
or {1} of changsd mosstes meheatyng that theve has & be a thind component contribatog He (he
cnerpetc bamsr Most Jdeely that thied companent 18 reprazanied by the frst waler layer dlose
1 the cembrgnge surfsce smce the stuctoral diferences ffrom bull water renders 1 susceptible
o EXeess protons

Fiearei support by the Denrsche Forscluspsgemenschat i grotefilly acknowirdeed

Referemees
| Serowy, 5, Saparov, SM, Antonznko, YM, Kozlovsky, W, Hagen, ¥, Fohl, P
Soucturm Protoo Oilflison along Lipid Bilayers Sropdvr J 84 (2002) 10321037
7 Gomker, 0 Amonenks, YN, Schondt, E, Kellar, 8, Krylova, 0, Wicaner, B,
Bendig, ). Pohl. P, Hagen, ¥V ({Courmtrin-A-ylmebyl esters a5 bghly 2,
ulirafast photomggers for protons and ther applicstion 10 acuifving membrane
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CR0ES- LINKIMNG OF FHOSFHATIDYLSERINE BY LANTHANITHE IDNS:
MACROSCOPIC PARAMETERS OF BINDING AND ATOMIEIC DETAILS
GF 10N COORDIMNATION

Amishkin A", Kisnaraju K, Ermakoy Yuh! and Sukherev '

! Depariment of Blodogy, University of Marriand, College Pork, US4
AN Frumfin fastiue of Pivsical Cheorinry and Blecirochensisery,
Rurricrn Avachemy of Selences, Moscow, Raisle

Tntesnetions. of polyvalent fona wih changed phospholipids have multipls bBiokogieal
conserbances aird bave been studied for decades. but the stomic detaily s being clanified only
now._ Gagolinium (Gd*), & small lamhanide, is widcly used a5 8 diagnostic MR1 conmsting
sgenl in chelated forms, bun fres Gd™ is 8 potent inbibitor of platcict and macmphags function as
well a3 & hon-specifle Mocker of mechanosensitive channels. Recenify we toend thy Gd™ blocks
bacterial mechanosensitive channed Msel. trough Iitersetions with negaively charged Kpids
surrounding the prosem, copecially with pbosphatidylsecine (PSR Here we study the
thermodynamics and mechmochemical effects of Gd™ binding o PS and envision thess
inberaciions through Molecular Doynanics (WD), [scthermal ttragon calorimeiry of dickyl
phosphatidylserine (DOFS) liposomes with Gd™ (Ko ~10° M') ivdicated that the charpcter of
reaciion changes [mm endoibennic oo exothertnic, sugpestng that nitkl blinding has a largs
enteepic contribution apparently o desolvation of ions and charged hesdgrmoups. DOPS
manolayers with 10 ) Ga*' in the subphasa exhibited 3 3-10% compaction (3 35 mMm).

We tuve perforined enkensive MD slmulatians of DOPS bilayers with Na* and ad* aml
Found complete neutralization of 1he surface charge through direct coardination of GE™ by bath
carbenyls andphosphmes of PS groups. The mast probable canrdination patems were formed by
e carboxy| (wo axygens) and one phosphate woygen from tvo PS molkeoules (with 5 addivona
waters), or by two carboeyls and anc phosphate: foo theee diffierent P35 beadgroups and 3 winlsrs,
The coadinatdon produced an ~8% arca decresse of the simulated bilayer feading 1 soong
distortion of the lateral pressare profike with addidonal peaks of pressore I the perphers] reghons
of hydroearbon. The simulstlons illusiate the naure of cross-linking of multiple PS headgroups
by Gd™* and Bxsociated changes of surfaoe ehecrosiatlcs and lakrad pressure distribution, which
appear (o be the major tactors Glocking surfasce mcognition of PE by macrophags recapiors and
epering of membrane-embedded mecbandacnsiive Channgis
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INFLUENRCE OF PHYSICAL FIELDS WITH LOW AMPLITUDE

ON PROCESSES OF IONIC - MOLECULAR TRANSPORT OF ANTIRIOTICS
THROUGH BIHLOGHCAL MEMBRANES

VacaKln AT Serjamov 1.V, Arkipova N.Y.
The Sarmiov Stave Tectmical Driversfny, Sarotov, Rutnia

Ther models of ionc=molecular tansport of antiblotles in lpkd-albuminots membranes
and muscular biclogical fabrics are prasented i abe given work. Models are constructed on the
bazis of generalisation of the experimencal matesial neceived an research of Ritttics of antitdotlss*
tmnspont i placentary and muscar mombrancs under (he miience: of ¢lecine, constant and
varable tnapnsiic, weowsti, leeer, microwave amd othey fickds and their combinations. Models
can be usad for wetking out of theoretical bases of medicingl phovetical physiotherpy, mosden
techniques of treatment and physiotherapeatic devices.

The methemanics]l modals of slimulative asmolic migmibion are constructed on the basls of
miodel of wa fristle quasicrystals and the analysis of sxperimentsi lvws of migration of anbens of
Chiveamphenicol, Berzylpenicillivum and Chacillin threogh Bpld-albuminous and wuseula

membranees invitrg,

The sructurs of 8 muscular fabric means spacd fic adagption of lons fFom ad inkersellulay
ligeid ca the clectrostatic or spatially-waterproof mechanism and fixing on the comsspendng
petive cenlres. The adsorbed ifon: form 8 plane of Helmholiz The charge of these ions is
compersaind by surpluz of ions with oppesite chitpe i an imoreeliulir liquid. Depending on
their evmietibation of ions with oppodils charpe  Are distribuled eore or 23 diffishvely in an
electral it blankel lane with opposite charge ars separsted from & sumface of 2 capillary by an
exkemal plane of Helmboltz, and the volume chargs which iz ssttling down between this plana
and dexp layers of a solution, can move concerming o surface (ogetwr wilh 4 liquid. As s rezull
the slectrokimetic phenomena, in paricular, oewos can be observed,

‘The mathemelizal modsds of camying ower of maon ks ane based on mlmpretation of the
classical equatlens of electremigratory diffuslon of Helmboliz-Smelvhovsky, Goldman and
Goldman—Hodzhkin—Katz. b is shown that the mechenigm of cerreing over of jons i lipid-
albumingus and muscular membranes is distmguisged n Ipid-albuminous membranes tere is
an dlecromigratosy diffiske on the lipid-albumineus chaunels fmed for the account of
confomational deformations of maolecules of phospholipkds and isrs with Ectirs of diTusion L
= (2.6-3.6) *1 smis. Caying over in muscular fstmics b cewed by migmiion through
charged channels betwesn fibers with Ractors of diffusicn D = (6.0-10.0) x 10 s/, Negative
energy of activation of diffeskon is cawsed by the changs of srcame of momwlar fibers and
expenses of thermal energy for replacerment ol CC out of channeds” walls.
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FROFERTIES OF VESICULAR SUSPENSIONS FREFARED
BY IMFFERENT METHORS

Vitkeva V. V', Antaova KT, ", Paprikoy G.381.",
Mitoy M.D.), Ermskov Yo,47, awd Eitag i/

 Enssivute of Solid Suve Physies, Bulparion Academy af Solences, Safla, Brlgoria
Cenival Laboratory of Solor Energy and New Encrgy Sources,
Buigarian Soademy of Sciences, Safie, Butgaria
34N Freonkin buriiece of Phyviced Chemisiry and Electrochemisiry,
Rurrian Academy af Sekences, Miscow, Rusria

Ginne lipid veslcles are obiined mainty by two methods of thelr formarion:
(0 clectrofomaaion and (1) gemile hydration {spontanoous swalling).  Yery often the
electoformation is camied out using indivm-tin ouide {ITO) coated plates ax electodes The
alm of the prestnd work is o stady the inflience of the formetion method, snd more
specifically the [T eostngs, on some physicochemical propertics of the vesicle swspansions.
Elcctrchemicnl inpedance specircscopy {FI5) techniques will be applled o check the
coductivity of identical giant wosicle suspensions (same lipids aod suspending media),
prepiued by die two aethods, Our study is iitended to polvt qui postible implications of the
electmoliwtialion medhod, espacislly in cases when phenomens, related oo e eleciric
paperties of the vesicke membranes, arc invest kgt
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DETERMINATION OF REDUCED HEME TRON OF CYTOCHROME C BY
THE TECENIQUE OF POTEMTIOMETRIC REIMOX TITRATHON

Yigdimireva Lills 3. Kusbey Zhivie L, and Kochey Vadory K,

Sofia Uritverzity “St. KZimant Ohridsbi”, Facsdty of Physics, Depeptoent of Aromic Physics,
$ Jomes Bouchar Blvd, 1164, Sofie, Bulguria eaf: +330 2 81 81 317, foe: #3592 9625 276

Cytochromes we knawh 43 important redox proteims involved in the movement of
reducing equivalents, coupled with oxidative and phatophospharilation. Tue b the tasgibion
sates of thelr hemie inen aloitie, 1hey are able b carry lzdirons betwesn sveeal parts of elsctzon
ransfizr chains. Amemg this Fomily of probsing cyischmome ¢ especially, is unigue with two
feanwes: 1) it Iz the only water-soluble protzin and 1) in sddition o i3 slegton tramafer
capabilities, il plays a signtficany role in signaling For apopbasis. In the: prestnt sork, sn atizmpt is
made o evaheste the quantity of mduoed heme iran of cytochrame c in the solution, The method
is basad on the vedax (lration of Fa{lly with Ce(TV) as tcane, Patentbometry is used to detertning
the point of aquivalence, These and pravious results sugpeet, that the tachnlque of pobenitheneirls
redox teeation could be a reliabke ool for assessment of Fe(ll) conismiz of some profeins.
However, precaitions 2m necessary mpuding the presence of niarfereni in gwe solution under
axaiinatbon.
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Tlratlon of 35 mg cytochroms ¢ (042% iren) in distilled water with 001 M Ce(I%). The ohizined
total Fef1[) content i the solutton is 3.1pmolcs.



