saqarTvelos mecnierebaTa erovnuli akademiis macne
PROCEEDINGS OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES

RYJreuorRC VOARIVO[? 1 B 0507 fRR 1 QU

gimiis seria
CHEMICAL SERIES
t6¢lq?l bl Bott Oq

ISSN 6 0132 0 6074

tomi
2016~ 3 Volume 42

U a3

Thilisi L TBILISI T51 R[ RUR



sagarTvelos mecnierebaTa erovnuli akademiis macne
PROCEEDINGS OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES

RYJ[8UBRC 1O0ARIV O ?P v B ¢sdrrfRR 1T OULS [t

gimiis  seria
CHEMICAL SERIES
b O0¢lqgq 2L b Bott Oq

ISSN 8 0132 9 6074

tomi

Volume 42 =~ 3
v s

Jurnali daarsda 1975 wels
The Journal is founded in 1975
rztcdzOdz sfdeso ©dz 9 1975

weliwadSi 4 nomeri
4 numbers annually
4 desdzj tc©® © G tSH

Thilisi L TBILISI Tl R[] RHYR

2016



saredaqcio kolegia
A

i.Jordania, i.rudilo (poloneTi), S.samsonia, e.gemerteliZe, g.cincaZe, v.ciciSvili
(redagtori), T.aglaZe, a.bakuriZe, z.faCulia

sagarTvelos mecnierebaTa erovnuli akademia, gimiisa da gimiuri teqnologiebis ganyofi | eba
Thilisi,  rusTavelis gamziri 52
pasuxismgebeli mdivani r.ciskariSvili, mdivani g.ebraliZe
petre meligiSvilis fizikuri da organuli gimiis instituti
0186 Thilisi, politkovskaias g. # 5; tel. 254-1562; el.fosta : chematsne@posta.ge
Jurnalis elegtronuli versia (tomi 33, # 1 tdan) ixileT veb -gverdze: www.ipoc.org.ge
statiebis referatebs aqveynebs Chemical Abstractsda saqarTvelos referatuli Jurnali**

EDITORIAL BOARD

E.Kemertelidze, l.Jordania, J a n K. R- ¥yl o (Pol and) , Sh. Sai
V.Tsitsishvili (Editor) T.Agladze,A.Bakuridze, Z.Pachulia

Georgian National Academy of Sciences, Department of Chemistry and Chemical Technologies
52 Rustaveli av., Thilisi
Executive Secretary R.Tsiskarishy#i.Ebralidze
Petre Melikishvili Institute of Physical and Organic Chemistry
5 Politkovskaiastr., Thilisi 0186; tel.254-15-62; e-mail: chematsne@posta.ge
Digital version ofProceedings (fromolume 33, No 1) see at welite www.ipoc.org.ge
Abstracts of articlearepublishedn Chemical Abstracts* and Georgian Abstracts Journal**.

trrosArRfrv16c sd{fJJTUr41RC

RCrtStoH Qdzf? .5 d3j tolsj dzfgift gy d dz@ tsdz!) Oz 0.4 OB3Mts dad v
L4 A d dzy QIHLAdd y d M oate oz OK ds.fte. ¢ GodrOH £ @t d HILIJO Y Iz dzd

1 0ydsdzOdz! dzOW ¢ COHJ BdWY dzOE ¢
vB ddz

Jtekzrdd, [IsH ] dzj dz

dimd, fwshfjCl &

IJsojlsfiseo jdedzr 2 MJj Ctoj sHCtc]j sDtcA d§fs Picf B & ¢

Rz dElzlef yj MCts?2 d ttecOddud MEs2 ~dB3dd
0186 uvBdézdhygdzd k & o B8FEE62; | dz. dhasmais@postage

C dzj € Istcts dadiziziélz teodgQaitif] ¥( dzOyd dzOW ) Is ts &FPO BAdny.ipocorgggd Md3tslis te

tdLe &3 MIsOIsj 2 Chelnicalidop®akts Isfvw | BzL JdzMCsd3 toj W j tcOls d o dzts d

3M01 -3ILOW3ITOL IGM3EIT0
L,O3IBENIGHM BVMERN

SHOTA RUSTAVELI NATIONAL
SCIENCE FOUNDATION

Jurnalis mimdinare nomeri daibeWda SoTa rusTavelis erovnuli samecniero
fondis finansuri mxardaweriT (CG16_i_2_48)

* 2540 Olentagy River Road, P.O. Box 3012, Columliiid 432100012, USA, American Chemical Society
** | ERL TECHINFORMI, http://www.tech.org.ge; www.tech.caucasus.net



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3
N T R I T N TR R
A, 1 v ler, bk ™1, , e A2 o0, 2" e A” ", L 11 A
R B B I o I
" . L L " ” . ':.‘l.1 1 ’:l =L F1 ’:" I:I ” L ) L L { ”
L1707 KR
L o, T, . B A LoD Ty L, 262
R BT EL R BT
.4, 1, PV A A A O B L IR PP o R S SN o2
L R o A N AN T SRON N B B I B B
AR S Y A A A A A P R T . {
PR T Al A R I R v
PR T I B VRIS B A T A Doy S IR Bk I - - 280
L S P A T E
L1, 1,1 1, P N B Ll - 1T E T, . 284
B T A N = " MelZnFe0; (MexCu Mg)
T A IS BTN T B
R AV IV S RS A A T A & S T A R *X |
S 1 T o A L LiogFesyALOs . " 4 1L
R R AR Y M R TR o e B T
.
S BRI IS 7Y PR RAY AR I R S A B S i Y
VA I B R e I B T O R
F.oo, kL o1 IFTT 0 s 1 e o o4t 1 1297
2N AN A AR A 7Y S RN 11 1.1 300
T T s IR BT B B N O A
17" 0 1A g, 2t VA2 kA, 1T e, T -1 ,” 1 _ & 303
I 7S A A R R B B B B L B
IR R B T A I
R A A S S AR A I " " "1t 1 307
Lo T S T A T T I B
mavaliani, mgvelesiani, n.barnovi, b.furcelaZe, d .ZanaSvili e.SoSiaSvili . 310
polikomponenturi sistemebis kvleva axali tipis araorganuli
polimerebis -kondensirebuli fosfatebi s sinTezis mizniT
A de, P e, T,k L 17, . - famxsnelis 313
gavlena dimeTilsulfogsidis komplegswarmogmnis unarze
L ey, T k7 T e ” JL 3 w10 315
_ |_ . |_ r ” -I .I . J ” .I . ” . . . L, J ” . .I t ” L ” .I |_ = - |_
l-H n r ” =|-”~|_'I|_'I”~ |- L}--I
IR T A S B AV B T B A S A A N SR K
N -"n L~ .I . ﬂ 71' :1 . -I ” - .I J .I N . ” r ” ” -I .I _] |_ 'I ”



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

AR Y FATT T T T T T e T A 324

E
Jn L—nA.I‘ L: -U‘-I"NJNEJ’“"(L:"A"o"(-IV‘o"(J‘”AL ~ _1”

T ke T, A e, r 1.7, 141, 4 gamxsnelis gavlena karbamidis 326

(Sardovanas) komplegswarmogmnis unarze

., 1,741 0,1 a7, 14 7, T, 1 . "Li-ienuri  batareebisaTvis 331

maRalvoltiani [iTiumiT mdidari XLioMnOzA ¢x)LiMnO, kompoziciuri
sakaTode masalebisaTvis LioMnOs-is, rogorc Semadgeneli nawilis,
SemuSaveba
LA ML, T e, i1 144, . 334
N O EU N A O T A A IR B BN
Fwo b e A, " A1 LEPAND . L T LA 1 "1 339
1""L+”~ LALL:"Qv11:91:A°,,LvArL"L": "BJL'I,'("I-"“ =|-”~
AL T L T T e b 10, /e Cat T LT .14 Y 344
I SR R ™ B B Lk o a2 T
[ W B T e [ S TR (e DU i P S PO S
/AR A A B B A A Ii<1 1349
T BT :':LL;i{k'l'lmn_n-l’i._j'gAJV‘L"")Lijj:">
St o1 ot e 30 LoL - 1o
10" 1), kT T, At e oL . 354
[ P " O T (NP T I TN P N N I R BT
i 177 61,0487 I
S B A NN A S A SESRN A AN SRR P I A BN 11
T T E P A NG TP S, PR B
AT el T AT T, T LB 0L L, 417 361
I_' L‘I”~ .I):”~|'_IAH<.I‘ HF”” J1>11.|”L_I11~
S T T O T U I U RN B

q.veziriSvili -nozaZe, ir.Jordania, T.nozaZe, n.mirianaSvill, Z.lomsaZe, 364

T.durgliSvili  -wowonava geoTermuli wylebis bazaze  Txevadi
sorbentebis gamoyenebiT haeris kondicirebis sistemebis Segmna

/. e, 171, 1. . 1. 1, "maRdltemperaturuli Thosaizolaciv ™~ : 367
masalebis miRebis tegnologia Txevadi minisa da afuebuli perlitis
bazaze

I VIS A SR A At Y SRSt B AR E A SRTTN B BN IR C ¥ 072
P T O T T 2 T RS A A I AU I I

. ‘-7‘7)_7'1'7”)”"“0”(‘0"11‘ nr”n ‘.I~.IAL_I11 ‘OA”<L"FA”375
T I T TS e I S TS

A A B AN DO B LA A S B "1 . 381
N I SR R R T I
e I T L T R W BN BRI

14747 0 7ok d, e 1L T W e T 4.1 383
AR S B B DUSRUNEN SRS B A HO

P R IV I T LT L4, 389
L I T I R T BT Toed1.0 1,1, 14



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

VR A DTN Lo DI B R I O D A 1o

”

B A B I U B B

1A -0 " 10117 o0, AT oA ed ) (L e T 397
o1 1. T e 7

P A AR R Iy I d BT A I N S P I RO S (O TPC @
B B R T LI s IR N NG DO L BN I L ST
17 1704

oA 1T e, - F T, T, . T e, o, T 14, 402
1., 1,047 IS I G TR P s IV BT B I I

Y A R T A AN A VNN T N SIS B N N INT BN (0|5

N Y S R S NI ) § TV Vil & AR RN B ey RVR (0]
' I A A TN IR B

—_

T.0147

asurmava, [.gverawiTeli, n .bagrationi. mdinareebSi cxeniswyali da luxuni 413
samrewvelo narCenebidan CaRuvrili dariSxanis gavrcelebis ricxviTi

modelireba

- " . 1741 -7, .71 1.0, 1T 4T, . 415
A R I RPPR N W IO IS B N Y AT B
1477 o047 11 ' P i B B
Lo T A 11, ., 0,017 7

SOOI ANV B AV ST AT NN TEE N I B G AP TP I ¥ -
S LU A T S K RN IR,

PR S R B A ISty I S oA A e, L. 421
T I I & D s EE T I E S Ll Co, T
LT R R TR B LT B

e R LT T T, T, e, T 1., 424
7'-/0A.”17>L°'_1‘17F ” FL'I-IF" . _I”‘nJF ”
T B R

SR A B S AN A Ay A S A /AN SRR AT R IR S 24 o
1,1, 7, 7 11,1 L. Lt

S R I P IR S B 429

AU R B BTSN R B S 432

243



Proceedingsof the Georgian National Academyof Scienceschemical series 2016 v.42 No3

International Scientific Conference

i MODERN RESEARCHES AND PROSPECTS OF THEI R USE |
ENGI NEERI NG AND RELATED FI ELDSO

Featured articles
Part |

Conference programm 251

E.RazkazovaV/elkova, M.Martinov, S.StefanqvV.Beschkov Fuel Cellsfor Environmental 258
PurposesPart I. Sulfideand Nitrate Driven Fuel Cell

M.Donadze M.Gabrichidze P.Toidze T.Agladze Multifunctional InorganicCoreShellHybrid 263
NanoparticlesSynthesisand Applications

T.Marsagishvili, M.Machavariani, G.Tatishvili, N.Ananiashvili, @ M.Gachechiladze 272
J.Metreveli,E.Tskhakaia Modeling of Photocatalytic Processes

V.Tsitsishvili, N.Dolaberidze, M.Alelishvili, M.Nijaradze, Mirdzveli. New Generation Zeolitic 276
Adsorbers

T.E.Machaladze, V.S.Varazashvili, M.S.Tsarakhov, M.G.Khundadze, T.A.Pavlenist 281
N.G.Lezhava, R.P.Jorbenadz@hermal Characteristics of SpirEype Complex
Oxides Me.xZnFe04 (with Me=Cu or Mg)

N.G.Lezhava, M.G.Khundadze, V.S.Varazashvili, T.E.Machaladze, T.A.Pavlenishy 285
M.S.Tsarakhov Determination of Condition of Complete Solid Solubility in t
System LjsFe s«AlxOs By Means of Calorimetric Investigation of Excess Mixi
Par ameth€aad &S

R.Tushurashvili, M.Panchvidze, Ts.Basiladze, G.Shanidze, M.Mamardashvili, N.Kvirkve 292
G.Khidesheli, V.Matsaberidz&zone in Agriculture

V.KveselavaProduction of potassium permanganate in the flow electrolyzer 295

L.Bagaturia, B.Purtseladze, N.Barnovi Combined hydrometallurgical treatment of joi 298
chalcopyrite and oxidized manganese concentrates

B.Purtseladze, M.Avaliani, R.Chagelishvili, L.Bagaturia, Z.Samkharadze, E.Shoshiask 301
M.Svanidze, N.Barnovi, M.GvelesianDxidation of Manganeze Nitrate Solutiol
by Ozoné Air Mixture

ShJaparidze, IGurgenidze Adsorption of Tetrabutylammonium lodideat the Mercury 304
Electrode / Ethylene Glycol Solution Interface

M.Avaliani, M.Gvelesiani, N.Barnovi, B.Purtseladze, D.Dzanashvili, .Bhoshiashvili 308
Investigationof Poly-Component Systenma Aimsfor Synthesi®f a New Groupeof
Inorganic Polymer$ Condensed Phosphates

N.Gegeshidze, L.Skhirtladaze, A.Mamulashvili, T.Edilashvili,N\aisuradze Solvent Effecon 312
Complex Formatiomf Dimethyl Sulfoxide

N.Kilasonia, M.Kereselidze, N.Tabuashvili, M.Mamiseishvili, N.Endelad2dixed-Ligand 314
Coordination Compounds of 8-Metals with Orto-amino4,5-methilpyridine and
Isonycotinoilhidrzone oParadimethilaminobenzaldehide

S.Urotadze, IBeshkenadze, Nhorzholiani, M.Gogaladze, Nlarjeishvili, V.Tsitsishvili 316
ChromiumChelateswith Biologically Active Ligands

244



Proceedingsof the Georgian National Academyof Scienceschemical series 2016 v.42 No3

G.Tsintsadze, D.Lochoshvili, T.Giorgadze, E.Topuria, T.Tusiashvifolvent Effect on
ComplexFormationof Dimethylacetamidand N,N-Dimethylformamide

M.Tsintsadze, S.Tchitchinadze, N.Bolgvadze, N.ImnadzeM#&hvelidze Solvent Effecton
Complex Formatiomf Urea

E.Kachibaia, RImnadze, TPaikidze,D.Dzanashvili,T.Machaladze Li,MnO3 D_evelopmen'as
a Componentof High-Voltage LithiumRich Composite xLLMNOsA -x) WLiMnO:
Cathode Materialfor Li-lon Batteries

N.Gasviani, G.Kipiani, M.Khutsishvili, L.AbazadzeS.Gasviani, G.ImnadzeElectroplating
and Surface Alloyingdf Metalsin Molten Systems

V.S.Vorobets, G.Ya.Kolbasov Electrocatalytic Properties andPhotoelectrochemice
Characteristicef Nanosized Titanium DioxidEilms Modified by La and Nd

M.L.Dan, D.-A.Duca, N.Vaszilcsin,V.-D.Craia-Joldes Voltammetric Studiesf Ca Doped ¥
114 Layered Cobalt Perovskite Electrodes With Catalytic Effect Ethanol
Electrooxidatiorin Alkaline Solutions

A.F.Enache,M.L.Dan, N.Vaszilcsin Voltammetric Studie®n Anodic Oxidationof Sulphitein
Alkaline Solutionson Smooth Nickel Based 3 Layers Platinum Nanoparti
Electrode

D.-A.Duca, M.L.Dan, N.Vaszilcsin Voltammetric Studiesof Methanol Electrooxidatiornin
Alkaline Solutionson Skeletal Nickel Based 6 Layers Platinum Nanoparti
Electrode

K.GVaszilcsin M.L.Dan, D.-A.Duca, M.Labosel Inhibitory Effectof Resveratrobn Aluminum
Corrosionin Alcoholic Solutions

F.Basaria, GBokuchava, ITabatadze, MRekhviashvili The Sequencef the Preparing Proces
of Optimal Compositiorof Antisublimation Coating$or Semiconducting Branche
of Thermoelements

K.Vezirishvil-Nozadze, |.Zhordania, N.Mirianashvili, T.Nozadze, Z.Lomsadze, T.Tsotson:
Durglishvili. The Liquid Sorbent Conditional Systeims GeothermalVater Base

D.Gventsadze, B.Mazanishvili, L.Robakidzeechnologyfor Preparatiorof Eco-Friendly High
Temperature Hedhsulating Materialson the Basisof Liquid Glassand Swollen
Perlite

J.Aneli, N.Bakradze,T.DumbadzeElectric Comluctivity of Laser Doped Polymer Surfaces
L.G.Shamanaurj J.N.Aneli. Composites Baseoh Polyester Lacquend Mineral Fillers

M.Tsitsagi, M.Chkhaidze, M.Buzariashvili, M.Khachidze,.Nsitsishvili. Utilization of Agro-
Industrial Waste Materialby Using Sequential Supercritical Fluashd Ultrasound
Extraction Methods

G.Bibileishvili, N.Gogesashvili Creation of Cellulose Acetate Membranen the Basisof
Different Compositions

T.Kh.Rakhimov, MG.Mukhamediev InfluenceStructureMatrix to Activity of Nanocatalysts or
Activated Carbon Fibers

D.Lapherashvili. Semiconductor Optical Amplifien Communication
A.M.Berejiani. POPsManagemenissuedn Georgia

I.Lomsianidze L.Khvichia, B.Chkheidze Quantitative Determinationf Total Manganesén
Zestafoni Soibnd Drinking Wateiand Abnormalities Causday Its Abundance

V.Sh.Bakhtadze, V.P.Mosidze, R.V.Janjgava, N.D.Kharabadze, M.V.Pajist
N.M.Chochishvili. Oxide-Manganese Catalyster Solvingof Ecological Problems

24¢

320

325

327

332

335

340

345

350

355

360

362

365

368

373

376

382

384

390
395
398

400



Proceedingsof the Georgian National Academyof Scienceschemical series 2016 v.42 No3

R.Dundua, NButliashvili. ClearingTreatmenbf Quarry Waterof CopperPyrite Deposits

M.Kurashvili, T.Varazi, M.Pruidze, G.Adamia, N.Gagelidze, T.Ananiashvili, M.Gordezie
G.Khatisashvili New Approachesand Tools for Rehabilitationof Chemically
Contaminated Soils

A.Surmava, LGverdtsiteli, NBagrationi. Numerical Simulationof Distribution of Arsenic
Dischargesntothe Tskhenistskabnd Lukhuni Rivergrom Industrial Wastes

Rus.Gigauri, Sh.Japaridze, N.Gigauril.Gogiberidze Studyingthe Contaminationvith Heavy
Metalsand the Toxicity Levelof Arable Landsin the Industrial Regionf Georgia
Bolnisi-Kazreti Using Modern Test Methods

M.Chikovani, M.Kurasbediani Chemical Compositiorof Mineral Water Ashariof Village
Babili, Lentekhi District

N.Barbakadze, L.Dolidze, N.Kavtaradze, T.Dgebuadze, M.JaparidZeolidize Antimicrobial
Metabolitesof Endophytic Yeast Fungi Affectintipe Tastend Spoilagef Wines

K.Kochiashvili, NBarbakadze, Maparidze, MStepanishvili, LDolidze, RTsiskarishuvili,
A.Dolidze Developmentof Innovative Nutritional Fungicide Compositgithout
Copper

L.Chobanyan, TChubinishvili, N.Makhviladze, APhatsatsia Analysis of Scientific
Productivityat the Mese And MacralLevels

IM MEMORY of Spartak Urotadze
INFORMATION for AUTHORS

24¢

403

406

410

414

416

419

422

425

431
432



RYJreurRe 1VOARJV OS2V B dsdr ! rREC)LEYs nddgg rig POIE42 - 3

[ iy HEdOttsH d2ZOV dzOkzydzOw CtsdeW jtej deyd d
cefltrfrivar rRewfr{JlorrRC R }Irtal[rsurRI3 RMm I {tR[T
MRfRY[LHS B UM [JJIRR R #"wfrr13m [1] v Ccme
tdLe d3js tdOddgls PR
Yy Ofpls

[ .t OL ClQjLd=Cotse O, [ . [ Otlsd dzts o , d utwtflsdpdy oOddztsjo , 1« 262
Leedseduj MSdn yj dvn

[ o sdzOH Lej ,OBfcd ydHu G dH LIjp,c dz®p 1B 2 - d Istey n 271
Bzdz! IsdW zdz¢ yd sdzOdz! dz" § dzj stec Odzd yd MS d
CVHBBBESYS Oe; MddasjLr d fted dsj daj dzd §

uvf OteOGc d,"foff@Oo Otc @@ d " g d dacfizO dzdf ON § iy ud ¢ 275
[ §ste otk CosH | dzd e DB @Rz sfiapng ohf

oy Aduydheddd, 1§ fJ¢dsjda@ghjededffdad § ,f . .1 d> Ote 280
AijsdzdIlsdzr § OHMmMtsteB j dzls’™ desotsets § s5C sdzj d

vs. . J OyodzOHL § , 1 [ el ORBOOOBS Jdzd,. | . mkzdzH OH 284
1-1.-1dx000, .1 ujtedsdepifiniEOhjL ] - OOC s,
sCMdHBe " ddWekZnEs@ Ble+Cd,VG)

1-4-J] 4090, [ . 1. mEdzHOHL |, l . 4.1 0tOL Oh 9 291
[ . 8. AOw@AdgoH J dzj dzd § Emdzse W dzj f toJ tof
md mislligFesAO:f Zlsj d3 COdtsted 3 sted yd ME sSE
f Otc O3] Is tc s o Hlhd & gitlzd W

[.{.Ulzhlztsohaqdzq f.1.10dzyadH A. [ .1 0Mmc 294

[ dgeg o ddv, |.R. mdHJPN dfsordmdzudzcuo
fanzJ Metsds AtsLw2fise j

1. [ . s o j g ddowPgds B0 dz6 O dadfieds s sydzsBls tetsdzg L j 6] 297

[.1.10c0Iskzted v, I .m. )l zioygaa®HMmIg 2O . d d 1 Ot 300
fJj c@pimlad@nizdz Y JHdsets d ¢ dMmdzj dzdzsc

1. m. ) Eteyj dzOH L § , [.¢. oo Odzd Odz( , t.r.vy0cj d 303
C.1.z6hdO" o ddzd, . R. 490dzdHL §,

[CdMmdzj dzdj lEOlsdy & ©OMISs 5 oDl HAED aREC

Z.d. 10 0OdHL §, .@®H s tgBzyafcyj defifsH dH O Isj stc O 307
LIsddz€ jdze dzd S sdzj 9" 7 tOMlso stetso

. 0. 0o Qdid.0xdzd| 0 § ZNTJJ Oded O . m. } Eteyj z@PH § 4 Ode 311
CL.zth dOh o drifgiydzj H 59 Odzd § f sdzd § 5 B 1S dzj
i sdzlz yg dzd w dzso sG 5 sdf O dzj ttc GH@dERY
CtsdeH § dzeffJtetso Odzdz' -~ W tsW Olstse

1.-4464MPdHL §, [ . endtelsdzOHL | , . [ Ofslz dizO" dzd ¢z« 313
cOMmso stedlsj dzv dz® S tsBf dzj EMsEd BBPE & dzhlz e

1. sqqazOfmtsdzedw, [ .sdteiMiddHrL i, 1. uv0BEQUYYdatizg 315
dMmdzj Hise Oded fn dOBOIWIEJﬁLfrn‘iQOIB: me 2 Mise
CtsteH d dzOy d ts dedzr ~d3jissq dadftsin) dzd d 3 d

4. VIcSISOH L § , R . JthdZQHIIJ,,[tSG'lO.dZ@BE}jtSdZCf dz¢ 319
Il . Adydhmgdglsr "fteskO f Bddtsecdyj MSd

247



RYJreurRe 1VOARJV OS2V B dsdr ! rREC)LEYs nddgg rig POIE42 - 3

1.1 . AddyOHL |, r.f . [ sytsheddd, V.1 .l dJ4Bzd®1 324
tcOMmlso steEBFdf dzj S MssefipOE g & dzf d5ls s d dzOy J
ste

dz
N,N-H d d3j Is d dzW BOBIH O
[ . AddeyOHL §, (- YduddzOHL |, 1. 1 sdz€ 9.0H wzff v « 326
teOfr)lsalsﬂz@llsyf,djz JQﬁBBM@LWBQdﬁSﬂfBIS@((B@H{@E)d(
C.R. s0Oydsesow, o . Rd3dzOHLJ, v.l.10O0dSidawLgr 331
LioMnOs 9 QO\{ Misej MemMisOoadvsh j2 yOMmisd
Cedf sL dydsdedz’ 7= § O IxIsSMo@:ARXLIRG, H telalfi @ dstsiad
BOIOtj 2

1 - 10fms d0Ode, 1.-8dfd0Ode, [ . mEzydheddd, J 334
{O&J&O&unMQBJ f 658 6h detf § ¥ dath d s dzdzts §
BjlsOddss o ©OMY &Os dzj dede’ 7 Mg Mlsj GO

. 6. lsesBjY, .Gk sut&OBREajlsdyj NS dj fMeos2f 339
T0EOCIjtedMisdCd § dzj &z5C OdSEOL &) tdts «

La Nd

[ . fOdr . pS 0O ] OfL d dzyldds te @VdzH. j fif sz SO j tetsd 344
dMMmdzj H 8z @dides 0 O dgaEsEth)ls@E s C 5B Od IS
1149 N jdzsydzr » ttOMmlseotste®n f1 COlOd&dIsdy.
1 Is Odzts d&zO

d. RdzOF .. f Odg, | OfL J.ddytsfdiz SOBY j tetsdzj sted g MS d 4 349

¢ dmdzd ded W mMzd WO o h g teti 2" dats d3tc A f
f zOIsd dzso ' n EHAQPAHAS@dgdzHdg, dzO0 H dzste S H dzts d
r . pzsoOf . fOdg 1] OML ddzydtizdz! SOBBY j tetsd3z Isted yj M 354
Ldzj SstestsC dmdzy ded W d3d Is O dzts dzO 9 j fifisiftz® 1
L dzj CstetsH j ff dzOls d detiaizisd OdiKdatztelsy Q4Qls dswi ,dzts to
s. 1.1 0O0MmL ddyddz, [ .] .1 OdgROzG.d¢B Iz ® B dz' 7 cofj Ab@signtg tt 359
CstetesL ds Ozt d3dded™w o Mfdelstsar » ttOMise
ALl .1 0MmMOtedw, ].1.1868¢CEYy0o0s O, Cc .. [} .sun@xn Gls@HOU 361
ljtstsuc;fr]fr]o MemlsOo dzj dedvw Gflilsd d&3Odz! dztsc s
Hdzv f sdzlz f to 59 gHdzdIS jH@d3E dajjds) dzls 59

s. 1l jLdtcqsa ddzd | , Rtc. r stcH Odzd v , v.1 BLOHL | 364
U

LT kteC iz SayddauEsOH Odzd ]  MdMisj & € tsdzH
dMyftsd Lso0ddjd YdHS R Mbke j dstse dzO

[ . 1 94 dgyORH[L@L, Odzd " o. d d=oB, © Suf jHA dts dztssddlzvy j dzd W 1 ¢ 367
BjLGYOMdzr 7 o' MsCslsj o3 j O kztedsy A Is j f
NdHSCBEE MjSdO d eMmykyj ddesets f§ j todzd L

[Y. 1. ¢daj dzg , 1.1.10C80HT g S Is s i e roksdged@sin k. 372
f 5o j ton datisflf lsfjtcds o O dzdz’ Adzir®j dedopalz di3 d

[ 1. 20B0&0Kd, s By 5L ¢ gaf@isfiac@gO@ das indztse j  § sdz 375
d B3d dzj eOdz! dz' 7 dzOf tsdzdzd Is j dzj 2

[.Adyocd, f.YROdHL], f.i1kLOtedOh o dudsdzdy 381
Ot totsd3r M dzj dzdz’ A SISAtSH SO Bj sBH
Mq jteS €dflegfyuiiies HO®Rd d kd SwOLokS s

24¢



RYJreurRC VOARSLV OS2V B dsdr ! rREC)WLEYs nd dgq rig BOIEI42 ~

3

1. . 1deddzidheddzd, . q0H QdEE] MO plgedgy j dzdzs dzt 383

cOLdz R SCBRBIsLdyYd

.M. [ OoddBse, [.. ] &z Bz@gsj H flstlzC skzter BOIst 389

O Ol OizdL O ttetss dz0 o tsdzs € dzOr OC Is(d ¢
r.J . J Oof jdaddfdefse sHdzdCtsor | SflsdudmMSdd kM

6. f .14 ijlzﬂiﬁ?fwﬁffnr z 1§ tc O alziffy tetze] @ dzcfiplfsBE L™ v g b [ 8z
1 L

R. [sdi3smMdOdzdHL ), [ ..Ms8dudv,C sidzdwq mdseusj dzOtec O
fsye)d MEOWBsUzd 0o Odzdz” | JEBsHdzBE 6§ 53

l.z.108OHL J, 1.1 . [ smdHL §, t. 1. r1ry0O0dzHyGC
1 - . ysydh gEdgdff- @3t c Odzyj o9 " J§ COIsOdzdL C
LSsdseduj MS da LOHOY

t.1.1rkdiiz0o, 1. rR.J Y@ tc O©F @it 'C Odotdnas j~H-Czts dzy j H
B3y Miststetsy H j dzd 2

[ . skteO" o ddzd, v. ]l OteOL d, [ . ltkzdHL j, 1.0
[ . I BteHjL dOdzd, 1] M@ oM astiddsH T H dz'

ndBdUiMSd LOcEY L dzj dgdz’ B f syo

b4z teBOa®, j e HYJIs jOkds Ols fE(dacflzj dzdzsj BsHj dzdtetso C
Metsh j dzdgsets dL §eBdg h dzj deder RAR i Kz Gy €
[ k7 k& dzd

t.iq’GOIthqf, Zt.r)|.O1j'Oth’HLJ, 1 RLUEfGi @G , L Qe
Iswy § dzf B3 KB lsOdzd&zOBd d Mmlisf fsinded das HAsCclitfizf
sOL toj IsMC tsgtasz Lt SplEsos dzOMmdzs Mis O dzH Ot ls dz

J.Yq’QtsaOdzq’_, 1..o(sl]’lztstg'afl;jmlz_ukdzﬁ@dzd:ddsq’u;fngtscs
oh Otdiyfj d&zO 1 OB dUzgc 6 j W83 6 @O

1.41.40tBOCOHL J, [ . ¢. rsdzdHL j , 1-¢. sOolscC
. ). s B3 CtesBdzr | B IsOBBAZIST L dzH
odzdwse h &ZzO0 oCkfmMser j COyjMmsoaO d ft

s.1. sBydoheddzd, 1.4.10BOCOHLy, [ .71.7r1C
t. 1. AdSCOtcdh oaddzdt Qe OB i@ H d flzdzs 0 Oy 5 dzdzts 2
(s dydd BjL dBjHJ

JYysBOdW dw,zB qulzd h o d dzdPpr o d qzOHL Py Oy Py dzO dzd L o
fesHEzSCIsdodesisd dz2O d3j L8 d BOCts kZtctse

. LIEBISOHL |

1ol cuor w. |
R1AJTTOARECGI 6t [

24¢

394
397

399

402

405

409

413

415

- 418

421

424

428

431
432



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016 t. 42 #3
Proceedingsof the Georgian National Academyof Scienceschemical series 2016 v. 42 No 3

RYJreurRe 1VOARJUV OS2V B ¢sodrrf rRE)wLEVs ndadgg rg ME @016 Is 42 © 3

~ 1 L ~ ) 1 [ ”1 ”< ~L ‘o > v” cL >”1o L ~ L > ) ? 1
A, vder itk k7, SeseA” 0,57k
= ” < "’:I : ’: ” :r L~ = > o A o -I'I "1<1 onv <1 " J 1 b I=I Lﬁ-l — ”
” i I_ , ,,” 1A - »n Ij J . 1 ’1 l,’, J R - 4 1 . w . »m -r’ 1~L 1A L N : ” . N m . ’:’ :” ”.l : r : n .
J 1 1 ” N L60r ”A ~” ”’.‘ r { ” . L .
2016 _-23_ . 2L Ao ~-", "o ., _1_1-7r

"(_LLFI_E'I,: T
.IA llA” I

International Scientific Conference

AR MODERN RESEARCHES AND PROSPECTS OF
CHEMI STRY, CHEMI CAL ENGI NEERI NG AND F

Dedicated to the 60" anniversary of R.Agladze Institute of Inoeranic Chemistry and
Electrohemistry
September 21-23, 2016, Ureki, Georgia

Featured articles
Part |

[iNHERZOBEH dOEQEERYW | tcj dzayd d

R lrtuwlgrsvu

cae fltrfrr1r3r rewfrrl{lorrRc R
RYf#3kr R uf [

V1t RrRIr1VI1LRC 1 MRJRR, MR fn
{1 ] ¢auvegm
ftsfowh j dzedfivis d6*F0 tsfdzse Oded W R dzlisdlszls © dzj st e O dzg
L dzj Clotetsh d dsRap CaBH L i)
21-241j dzls W BORAG SHWO j Sy ez L d W

RLBtOdzdz" j MIsOIs! d
Yy Omls!

25C



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3
“

Conference progranm

WEDNESDAY, 21 SEPTEMBER
13:007 15:00 | Registration, Lobby of the Hotel Kolkhida

15:007 16:00 | Welcome addressHall A

16:007 16:30 | Coffee break,Hall of the Hotel Kolkhida
Chair:Dr.N. Vaszilcsin, University Politehnica Timisoara, Romania
16:307 17:00 | V. Beschkoy Institute of Chemical Engineering, Bulgarian Academy
Sciences, Bulgaria

BIOWASTE AND HYDROGEN SULFIDE 1T PERSPECTIVE
RENEWABLE FUELS

17:007 17:30 |V. Tsitsishvili, Ivane Javakhishvili Thilisi State University, Pet
Melikishvili Institute of Physical and Organic Chemistry, Georgia

NEW GENERATION ZEOLITIC ADSORBERS

19:007 21:00 | Welcome ReceptionCaf ® of t he Hot el Kol h
THURSDAY, 22 SEPTEMBER

PLENARY, Hall A

Chair:Dr. V. Beshkoy, Institute of Chemical Engineering, Sofia, Bulgari
8:301 9:00 K. Dossumoy Center of Physical and Chemical Methods of Research
Analysis atFarabyKazNU, Kazakhstan

CONVERSION ORMETHANE OVER THE OXIDE CATALYSTS

9:007 9:30 T. Agladze Georgian Technical University, Georgia

NOVEL TECHNOLOGY PLATFORM FOR SYNTHESIS O
MULTIFUNCTIONAL HYBRID NANOCOMPOSITES

9:307 10:00 N. Vaszilcsin,University Politehnica Timisoara, Romania

ENHANCEMENT OF CATHODIC HYDROGEN EVOLUTION
REACTION USING PROTON CARRIERS

10:001 10:30 | Coffee break
NEW METHODS FOR ECOLOGICAL AND RADIATION SAFETY,

MEDICAL AND AGRARIAN RESEARCHES, Hall A

Chair: Dr. S. Kirillov, Joint Department ofElectrochemical Energ
System, Kyiv, Ukraine

Coi chair: Dr. M. Tsitsagi, TSU PetreMelikishvili Institute of Physical
and Organic Chemistry, Georgia

10:301 10:45 | A. Mansourizadeh, Department of Chemical Engineering, Islamic Aj
University, Iran

OILY WASTE WATER TREATMENT USING BLEND PSFSPEEK
HOLLOW FIBER MEMBRANE

10:4571 11:00 | M. Tsitsagi, TSU PetreMelikishvili Institute of Physical and Organ
Chemistry, Georgia

UTILIZATION OF AGRO-INDUSTRIAL WASTE MATERIALS BY
USING SEQUENTIALSUPERCRITICAL FLUID AND ULTRASOUND
EXTRACTION METHODS
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11:007 11:15 | S.A. Kirillov, Joint Department of Electrochemical Energy Syste

Ukraine
PHOSPHATE SCAVENGERS FOR REMEDIATION O
GROUNDWATERS AND TREATMENT OHF

HYPERPHOSPHATAEMIA IN ANIMALS AND HUMANS: REVIEW
AND COMPARISON

11:157 11:30 | A. Surmava, M. Nodia Institute of Geophysics, Georgia

NUMERICAL SIMULATION OF DISTRIBUTION OF ARSENIC
DISCHARGED TO TSKHENISTSKALI AND LUKHUNI RIVERS
FROM INDUSTRIAL WASTE

11:3071 11:45 | M. Mirtskhulava , National Center for disease control and Public he;
Georgia

ULTRASOUND IN MEDICINE, BIOLOGY, BIOTECHNOLOGY

11:4571 12:00 | V. Elisashvili, Agricultural University of Georgia, Georgia
INTEGRATED LIGNOCELLULOSE BIOREFINERY EXPLOITING
WOOD-ROTTING FUNGI POTENTIAL

12:0071 12:15 | D. Gventsadze LEPL R. Dvali Institute of Machine Mechanics, Georgia
TECHNOLOGY OF ECGFRIENDLY HIGH TEMPERATURE HEAT
INSULATOR MATERIALS ON THE BASIS OF LIQUID GLASS AND
FOAMED PERLITE

12:157 13:15 | Free time

Chair: Dr. E.H. Ismailov, Institute of Petrochemical Processes, Be
Azerbaijan

Co-chair:T. Chachibaia, TSU, Thilisi, Georgia

13:157 13:30 | T. Chachibaia, TSU Faculty of Mdicine, Georgia, University of Santiag
de Compostela, Spain

NMR TECHNOLOGY FOR ASSESSMENT OF SOCIETAL
ENVIRONMENTAL AND CHEMICAL RISKS OF AMMONIUM
NITRATE

13:3071 13:45 | I. Chikvaidze, TSU, Georgia

REGARDING SOME STEPS OF E. FISCHER REACTIC
MECHANISM

13:457 14:00 | E.H. Ismailov, Institute of Petrochemical Processes of Azerbaijan Nati
Academy of Sciences, Azerbaijan

HYDROGENATION OF CARBON DIOXIDE OVER F&r/Al AND Fe-
Ni/Al OXIDE CATALYSTS

14:0071 14:15 | T. Varazi, Durmishidze Institute of Biochemistry and Biotechnology
Agricultural University of Georgia, Georgia

ABOUT ALGAE SPI RULI NAG6 S ECOLOC
THEIR APPLICATION REMEDIATION TECHNOLOGIES

14:157 14:30 |V. Bakhtadze R. Agladze Institute of Inorganic Chemistry &
Electrochemistry, Georgia

OXIDE-MANGANESE CATALYSTS FOR SOLVING OF
ECOLOGICAL PROBLEMS

14:307 14:45 | M. V. Panchvidze TSU, R. Agladze Institute of Inorganic Chemistry ¢
Electrochemistry, Georgia
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ABOUT RADIOPROTECTIVE PROPERTIES OF SULFUBRGANIC
COMPOUNDS

14:457 15:00 | N. Kvirkvelia, TSU R. Agladze Institute of Inorganic Chemistry g
Electrochemistry, Georgia

OZONE USE IN AGRICULTURE

15:007 15:15 | I. Chitrekashvili, TSU, PetreMelikishvili Institute of Physical and Orgal
Chemistry, Georgia

STRUCTURAL CHANGES OF POLYPHENYLENEOXIDES IN THE
PROCESS OF FRICTION

15:1571 16:15 STUDENT SESSION,Hall A ‘

Chair:MSc. M. Soselig IICE, Georgia

15:151 15:30 | K. Kharaishvili , TSU, Georgia

SEPARATION OF ENANTIOMERS WITH SUPERFICIALLY POROU
SILICA MODIFIED WITH POLYSACCHARIDE DERIVATIVES AS
EFFECTIVE CHIRAL STATIONARY PHASES IN HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY

15:301 15:45 | M. Shavgulidze Iv. Beritashvili Experimental Biomedicine Centi
Georgia

CHANGES OF LEARNING MOTIVATIONAL AND EMOTIONAL
BEHAVIOR AND PASSIVE AVOIDANCE IN DEPRESSIVE RATS
15:4571 16:00 | L. Khvichia, AkakiTsereteli State University

QUANTITATIVE DETERMINATION OF TOTAL MANGANESE IN
ZESTAFONI SOIL AND DRINKING WATER AND ABNORMALITIES
CAUSED BY ITS ABUNDANCE

16:007 16:15 | Z. Samkharadze TSU R. Agladze Institute of Inorganic Chemistry a
Electrochemistry

OXIDATION OF MANGANESE NITRATE SOLUTIONS BY OZONE
AIR MIXTURE

16:151 16:45 | Coffee break

Chair: Dr. G.Ya. Kolbasov, V.I. Vernadskii Institute of General ar
Inorganic Chemistry of National, Academy of Sciences of Ukraine, Ukr
Co-chair:Dr. N. Nioradze, TSU, IICE, Georgia

10:307 10:45 | O. Ruzimuradov, Turin Polytechnic University in Tashkent, Uzbekistan
SECONDGENERATION POROUS Ti@BASED PHOTOCATALYTIC
NANOMATERIALS: SYNTHESIS AND PROPERTIES

10:4571 11:00 | L. Tsereteli, Max Planck Institute of Colloids and Interfaces, Germany
AN ACCURATE COARSEGRAINED MODEL FOR
POLYSACCHARIDES IN SOLUTION

11:007 11:15 | M. Ersoz, Selcuk University, Advanced Technology Research&Applical
Center, Turkey

NANOSTRUCTURE FABRICATION BY USING OF BLOCK
COPOLYMERS

11:157 11:30 | V. Bregadze TSU, Andronikashvili Institute of Physics, Georgia
SORPTION CHARACTERISTICSOF ORGANIC MATERIALS IN
METAL ION REDUCTION REACTION AND NANOTECHNOLOGY

11:3071 11:45 | M. Rukhadze, TSU, Faculty of Exact and Natural Sciences, Georgia
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STUDY OF STRUCTURE OF CONFINED WATER NANODROPLETS

11:45i1

12:00

G.Ya. Kolbasoy, V.. Vernadskii Institute of General and Inorgan
Chemistry of National Academy of Sciences of Ukraine, Ukraine

NANOMATERIALS AND PHOTOELECTROCHEMICAL SYSTEM
FOR PRODUCTION OF SOLAR HYDROGEN

12:001

12:15

N. Nioradze TSU, R. Agladze Institute of Inorganic Chemistayd
Electrochemistry, Georgia

SCANNING ELECTROCHEMICAL MICROSCOPY OH
NANOSTRUCTURED CARBON MATERIALS

12:15i1

13:15

Free time

ENERGY SOURCES, CONVERSION AND STORAGE,Hall B

Chair:Dr. M. N. Abdikarimov, KazNTU, Kazakhstan

Co-chair: Dr. G. Tsagareli, TSU, R. Agladze Institute of Inorgan
Chemistry and Electrochemistry, Georgia

13:1571

13:30

E. Kachibaia, TSU R. Agladze Institute of Inorganic Chemistry ¢
Electrochemistry, Georgia

SPINELS LiMxNiosxMn1sOs i T TYPE (M=CO+CR, AL AND CU;
0<XO00. 4) AS PROMI SI NG CATHO-DIEN
BATTERIES

13:301

13:45

M. N. Abdikarimov , KazNTU, Kazakhstan

PHOTOVOLTAIC MODULE

13:4571

14:00

S. 1. ¢lmstEEeool Petrochemical Processes of Azerbaijan Nati
Academy of Scienceg\zerbaijan

THE FORMATION OF INTERMOLECULAR GC BONDS AS A
FUNCTI ON OF TEMPERATURE WI TH -#4
ALKANE

14:007

14:15

P. Nikoleishvili, TSU R. Agladze Institute of Inorganic Chemistry ¢
Electrochemistry, Georgia

SYNTHESIS OF TiQ NANOTUBES BY Ti FOIL
ELECTROCHEMICAL DISSOLUTION FOR DYESENSITIZED
PHOTOELECTROCHEMICAL SOLAR CELL

14:1571

14:30

N. Khetsuriani, TSU, Institute of Physical and Organic Chemistry, Geo|

PRODUCTION OF BIODIESEL USING SUPERCRITICAL FLUID
TECHNOLOGY

14:301

14:45

G. Tsagareli, TSU, R. Agladze Institute of Inorganic Chemistry ¢
Electrochemistry, Georgia

THE PREPARATION OF THE ACTIVE MANGANESE DIOXIDE
POWDER BY ELECTROCHEMICAL METHOD FOR CURREN]
SOURCES

15:1571

16:15

STUDENT SESSION,Hall A

16:1571

16:45

Coffee break

16:457

17:45

POSTER SESSION, Hotel Kolkhida Lobby
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FRIDAY, 23 SEPTEMBER
PLENARY, Hall A

Chair: Dr. V. Tsitsishvili, TSU PetreMelikishvili Institute of Physical ant
Organic Chemistry,, Thilisi, Georgia
8:3071 9:00 G. A. Tsirlina, Moscow State University, Russia

PLATINUM FREE ELECTROCATALYSTS BASED ON MANGANESE
OXIDES FOR ELECTROCHEMICAL DEVICES
9:007 9:30 S. A. Kirillov, Joint Department of Electrochemical Energy Syste
Ukraine

HIGH-RATE LITHIUM-ION BATTERIES: RECENT ADVANCES
9:307 10:00 | T. Marsagishvili, R. Agladze Institute of Inorganic chemistry a
Electrochemistry, Georgia
SOME ASPECTS OF MODELING OF PHOTOCATALYSIS PROCESS

10:0071 10:30 | Coffee break
NEW METHODS FOR ECOLOGICAL AND RADIATION SAFETY,

MEDICAL AND AGRARIAN RESEARCHES, Hall A

Chair: Dr. L. Gorniak, Industrial Chemistry Research Institute, Wars
Poland

Co-chair: Dr. |. Rubashvili, AversiRational Ltd, Quality Contro
Laboratory,Georgia

10:301 10:45 | M. N. Abdikarimov, KazNTU, Kazakhstan

INVESTIGATION OF POSSIBLE CHEMICAL WASTE DISPOSAL
10:4571 11:00 | L. M. Gorniak, Industrial Chemistry Research Institute, Warsaw, Polan
CHEMICAL SECURITY AS A SYNTHESIS OF SCIENCES

11:0071 11:15 | M. Labartkava, Uni ver sity AGeomedi 6, Ge
THE USE OF MODERN PHYSICAICHEMICAL METHODS OF
SUBSTANCE ANALYSIS IN THE ANALYSIS OF GEORGIAN REL
WINE

11:157 11:30 | M. Nalbandyan, NAS RA Institute of Geological Sciences, Yerevi
Armenia

TECHNOLOGY OF PURIFICATION OF IRRIGATION WATER WITH
A HIGH SALT CONTENT IN ORDER TO PREVENT SECONDAR]
SALINIZATION OF ARARAT VALLEY

11:307 11:45 | Ch. Stahl, NaralexMaschinen UG, Germany

BIO BRIQUETTES POTENTIAL IN GERMANY

11:457 12:00 | V.V. Tkach, Chernivtsi National University, Ukraine

A MATHEMATICAL REPRESENTATION OF
ELECTROANALYTICAL FUNCTION OF THE SAFRANINMODIFIED
RADICALLY -PRETREATED MATERIAL TO HYDROQUINONIC
COMPOUNDS

12:001 12:15 | |. Rubashvili, AversiRational Ltd, Quality Contrdlaboratory, Georgia
DEVELOPMENT AND VALIDATION OF SAMPLING AND
QUANTITATIVE DETERMINATION METHODS OF CARVEDILOL

RESIDUES USING HIGH PERFORMANCE LIQUIL
CHROMATOGRAPHY FOR CLEANING VALIDATION
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12:157 13:15 | Free time

Chair: Dr. N. Durgaryan, Institute of Geological Sciences of NAS
Armenia, Yerevan, Armenia

Co-chair: Dr. M. Mantskava, Society of Rheology, I. Beritashvili Cent
of Experimental Biomedicine, Georgia

13:1571 13:30 | M. Karchkhadze, TSU, Georgia

ENANTIOSEPARATION OF CHIRAL ANTIMYCOTIC DRUGS IN
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY  WITH
POLYSACCHARIDE-BASED CHIRAL COLUMNS

13:307 13:45 | N. Durgaryan, Yerevan State University, Yerevan, Armenia
SYNTHESES OF NH2/NH2 CAPPED ANILINE OLIGOMERS AN
THEIR DERIVATIVES

13:457 14:00 | M. Mantskava, Society of Rheology, |. Beritashvili Center of Experimel
Biomedicine, Georgia

THE SIGNIFICANCE OF THE NEW PROPERTIES OF BEMIPARI
FOR APPLIED MEDICINE

14:007 14:15 | A. Mskhiladze, Faculty of Natural Sciences and Healthc&ekhumi State
University, Georgia

SOME CHARACTERISTICS OF THE  SEPARATION O
ENANTIOMERS OF BETABLOCKER DRUGS USING
POLYSACCHARIDE BASED CHIRAL COLUMNS IN HPLC

FUNDAMENTAL AND TECHNOLOGICAL ASPECTS OF
PROCESSING OF MINERAL PRODUCT AND SECONDARY RAW

MATERIALS

Chair:Dr. G. Magalashvili, GTU, Thilisi, Georgia

Co-chair:Dr. Ali A. Jazie, Algadissiya University, Iraq

10:307 10:45 | L. Gurchumelia, TSU, R. Agladze Institute of Inorganic Chemistry ¢
Electrochemistry

ELABORATION OF NEW TYPES, ECOSAFE, INEXPENSIVE,
HIGHLY EFFICIENT FIRE PROTECTIVE MATERIALS

10:457 11:00 | G. Zakharov, Ferdinand Tavadze Institute of Metallurgy and Mater
Science

OBTAINING LIGATURES FROM FINE GRAINED PARTICLES OfF
MANGANESE WASTE BY TECHNOLOGY-SHSMETALLURGY
11:007 11:15 | D. Gogoli, TSU R. Agladze Institute of Inorganic Chemistry &
Electrochemistry

ELECTRODEPOSITION AND CHARACTERIZATION OF MiCu-Zn
ALLOYS FOR CORROSION PROTECTION COATINGS

11:157 11:30 | L.G. Shamanauri, R. Dvali Institute of Machine Mechanics
COMPOSITES BASED ON POLYESTER LACQUER AND MINERA
FILLERS

11:301 11:45 | Ali A. Jazie, Algadissiya University, Iraq

OPTIMIZATION OF BIODIESEL PRODUCTION FROM MUSTARL
OIL

11:457 12:00 | G. Magalashvili, Georgian Technical University

ASCERTAINMENT OF THE MECHANISM OF FORMING OF ZONAI
CONCENTRI C AAGATE STRUCTURESO

25¢€
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12:001 12:15 | B. Godibadze LEPL, G. Tsulukidze Mining Institute, Georgia
EXPLOSIVE CONSOLIDATION OF Cuw COMPOSITES IN HOT
CONDITION

12:157 13:15 | Free time

Chair:Dr. A. Peikrishvili, F. Tavadze Institute of Metallurgy and Materi
Science, IICE, Georgia

Co-chair: Dr. T. E. Machaladze, TSU, R. Agladze Institute of Inorgan
Chemistry and Electrochemistry

13:151 13:30 | A. Peikrishvili, F. Tavadze Institute of Metallurgy and Materials Sciel
IICE, Georgia

SHOCK WAVE ASSISTED CHEMICAL REACTIONS ANLC
CONSOLIDATION OF TaAl INTERMETALIC COMPOUNDS

13:3071 13:45 | L. Gabunia, Caucasian Alexander Tvalchrelidze Institute Mineral
Resources, Georgia

RESEARCH OF THE POSSIBILITY OF RECEIVING ACID ANI
HEAT-RESISTANT CONTINUOUS FIBER GLASS WITH USE O
MANGANIFEROUS WASTE PRODUCTS

13:457 14:00 | T. Machaladze, TSU, R. Agladze Institute of Inorganic Chemistry g
Electrochemistry

THERMAL CHARACTERISTICS OF SPINETYPE COMPLEX
OXIDES MexZnxFeO4 (WITH Me= Cu OR Mg)

14:007 14:15 | E. Shapakidze TSU, Caucasian A. Tvalchrelidzelnstitite of Mine
Resources, Georgia

RESEARCH OF INFLUENCE OF THE MODIFYING Ba@ND SOz
OXIDES ON PROPERTIES OF CEMENT CLINKER

14:1571 15:15 | POSTER SESSION Hotel Kolkhida Lobby
15:157 15:30 | L. Chobanyan, Georgian Technical University, Institute
TECHINFORMI ANALYSIS OF SCIENTIFIC PRODUCTIVITY AT
THE MESO- AND MACRO-LEVELS

15:301 16:00 | M. Kutsia, National Intellectual Property Center of Georgi@akpatenti
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FUEL CELLS FOR ENVIRONMENTAL PURPOSES.
PART I. SULFIDE AND NITRATE DRIVEN FUEL CELL

E. RazkazovaVelkova, M. Matrtinov, S. StefangV. Beschkov
Institute of Chemical Engineeririgulgarian Academy of Sciences
Akad. G. Bonchev, str. Bld.103, 1113 Sofia, Bulgaria
razkazova_velkova@bas.bg

Hydrogen sulfide and nitrates are persistent pollutants from various origlomestic, industrial and natural.

There are different methods for their elimination, but most of them are expensive and energy inefficient. The
presentstudy is an attempt for their removal with energy generation at the same time. By recombination of the
waste fluxes of sulfides and nitrates the treatment of both of them can be achieved. The sulfides are oxidized to
sulfates and the nitrates are redutditrogen. The milestones in the processes for creating such a fuel cell are
the choices of optimal design of the fuel cell and effective electrodes for minimizing the internal losses

In this investigation a configuratioat consists of two concentaity arranged compartments separated by a
membrane situated at the bottom of the inner unit was studied. The experiments were cawitddiffiérent
electrodes and improved electroconductivity of the solutions by adding NaCl. A commercially avadigalel C
3510 membrane was used. The electrical resistance o
pyrolysed activated paddling and activated carbon instead of graphite rods for electrodes. The results for the
depletion of the waste subsices as well as the electrical indicators are given

Key words: Fuel cells, nitrates, sulfides, wastewater treatment.

Introduction

The main sources of sulfides are the petroleum, coal gasification and natural gas industries. Another
big source is the conversion of wood to pulp by the Kraft process. Naturally sulfides are formed in closed
basins due to the anaerobic decomposition fisgontaining organic matter, in volcanic gases, mineral
springs, sewage systems etc.

Due to their high toxicity they are threatenin
reactivity is causing corrosion to metal and concrete parts

The possibilities for their disposal and decomposition can be divided mainly as follows:

Processes for adsorption of the sulfides from fluids (they can be combined with their oxidatihn) [1
wet scrubbing processes-8, oxidation with strong chemical mants [9], precipitation with metals [10]
biological oxidation [11].Thermal and electrochemical methods for decompositigi3[lare also
investigated as an alternative. The Claus process is a well studied and classical method for hydrogen sulfide
and slfur dioxide decomposition to elemental sulfur and even though attempts are made to lower the
operation temperature by selective catalysts it is still quite an expensive method. Studies in recent years
show an increased interest for hydrogen sulfide adtamative fuel in fuel cells Bl. Microbiological fuel
cells are also investigated 41 In many cases elemental sulfur is obtained as end product from
decomposition of hydrogen sulfide. It is not a desirable product because of its low commercih arice.
fuel cell it is better to convert the sulfide to sulfate ion instead of elemental sulfur, because there is a
transfer of eight electrons instead of only two thus obtaining four times more energy. Moreover the sulfate
ions occur in natural water soecand are harmless in a wide range of concentrations.

Nitrates are identified as one of the dangerous pollutants in waters. Sources of wastewaters
contaminated with nitrates are animal farms, households, petroleum industry andTdtbersnventional
processes used to eliminate nitrate from water are ion exchange, reverse osmosis asttiadysciro

Materials and methods

The model solutions of sulfides and nitrates were obtained by dissolving analytical grade of
NaS.9H0 and KNQ. Analytical grade oNaCl was used for improving the conductivity of the sulfide
solution.

The concentrations of sulfides were determined photometrically withditytn-phenylenediamine
in presence of Fe(lll) with formation of methylene blu&,[16]. This method increasethe sensitivity of
the determination in comparison with the method when usingdiyiéthykn-phenylenediamine.

The determination of nitrates was conducted-§péctrophotometrically by the method proposed by
Goldmané&Jacobs [1. UWR-UV-1600PC spectrophotneter was used for this analysis.
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The selected configuration of the cell consists of two concentrically arranged compartments separated
by a membrane situated at the bottom to the indoor(Eigt 1). Celgard 350Inembrane was used with a
diameter 0.02 i The volume of the two compartments was eguaBl.

6]

Fig. 1. Scheme of the construction of the fuel cell.
AC-anode compartment; G€athode compartment.

Several sets of experiments were carried out:

1) The first was varying different types of electrodes.

I Five graphite rods into the anode compartment and one into cathode on. Each one has a surface

area of 0.02

1 Pyrolyzed activated paddling with surface area (?innthe anode compartment and ayraphite

rod into the cathode one.

2) After that using the same electrodes in the anode compartment investigation was carried out with
0.3 | of activated carbon (A€ujikasau, Japan, 680%y.) into the cathode compartment and one graphite
rod for electrcal connection.

3) In order to increase the electroconductivity of the solution NaCl with concentration 16.5 g/l was
added to the solution in the anode compartment in the last set of experiments varying the electrodes and the
presence of activated carbashe last set of experiments also has a practical importance for the Black Sea
which is of the same salinity and is a virtually inexhaustible source of hydrogen sulfide.

The pyrolyzed activated paddling was obtained from commercially available polysster after its
pyrolyzation with simultaneous activation by patented meth8§ [i has a specific surface area of 208
m?/g analyzed using BET method.

Results and Discussion

The intended reactions were as follows:

Anode: $ + 60H = SO + 3H:0 + 6e

SO + 20H = SQ? + H0 + 2e

Net anode reaction?S+ 80H = SQ? + 4H,0 + 8e

Cathode: N@+ H,O + 3e= NO, + 20H;

NO; +2H,0 + 2e= 1/2N; + 40H

Net cathode reaction: NG 3H,O + 5e= 1/2N\; + 60H

The above reactions show that the 8 electrons generated in the anode compartment are more than the 5
required for the reactions in the cathode one. To avoid that imbalance the experiments were carried out at
an approximate ratio of sulfide to nitrate idn8 (125:200mg/l)

In order to evaluate the influence of the electrodes, the activated carbon (AC) added into cathode
compartment and the improved conductivity by adding NaCl experiments for determination of the
resistance of the cell were carried out.sTparameter is identified by measuring the current and the voltage
produced by the cell varying the external resistance. The slope of the plot in coordinatesvoliagat
gives the resistance of the cell. The external resistance was changed from 100 tol Y. Tabl
summarizes the obtained results.
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“
Table 1 Electrical resistance of the fuel cell for different electrodes and conditions

Type of electrode [ xperimental Conditions
Without AC and NacCl AC without NaCl AC and NaCl
Graphite (GR) 85068 Y 292.56Y 182.42Y
Pyrolyzed paddling (PP 650.72Y 165.34 Y 76. 42

In Fig. 2 (a) the electricity power as a function of the currant for the best results for both electrodes
are presented. Further experiments were carried with these two configurations.

With regard to the resulting electrical power we have more than 6 times improved performance when
using electrodes made from pyrolyzed padding compared to graphite rods for equal evbekival
surfaceslt can be explained with theery large internal surface of the PP electrodes.

700 800

600 /-\ f/\._*\\
/ \ 600 2

500 / \

400 / \

300 —ampp

R
200 200
100 PP - -
o 0
a 1 2 3 4 5 6 0 1 2 3 4 5 6

I, mA (a) (b Th
Fig. 2 Electrical power as a function of the current (a) and time (b)

=—l=—GR

P, nW

P, p\¥

Figure Fig 2(b)) represents the obtained power of the fuel cell as function of time. The results were
taken with ext er nhlthisexpeimenttaa wall thereni§ abdutdfie tivies improved
performance of PP electrodes compared to GR electrodes due éotheemsons. The peak in the curve of
the PP electrodes is due to adsorption of sulfide ions in the pores of the electrode. The gradual increase
reaches a maximum after 2 hour when the electrode is completely saturated and over time performance
decreasesue to reduced concentration of "fuel".

A comparison of the depletion of sulfides and nitrates in the different configuration of the fuel cells is
shown orFig 3 (a) and(b) respectively.
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Fig. 3. Depletion of sulfide and nitrate ions using €riént configuration of fuel cells.

The use of PP electrodes in the anode compartment increases the rate of oxidation of sulfides twice
and over the course of a 6 hour experiment the concentration is reduced by up to 90% of the i(iigl one
3(a)). Unfortunately, the reduction of nitrates in the cathode compartnk@gt3(b)) is progressing at a
lower rate over the course of the experiment with less than 40% reduction compared to the initial one. Our
future efforts will be focused in this direction.
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Conclusions

It has been demonstrated that fuel cells can be successfully used for environmental purposes, while
harvesting some electrical energy at the same time. For improving their operational characteristics new
type of electrodes with incorporated algsts for reduction and oxidation can be used. This is going to
increase both characteristicenvironmental (the rate of depletion of the hazardous ions) and energy (the
electrical power) of the fuel cell

Acknowledgement.This work was accomplished whin the project E02-15/12.12.2014 of
National Science Fund, Ministry of Education, and Science, Republic of Bulgaria
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MULTIFUNCTIONAL INORGANIC CORE-SHELL HYBRID NANOPARTICLES;
SYNTHESIS AND APPLICATIONS

M.DonadzeM.GabrichidzeP.Toidze T.Agladze
Georgian Technical University
Institute of Green & Sustainable Chemistry

Binary and ternary multifunctiondd y br i d fAschoerlel ((AMN), Cr oxides)O0 nanopa
means of heterogeneous oxidation of oleic acid ligand (stabilizer of Ag NPs) by Mn and Cr oxides precursors.
High catalytic activity of AgMnOx nanoparticles toward carbon monoxidi&lation reaction as well as
bactericidal action in relation of grapositive and grarmegative bacteria was observed

Introduction

Metal based corshell nanoparticles (NPs) as a research object has attracted attention owing to their
unique catalytic, bimedical, magnetic and electric properties compared to their bulk counter parts. Surface
functionalisation of freé¢ standing metal NPs by couplimgith another metal oxide provides means to
prepare hybrid nanoparticles whiahe emerging multifunctional nanoscale materials that facilitate divers
application of one the same material in various fields.

The common bottorfi up synthesis of inorganic composites involves formation of primary building
blocks e.g. metal NPs of desirsite and shape and use various namohitectonic strategies to design
multifunctional hybrids. The frequently used séadediated growth (SMG) nararchitectonics strategy
involves ligand stabilized metal NPs used as seeds to deposit the oxide cohgootie top of metal NPs

(fig. 1).

. 8= _y
‘.‘0

seed

-
Liga nd / Uniform core/shell nanostructure
R
MeNP . |
LA

Island structure - hetero dimmers

Fig. 1. Schematics of seed mediated synthesis of hybrid nanopatrticles

According to classical hetero epitaxial grows theory when mat&rialdeposited over a preexisting
seed substrate of a different mateBatotal Gibbs free surface energy change:
Yo r ot ot

Wherel is surface energy of seed substratejs surface energy of deposited material, ([ s
solidi solution interfacial energy of colloidal nanoparticles in liquid media andE €rain related to solid
/ solid interfacial energy which depends on the bounding strength and degree of crystallographic
compatibility.

Two limiting cases can be csidered:

Frankivan der Merwe growth modelf '+ good lattice matching ¥ is small), vyields

spherical MMgOx core/shell structures, fig.2-@).
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Yay T —
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Volmer-Weber growth model: r Joore lattice matching ¥ is high) yields dumbell

MaMgOx systems of yolk structures, fig.2-¢ .
YO m
b
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5 6

Fig. 2. Schematic (1, 4) and TEM (3, 6) images of core/shedl)(&nd dumbell (46) MaMgOx
nanostructurs

Though a number successful synthesis of hybrid structures has been reported application of SMG
method for integration of two or more dissimilar materials in a single core/shell system is still a challenging
task, due to complexity of accounting for struatumatching of components. Major drawbacks of
dumbbell structures are:

1 Materials properties are modified only in a narrow region close to the heterojunction (Fig.2,5)

1 Growth inhibition and crystal instability owing to crystal strain induced by lattisenatch

1 Aggregation or corrosion of metal NPs due to loss of stabilizing shell

Our goal was to develop alternative nanoarchitectonic strategy free from above drawbacks. Focus was
on integration of the dissimilar metaletal oxide nanoparticles in stable homogeneous-stuk
structures. Formation of MMgOx coresshell nano structure &idirect oxidation of ligand by metal oxide
precursor was studded (Fig.3).

Ligand +Meg Oxide Precursor

/ ~

MesOx

4 Ligand Oxidation products

MaNP Ma

Fig. 3. Schematics of synthesis ofaMgOx hybrid by ligand oxidative substitution reaction

Binary (AgMnOx and AgCrOx) and ternary (AgCrMnOx) hybrids were synthesized usirgauiei
stabilized Ag NPs as building blocks and potassium permanganate and potassium dichromate as oxide
precursors.

Experimental
Chemicals and instruments The reagents used in present study were purchased from-Sidrich

unless otherwisepecified and used without purification. Optical properties of silver andAgMR® were
characterized by UV spectroscopy in a range {€0@) nm (Carry 100, Varian). Chemical interactions of
ligand with NPs and permanganate ions were studied b§RFSpectoscopy in a range (4e€000) cmt

with resolution of 0, 5 crth(Thermo Nicolet, Avatar370) using KBr technique. Size, shape and chemical
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composition of NPs were estimated from TEM (Tesla BS 500) and SEM-653BLV) images and EDS

data. The samples wereepared by placing small drops of a sole onto the carbon coated copper grid. The
size distribution of NPs in a sole was evaluated from laser beam dynamic light scattering (DLS) data
(ZetasizeiNano, Malvern). Prior to measurements as prepared soles vigted divith hexane 1:8. The
structural and thermal stability properties were characterized by XRD ( Dron 4) and -tigeammetric
analysis (TGA, Derivatograph -@600D).In both cases soles were initially evaporated at ambient
temperatures (5 hours), résal powder (1 g) was used as a sample. Concentration of Ag and K in the
liquid and solid phases was measured by inductively coupled plasma optical emission spectrometer (ICP
OES, Varian). Concentration of Ma the reaction mixture was determined by the@ox titration method

[1]. The consumption of permanganate ion in oleic acid oxidation reaction was controlled by optical
absorbance of solution by photo colorimeter (KFK 2) using light absorbance calibration curves.

Preparation of soles of Ag NPsThe ®les of silver NPs in a hexane were synthesized using the
electrochemical reactor consisting of a sacrificial silver anode (99, 9% purity), and aluminum (99, 9%) ring
cathode which upon rotation crosses immiscible layers of an aqueous (0, 05 M, AtguBed distilled
water) and organic (Hexane, 1% oleic acid) solvents [2]. The experimental setup allows silver ions formed
at the anode to discharge at the cathode surface poisoned by a surfactant (OA) which adsorbs at sites
favorable for silver adatoms andhibits the growth of silver nanoclusters. The latter being weakly
adsorbed at the surface and strongly bounded to amphiphile OA molecules are easily washed out from the
cathode upon rotation forming the stable soles ofo¥gcoreshell NPs in hexane. In@evious study [2],
we demonstrated the ability to tuné€durirmwhipcaamdtat!| e s
cluster formed at a ring cathode in an aqueous electrolyte is allowed to adsorb amphiphile molecules of a
surfactant from an ogepic phase. In a present study we carried out electrosynthesis at cathode current
density 7500 A crh, ring cathode rotation rate 960 rev.thin el ectr ol yte t edpsr at ur
which leads to the formation of an AQA sole containing 0,54 ¢INPs with an average particle size of
10-12 nm.

Preparation of binary and ternary hybrids.

To prepare binary AgMnOx nanocomposite 100 ml sole of Ag NPs in a hexane was mixed with 40 ml
0, 2 M KMnQy aqueous solution under vigorous shaking during 1 hautil @iscoloring of permanganate
solution) at ambient temperature. After separation of organic and aqueous phases by centrifugation (0, 5
hour, 8,000 rev mif) sole of spherical AgMn@Q particles consisting fronwt. %: 29, 2 Ag, 28, 16 MnO2,

4,4 5K an 38, 19 OA oxidation products was obtained.

To prepare triple AQCrMnOx nanocomposite 25 ml aqueous solution,©f®; (2M) and 50 ml
ethanol was added to 250ml silver sole (0,06M) in hexane and stirr€) 36 hours. 25ml aqueous
KMnQO4 (2M) was addedo the mixture and stirred 1 hour at ambient temperature. After 24 hours aging and
filtration, separated solid residual was dried at ambient temperature 4 hour and calcinatez 240 .
According to EDS data the final composite consisted from wiL%6 Ag, 46, 5 Mn and 5, 3 Cr.

Preparation of water filter and evaluation of bactericidal activity.

Woven textile materials (FHRC10EMByas impregnated by AgMnOXx sole in ultrasonic bath (100
Watt, frequency 40 KHz) during 1 hour and dried 4 hour. Bactericidal activity was tested against gram
positive(streptococcus and staphylococcasyl grarmnegative Escherichia coliPseudomonagseruginosa,
Proteus) bacteria introduced in a water of drinking quality. Microbial strains (G. Eliava Institute of
Bacteriophages, Microbiology and Virusology) were testedrdaug to standard method [3].

Preparation of catalysts and evaluation of catalytic activity

Samples for catalytic tests were prepared by 1 hour impregnation of supporting material,1 g calcium
aluminosilicate CaALSi;Og), 2,5 mm grain sizén ultrasonicbath (100 Watt, frequency 40 KHz, 1 hour)
containing 5 ml AgOA sole. The catalytic activity toward CO oxidation reaction was studied by standard
test procedure at 0, 6 g catalyst load and continuous flow of COt®@ure at a rate of 30,000thThe
CO conversion degree was calculated according to equation:

| — pTmTmBR(2)

wherea and b are respectively concentrations (%) of CO and,,GOntrolled by gas chromatography
(Gasochrom 3101).
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Characterization of AOA, AgMnOyx and Ag CrMnOx NPs
Optical absorption spectra. UV-vis spectra of OA in a hexane with and without addition of the
KMnQ, are shown aFig.4. Soon after permanganate addition the characteristic for OA absorption peak
at 233 nm(Fig.4 a.1)shifts to 368 nm and a number of new peaks in red region characteristic of
intermediate OA oxidation products are formed (Fig. 4b). At prolong action of permanganate ions the
main peak splits to a series of peaks (38& nm) characteristic for oleaisd the manganese dioxide (360
nm) [4-7] (Fig. 4 a.2).

]

2 3
of of
- a 0,95 b
8 s
2
54 . fn, 0.3 (
| [
41/ 0,15
g | :
af & & 2 £35%
N ) 0,05 S— —]
o 0,00
300 400 800 800 a00 400 800 800
Wavalangthinm Wavelength / nm
Fig. 4. UV spectra of OA: al. In hexane. b. In hexane, 5 min after KMul@iion. a2. 20 min after
addition

The UV-vis spectra of OA caped silver nanopatrticles with and without addition ofapeganate are
shown at fig. 5. At initial stage of a MO Ag-OA interaction depression and broadening of characteristic
for 10-12 nm size Ag NPs peak (404 nm, Fig. 5 a.1) caused by overlapping of , and@\g peaks and
appearance of peaks characteriftic oxidized organic products are observed (Fig. 5 b). Appearance of
twin peaks after 20 min, contact of reagents appearance at 359 and 378 nm (Fig. 5 a. 2) indicates the
formation of AgMnOx nanocmposite.
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Fig. 5. UV-vis spectra: a 1. A@A nanosoles in hexane b. 5 min after permanganate addition Irtin 20
after permanganate addition

FT-IR Spectroscopy

Earlier it was shown that the most remarkable effect ofORginteraction is disappearance of the
peak at 1712n?, assigned to C=0 stretch bound and appearance of two new bounds at 1635 and 1380 cm
L which are characteristic of the asymmetric and symmetric carboxylate stretch [2]. These effects were
interpreted as evidence of OA bonding to silver via two symoadly coordinate oxygen atoms of the
carboxylate head.
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The FTIR spectra of AgOA soles in a
hexane with and without additions of
/1 permanganate ions are shown at Fig.6. It
w0 : Uk : |/ follows from these spectra that

: ’ permanganate addition results in vanishing
of the mpak at 1712 crh and appearance of
two new peaks at 1643, 13 and 1650 nm
which only slightly change the position in
4000 2500 S000 2500 2000 1500 1000 time (Flg 6,]:3) A new absorption peak
ol 2 appeared at 802, 28 cis assumed to be
associated with MnO bending vibrations of
52| [MnOg¢] octahedal in MnQ, [5]. The
disappearance of peak assigned to a C=0
stretch and appearance of two new bounds
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HIE ' - Indicates the rearrangement of stretching
R W= modes of a carboxylate owing to interaction
x with both silver and manganese oxide
o a0 oo oo e s 1000 components of the composite. €h
13 : . formation of a peak at 1041, 42 @which

2 -4 = =¢ disappears in time is in line with
“ =2 2. modification of U\vis spectra in time,
20 I, * pointing to formation of short live
& sl intermediates of OA oxidation reaction.

Fig. 6. FT-IR spectra: I Ag-OA sole in
‘o 3500 s000 2500 i 1500 1600 hexane. 2i 5 min, and 37 20 min after
Wavenumbers / cm ' addition of permanganate

XRD Spectrometry

The structural properties of Ag NPs prior and post oxidation of'
OA shell as well as of MnOwere characterized by XRD spectra
(Fig.7. 1 - 4). The XRD patterns of as prepared silver sole
denonstrate amorphous character of the material. The size of the....
silver particles calculated according to Debye Sheerer equation-is
about 18 nm (Fig. 7.1). Af t e.r the calcinations
dispersion of a crystalline phase with increased to 150 nmatryst
size was observed (not shown). Theaay diffraction records of a&~ i
MnO, prepared by interaction of an aqueous potassiGm ' e -
permanganate (40 ml 0, 2 M) and a 1% solution of OA in a 100 ml 0 o
hexane illustrates an amorphous character of colloidal MO
broaddiffraction peak located around 20rig. 7.2). The diffraction
maximum at 37is in agreement with the peak characteristidto |
MnO,( J CP D S-1098) [§,07]. The Xray diffraction patterns of = “,
as prepared AHYInO, shows that low crystallinity is charadsic - '
also of the composite nanoparticles (18 nm size). A spectrum TT'\mr\ -
contains peaks characteristic for both individual M{&) 8, 9] and . | TTT/TT“‘][T‘W
silver NPs (Fig. 7.3) proving formation of chemical bounds between : -
components of the composite. After calcination & 80 C -rayh e , X
patterns show clear crystalline structure of the composite with
increased particle size up to 95 nm (Fig. 7. 4). As expected,
calcination at elevated temperatures favors particles aggregation.: .. |

0/ Degrees

0 / Degrees

prepared via permanganate reduction by bulk OA. 3. As prepared

Mk S L
_ TW AL Mt i
Fig. 7. XRD patterns of: 1As prepareddg-OA NPs. 2. Mn@ ‘ 7 ' “WW»TT(]W
[N .
AgMnOx NPs, 4. AgMnQ NPs after calcination at 88D, 2 hour. B/
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Size distribution, SEM and TEM images of binary and ternary nanocomposits
Size distribution of nanoparticleseasured by laser beam dynamic light scattering technique as well
as SEM and TEM images of AgMnOx and AgCrMmm@anohybrids are shown at figures 8 and 9.

Siza Dietribution by Intaneity

Intansity ¢ %
3 o B B

o

10 Sizaid.nm 100

a b c d

Fig. 8. a.TEM images of A@MnO. particles b. Histogram of particle size distribution c. SEM images of
Ag-MnO; particles and d. EDS analysis of the sole obtained after centrifugation (8000 rpm)

Fig. 9. a.TEM images of AgCrMn@particles.b.SEM images of AgCrMnQarticles and c. EDS analysis
of the sole obtained after centrifugation (8000 rpm)

It follows from these data that nanocomposite has spherical core/shell structure with average size of
nanoparticles6 , 2 (N1, 0) nm.

Thermogravimetric analysis
The thermal gravimetric analysis (TGA) was performed to characterize the thermal stability of

AgMnOx nanocomposites and to compare to that cOXgNPs (Fig. 10). It follows from these data that

both particles lose about 40 % of their weight below 5@wing to evaporation of oleic acid and products

of its oxidation. A shift of exothermic DTApeak at 350 C and 450 C to th
of Ag-MnO:; indicates stronger bonding of organic molecules to the core center of the composite

nanoparticles.
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Fig.10.TGA (1, 2) and DTA (3, 4) curves of AQA NPs (1, 3) and AgMnhanocomposites (2, 4)
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Kinetics of permanganate reduction

Kinetics of MnQ formation was studied by tracing decrease of the permanganate concentration in a
reaction mixture containing A@QA sole in hexane and aqueous solution of potassium permangaoate.
evaluate the effect of OGAg bonding on OA oxidation interaction of permanganate ion with OA also was
studied. Time courses of both systems at various rates of stirring of solution are presented at Fig. 11. It
follows from these data that reductionpgfrmanganate ions increases with an increase of stirring rate up to
1000 rpm, indicating mass transport limitations at lower stirring rates. Oxidation of oleic acid is quite fast
reaction and both homogeneous (curve 1, 3, 5) and heterogeneous (cukergadtions follow the same
kinetic regulations. The overall process involves three consecutive stages characterized by different rate
constants. The silver core displays clear catalytic properties toward permanganate reduction reaction.

2 1 !?\”—" ._ — = — - o —
T8 g, B *
.
16 4 N | &
14 ll —&— KMnO4-300rpm
' —@— Agzole-300rpm
22 - 5 ) Ag '
3 1 W —— KMnO4-600rpm
E g 3 > Agzole-600rpm
b = ~A ‘S NO0rn
oA —— KNMnO4-1000rpm
D |
04 - 0 4 — Agzole-1000rpm
0.2 S
0 =
T,min
0 5 10 15 20

Fig. 11.Time courses of potassium permanganate concentration in oleic acid (1vol. %)-arfd Zuoe
(0,0065M) at 25C

It is interesting to compare the kinetic data obtained in our study with studies performed in similar
systems. The majority results relate to identification of the intermediates of OA oxidation. While there is
consensus on composition of the final prod@tanganese dioxide, pelargonic and azelaic acids) views on
the nature and composition of intermediates diverge [1:03].1The detailed study of oxidation kinetics of
a monolayer of oleic acid spread over aqueous permanganate solution performed byadszraters
reveals complex character of OA oxidation reaction which involves rapid formation of intermecisgte
epoxyacid in OA monolayer (rate constan) land its farther fission yieldingzelaicand nonanoicacids
(rate constank;) instantaneosly dissolved into an aqueous subphase [13]. It is assumed that the overall
rate of oxidation reaction is determined by ratg ¢f parallel step of desorption of intermediate acid into
an underlying subphase. Though above conclusions relates to condifilened from that of the present
study an assumption on a slow transfer of intermediates through the orggoieous interface seems
applicable to the system under investigation.

Kinetics of bacteria removal
Fig. 12 represents time courses of coricion °
of grampositive (streptococcus and staphylococcus) ¢
and grarnegatives Escherichia coli Pseudomonas ; -
aeruginosaProteus) bacteria in a water passed thoughs
the woven filter impregnated by hybrid nanoparticles.? 6
The results indicate that AgMRO nanocomposite ; «
display strong antibacterial activity resulting in almost ;
100% removal of all tested pathogens from water. %,
Fig. 12. Antibacterial activity of the AgMnQ 5
hybrid NPs ’ 4 i -

Time of exposure, hour

==
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The kinetics of bacteria removal was evaluated from variation in bacteria concentration (Ig cfu/100
ml) in a sample (10 ml) extracted from filtration loop at water flow rate 3 I/h.

Catalysis of CO conversion

Data on comperative assessmentatalytic activity of Ag NPs and AgMn@omposities toward CO
oxidation reaction are shown fag.13.Both oxidation curves follow almost similar patterns indicating the
similarity of reacton kinetics. The composite catalyst displays higher activity: x@fatimn starts below
the ambient temperature and full conversion degree is achieved at lower temperatures. The beneficial
action of manganese oxide additives to noble metal catalysts is commonly attributed to the ability of
MnOy to supply mobile oxyge for reoxidation of core catalyst [14]. In the same way an improvement of
catalytic activity of silver nanoparticles by introduction of Mn@an be reasonable explained by
facilitation of oxygen transfer from the manganese oxide shell to the sikger co

120 4

100 - 2 l
R 60
~
o]

40

1] S0 100 150 200 250 300 350 400
T/°C
Fig. 13. Temperature dependance of CO conversion catalyzed by as prepared catalyst: 1. Ag NPs. 2.
AgMnOyx NPs

Conclusion

AgMnOy, and AgCrMnQ hybrid nanoparticles were synthesized following novel bottom ugsteo
strategy which involves the electrochemical formation of oleic acid caped silver nanoparticles and
substitution of oleic acid shell by Mna@®@ia interfacial chemical reduction af precursor, the potassium
permanganate. At elevated temperatures amorphous AgMadbcomposite loses organic components
and acquires crystallinity.The kinetic study reveals the three step reduction process catalyzed by silver
core. The bactericidic anchtalytic properties of AgMnChybrids were also tested. The results revealed
that filters composed from the hybrid material removes almost 100%-rgrgative and grarpositive
bacteria from contaminated water and converts CO te Wi improved activiy owing to ability of
MnO, to provide rapid supply of oxygen for reoxidation of the silver core. The proposed strategy was
successfully applied for preparation of AQCrMn@ipple hanocomposite
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MODELING OF PHOTOCATALYTIC PROCESSES

T.Marsagishvili, M.Machavariani, G.TatishviN.Ananiashvili, M.Gachechiladze,
J.Metreveli E.Tskhakaia
R.Agladze Institute of Inorganic Chemistry and Electrochemistry
of lv.Javakhishvili Thilisi State University

Photocatalysi®r action upon the chemical reaction by photons is of interest aseforetical, so for practical

use. Model systerfi condensed medium with dissolved reagems studied in the present work. Methods of
theoretical and mathematical physics, particularly, multiparticle temperature Green functions of polarization
operators ofcondensed mediunwere usedduring theoretical calculationsf chemical reactiondNumerical

values of reorganization energy, transition dipole moment, the reorganization energy of the quantum subsystem,
etc. are obtained

Photocatalysis 4] or action upn the chemical reaction by photons (of visible range or shoge
ultraviolet, as a rule) is of interest as for theoretical, so for practical use. Photocatalysis implies existence of
such substances, which participate in chemical processes, but daistoinethe end product of the
chemical process. Participation of catalysts in the process is realized by two mechanisms:

1. According to the first mechanism the catalyst absorbs light photon and transits into an excited state.
Thereafter, catalyst, which is an excited state promotes thepassing of chemical process and
becomes an additional energy source for chemical catalytic process.

2. According to the second mechanismthe whole photocatalytic process passes as one elementary act
- the catalyst absorbs ligiphoton and chemical system transits from initial state into final state,
without transition of the catalyst into excited state. In spite of the fact, that in both cases the same
product is obtained, these two mechanisms differ from each other by thé tfe#epoocess and by
the rate constant calculation method.

During theoretical calculations{Blof chemical reactions we use methods of theoretical and
mathematical physics, particularly, multiparticle temperature Green functions of polarization opErators
condensed medium (medium involves impurity particles and catalysts).

We consider model system, which is condensed medium with dissolved reagents. In order to neglect
direct interaction of one type ofthe reagents with each other and to consideethetion of the group of
the particles, which brings tothe reaction we suppose, that concentration of the padigieds is
sufficiently low. It is assumed also, that the photon flux acts upon the system. In addition, it is supposed,
that interactionofeagents with the medium has either weak character, so that the medium does not change
the structure of the reagents, or is so strong, that reagents form complexes and just these complexes are
considered asreagents.

Polarizable particles, placed in amooois solid medium(condensed medium) form intermediate bonds
with medium. These particles are partially polarized and their frequency spectra andgeometric structure are
different from gaseous phase at that.

We consider a charge transfer processeshetwearedigtive polarizable(electron and indired
pol arization)particles in the nonregular condens
field, interaction of condensed medium with the electromagnetic field of reagents and interaction of
polaizations of fluctuations with static field and intramolecular vibrations of reagents are taken into
account.

Such approaches allow calculation of vibrational spectrum of reagent and values of the equilibrium
distances of chemical bonds.

Calculation of pobability of the charge transfer process with photon absorption and transition of an
electron in final state may be carried out in general form in model approximations.

It is assumed, that a number of vibrational degrees of freedom at the beginnirigtanéral of the
process is the same. Even with this assumption general expression for the rate constant has rather bulky
character. For simplicity, we bl | study the case
classical.

The iate constantfahe phototransfer process can be expressed as:
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wherek, is reorganization energy ofth intramolecular degree of freedom of adsorbable particle, and

¥is freqguency of intramolecular vibration at the
7° is the distribution function of gitonswith energyha The values of the coordinates of reageRisind
the angles of their orientatiopi n t he transitional configuration

d'depends on photon polarizatidn, t h e 1/q/y pjistthewiydt h of the integral
p o i ‘nmay bd found from equation:
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In this formula L; is resonance integral of interaction of reagents (some particle or group of particles)
with photons (dipole moment of chargehototransfe ) . F i s the free-enerc

intramolecular vibrational frequencies of the reag@his.matrix elemenand t he f unatei ons
calculated with the use of the wave functions in frames of concrete model for reagents.onhaces
integral Limay be considered as some phenomenological parameter. The arguments of this resonance
oL o

integral describegeometric characteristics of the process. The funt{@,)y )is the distribution
function of reagents. Model function may be selected as this function. The distribution function of
reagentshas most simple form for homogeneous systems.

The reorganization energy of the medium for charge transfer processes may be deteynireed
expression:

cC

C 1..CC CC c C
EMRY )=- = ffrdriDE (i Ry Jg%i (1 w=0)DE, ('} R, o~
r( y) 2”j l '( y)g (1= 0)DE (M y)HereDEi(rb;R,y)is the change

of systemds electrostatic field strerfigatempdralr i ng
function of polarization f | ucltiuguiido nastd foipreirtae otresnm
In factorlzatlon apprOX|mat|on for functiortge have:

Crriw =g, (TrEw=0)f ().

The reorganization function of the medium can be expressed as:
shb - q) shb W (

Y Ry q)=E"2 ik )2 2
> wsl b2W
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When taking integral s coomseerthe geanetd ofr tibe channel arsl the e c e
circumstance, that as effects of spatial dispersion of medium (functiof) g(sop the effects of frequency
di spersion (function F(7¥)) mu st be described by
medium.

Everything that is connected with medium reorganization must be considered during calculation. The
functions adduced in [3] were used as model functions for description of effects of frequency and spatial
dispersion of medium. As conducted calcaasi have shown, carrying out of the analytical calculations to
the end is impossible and it is necessary to conduct numerical integration.

The expression for rate constant will appreciably simplify if interaction of intramolecular vibrations of
particle wth polarization fluctuations of medium will be neglected.

For ease of the analysis the rate constant may be written as:

S fe Nexp; b gOF +5an yla)- y!(é)-)fé”“(é))‘/ﬂ

' (R V' q) and YmV(R V" :q) are reorganization functions of the vibration system and have

rather complicated form. Electron resonance integral of the transition into exuteb_ﬁtsa(cél

calculated as nediagonal matrix element of interaction of reagents with photons(by electron- wave
(ORI _
functions of initial and final states of the system). Funct®¥(R .y ;g;w;,)is calculated for concrete

processes with consideration of geometiryhe particles.

Obtained analytic expressions may be used for finding of analytic expression of optical density of the
process.

We use the method, which is analogous to LarABeer law for optical density D:

~ 2O ,
O « ETO I Q
where § is light intensiy on input of the measuring cell of thickness d, | is light intensity on the

output of the cell.Proportionality coefficiemmay be substituted by extinction coefficidiitof particle
adsorption:

Il 0 -

w h e ri®congentration of-8ype partites.
More information may be obtained from the form of the absorption curve (photon absorption by the
system as function of photon energy).

In case of implementation of extinction coefficient notion during electron transfer process between
reagents, theoflowing expression will be obtained'
SN exp; b gDF +§n b.g-y™(g')- yv(q*)-ymv(q*)g

Consideration of this correlatlon allows realization of the analysis for wide range of the processes.To
this effect it is necessary to select concrete model, to simplify analytically general expressions in the
framework of this model and to compare withpexmental data. Whereupon it is possible to obtain
numerical values of reorganization energy, transition dipole moment, reorganization of the quantum
subsystem, etc.

In case when distribution function of reagents is known the last expression allowktaaicof
transition dipole moment and accordingly evaluation of transition interval, which is important during
investigation of the complicated systems

literatura L REFERENCEST [ RU[ T QU ULYT ¢

1. Amy L Linsebigler ,Guangquan Lu , John T Yat€sem Rev1995;95(3):735758.

2. Wu CH and Chang CL. Journal of hazardous materials. 2006;128):485 72.
doi:10.1016/j.jhazmat. 2005.08.013.PMID 16182444,

3. Xing J, Fang WQ, Zhao HJ and Yang HG. Chem Asian J. 2012j68642

274



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

4. Xuan J and Xiao WJ. Visibieight Photoredx Catalysis. AngewChemint Ed. 2012;51: 6828.

5. Dogonadze R. R. and Marsagishvili T. A., in: The Chemical Physics of Solvation, Part A, Ed. R.
Dogonadze, Elsevier Publ. Co., Amsterdam, 1985, p. 39.

6. Platzman P.M., Wolff P.A., Waves and interactions in sdlidesplasmas, Academic Press, N.Y.,
London, 1973.

7. Marsagishvili T.A., Heterogeneous process of charge transfer and phototransfer with participation
of dipole patrticles. Journal of Electroanal. Chem., 1998, v. 450-95347

R R B N N TN T L L L o

< a ' a ’
” ’ 7_) 7L ’ 7 - /-= 7 Au AII ” 117 - i L :1 ” o/- [ - »o i oy
i 7 r ” ” o ”ooyo

reziume
T T DU T T B P R B DR T B

3T
>
- -
i
-
R
—_
>
—
-+
-
—_
I
-
—_
—_

- - - = v
o —
-
-
I
-
—
[ Sl U
—_
o >
T .1
— =
—
.
-
-
—_
I
-
—
—_
—_
I
-

T T T T S R A S o [ Y B HE T SO I

~ v o I ~ < o~ o~ > ~ ~

fdrefrt )l oo RURY [ HFRIM [ &1 [ ]

vf @MO@dd dzd OyOo O%g Olizd " g dpdiad dzd O Mo |d@agj U d &ZOH L §
rx-IJLstGJMEZMO
vBdRHEMP ctsmkzuOkmise jddzr 2 kdedoe jtemdisjls dd3s. R
RA&Msd Bz stee Oded U j MC 52 7 ddkdfdh cfzOHdzjjS stesn o &3d d

tryafr

st OOd&dL ddd etsLHj2Mmbsedj dO "ddiduimSks tj OSy(d
0¢ f ls;tstlsplﬁfgﬂdq;d@glstsimufr]gtsﬂ stsySd Ltejdedw. 1 HOdzdats?
d mlsijCdsaizH | dzfifd tets o O dzdzOW ftej H O fr] tcOMmiso tstej dzdz” o3 o dzj 3
ddui mMédn t6j OCYyd2 dmftsd! L&MW &jlssHT Isjtstejlsdyld
BsesyOmisduds j Isj i3 jeObktody j WEkdS yqdifd e tee sy j g0
s dzlz y 4 dz' ydmdzj dzdz" § L dzOyj dedv L dzjtecd¥y jtoj Btee Oded 1 @aj «
isttcOddL Oydd S o OzbHs®.52 § sHMdMlsj d

27¢



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

NEW GENERATION ZEOLITIC ADSORBERS

VladimerTsitsishvili, Nanuli Dolaberidze MaiaAlelishvili, MananaNijaradze NatoMirdzveli
Petre Melikishvililnstitute ofPhysical and @ganic Chemistry
of lvaneJavakhishvili Thilisi State University, 018&1 Politkovskaiastr., Thilisi, Georgia
v.tsitsishvili@gmail.com

The synthesis ofhew generationzeolite materials by hydrothermal transformation of natuBaorgian
clinoptilolite-heulanditetreated by HCI water solutioand suspendeith NaOH solution was investigated.
Products were characterized by SEH®S, XRD, and FTIR analyses. Investigartion destrated that synthesis
of zeolites with high silicon contenmprdenitelike materialy could be carried our directly from aged gels
having suitable chemical composition, but obtainofgmaterials with high aluminum contetTA type
synthetic zeoliticmateria) is possible intwo steps:hydrothermalcrystallization of the same natural zeolite
firstly to the sodalite structuneith Si/Al=1, followed by recrystallization ofsodalitein the NaA zeolite in both
casesnorphology of crystallites generallepends on conditions afrystallization

Introduction . Wide application of zeolites in industry, agriculture, environmental protection and other
areas led to interest in new synthetic mateneith zeolitelike molecular sieve, sorption, ion exchanging,
catalytic, and other propertieBhrough the synthesigide range obtructure can be obtained, not existing

in nature or possessing different properties. For example, synthetic mettenthe ability taccept ions
ormol ecul es | awhideenatural hoadenit deprived this ability. On the other hand, due to the
well-developed mesoporous structure, natural zeolites have a number of useful properties, including
possibility to bondmacromolecules and even microorganis®githetic zeolites are sually preparedn

the form of crystallites with sizes ranging from hundreds of nanomet@ran@Gzeolite®) to tens of
micrometers, withoutsecondary porosity However the mesoporous structure can be reproduced
synthetically

The aim of present work was demonstrate modern possibilities to carry out synthesis of zeolitic materials
with different sizes of crystallites, as well as with suitable system of pores and channels.

Experimental. Preparation of synthetic zeolite material was carried out usiegrggan natural
clinoptilolite-heulanditecontaining rock from the Rkoni plot of Tedzami depodit having chemical
composition (NasK1.15Ca75Mgo2s[Me]o.55) (Al 7.0Sie 072)22.5HO (Me = Cu, Zn, Ba, Sc according to
EDS data)characterized by Xay diffraction pattern, IR spectrum, wat@sorption capacity and thermal
analysis data, and belonging to the Na,K,Cafitgn of theHEU (UPAC chemical formuldCas (H20)24|
[AlsSizs077]) type natural zeolites.

Processing of raw in target material incluft@®owing steps:

Treatmentof raw material & preparation of suspensionClinoptilolite-heulanditecontaining rockpowder

was treatedat room temperaturby 20% HCI water solutiomnder stirring washed by watebpefore the
complete disappearance of @ns, and dried in owen at 1AM5C; watersuspensiomnf treated material

was prepared with the solid to liquid ratio of 1 : 3.

Gel formation Prepared suspensioves treatedat room temperaturey 10% NaOH water solution, solid

to liquid ratio of 1 : 6, gel homogenization takes 30 minutes, details are giv&n@eferal characteristics

of target zeolitic material are in strong dependence on the chemical composition
(kNaO:mSiO,:Al03:nH20) of gd prepared for aging and crystallizatidhe SiO,/Al 05 ratio determines

the type of microporous structure to be produced, and application of sodium hydroxide gives possibility to
prepare nearly monocationic sodium forms; water content generallythisr raigh to ensure suitable
physical properties (viscousity, etc.) for crystallization process, but water molecules are compulsory units
to built zeolite structure and play a significant role.

Gel aging Generally the process of gel agiagroom tempetare and without application of seed crystals
takes severalays details are described [i].

Crystallization Crystallization of aged gel was carried out in the Teflon flasktffarent temperatures up

to 11C°C, duration of the procedgsup to 90 hoursboth temperature and duration affect to crystalline sizes

T low temperature prolonged synthesis gives high quality large crystals, high temperature fast
crystallization is a way to produ€eanczeolite® a n dfibroub aggregates
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Separation and cleaningSeparation of produced crystalline material was carried out by filtration of
mother solution, solid material was cleaned by water until pF8&0and dried at 900C°C.
Synthesis of mordeniike materials was carried out [4] from gels aged during one week and having
chemical compositionf SiO/Al O3 = 9.8, NaO/SiO, = 0.08, HO/N&O = 25Q but obtaining of materials
with high aluminum content is impossible in singlsci&éed stage.
However,preparation of synthetic zeolitic material of the typelAA structure) was carried out by two
stage recrystallization of the samEIEU type natural zeolite firstly to the sodalit8@D) structure and
then in the targestructure HEU Y SODY LTA, in following steps: preparation and acid treatment of
raw material; gel formation and its aging; hydrothermal crystallization; separation of internféQiate
product, new gel formation without any acid or basic treatment, but includiraging; crystallization and
separation of target product, its washing and drying.
Chemical composition of prepared samp{€able 1)was determined by elemental analyses carried out
using a Spectromom 381L plasma spectrometer and a Fdrikar 300 atone absorption spectrometeas
well as by energy dispersive-tdy (EDS) analysisX-ray powder diffraction patterns were obtained from a
DRON-4 diffractometer, employing the G line and scanning at®lper minute,FTIR spectra in the
wavenumber rangé000400 cm?! were recorded on the Perkifimer FTIR spectrometer (version 10.4.2)
using the KBr pellet technique for sample preparatiSEM imageswere obtained by using Jeol
JSM6510LV scanning electron microscope (parameters are given on figuyeipped with Oxford
Instruments XMax 20 analyzefor EDS Water adsorption capacityas measured under static conditions
(p/ps=0.40, 26C).

Table 1 Chemical composition of preparathterials compared withPAC chemical formula

Sample Chemical compaosition UPAC chemical formula
Synthetic mordenite]  (Nae.23o0.5:1C&.2dM1g0.12) (Al 7.5S120.28096) 16.0HO INa's (H20)24] [ Al SiagOg6]-MOR
Syntheticsodaite (Nau 5K 0.6Ca.29Mdo.1) (Al 5.6Sis.4024)'5.92H0 |NagClz| [Al6Sis O24-SOD
SyntheticNaA (Nalo_2K0,4C&),1Mgo_3)(A| 11_4Si12,0048)'24.3|‘|20 |Na12 (H20)27|3 [A| 128i12043] g-LTA

Results & discussion

Chemical compositionof prepared materials is in a good accordance with correspociggngical formula

with the exception of small/l ilackodo of the Al at c
forms, in several EDS spectra traces of Cu and Zn have been observed, Ba and Sc are removed in full.

XRD. The framework type of prepared material westified byX-ray powder diffraction patterns (for

synthetic mordenite see detailsin[Mjd addi t i onal di f feindicating teerfornatoom k a t
oftheBEAt ype structurei h8jlcari mg Che =f dGm&t i on° of ar
in [6]) as impurities have been observed in XRDswyfithetic mordenite [4the main peaks of thIOR

structure apear with high intensity in accordance with sufficient silica to alumina malar and synthesis

time. Influence of thesilica to alumina molar ratio in gel on treynthesis time andrystallinity of
synthesized mordenite is the same, as describéf]. iIKRRD patterns oL TA samples have be@ompared

with calculated ones taken from h e AfDat abase of Zeol i te Structu
Association [ttp://www.izastructure.org/.

Table 3. LTA calculated XRD pattern (peakser 0.09%.y) compared with experimental

hk| ) Calculated _ Experimental

2 Udegree d, i I, %lmax | 2 Udegree| |, %lmax
200 7.178 12.3050 100.00 7.2 100
220 10.158 8.7009 51.31 10.1 78
222 12.449 7.1043 31.82 12.4 44
420 16.093 5.5030 20.30 16.2 42
600 10.62 21.1 18
442 21.648 4.1017 22.78 21.8 93
622 23.965 3.7101 44.34 24.0 1.56
640 26.089 3.4128 10.11 26.0 42
642 27.092 3.2886 41.01 26.9 1.50
820 19.92
644 29.915 2.9844 19 70 29.9 1.93
840 32.315 2.7515 9.34 32.9 45
664 34.149 2.6234 27.06 34.2 1.20
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Experimental XRD patterhas the same peculiarities mentioned in [8]: high intensity pedksJat7° and
10°, as well as aR U= 24, 27, 30, and 34 With the molar ratio Si/Al nearly equal to one, kaolin is
considered aan ideal raw material for preparing NaA zeoJReand réerences therein], bWTA materials
prepared from natural kaoline contain quartz (strong peak @t 26.63) and theSOD type zeolite
(characteristic peaks at U= 14.14 (0.53), 24.62(1.00), 31.96(0.98), and 359(0.78) as impurities, not
observed in XRD patterns of samples obtained bgrystallization of SOD produced fromHEU. No
improvementn crystallinity like noted in [5] for higksilica zeolite A sample treated for five minutes with
12.5% NaOH solution at rooremperature has been observed.

Developed zeolitic crystal microporous structure in synthesized samples has been confirmed also by
comparatively high averaged value (5.30 mmole/g M®DR and 7.60 mmole/g foLTA) of water
adsorption capacitynder staticonditionsat phat éaud pressure.

FTIR. Assignment of the main bandsmid infrared was made accorditg [10] distinguishing external
and internabsymmetrical 4asyn) andsymmetrical §sym) stretch vibrations of the TQetrahedra (T = Si or
Al), results are given in the table 3.

Table 3. Peak positions in infrared spectra and their assignment

Measured peak position in chit Assianment
Mordenite A 9
gi;é S;gzg 3467 Broad Asymmetric stretching of OH group
1634 1648 Bendingvibration of H OH
1384 1152160(; Si\%iﬁeg;s Bending vibration of bridging OH-Oi
1222 1190 Shoulder Internal3asym
1050 Broad 1008 Broad External3asym
777 750 Shoulder Externaldsym
727 704 Shoulder Internala
625 663 sym
581 552 Double ring vibration
575 Shoulder
442 465 T-O bend vibration

SEM images (figures *2) show crystalline morphologyof obtained samples. Producedordenite
prismatic crystalgfigure 1, lef) have widthinarangeof 0.150 . 45 e m and [|3eamgnitd mu p
fibrous aggregatesigure 1, righj are characterized by fibdiameterfrom 40 nm to 90 nnand lengthup

to 10e mimitating norregularmesoporous structure

[SEI  25kV WD14mm x19,000 1um S — SEl  20kV

Fig. 1. Mordenitevertically striated prismatic crystadsd fibrous aggregates
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As compared with known methods using pure chemicals [11,12] and Hedofis as a raw material [13],
our method of theHEU type natural zeolite rerystallization needs no organic template or seed crystals
and takes nearly these time to produce high quality micro crystdist crystallization results materials
like described in [14] (fiber diamet&5nm and length € My also preparedh the absence of organic
template by hydrothermal methotut at higher temperature of80A QQautoclave crystallization), and
during a longer time, 120 hours, that may be due to the different®s aomposition ofynthesis mixture
SEM imagesof the sodium form NaA(figure 2) testify he possibility of obtaining botimicrometric
(average diameter 2 mh and nanoscale crystallites depending on the crystallizatb® and other
parameters; selectiaf conditions makes possible teceive samples from fairly narrow distributiontb@
crystallite sizes

20kV WD16mm  SS60 2um

Fig. 2. NaA micro and nano crystals

The proposed methedare based on the use mditural silica-alumina raw materials and inexpensive
reagents (HCI, NaOH)are characterized by the relative rapidity, low enemxpendituresand low
Sheldo® factorE.
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THERMAL CHARACTERISTICS OF SPINEL -TYPE COMPLEX OXIDES
Me1xZnxFe:04 (WITH Me=Cu OR Mg)

T.E.MachaladzeV.S.Varazashvilj M.S. TsarakhoyM.G.KhundadzeT.A.Pavlenishvilj
N.G.LezhavaR.P.Jorbenadze
R.Agladzdnstitute of Inorganic Chemistry and Electrochemistry, lvane Javakhishvili Thilisi State
University
tmachaladze@rambler.ru

Determination of Curie temperature, of coefficient of heat expansion and of electrical conductivity as
well as Xray and neutronogphic researches belong to the methods by which the process of ferrite
transition into thermodynamically stable state could be inferred.

Calorimetric methods for determination of heat capacity, at which in the compound the process of
removal of metastablstate takes place, is characterized by a number of advantages in comparison with
other physicathemical methods. This advantage is determined by the possibility of measuring of
temperature and heat with a high degree of accuracy, by establishing of tentaial conditions, by exact
thermodynamical characteristics of initial and final states of the compound [1].

With increasing temperature some spinelssuffer disordering and tend to statistically random
distribution in A and Bsublattices of the cationdn the course of higtemperature hardening of such
samples the maintenance of higimperature metastable state is possible. In the process of heating of
hardened spinel the state is attained when overcoming of activation barrier is possible and cations
displacement begins to obtain the equilibrium state typical for mentioned temperature. In the course of
thermodynamical researches this process is fixed at the curve of heat capacity as exothermic effect.
Hardening effects are most pronounced for theedpiwhich are characterized by small difference between
the energies of normal and reverse states. Solid solutions of enppesind magnesiwninc ferrites,
investigated by us, belong to such compounds.

Ferrites of copper, magnesium, coppgrc and magesiumzinc were prepared by ceramic method
from corresponding oxides of chemical purity . Detail information on synthesis and identification of ferrites
is given in [2]. For maintenance of ions higgmperature distribution in crystalline lattice the saamphs
hardened from 1425K by throwing in ice water.

Calorimetric researches were performed at differential scanning microcalorimeter (SETARAM)
DSC111 in temperature range from 300K to 900K. Calorimeter sensitivity was determined by means of
Joule effect The heat capacity of standard compesgdthetic corundum was measured for determination
of research accuracy.

Comparison of obtained data with metrological measurements [3] has shown that the device accuracy
is maximum in temperature range from 360K7G0DK - ~0,2% and is minimum in the range from T<360K
to T>760K- ~2%.

Experimental conditions were similar at calibration and measuring of ferrites heat capacity: scanning
ratel 3K/min, amplifier sensitivity 1 mV.

Influence of thermal treatment on heapacity is known only for copper ferrites [4]. We primarily in
the practice investigated the effect of thermal treatment on heat capacity of solid solutions of the ferrites of
magnesium, magnesiuminc and coppezinc. We have also investigated copperifeyisynthesized by us,
for comparison with the data of [4].

Repeat measurements of once hardened balanced samples have shown that the value of heat capacity
is slightly exceeds the heat capacity of balanced samples in all cases. In transformatioheppeakd of
heat capacity are of more smooth shape and the transformation temperature range increases- All above
mentioned is indicative of the fact that the cooling of the samples by slow rate together with a calorimeter
is sufficient to partial hardeningf the sample under study. As a result the sample gains an excess internal
energy which is reflected at the curve of heat capacity.

Copper ferrite 1 CuFeO.. In Fig.1 the curves of heat capacity are given for the samples obtained by
slow cooling and hardening of copper ferrite as well as for the reheated and hardened sample. The overall
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picture up to T<Tc is principially coincident with the data of [5] and neaeGemperature and above the
considerable difference is observed.

At initial stage a small difference is observed between beat capacities of balanced (tetragonal) and
hardened (metastabteibic) ferrites. This fact may be explained by diversity of thgjstalline latticies.
Cations displacement and annealing of hardened samples begin at sufficiently low temperature (from
~330K). With increase of the temperature this process becomes intensive: at first the plateau is formed in
the range from ~430K to ~08, thereafter above 530K an exothermic effect is observed, which reflects
the gradual formation of tetragonal copper ferrite from metastable cubic phase of hardened sample. This
process is continued up to reasonably high temperatures since the curgeheétltapacity of hardened

sample isnbét connected with the equilibrium curyv
600K is indicative of the transition of recently formed lmmperature modification to higlemperature
cubic one. Asisobi ous, this process isno6t completed in t

canobt overl ap an exothermic effect of cations r €
ferromagnetic transformation. Therefore the process of heaseeland, respectively, the process of
transition to equilibrium state in temperature range under study become uncompleted. This process takes
place at higher temperatures. Hence, from obtained data it is impossible to estimate the reliable value of the
transition from metastable state to stable one in the range of exothermie (3&8k720)K. Summation of

the amounts of released heat by means of DTA regime of scanning calorimeter and by integratidn of Cp
function givesDH, which only partially reflectshis process.

The picture of reheating of hardened sample confirms the suggestion that the formation of tetragonal
phase at primary heating isnb6t complete. The peal
tetragonal structure to cubic oielower than for balanced sample. Moreover, as is seen, the equilibrium
redistribution of the cations continues above 580K causing exothermic processes and partial overlapping of
endothermic effect in the area of structural transformation (~600K) wineneety small endothermic peak
is observed.

Cp J/mol K Cp J/imolK

240 - \/\ 240 -

210

210 |~

180 |- /«-\\W;\f‘%“‘k« 180

/ :
150 / 150

300 400 500 600 700 800 T,K 300 400 500 600 700 800 T, K

Fig. 1. Heat capacity of Cui©, Fig. 2. Heat capacity foCup sZno Fe04

Y% 1 unhardened sampl&;i hardened Y% 1 unhardened sampl&i hardened
sample; a7 rehardened sample sample; a1 rehardened sample

CuopeZngFe04.In Fig.2 the heat capacity of hardened sample is presented. As expected, for
metastable phase with excess internal energy in the range from 300K to 400 K the heat capacity is slightly
higher than for balanced sample.copperzinc ferrite of this composition the structural variations, caused
by YanTeller cooperative effect, are missed. Therefore the sample retains a cubic structure even at high
temperatures and for it only ferromagnetic transformation with a maxaB0K is characteristic.

282
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For the ferrite of mentioned composition a reasonably hardening effect is typical. The stage of cations
redistribution in A and Bi sublattices is observed as a plateau already above 430K and in the range from
550K to 760K the mcess of cations equilibrium redistribution proceeds by maximum intensity. Above
760K this process isnb6t completed since the heat
balanced sample and is significantly less. Along with it, thera iendency to its reduction which is
indicative of low intensity of ordering process. The fact that for the sample of copper ferrite as well as of
copperzi nc ferrite the balancedredistribution i snbot
hardend sample. In this case a slight excess of the heat capacity up to 560K in comparison with the
balanced sample is indicative of relatively metastable state of the system. Above 580K the exothermic
process is observed which is even less than in the casestohdating but nevertheless overlaps the
ferromagnetic transformation which is expressed by a minor peak.

Cp J/mol K

Cp J/mol K

210 210

'l.."“‘.nl‘

180 180

150 150

120 l | | 1 1 120 ] ] ] ] ]
300 400 500 600 700 800 T, K 300 400 500 600 700 800T, K

Fig. 3. Heat capacity digFe0O4 Fig. 4. Heat capacity foMgo.sZno 2Fe04
% 1 unhardened sampl§i hardened % 1 unhardened sampl&i hardened
sample; g i rehardened sample sample; a1 rehardened sample

MgFe,O. and Mge.sZno.Fe0a. In the case of the samples of magnesium ferrite and magnesiam
ferrite the picture is nearly similar (Fig.3 and 4). The heat capacity of hardetadtable samples of both
ferrites is slightly exceeds the heat capacity of balanced sample. 500K may be considered as the initial
temperature of exothermic peak and the phase of intensive redistribution of the cations is in the range from
600K to 900K. 1 is expected that mentioned process is continued even at high temperatures by less
intensity. In magnesium ferrite, in contrast to coppamtaining ferrites, the process of balanced ordering is
more perfect which is confirmed by the results of reheatihcghardened samples. The values of
corresponding heat capacities are nearly coincident with the heat capacity of balanced sample and at the
curve the ferromagnetic transformations are reflected. Obtained values of heat effect may be considered as
the enthipies of ordering process.

In the temperature range under study an incompleteness of the samples annealing process is
determined by kinetic factor and is indicative of the necessity of increase of process duration than it
possible at calorimetric experintenin scanning regime. The minimum of exothermic peaks are
recommended as optimal temperatures of annealing.

In the table 1 the values of the enthalpies of the transition from metastable modification to stable one

for the samples under study and the valfesptimal temperatures of annealing of hardened samples are
presented.
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Table 1
Heat characteristics of the ferrites under study
DH Effect temperature Annealing
Compound J/mole Rangeg(K) Topt (K)
CuFeOq 2150 430720 630
Cuo.sZNno.2Fex0O4 3100 430760 660
MgFeO4 6960 490900 750
Mgo.sZNo oFe04 4870 500870 770
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DETERMINATION OF CONDITION OF COMPLETE SOLID SOLUBILITY IN THE
SYSTEM LiosFez,sxAlx04BY MEANS OF CALORIMETRIC INVESTIGATION OF
EXCESS MI XI NG PARAMPANDR ox®SaeH

N.G.LezhavaM.G.KhundadzeY.S.Varazashvili, T.E.Machaladze, T.A.Pavlenishvili.SWI sarakhov

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Bawekhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia

The energy of solid solubility of the system o e 504 T LiosAl2504 with general formula: leisFe 5xAlxOa

have been investigated using the method elaboratadaboratory by A Landiain order to determine the
borders of region of the broken solubility. On the base of the complex calorimeter experiments and semi
empirical calculation method, the phase diagram of state of investiggséeginwas built and the top of the
fidome ofsidteicomp oof s ol iThe speoal thetmaldreatmend @ovifles neaeiding of single
phase composition

Introduction
In laboratory of thermochemistry by N.Landia the method of determinatitheafnergyo f s pi nel s
solid solubility processwas elaborated. This is the combination of calorimetric and -semirical
calculation methods.
The systems NZn, CoZn, Li-Zn ferrites have been investigated using this method and results are
published earlier [B].
The majority of fertes and aluminates, as well as, molibdates and titanates are characterized by
continuous solid solubility. But in some cases the continuous mutual dissalfitiotial spinelsbreaks.
Since the compositions as intermediate complex compounds/afithble hitech propertiesften are
found at the process of mutual solubility of simple spinels, it is very important to observe the process by
means of thermodynamic parameters of mixing.
The hightemperature calorimetric dissolution method is thenngdperiment which allows study the
mechanism of process of mixing.
The equilibrium state of solid solutions, as well as of any other systems is determined by aspiration to
minimizing its free energy:
&G &EHesS &H +T gV
The process is direatl by so called excess parameters of mixing:
@G (X1 X2) = sso(xefpl [ GX @[5 X = mix - Bedd,
@ hi™(X1X2)  =ssof@tko) T [ el aeH X
%aixex(xl X2) =s.50I@132) T [ e 5t aa]SVbhere
xiand % T mole fraction of components,
& Hs(xiX2) a ngdi(xi3B thermodynamic parameters of solubility of complex spinels.

Calorimetric investigation of Lithiumferroal umi
The object of the presented intigation is the system of solid solutions
LiosFe,s04 1 LigsAl2s04 with general formula: LisFe . sxAlxOa.

The nature of mixing of lithiumferroaluminate solid solutions is specific [4]. This system contains only
one ferromagnetic Fei o n . Neverthel ess, it i s characteri z
dependencé magnetization/temperature (likely to nickelferroaluminates), and respectivslyordered
and disordered states of structure. In disordered state (quenched) im sgsténuous solubility is
revealed. So, we have singlbased solid solutions at any ratio of initial components. However, in ordered
(annealed) state we have discontinuous of the mutual solubility anghmsedmixture of initial
components which appeanear equimolar composition.

The main calorimetric experiment was carried out on Hightemperature Differential
Microcalorimeter Calve (Setaram) using the method éghperature dissolution at 973K in a liquid melt
of oxides (9Pb0.3Cd0.4B)) as thesolvent. This method firstly was proposed by Jokokawa J.and Kleppa
0.J. [5]. Later it was modified by Navrotky A. and Kleppa K [6] for determination of heat of formation of
ferrites, aluminates and other spiséluctured compounds from correspondingles.
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Since the value of enthalpy of mixing of spinels, almost an order of magnitude is less than enthalpy of
formation of simple spinels from oxides, the higher accuracy and reproducibility of measurement of
dissolving effect is needed. The pase wasachieved by means of specinbtallation for dissolving of
samples at Calve calorimeter, created in collaboration with scientists of department of mineralogy of
Geological faculty of Moscow State University (Fig.1)

1 \/1 l Fig. 1. Scheme of installatim for high temperature dissolution at the
| BTG | 6 | 1 | Calve calorimeter
l i‘ SF5 ~ | 1. Platinum reaction vessel with solvent (1)
u | 4 | 2. The nest (2) (from special alloy) for reaction platinum vessel with top
(4)
4 3 . 3. Suspended little spoon with the sample untarstigation (3)
- ' 4. Ceramic tubes (5) and
2 5. Mobile corundum rod (6)

The samples of initial components and intermediate compositions are
prepared by ceramic method, identified by Chemical amdyXanalysis.
The previous information about the function aeeH = =f{T} ahd enthalpies of phase transformations
are published earlier {8]. Together with the present results of htgmperature dissolution experiments
they are necessary to calculate the excess thermodynamic parameters of mixing.

Theimportant condition for carrying out such complex calorimetric investigation suggabthis
information should be taken from the same or absolutely identically prepared samples. This provides taking
into account the factor of nesquilibrium and preistory of samples under investigations. Knowing
previously about the opportunity of decomposition of solid solution with ordered structure [4], we
pretreated appropriately the samplesEeAlL O, before experiment. It was quenched in a stringent
conditon to fix disordered singlphased structure.

Obtained by dissolving of four compositions and two initial components in liquid oxide melt
(9Pb0O.3CdO4RBD; e x per i me nt adk(973) ar¢ presemtéd irecFblel and the concentration
dependence oéeHi(973) on Fig.2. Calibration of calorimeter was carried out before each series of
dissolution throwing the pieces of platinum into liquid melt. Each sample was dissolved 5 times, standard
error was estimated by formula: S RK( x2i )-1)¥2nmhre r, eis @eviation of each result of
di ssolution frmom the average &eH

Table 1 Experimental data of dissolution of solid solutiongsEe 5xAl xOa

Number | Composition M, aHqis(973 kI mol @&HsN s
X
1 0 207,18 59.65 N 0, 4
2 0,5 192,67 59.56 N 0,5
3 10 178,24 55.65 N 0, 9
4 1,5 163,82 49.22 N 0, 4
5 2,0 149,40 49.20 N 0,5
6 2,5 134,92 52.12 N 0, 8

As it is seen from Fig.2 the new portion of Al ions entering the structurey gfe:jsO, decreases
the valge 7B3fK)aeH Obvi ously, the calcul atedm¥2Il ues
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of LiosFesxAlkOs (Xx= 0,5; 1,0; 1,5; 2,0) will be positive. This is the first observed difference of this

system compared with investigated earlieB[]

AT, (973)kJ/mol

Li, sFe, sO,

The excess

calculated by expression:

0 05 1

15

2 2,5
Li, sAlL, 0,

syst e msSwele regative.ce H

Fig. 2. Concentration dependence of
ent hal py ofuw@@Ksol uti o

e nt had?p as the Hiffenericex hetween eatHalpy of dissolving of the
investigated composition of solid solution and the sum of initial pure components in relevant mole ratio is

ehhid?= [ %"@&HFe:Ost(1-x ) aR¥LIAI 204)] - a8 His”™LiosFe25xAIxOs4

wherex and 1x are the mole fractions of components.

Availability of calorimetrically stated higtemperature functionseH = f{f(m)) , C
and phase transformation enthalpy of each individual members of systgife kAl xO4
(0; 0,5; 1,0; 1,5; 2,0; 2,5) {8], allows us to calculate the standard mixing enthabey®*2%

Calculated results are given on the Table 2 agdBFT h e a v e r a g:¥haveabean estinsatéd
statistical met hod of ferrors accumu
e concentrati @i adrdp e eespectively, aré presdited.

by means of
t h

E 10
2
£ B
= 2
6 AN
I 1
,/ 1/ \
2
) 4_,./1/ AY
-2 T L L L]
0 0.5 1 1.5 2 2.5
LiysFe; 0, Liy sAL 50,

Fig.3 The excess enthalpy of mixing
(1) and®(2edl solid
solution LbsFe s5xAlxOs

Table 2 Mixing enthalpies- & Hix®*?® a n d mx&H of solid solution Lé sFe 5xAlxO4

Number X 2 i3 kJ/mol 2 Hhix¥*%%%J/mol
1 0,5 0.37 N 2.43
2 1,0 1.00 N 4.60
3 1,5 5.92 N 9.82
4 2,0 4.39 N 6.59
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Foursystems[B] i nvestigated ear !l i erm,&% Rifferentlyafromathis er i z ¢
case they all contain $pybridized Zi&* ion, which creates covalent bonds sipi nel 6 s struct u
orbital of d’sp® hybridized Ni, Fe and Co ions. The energy of these bonds is changed in dependence with
concentration. This pao¥addsatber dieggatt oefbsgn
Solid Solubilityodo [7] mpeeds to unlimited solubili

That 6 s Fa®hoftenZsused as a universal solvent in technology of ferrites.

As it is concerns to our case, both initial components ofsFe s«<AlxOs solid solution are
characterized by supstructural order [1:3] of LiFe** and Li/Al®* ions in octahedral slattices of
spinel. During the process of mutual dissolution of lithium ferrite and lithium aluminate this order is
destroyed. Solid solubility breaks and tploase mixture should be appeared. To take into account the
positive sign of only one fundamental energetic factrthi®*?*® which notes on impossibility of mutual
solubility of initial components across the enti
of mixing in the given systenTogeher with ae Hix®?%8 it is necessary to know also entropy and free
ener gy o fwfanidn@asaed e sul t a2G

The excess ent &3P the secomdifundamental @sBameter which is necessary to
determine freeGwM®rgy of mixing e
Since the minwP ianthe défarenace bepmeen ar®oppfShe given composition and the
sum of entropies of initial pure componagxnthes i n
following expression should be used:
2 Six = Sesolid sol) - ( Sk + Sc-1), wWhere
Sisolid soly, Sx and $-1 are calculated by semempirical method D. Zagareishvili [10]:
Szgsat: 2 ,;,298‘/ (_L;l,25ll' 2, 3298a | /3, where
Up2odt = (Cooof)? [Cpoot + 2 9 § O6IDIC
This method is based on the known and experimentally proved postulate that standard entropy can not
be characterized universally and certainly only by means of heat capasity C
As a rul e, in reality, to the same val ugs of
corresponds the different valuek Sgs. It significantly depends on the rate of change of functigf(T)
near the standard temperature, i.e. ordtleer i v agd Oidp)of CL=fOITat T= 298 (Table 3, Fig.4)

Table3 Cal c ul a tmi, donsola solutioes3dsFe sxAlIxOs [ 10 ]

Com|c>)<osmon Cp208 (d:pbr)atzgg a p298 S & SixJ/molK
0,5 17.37 0,0085 15.16 155 14
1.0 18.54 0,010 15.97 171 17
15 19.49 0,009 17.07 187 22
2,0 20.0 0,0054 18.51 210 33
00 15.8 0,0117 12.97 129
2,5 21.8 0,0198 17.15 189
35
2
3 30
E
=025 . 9
5 Figu4.The excess entw®®py of m
= 207 J/molK of solid solution LgsFe5xAlOs in
15 4 dependence with concentration
10 |
5 .
0 - - ‘ -
0 05 1 15 2 2,5
LigsFe, ;0, Lig ;AL ;0
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The used seme mpi r i c al cal cul at ihas itmadvahtagd abové otheemkhowro p y
calculation methods. First of alik is based on experimental information about the nature of individual
characteristic curvature of functiorp E(T) of investigated substance near standard temperature:

1. Systematic error of this method extinguished in difference type of expression

2 Six = Ssolisol) - ( Sk + Sc-1)

2. The configuration disorder actually is frozen in functiops G(T) measured at very low
temperature, and as a result it contains much less information about redistributioniohiocns de of s p
structure in comparison with ,€f(T) measured near the room and ambient temperature.

3. The using of the method is justified also, because all needed experimental informatibs;:,(Cp
(CCplON)dhes , Ha?®®) are taken on thesamples with the same prehistory. This fact is extremely
important for such complex spinels with nonequivajemgitions in the structural slalttices, as the solid
solutions under investigation. In the Table 3 experimental and calculated data of deterngg®J/molK
are presented

It is known that entropy of mixing is always positive. Even for ideal mixing of two simplest
component configuration entropg &ne is 1,38 entropy unit~or such complex system aso e 5xAl Os
& Six*J/molK  should besignificantly biggerAs it is seen from the Tabledhd Fig 4, it reaches about
30J/molK, and naturally it can gain the energy for creation and stabilization of solid solution.

The main advantage of this approach isxtludes the need ispecial laboriouslow temperature
calorimetric investigation of G=f(T) for calculationae $ix**®.

The analysis of obtained @abn the light of secorthermodynamicaw, shows that in the area near
to composition LlisFesAI0Ost he ent r op wbdan noticompemgate deeSdestructive influence
of positive sigrof & Hix**®and in this regio solid solubility is excluded.

It should be emphasized that needed information abgtf{TQ) near ambient temperature angbdgare
have been taken from [9], where the investigation were carried on the samples prepared absolutely
identically as the samples used in present dissolving experiment.

Free ener gy &% aotordingnogthe sem@d law of thermodynaniududes two
t her mscand -Teaah .
Necessary experimental and calculated dada presented in Tabdeand Fig.5

4
E 3
E.E 2
g 1]
o a b Fig. 5. Concentration dependence of the excess
. ener gy o fmobsdlich gplutioree G
N ¢ L015Fez.xA| xOa
21 | T~=ea_
=l TTe~a -
d bl I
-4 ' " " ’
0 0,5 1 1,5 2 2,5
Liy sFe; 504 LigsAlL sO4

TabledFr ee ener g Yym&&I/mohof selid sotiordgsFe sxAl «Oa

Number | COMposition & Hhix kd/mol Tees kJ| Bex=a@HT2S
X kJ/mol
1 0,5 2.4 4.2 1.8
2 1,0 4.6 51 0.5
3 1,5 9.8 6.6 -3.2
4 2,0 6.6 9.8 3.2

AsitisseenfronFi g. 5 t he fr ee m&4ehanyes itsonégatine sign imaypose@ in
the region of concentration ab ; [1,1<x<1,55; (22% 63,5%)]. It means that here the solubility
completely excluded and composition (x =1,5) falls in -plxase eea.
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The common tangentdéds two projection (c and d)
x=2, 0, actually to maxi®ffums of negative values

According to Fig.5 we can judge about the character of change of free energgaidlyenn the
structural peculiarity of system under investigation, also we can fix correctly the beginning and the end of
the area of formation of two immiscible phaseshe work [4] enthalpies of ordelisorder transformation
have been studied and peal that for all compositions (except x=1,5 which is homogeneous only in
disorder state) enthalpy of transformation reduces from the boundary components and became almost zero
at the equimolar composition. The initial componentEeo sFe. 5|O. is charaterized by supestructural
ordering [1:3] inside octahedral siditice of spinel, which begins to be destroyed as the iotts éiter
the structure at mixing process.

From the Fig.5 it is s e@i®fomsompositiorxt0,5 begimsatb i v e
decrease. That reflects the difficulties of dissolution tied with the process of violation of the super
structural order in both initial spinels which is accompanied by competition for octahedral positions of ions
with equal preference engrgo octahedral sublattice in oxygen surrounding, until the rivaling ions size
factor prevds.

At x=1,1 the excessm™® ehangss itsesignginto posttive arid keeps g until 22 G
x=1,55 (ab segment on Fig.5. Then with recoveringupesstructural [1:3] order in octahedral slaitice
characterized for pu¥4%ef sdid sblitionugains ésl nagativensign ang theas@id
solution is stabilized.

The results of i nvest ing*antaiwnetenpérdtucevintenvad. Resolts ar@a | ¢ u
given in Tableb. So, on the basis of these data the state phase diagram tifjateeissolid solution is built
Fig.6.

TK

1800 - - -

P—
e e — - — - = -

1400 | Fig. 6. The phase diagram of state of solid solution
Solid Solution LiosFe,5xAlxO4
1000 -

Dome decay
600 - /—\
200 ; : : :

0 0,5 1 1,5 2 2,5
Liy sFe, 50, Liy AL, 50,

Table5. The temper at u mxofsdid splatiordlesFes.@lCr G

X
T.K 0,5 1,0 15 2,0
298 -1.8 -0.5 3.2 -3.2
300 -1.8 -0.5 3.2 -3.3
400 -3.2 -2.2 1.0 -6.6
500 -4.6 -3.9 -1.2 -9.9
600 -5.9 -5.6 -3.4 -13.2
700 -7.4 -7.3 -5.6 -16.5
800 -8.7 -9.0 -7.8 -19.8
900 -10.2 -10.7 -9.9 -23.1
1000 -11.6 -12.4 -12.2 -26.4
1100 -12.9 -14.1 -14.4 -29.7
1200 -14.4 -15.8 -16.6 -33.0
1300 -15.8 -17.5 -18.8 -36.3
1400 -17.9 -19.2 -20.9 -39.6
From the phase diagramf st ate it is seen that the top of

solution is about 500K. This is the temperature above which the process of structural disordering inside the
structure of composition biFeAl; s04 begins and the oAghased dal solution can be received
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OZONE IN AGRICULTURE

Rimzet Tushurashvili, Merab Panchvidze, Tsiuri Basiladze, Genrieta Shanidze, Manana Mamardashvili,
Nino Kvirkvelia, Givi Khidesheli, Vazha Matbaridze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Bawekhishvili Thilisi
StateUniversity, 0186, Mindeli st.11, Thbilisi, Georgainokvirkve@gmail.com

The influence of ozone on certain agricultural crops, in particular on cucumber and tomato seeds, has been
studied for the purpose of acceleratingtheir germinationand achievimgraase in yields. Prospects for ozone
treatment of seeds using ozonisedwater and eaonmixture have been established. Besides, the influence of
ozoneair mixtureon extension of storage life of tangerines has been studied and it has been estaddlidhity t
treatment of tangerines with ozea& mixture during their storage can extendtheir storage life to three months

Very powerful and strong oxidation capability of ozonehas lately made it an element widely used in
chemical, pharmaceutical andhitindustries as well as in medicine and agriculturf®r the purposes
ofproduct storage and product disinfectionduring storage. Various chemical agents are widely used to make
seeds free from internal and external phytopathogenous micro flora beforsaivaig, to activate their
natural processes and to protect plants during the process of their vegetation. However the positive effects
of chemical agents have some negative impacts as well: environmental pollution caused by toxic chemicals
and their acconulation in the soil and subsequently in the plants and their products.

Especially noteworthy is the fact that development of technologies that are based on using ozone is
largely owed toozone being environmentally friendly. Unlike other oxidants, resatEuse ozone to
decompose into oxygen molecules and oxygen atoms. All these products are known as the agents neither
participating in pollution nor producing the carcinogenic substances that are produced in the process of
oxidation by chlorine or fluorideDzone only remains in the air for several minutes and in wéter.52
hours. [1,2]

The purpose of the research was to study the influence of ozone on certain agricultural crops, in
particular on cucumber and tomato seeds, for the purpose of atinglénair germination and achieving
an increase in yields.

Ozoneair mixture flow was being produced using a 220 Watt Ozonator. The concentration of ozone
in ozoneair mixture flow was 0.6 g/L, and in ozonised wat&mg/L. The rate of ozorair mixtureflow
was 2.4g/hour.

The influence of ozonized water and ozame mixture flow on cucumber and tomato seeds was
studied for the purpose of evaluating the quality of their germination.ln both cases the seeds were
previously soaked in water for two hou@zonized waterwas produced by barbotaging ozineixture
flow into water until saturation. The treated seeds were put into Petri dishes on appropriate soil. 50 seeds
were put into each Petri dish. After a week the quality ofgermination was evaluated.

The results showed that the quality of germination of the seeds treated with ozonized wateairozone
mixture flow and potable water for potato seeds was 96%, 80% and 80%, respectively; and for cucumber
seeds 96%, 90% and 74%, respectively.

The colour ofthe leaves of the plant samples germinated from the seeds treated with ozonized water
was darker green than that of the plant samples germinated from the seeds treated wilr ozahee
flow and potable water.

After a week the seedlings were replahteom Petri dishes into the boxes full of soil. The seedlings
were systematically watered with ozonized water and observed during the next four weeks. After the four
weeks the damaged leaves on each plant sample were counted. In the case of cucunésetreatag!
with ozonized water andpotable water, the number of damaged leaves was approximately the same (9% and
10%, respectively), whereas in the case of potato samples the number of damaged leai29naisd
24%, respectively.
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Four weeks after beingown the heights of the seedlings as
well as their leaf areaswere measured. The findings showed that
heights and the leaf areas of the seedlings treated with ozonized
water and ozonair mixture flow exceeded those of the seedlings
treated with potable wer, namely,the heights of the cucumber
seedlingswere 3ém, 33 cmand 30 cm, respectively, and the leaf
areas 64 cnt, 33 cntand 28 cry respectively (picture 1).

Many countries throughout the world face the problem of and
are in search of the ways faxtension of storage lifefor food
products, in particular, for perishable fruit and vegetables. Ozone is
a particularly effective disinfectant which fights molds, bacteria,
viruses, toxins and other contaminators in air and in water and helps
to remove thm from surfaces. [3,4]

Georgia faces the similar problem of treatment and extension of storage life for citrus fruit, especially
for tangerines. The harvest season in Georgia lastsidy thonths.

The longest storage life for citrus fruit is achievedwnapping each fruit separately in a wrapping
paper impregnated with diphenyl. Diphenyl is a petroleum product, which is considered to be a substance
of mild toxicity,protecting the fruit from fungal infection. It is prohibited in the European Union and th
United States as a carcinogen known to cause cancer.In some countries paraffin is added to diphenyl, i.e.
boxes are impregnated with the mixture. Sometimes synthetic antiseptics are used and fungicides are
applied to citrus peel. The above mentioned wdthcan substantially extend the storage time of citrus
fruit.

Currently,new, environmentally friendly technologies are being introduced. The use of ozone is
considered to be among one of the most important and effective methods.

It has been estimatedahozone does not have harmful effect on food products and does not cause a
change in their nutritional value. In addition, the products maintain their delicate flavours.This is caused by
the fact that ozone,as antiseptic, affects only the exterior sudfatee product, and then it quickly
decomposes to safe oxygen. [5]

In our case two lalmade ozonators of different capacities and product sterilization chambers were
used to extend the storage life for tangerines.

In the experiment certain number of targes (ten) was placed in a sterilization chambel ), and
ozoneair mixture was injected into the chamber. The time of exposure varied from 20 minutes to 60
minutes. During the exposure that lasted fo3R0minutes the ozorar mixture flow rate providd by the
ozonator was 1gr/hour, whereas during the exposure that lasted for 60 minutesthairomoxieire flow
rate provided by the ozonator wa2 5 gr/hour. Simultaneously, the same number of tangerines (ten) was
placed into a control chamber @).

At the first stage of the experiment, the tangerines were treated with-aizanixture flow for ten
days (every other day, treated for 20 minutesper day). During this period the product loss in the chamber
- 1 w2eost of 10 tangering0%), whereasimte contr ol chamber ~ 2 the pr
(10%). The findings indicated that it was necessary to prolong the time of exposure to ozone.

At the second stage of the experiment, after being treated with-aroméxture flow for 30 minutes
per day (every other day, for the duration of ten days), the product loss in both chamberswas one tangerine
out of ten. The results were the same in the case of 60 minutes per
day treatment. The results revealed that increase in the amount of
ozone has posie effects on the storage process. In view of the
findings, anewdoubled capacity ozonatorwas developed in the
laboratory.

At the third stage of the experiment, application of ozaine
mixture flow for 60 minutes per day using the new ozonator
duration D days changed the picture: product loss in the chamber
-1 was one tangerine, wher eas i
product loss was 4 tangerines.

At the fourth stage of the experiment, application of ozaine
mixture flow for 60 minutes per day during 32 days resulted in no
product | oss in the chamber -1
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e
tangerines treated with ozoa& mixture flow maintained their itial quality, whereas all the tangerines in
the chamber ~ 2 were damaged (picture 2).

At the fourth stage of the experiment, the process of ozonation was ceased and the observation
continued for the next 19 days. The tangerines, which were not damagée kiyne the process of
ozonation was ceased, maintained their initial quality for the next 3 weeks.

Thus, as a result of the experiment, it was found that daily treatment of tangerines witkaiozone
mixture flow for 60 minutes per day can extend thé&irage life to three months, and after ceasingthe
process of ozonation,the product maintains its quality for 3 weeks
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PRODUCTION OF POTASSIUM PERMANGANATE
IN THE FLOW ELECTROLYZER

V.Kveselava
R.Agladze Institute of Inorganhemistry and Electrochemistry of Ivadevakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

The paper presents the electrochemical process of oxidation of potasainganaténto permanganate (KMngin a

flow reactor of tubular (hollow) shape. The intersatface of the stainless steel tube serves as an anode and a current
carrying wire, which is coaxially fixed inside of the tubeserves as a cathode. At hight clenasities to decrease
cathode reduction obtained at the anode Kine ratio of the cathode and anode surfaces should be 1:100.
Therefore, the surface of the coaxially disposed wire was covered with an insulating ratsoraé equal intervals.
Thecurrent efficiency of the final product in the presented reactor was more than 80%

Potassium permanganate is a universal oxidizing agent. Today it is industrially obtained by a
combined semélectrochemical twatep method: 1) production of potassinmnganate from manganese
ore; 2) electrochemical oxidation of manganate to potassium permanganate.

Production of potassium permanganateealized inGermany (Bitterfeld), Czech Republic, USA,
China and Russia (Saki).

The article gives an overview of ghelectrochemical oxidation of potassium manganate into
permanganate in different design electrolyzers.

In Germany they use rednd greeralkaline variations of potassium permanganate manufacturing. In
both methods, the production of potassium mangaaatethe oxidation of manganate into potassium
permanganate proceed identically except the decomposition of starting manganese oralkalimed
method the ore is processed by pure alkali, whereas in the-gliedine - by 50% circulating KOH
solution[1].

The redalkaline method envisage the supply of unfiltered manganat melt (210.8§lb@®% and 160
g/L  KOH) and 32N KOH solution into an iron cylindrical electrolyzer with the capacity of4Between
the nickel, nickektopper alloy or nickeplated steel sheet of anodes the iron cathode rods are placed.
Electrolysis is carried out up to a conversion of9886 manganate into potassium permanganate. The cell
is operating at of 5 kA and 225 V; at the anodic current densit@.07 kA/nt and the cathdic current
density - 0.7 kA/n?. After electrolysis, the pulp is directed to carbonation. The rest of tMn®,
isdisproportionate to KMnand MnQ. Raw permanganate is obtained after cooling and decantation of
the pulp. It is further subjected to crgfization. The mother solution containing 750 g/L of00; was
evaporated, cooled and filtered, and then the deposit of raw permanganate is sent to the crystallizer. The
obtained KMnQ is centrifuged, dried, and is issued as a commodity product. kMu@ent efficiency is
60%. Remaining in the filtrate KMnO(~1 g/L) is reduced by calcium formate to MyaDd after re
filtration together with other impurities is separated as slime. Potassium in the filtrate is supplied to the
consumer as a concentratedusioln (750 g/L). This method gives about 1100 kgcRs for every 1000 kg
of KMnQa.

In order to reduce the consumption of potash in Bitterfeld the giéatine method of producing
KMnO, is used in parallel. The pulp obtained from the electrolysis is cooled and filtered to obtain raw
permanganate crystals and green filtrate, which contains KQEIQK KoMnOy, silicates and aluminates.

To remove silicates and aluminates the solution isqehthrough a heat exchanger and is treated with lime
(Ca0). The suspension is filtered; the filtrate is evaporated in two steps. At the first step the alkali
concentration is adjusted to 600 g/L. A mixture of permanganate and potassium permanganite crysta
returns to the electrolysis process. At the second step of evaporation the alkali concentration reaches 750
g/L. Potash formed on the expense of.@Q is filtered and the filtrate containing 50% KOH is directed to

the oxidation of the ore. The obtath potash crystals are dissolved in water.The solution is decolorized by
calcium formate and is filtered. With the use of this option 200 kg.GfQX falls for every 1000 kg of

KMnOea.

In Czech Republic the electrolyzer for the production of KMri©a ret¢angular iron box (0.5
with six anodes and cathodes separated by the asbestos diaphragm.The electrolyte £40@Q4-90 g/L
KOH, 30 g/L KCOQOs) is constantly supplied to the electrolyzer. After the pulp is cooled and centrifuged the
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crystals contaimg 70% KMnQ are crystallized. Fugate is evaporated to a density of 1.2 g/ml and is
cooled. The separated crystals of KMréde centrifuged.Heated to ® manganatefugate flows into the
second electrolytic cell. The pulp obtained after the electrolysiedked and is centrifuged. The KMnO
obtained at this stage makes 21% of the total product. 50% of the fugate is used to make the initial
electrolyte and 50% is evaporated to separate potassium permanganate which is 3% of the total product.
The residuafiltrate is evaporated to obtain a 50% KOH solution which contains an exces€0%.K he

solution is treated with CaO and further centrifuged. Fugate used for the preparation of the initial
electrolyte. Part KOH solution is used for decomposition obtleeand the other part is bleached [2].

In the town of Saki, to obtain KMnfhe rectangular electrolytic cells are used with stainless steel
anodes and cathodes arranged in parallel at a distance of 15 mm from each other. In the process of
electrolysis gass are emitted through the fitting on the top of the bath. The electrolyte is fed from the
bottom up with axially pump providing mixing of electrolyte and collection of the crystallized potassium
permanganate in the salled "pockets". Current load is1® kA; cell voltage- 2.5-3.2 V; anodic current
density- 0.080.09 kA/n?, the ratio of the anodic and cathodic current densitied0; KMnQ, current
efficiency- 80% [3].

I n the USA (the company c¢Carus CheunctionaflKREINGQ t her ¢
which consists of many individual bipolar cells. The base of the bipolar electrode consists of a steel sheet
to one side of which a Monel wire working as anode is welded. The anode current densiy is/807.

The other side of the stbsheet presents perpendicularly welded steel pins that work as a cathode. The area
between the pins is covered with an insulating material. Ratio of the anodic and cathodic current densities
is 1:120150. Moving of electrolyte and gases between thereldes is provided by directing partitions.
Electrolyte flows from one cell to another through the hole which is located between two adjacent cells.
The electrolyzer consists of three series of 20 cells in each.The electrolyte with initial concentrs®0n of

g/L KOH, 53 g/L KkMnO4 and 30 g/L KMnQ is simultaneously supplied to all three series. The solution
moves upwards. After passing of 20 cells the electrolyte with concentration of 128 g/L KOH, 24 g/L
KoMnO4 and 53 g/L KMnQ flows out of each serieand is sent to a separator as one stream. The cells are
connected coherently, the voltage of each e€l52.8 V, current- 1.2 A. After crystallization and
centrifugation the mother solution is returned to various process steps, the potassium petenarygaala

are dried and packaged. Despite many advantages the described electrolyzer has a very complex structure
[4].

For the organization of higherformance electrochemical processes the correct selection of the
electrolyzer structure is considerexlbe one of the most important factors. This can be explained by the

fact that for the production of the same prodysbtassium
il permanganate electrolyzers of different designs are used.

6 /8 The aim of the present work is to provide a simple and
userfriendly design of the high performance electrolyzer
. ﬁ" for the production of potassium permanganate its testing on
H-ﬁ = the laboratory scale.
[', : H._‘ Potassium manganate, used in our experiments, was
E ﬁ provided by the laboratory of chemical processing of local
L‘—-! & resources andaw minerals. Potassium manganate consisted
r 8 of 87.8% of KkMnQOs, 9.4% of KCO;, 0.16% of MnQ. For
e ‘;’j electrosynthesis of potassium permanganate the potassium
—— g = : manganate was dissolved in a solution of potassium
- = H}n : E hydroxide.

Figure. Flow electrolyzer for produoti of potassium
permanganate

= The electrolyzer consisted of tubular cells with circular

NV cross section, the inner surface of which served as anodes

4 (1). Conductive wires were coaxially mounted in the
stainless steel tubular cells (2), their surface wasedoat regular intervals with a dielectric material (3);

the uncovered parts of the wire were the cathode (4). Thus, a ratio of the anodic and the cathodic current
densities was as 1: 100, which minimizes the share of cathodic reduction of permangagatete ions.
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The cells are interconnected by tubes (5) made of insulating material (these tubes are attached to the
beginning and to the end of each cell). Cells in the electrochemical network are connected in parallel.

The principle of the operation ofegtrolyzer is: electrolyte is supplied through the tube (7) to the
bottom of the electrolytic cell by a centrifugal pump. Redox reactions accompanied by release of gases
occur at the anode and the cathode. The electrolyte and gases move in paralepantpad through the
connecting tube (5) in the subsequent cell, and finally in the last upper cell and through the outlet tube (8)
into the separator, then enters the crystallizer and on the centrifuge to obtain the final product.

A single unit cell ofthe described electrolyzer was constructed for the production of potassium
permanganate, the lengtd.26 m; diameter of the inner surface of the tube (anod€24 m; diameter of
the cathode- 0.0035 m; distance between the anode and the cath@d@®975 m. The volume of
electrolyte in the cell 1.8 L. Composition of the initial solution: 53 g/L otMnO,4, 30 g/L KMnQ, and
120 g/L of KOH. The cell was connected to a power supply;cufr@r0, cell voltage 2.6 V;the anodic
current density93.5 mAcn?, the cathodic current density500 A/nt.The ratio between the anodic and
cathodic current densities1:100. The centrifugal pumpwas placed in an intermediate steel tank with a
thermometer and a mixer with horizontal blades. The electrolyte iratiewias heated to ®0. Through
the feed tube he solution was getting into a cell and then back into thetank.The flow rate was 8.5 g/min.
The duration of the electrolyte circulation was recorded;the electrolyte temperature at the output of the cell
- 60-64°C. The duration of electrolysis was 20 min. The KMa®rent efficiency was 80.4%
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COMBINED HYDROMETALLURGICAL TREATMENT OF JOINT CHALCOPYRITE
AND OXIDIZED MANGANESE CONCENTRATES

LamziraBagaturia, Boris Purtseladze, Nana Barnovi
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Bawekhishvili Tbilisi State
University, 0186, Mindeli st.11, Thilisi, Georglamzirabagaturia@mail.ru

The proposed joinhydrometallurgial processing ofsulfide concentrateand the poor of manganese raw
materials. Proven effectiveness of joimtocessing ofcoppersulfide and manganese concentraftesn the
environmental poinof view. It is shown thasulfide sulfur is partiallytransferrednto the sedimenin the form
of free sulfur, partly irsolution in the fornof sulfuric acid andtherefore, it is possibléhe emissiorof sulfur
dioxidein the atmosphere

Developed and theoretically substantiated the process of joinegmiog of copper oxide and
manganese concentrates, in which instead of the priortéigperature reductive roasting is used, the
reception of mechanical activation, the process i

Performed work on complex processing chalcopyrite concentrate in Madneuli and Chiatura
manganeseoxidized concentrate. For research was used chalcopyrite concentrate mineralogical
composition of the concentrate are summarized in table 1 and Chiatuganmaaa concentrate the
following chemical composition%: Mn-32,5; MnQ-29,84; MnCQOs; -29,2; Si0;-19; Cali 5,75; FeOs
-1,96;Al,0371 1,64; MgOi 1,58; HOT 1,85; BOs- 0,55.

Table 1 The mineralogical contenf the concentrate chalcopyrite

conteni%
Name Cu Fe S SiO, [CaO [MgO [Al,0s [H.O [the sum
others
CuFe$S 12,64 | 11,27 | 12,91 36,82
FeS 20,13 | 23,0 43,13
CuS 0,5 0,25 0,75
CwS 0,61 0.154 0,764
CaCQ 2,79 2,19 [4.98
SiO; 10,75 10,75
MgCOs 0,45 0,49 [0,94
Al(OH)3 0,55 0,3 0,85

Chalcopyrite concentrate also contains precious metals -§odd g/t, silver-14,6 g/t; for their
selection, you need a full autopsy concentrates

In the concentrate the noble metals are present ifotheof isomorphic. To separate them requires a
complete autopsy of the concentrate.

The shows the efficiency in the environmental sense, the joint processing of chalcopyrite and
manganese oxide concentraf8f Sulfur, containing in the mixture, partialpasses into the in the form
elementary sulfur, partially in solution in the form of sulfuric acid, and accordingly, eliminates the
pollution of the atmosphere by sulfur dioxide

The observations indicate that the gas phase in the formar3®S from the slurry is not allocated.

Analysis of the sediment (table 2) obtained after sulfuric acid leaching the ground mixture
chalcopyrite and oxidized manganese concentrate showed that the amount of sulfur in it slightly, it does not
correspond to the asants of sulfide sulfur.

Part of the sulfide sulfur in the sediment is transferred in the form of free sulfur [4], and the rest
contributes to the formation of sulfuric acid. This conclusion is based on calculations: despite the fact that
sulfuric acid addd to the powder mixture, used to obtain sulfates of iron, manganese and impurity, its
amount in solution is not reduced, but rather increases.
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Table 2 The composition of the precipitate obtained after sulfuric acid leaching the ground mixture

chalcopyrite and oxidized manganese concentrgtesl timei 2 h, the ratio of liquid:solid 10:1he
concentration of sulfuric aciZl0%, (d=1,1400), leachirigme’i 3 h.

The composition of the sedimef,
Fe Mn Cu Scommon Stree

12,37 | Traces 0,62 17,84 2,5

Table 3 The composition of solution obtained after sulfuric acid leaching of the mixture of jointly ground

chalcopyrite and oxidized manganese concentrgtisl timei 2 h, the ratio of liquid:solid 10:1,the
concentration of sulfuric acig0%, (d=1,1400), leachirignei 3 h.

The composition of the solutiof
Fe Mn Cu H2SOytree
0,51 9,26 1,472 54,53

From table 3 it can be seen that a portion of sulfide sulfur is consumed for the formation of the sulfate

ion.
The proposedechnology gives the possibility of regeneration of sulfuric acid from the resulting

solution and apply it to the first stage for leaching the ground mixture.
To reduce the ratio of liquid:solid and increase in the degree of leaching conducted caoemtercu

leaching.

Cu, Mn fresh solution of

concentrate the spent solution (I) the spent solution (II) H:504

Ly

sludge(I)

Y

The working solution to obtain Cu, Mn the final tails

Diagram of countercurrent leaching.

The results confirm the advantages of countercurrent leaching. The copper recovery amounted to
99,7, but of manganese99,8%
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OXIDATION OF MANGANEZE NITRATE SOLUTIONS BY OZONE 1 AIR MIXTURE

Boris Purtseladze, Marina Avaliani, Rusudan Chagelishvili, Lamzira Bagaturia, Zurab Samkharadze,
EterShoshiashvili, Makvala Svanidze, Nana Barnovi, Marina Gvelesiani

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Wawekhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgizssudanch@yahoo.com

The developed chemical method of obtaining manganese dioxide, which consists in the oxidation of manganese
containing solutions by mixture of ozonair with a formation of gMnO.. Simplicity, reliability, efficiency and

the absence of ballast are those main features, which allows to create th&agagteoduction by means of
ozone method

The various methods of ozone production are available all over the world. In the most countries the
ozonators are mainly manufactured, where the graphite or aluminum layer is applied on the inner side of
milli -dielectric, which is placed in cylindricalashless body. In ozonators as a result of supplying current

i s Agui et 0 di sc h groducionofoforedll. s on t he air with
Ozone synthesis may be realized by another me
manner. In thiscasethecernt di scharge is distributed at fneec
cooling by water and in air drying.
Over many years our | aboratory and the firm i
friendly relations. In 1986h the ozonatoconstruction was jointly elaborated, which is protected by
aut horodos certificate [2]. Ozonator worked wunder
Aqui et o di scharge. The di sadvant ager mfiHyzdbrnadg e
Technol ogi sto made ozonators of new generation
industry.

The technology of the enrichment of Chiatura mangaoestining ores is tested, where the
reductionleaching process is realized in the reactor from the usual stainless steeft&%4fitric acid.
Precipitation of admixture is carried out by ammourifier filtration the silt is extracted from the system
and ozonair mixture is fed into manganese nitrate solution and forgrddO; .

The chemistry of this processed is expressed by the following equations:

Leaching stage:

MnO+2HNGs- Mn(NOs). +H,0
CaO+MgO+HNOs- Ca(NQ). +Mg(NOs), +2 H.0O
FeOs+Al;03+12HNOs- 2Fe(NQ)s+ 2AI(NO3)s+6H.0

Stage of admixturrecipitation pH=4-5;
2Fe(NQ)3+3MnO+3H20- 2Fe(OHX+3Mn(NQG:),
2AI(NO3)3+3 MNO+3H,0- 2AI(OH)3+3Mn(NGs)2
HsPQs+ Fe(OH}- FePQ +3H0

At the stage obbtaining of active manganese dioxide:
Mn(N03)2+O 3+H 20 - MnOZZ + 2 HsN O

In the papef3] oxidation of Mn (Il) by ozone was studied where oxygene isot@3 was used. It
was ascertained that one oxygen atom passes from ozdvie@e and the second oriefrom the solvent
H-0.

It was established, that oxidation Mn?*to Mn3* in acid medium proceeds by reactions:

1. MnZ+2H+ Oz - Mn3'+ Ox+ H.O
OH+ Mn?*+H*- Mn*'+ H,O

2Mn?*+2H+ Oz - 2Mn®*+ O+ H0 K=64x10
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2. Mn®+ O+ H- Mn*+OH +0O,
Mn3t + HO'+ H*-  Mn*+ H,O

2Mn¥* + 2H +03- 2Mn 4+ O+ H,0 K=1,73x 16
@]

Overall reactions aref the form:
Mn2++ 03 _ Mn3++ 02

Oz + H,O- OH + HO+ O,

Mn3* + OH- Mn*+ OH

Mn?*+ Oz+ HO- MNnOx+2H"+ O,

To research the optimal conditions of this process, precipitationMfO. was performed from
manganese nitrate solutions. Ozone was prodused at laboratory ozpngtdk5 with efficiency of 17
18 g Q/hour, solution amount 1 L.

Degree of ozone use was calculated in the terms of amount of obtained precipitate@ngatition
(table 1). Maximum degree of the Uus&7%, and at acid addition (100g/l) reduces and comprises 52%,
when the content of HN{n the solution is equal to 320g/l.

From the table 2 it is evident, that in neutral solutions the precipitate idifpersed MnO.70 1, 91
and in acid mediuri MNnOx,921,99.

Oxigen feeding raté 300 I/hour; ozonator efficiency 15gour; composition of -kt solution: Mn
-56,69/l, HNQ T 6,0g/l; composition of 1l solution;: Mh53,3g/l; HNQ i 100g/l; solutim volumei 1L.

At the begining the precipitation of manganese dioxide intensively proceeds, but after 40 minutes the
process become slower. The manganese oxidation degree frorstths vell as from the-hd nitrate
solutions after 2 hours composes B82nd 1,9433 respectiyel

Table 1 Obtaining ofmanganese dioxide from manganese nitatations

Initial solution, | Qobtained Precipitate amount% Precipitate| Degree of
g/l solution, g/l weight, g | ozone usg%
#
Mn HNOs | Mn HNOs | Mn MnO; | O:Mn
1 51,6 6,0 40,1 56,8 | 59,82 | 89,06 | 1,9379 19,2 76,2
2 53,3 100,0 | 41,6 124,6 | 58,18 | 86,59 | 1,9377 20,3 77,5
3 97,3 0,0 80,7 33,3 |58,11 | 87,29 | 1,9464 30,6 87,0
4 89,5 789 | 77,3 115,5 | 57,38 | 87,85 | 1,9645 30,0 85,8
5 92,5 155,0 | 78,7 180,2 | 57,20 | 88,10 | 1,9705| 25,0 70,2
6 92,2 263,0 | 85,5 283,8 | 56,32 | 88,49 | 1,9895 24,0 66,3
7 92,8 320,0 | 82,2 335,0 | 55,2 |87,0 |1,9920 19,2 52,0
Table 2 The effect of the duration of the experiment on the oxidation degree of manganese
Experiment LI solution Il solution
duration, min | Mn, g/l | HNOs | Mn, MnOx Mn,g/l | HNOs,g/l | gopMn M
a/l g nO
0 51,6 6,0 0 - 53,3 100 0 -
10 50,6 12,3 1,0 1,906 50,0 98,7 3,3 | 1,9491
20 47,3 25,9 4,3 1,927 48,0 102,4 53 -
40 43,4 43,2 8,2 1,928 45,7 114,8 7,6 -
60 40,1 56,8 11,5 1,929 41,6 124,6 11,7 -
120 24,1 94,8 27,5 1,940 29,5 160,4 23,8 | 1,9430

30z
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ADSORPTION OF TETRABUTYLAMMONIUM IODIDE AT THE MERCURY ELECTRODE /
ETHYLENE GLYCOL SOLUTION INTERFACE

ShukriJaparidze, Irin&urgenidze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Bawekhishvili Tbilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

The ionic liquidsi melts oforganic salts, being in the liquid state in a wide temperature range find
extensive practical application at the present time. lonic liquids are composed of bulky organic cations and
inorganic anions [1]. The most important characteristics determiningrtispects of the use of ionic
liquids in electrochemistry shouldbethe ionic conductivity, the hydrophobicity and the width of the
electrochemical "window". The width of electrochemical "window",the electrochemical stability of the
ionic liquids (border "wndow" match the beginning and the end of the electrochemical decomposition of
these ions) determine the potential range available for carrying out of electrochemical transitions thatdo not
affect the solvenf{2]. lonic liquids have not only the catalytactivity but in some cases are able to
maintain and enhance the biological activity of biosensor [3]. They are widely used in the field of
electrochemical analysis in medicine, food industry, etc. [1,4]. All this make ionic liquids attractive to
many area®f science and technology. Quaternary ammonium salts, in particular tetrabutylammonium
iodide (TBAI) also refer to ionic liquids. The data on adsorbability of TBénh mercury from ethylene
glycol (EG) solutions is given in this paper. Tetrabutylammoniodide - quaternary ammonium salt
(C4Ho) 4NI contains a volumetric organic cation of TBAnd an inorganic iodide aniomBA-I is slightly
soluble in water (hydrophobic). TBArefers to ionic liquids by its structure and properties, right this causes
the interest of studying ofitsadsorbability from the EG solutions.

EXPERIMENTAL

Adsorption was studied using a stationary Hg electrode by measuring the differential capacity (C) as a
function of potential E by means of an a.c.bridge at 400 Hz [5]. Theaterture of the solution was kept at
20°C. Potentials were measured against a 0.2 M calomel electrode in EG whose potential diffem by 6
from the potential of the saturated aqueous calomel electrode. The potential of zero charge of Hg in this
solutionwas 0.35 V [6]. All chemicalswere purified according to methods given in the literature. EG was
prepared as described in Refs.[5,7].

RESULTS AND DISCUSSION

Figure 1 shows the curves of the dependence of differential capacitance (C) from the electrode
potential (E), C, Ecurves were measured in 0.2M potassium iodide solution in EG (Fig.1, curve 1), and
also with various additives TBA ( Fi g. 1, curve 2067). Ascurveshavethe see
shape characteristic for solutions containimgab amounts of neutral organic compounds. Indeed, in
minimum of C,Ecurves, with increasing concentration of added TiIBéapacitance decreases respectively
reaching values €F/cn?, which indicates significant absorptivityof TBIAfrom EG solutions.Cattae
desorption peaks (Fig. 1, curve 4067)appear when
considerable specific adsorption ofiodide ion of base electrolyte (KI) in EG [5, 6] anodic desorption
peakcanbét beobser vedeobmired resuktsrwithathe l[data of aQueonp solutions 8, 9,
10] we conclude, that the adsorbability of TBA&om the EG is less than from water.The adsorption effect
of TBA-I begins to appear in the EG at concentration equal tM1@hereas in water sdions- at 10°M
[8, 9, 10]. The reason for this fact is above mentioned hydrophobicity of ionic liquids, which include
guaternary ammonium salts-8l and their relatively better solubility in the EG.Up to a concentration of
organi c s ub s t-am cathode desorptin. paksAverd ot observed on-cirees (Fig. 1
curves 2064) , although from capacitance depressio
these substances is appreciable. It can be assumed that, as in aqueous @jlationsthe EG TBA
exists mainly in ionic and molecular forms. At low concentrations -TB\preferably in the ionic form,
the retraction of these cations occurs in the double electric layer by specifically adsorbed anions of the base
electrolyte. Wien the concentration of TBA ¢ = 8 3M while tHk Oalue of the electrode potential E =

304
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- 1.6 V (Fig.1, curve 5) there is an inflection in the GguEve, which transitento pronounced desorption
peak, when the concentration of organic matter ineeésig.1 curve 5).

60 F

_— Fig. 1. Differential capacity curves of a Hg electrode in

) contact with a 0.2 M KI solution in EG containing
tetrabutylammonium iodide (TBA in the following

i concentration :
1i0;2i1. 1A3i@ . 2A 404 AL ®i8. 2810
61 1. 4A7@ . 2%t ® 0.2 M TBA-I (without a

30 F supporting electrolytg

20 F After certain TBAI concentrations atonsiderable
negative electrode potentialsl6V) (whichshift to the
cathode side with increase of concentratidnadded

10 F substance) cathode desorption peaks characteristic for the
adsorption of neutral organic substances appear on C, E

: curves. Height of these peaks increases with the increase
0 " . . : X ; of concentration of organic substances (Fig.1, curve 6 and

7). Thus, in tems of the nature of the solvent and
dissolved substance, i.e. taking into account property of

EG - a low dielectric constant (D = 38), in comparison with water, and spatial isolation of charges, a high
polarity and solvation ability of TBA [1], one may asume, that at high concentrationof lBA ( above 8
10% M) at accumulation in the solution of a large number of ions their mutual influencewill affect andthe
conditions for the electrostatic interaction between the solvated ions of opposite signsevdhtsel.In

doing so they come close to each other and form an ion pair consisting of two oppositely charged ions,
surrounded by EG molecules in which electric charges are mutually compensated, ie, are formed associates
- uncharged, neutral molecules. Dggmn of these formations is observed on Figure 1, curves 6 and 7. On

the Fig. 1, curve 8 is presented CGglve corresponding to purely Asackground TBAI. This figure

shows that the riseon C-dorve from the EGsolution occurs at much less negativaemtial, namely,

when E = 2.0 V, against E =2.5 V from aqueous solutions, i.e.width of electrochemical "window" in the

EG is narrower than in water. Experimental data on the-TBédsorption on mercury from EG solutions

were processed by the calcidat methods developed by B.B.Damaskin [11] and is based on the
Frumkindési sot her m an-donnetted edpacitard. Thé wdsorptom is@Herimewas
determined at a potential of maximum adsorption EX=. 2 V ( Fi g. 1 curves 2087
particular isothermbs equation the capacity is tr

-0.5 -1.0 -1.5 -2.0

C=G@b) + C' p(1)

whereCoi s t he el ectrode capacity for the coverage b
at = 1, C is the capacity at 0 <sp<1 . From t hi
TBA-I by the formula

B =0-C)C(G-CH(2)

andwas constructed the concentration curve c for TRRig. 2). The value C '= 6F cm? was obtained

by the extrapolation of thecurve 14&s a function of 1 / c¢cY 0. As ca
has an Shape, which is typical foattracting interaction of adsorbed moleculessh@ped form of
isotherm is steep in its middle part, as well as in case of isotherm of cations of quaternary ammonium salts
constructed from data on their adsorption from aqueous solutions [9]. When teens@ttgshaped, most
preferred to describe C-[Eurves in the presence of organic substances is Frumkin isotherm, which is in
good agreement with the experimental data. By the form of adsorption isotherm the value of attraction

30¢
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constant has been determghat a potential of maximum adsorptonE¥. 2 V. For t h-i s, f
curve, at first the TBA concentration was found equal to half the value of the coverage of the electrode by
theadsorbate€ - % .52 3M.THef®e was thus calculated averagedue a = 1.62, which indicates a
strong attractive value ofadsorbed molecules of TBfAthe adsorption of organic matter obeys the
Frumkin isother m, it shoul d be ob-29r vceld thboy tlhien ed
c oV er ag ealed in thacmse of@BRAadsorption in EG solution (Fig. 3). From Fig. 3 was calculated
the value of a = 1.63. It was obtained entirely satisfactory agreement between the values calculated by the
different methods. The value of the free energy of adsorppf TBA-I was calculated from linear
dependence-pgflcd [tmp/ (F1g. 3) by the equation

G = RTIM@B)(17.8 B

where 17.8 the number of moles in 1 | of ethylene glycol, and Bdsorption equilibrium constant
the value of which is determined by extrapolating the straight line on-dhes(Fig. 3). Calculated from

the equation (3), the value of @G = 17.6 kJ mol
12 r [®)
1.0 |
0.8 Fig. 2. Adsorption isotherm of
- tetrabutylammonium iodide on Hg from
0.6 | solution in ethylene glycol at E=1.2 V.
04 F
02 1 oM
0.(] i 1 i L 1 L i L L ]

0.000 0.005 0.010 0.015 0.020 0.025

3.3 CE
3.1 o)
50 - Fig. 3. Test of the Frumkin isotherm for adsorption of

tetrabutylammonium iodide in ethylene glycol at ELl=22 V

T T T T T T T T T T Al 1

1'5 (' 1 1 1 1 1 A 1 [ |

0.0 02 04 06 08 1.0

CONCLUSIONS

Thus, the shape and the analysis of the curves of the dependence of differential capacitance from the
electrode potential, the adsorption isotherm at a potential values of maximum adsorption, values of
calculated parameters: attractioonstant, constant of adsorption equilibrium, the free energy of adsorption

indicate a significant adsorption capacity of tetrabutylammonium iodide on mercury from ethylene glycol
solutions
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INVESTIGATION OF POLY -COMPONENT SYSTEMS IN AIMS FOR SYNTHESIS OF
A NEW GROUPE OF INORGANIC POL YMERS i CONDENSED PHOSPHATES

Marina Avaliani, MarinaGvelesiani, Nana Barnovi, Boris Purtseladze,
Dali Dzanashvili, Eteri Shoshiashvili

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Bawekhishvili Tbilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

The chemistry of inorganic compounds of phosphorous has developed intensively in the last few years. Very
significant development of condensed crystal chemistry was due to the rapid progress of innovative methods of
analysis, as well as to the achievements in this domain. Double condensed phdsphatast inorganic
polymers of poly and monovalent metals have arious interesting properties and numerous areas of
application [17]. The offered data are the records of our studlieynthesis, analysis, examination of the
experiments and their evaluation i n cor tre Condensedn wi t
phosphates of polyvalent metals, containing monovalent metals are obtained by us during systematic
investigation of- /-- [/ -0/ -( / systemsattemperature rangg#0GC -558 8(M" are Ga, In, Sc, Mi

alkali metals and partially Ag). @npounds were wholly examined by chemical analysis and the structures are
determined by Xay structural technique®uring our fundamental researches numerous unknown condensed
phosphates have been obtained. Dependeficgomposition VS temperature and lamo ratio, reliance of
structure from duration of synthesis are revealed

In aim to search for new materials as well as to study the influence of trivalent and monovalent cations
for the formation of anionic radical and the level of condensation, we $ianded multicomponent
systems containing monovalent and trivalent metals. Earlier we have done systematic study of systems
0 0-0 0 -00 -O0 at 130 550°C, in which M arealkali metalsand M"" i Ga, In and ScMolar
ratio P.Os: M',O:M",0s=15:2,5:1,5; 15:5:1,5; 15:7,5:1,85:10:1,5.

Some double oligg poly- and and cyclophosphates are primarily synthesized and firstly examined by
us [812, 1415]. These recent achievements are examined and cited in significant monographs of Professor
DURIF and Dr. AverbuctiPouchot (France) [2, 4], Dr. I. Grunze and X. Grunze (Germany)-T3, 16 V.
Tananaev and N.N. Chudinova ) [6, 8] etc. General dependencyuctusal compaosition and stability of
double condensed phosphates from ion radius of are also examing@®-11].

In extent of our previous exploration the present work is dedicated to the synthesis and studding of the
systemd 0-0 0 -0 0 OO0 at the temperature intervdR0-1608 where- are not any more alkali
metals, but silver (Ag),0 1 Sc. In earlier studies we found that these and similar molar ratio of initial
components help to obtain pure crystals, rather than the afgtagthases or mixtures of compoufigs
11].

Thus, now we offer experimental datahe results of synthesiand investigation of compounds
obtained by ust thevariable molar ratid¥- 7- = 15/2,5/1; 15/3,5/1; 15/5,0/1; 15/6,0/1; 15/8,5/1;
15/10,0/1.

The most stable phase at relatively low temperatures fro+1E80, and even to the 1857 is
double acid diphosphate compoundd] 4|4 | F FAi=]{ 4% 5 |F F F and acid triphosphate
=] { #5F . For the first time theapacity of the synthesis of these compounds was mentioned by us in
works [1213], although there were not clearly defined nor optimal synthesis conditions neither the
composition of the initial components. At that moment the reproducibility of the regstsot entirely
satisfactory, as well as were interfered with the impurity (due to crystallization of additional phases) or
metastable phases.

We performed an analysis and comparison of analytical preparative data with literary publications
available todate [16,17,712]. We did not find mention on these dual acidati triphosphate scandium
silver, although analytical chemistry is adequately and systematically described in the superb monograph
[16]. It should be emphasized thaf] { 4 35 |F F Fcomposition is similar to our earlier obtained
crystals of f vy 5 5 |F F. The heating conditions in molten mixtures of polyphosphoric acid at a
temperature ranging from 18t 165-17FC during about three to four days.
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Detailed Information :

Double hydrediphosphates are received by heating of mixtures at molar Még0:M"',05=5:1,5;
7,5:1,5; 10:1,5 (in the case of systems with Sc and Ag), and 5:1; 71 (in the case of process of
synthesis in systems with Ga and)CThe heating conditions in molten mixtures of polyphosphoric acid
(polyphosphoric acid melts) are: the temperature range from tHetd. 3065-170°C during approximately
three or fowfive days. This phase is less or more metastéibke similar situaon was in the system of
gallium-caesium). If the heating will be pursued for more thaii2@ays and longer, it gradually becomes
more stable double acidic diphosphate with formalg {4 | F F (at M'2 0:M"20 5=10:1,5), and

double hydretriphosphate=| 4| 5 F
transitiondemand<25-3 0

(at M0:M",0 5=10:1,5), The full finalization the phase

dayséObt ai ned caminsokibiesirewatercbatmey areuable s

to dissolve in the acidSimilarly to the previously published works and the recent experiences referred in

our articles[8-15], double hydre triphosphate =|| { dft5F is a few soluble (more or less) in

polyphosphoric acids. For removing obtained crystals from melts the synthesxseemias cooled down

and after in small doses was ported inside the glass vessel (vollifbdittes), quickly mixed with 500

700 ml distilled water.
Meanwhile polyphosphoric acids have slowly dissolved wit time undissolved part:

=0l4F 3 | F F wasfiltrated, because the acidity of solution was not sufficient to dissolve

synthesized 6 "QY® "O0 0 F Moreover it is also worth mentioning the problem consistinghia t
following fact: during parallel synthesis it issedimentation of sufficient sludge i t 6 s rel at.i
problematicgiven the circumstance that this phase is not very stable.

Phase drmation in systemd 0-0

0 -0 U -O0 and the microstructure of synthesizdduble

condensecompounds "QY® 00 0 F andtriphosphated "Q"@b )  areinvestigated by XRay
diffraction analyses (dagummarized in table)1l

Table 1. XRD data for AgScHP;014

The powder diffraction data for citedompounds,

intensity data collections are obtained on diffractometer
DRON-3 {, anodic CeKU r adi ati @u=10he

6, det ect o%mih.s lattisep spacihg B in

ASTM-11-642,
AgScHP;050 APiOls
do/n, A Vlo da/n, A Vo
2 = 4.81 20
4.04 24 2 =
- 3.69 5
- - 3.60 5
3.36 72 = 2
- - 3.37 10
= = 3.29 10
3.20 29 3.21 15
- - 315 25
3.03 9 3.04 15
- - 2.96 50
2.84 100 2.86 95
£ = 2.76 50
= = 2.72 50
2.64 77 - -
2.59 69 2.60 100
2.52 14 2.52 30
- - 2.46 15
2.43 7 3 =
237 8 2.38 10
- - 2.33 5
2.21 20 = =
2.13 31 2.15 5
- - 2.10 5
2.03 20 2.00 10
- - 1.96 15
1.93 11 1.94 5
1.89 10 1.89 15
- . 1.88 10
1.62 18 1.59 10

Angstr°ms of jtis aechative imtendity (used
model/ standard data by American Society for Testing
and Material§ ASTM).

Detailed comparison with our previously obtained
XRD data for similar compounds of Gallium, Indium and
Scandium are also carried dpérformed.

On the assumption of the fact thewmbinations of
cations (AgSc) for di and triphosphates have not been
studied and hence are not given in the file inftggical
XRD data) roentgenograms wasompared to our
standard data modeks, similar compounds of AgP and
our standard data prototypes for similar dold
condensed phosphates of Gallium, Indium, Scandium
with alkali metals.

We perform, that any initial components:K2C |3,
SeOs, AgNO: are already completely irreversibly
interreacted during synthesis procesBased on the
founded and published literarydata[16-17, 8,91-2] also
on our synthesis conditionspn experiences in this field,
and to our standard data models, the structural
composition of t he compound:
identification was given an accordance with standard
data of InternationalCenter for Diffraction Data base of
American Society for Testing and Materials ASTM.
The composition of the synthesised condensed

compounds ared "QY&®) 0 Fandd "Q0b( 8
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XRD data for Triphosphat® "Q™@b( are presentedn Table 1
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reziume
kondensirebuli fosfatebis qimiis swrafi ganviTereba bolo wlebSi  ganpirobebulia
araorganuli polimerebisadmi, rogorc naerTTa axali klasisadmi didi interesiT da kvlevis
axali meTodebis danergviT. Cvens mier miRebulia dRemde ucnobi, samvalentiani da
erTvalent iani metalebis ormagi kondensirebuli naerTebi, rogoricaa galiumis, indiumis da
skandiumis ormagi tetra -heqsa cikloogta -, ciklododekafosfatebi. warmodgenili samuSao
exeba skandiumisa da vercxlis ormag kondensirebul fosfatebs, romlebic miRebulia
sistemebis 0 0-0 0 -0 0 -'O0 kvlevisas temperaturul intervalSi 120 -160 p x = h sadac
017 Ag, 0 7iSc. pirveladaa sinTezirebuli skandium -vercxlis ormagi sxvadasxva
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SOLVENT EFFECT ON COMPLEX FORMATION OF DIMETHYL SULFOXIDE

NanaGegeshidze**, Lali Skhirtladaze*, Aivengo Mamulashvili**,
Tamar Edilashvili**, Neli Maisuradze**

*R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Waekhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia
** Georgian Technichal University,7 Merab Kostava St., Thilisi, Georgi@175
nana.gel8@yahoo.com

Energetic, geometric and structural characteristics of Dimethyl sulfoxide are determined by quantum chemical
method AM1. According to electronic structusmlvent effect on its complex formation ability with metals is
established

The goal of our research was to study properties of complex

formation of Dimethyl sulfoxide in different solutions, manifestation of its 5 4 10
donor properties and synthesis of neaordination compounds on the N &
basis of obtained results, and also study of physttainical properties of : 1 [ 2.
synthesized compounds. 70> 0 ‘ '8
Based of the quantuchemical metod AM1 [1, 2] calculated the 3 Foc il

power, geometrical and structural features of Dimethylfoxide. :
According to electronic structure, solvent effect on its complex formation 6 YHIRL.
ability with metals is established. Water, acetone, methanol, ethanol, @® O &
dimethyl sulfoxide, chloroform, hexane are selected as solvents. TS

Picture 1. Molecul ofof Dimethyl sulfoxside

O\ ©l

Molecule formation heat, value of total energy, dipole moment, ionization potential, valence angles
between atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are calculated
in all cases. These quantiohemi@l calculations are shown in Table 1

Table 1 Final heat of formation, net atomic charges and dipole contributions, atomic orbital electron
populations in the molecul of dimethyl sulfoxside

Charae. | Electron Atomic orbital electron

) Solvent,e ﬁ}] | e, | Atom ge. densit populations
9 Y25 [ 2p [ 2B, [ 2P,
S(3) | 1.393 | 4.607 | 1.712 | 0.853 | 0.897 | 1.144
! Gas ~164.88| 3.95 54 | 0.778 | 6.778 | 1.946 | 1.844 | 1.649 | 1.338
Water, | _ S(3) | 1581 | 4.419 | 1.726 | 0.814 | 0.872 | 1.006
2 78.5 262.80| 6.39 5 v 1 025 | 7.025 | 1.939 | 1.907 | 1.793 | 1.386
Dimethy! S(3) | 1579 | 4.422 | 1.726 | 0.815 | 0.872 | 1.009
3 S“'Z%X'C?e’ 261216391 54y | 1021 | 7.021 | 1.939| 1.905 | 1.791 | 1.385
Methanol, | _ S(B) | 1574 | 4.426 | 1.725] 0.815| 0.872 | 1.012
4 32.6 259.09| 630 5 11016 | 7.016 | 1.940| 1.904 | 1.788 | 1.384
Ethanol, | S(3) | 1574 | 4.426 | 1.725] 0.816 | 0.872 | 1.015
S 24.3 257131 8.25 51016 | 7.016 | 1.939 | 1.903 | 1.787 | 1.381
s | Acetone, | .| - | S() | 1569 | 4431 | 1.725| 0.816 | 0.873 | 1.017
20.7 ' “ [ 0(4) | -1.008 | 7.008 | 1.940 | 1.903 | 1.786 | 1.370
2 | Chloroform, | oo, S(3) | 1522 | 4.478 | 1.718] 0.825 | 0.877 | 1.057
4.7 ©*| 5550 O@4) | -0.943 | 6.941 | 1.941 | 1.887 | 1.748 | 1.367
Hexane, S(3) | 1.456 | 4.544 | 1.714] 0.839 | 0.885 | 1.106
8 1.9 ~194.88 | 4.65 75 0857 | 6.857 | 1.943 | 1.865 | 1.695 | 1.353
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Table 2 Interatomic distanced®ond orders and valencies in the moleaildimethyl sulfoxside

Solvent e Ri3 P13 R23 P23 R34 P34

1 Gas 1.739 0.796 1.739 0.796 1.491 1.336
2 Water 1.724 0.856 1.723 0.856 1.533 1.152
3 Dimethyl sulfoxide 1.725 0.855 1.724 0.855 1.532 1.155
4 Methanol 1.725 0.853 1.725 0.853 1.530 1.163
5 Ethanol 1.725 0.853 1.725 0.852 1.530 1.165
6 Acetone 1.725 0.853 1.725 0.852 1.530 1.165
7 Chlotofom 1.729 0.836 1.729 0.836 1.515 1.217
9 Hexane 1.734 0.815 1.734 0.815 1.50 1.280
Table 3. Values of bond angles between the atoms in the molecule dimethyl sulfoxide
Angle Solvent

Gas | Water DMSO Methanol | Ethanol | Acetone | Chloroform | Hexane
Ci1-S-C2 113.90| 114.74 114.46 114.44 114.20 114.10 114.17 114.29

Analysis of the values of electron densities (formal population) and effective charges shows that the
high values of the electron density is characterized by an Oxygen atom O (4), which is typical of any
solvent.The Oxygen atom O (4) has a lone electpair of d-type. More precisely, he has a hybtyghe
nuclear obrital spwith s7 component.

This circumstance determines the basic properties of the Oxygen atom O (4), i.e. its properties form
the metal doneacceptor bond.

Regarding Sulfur atom S (3} ¢an manifest electretionor properties. Electron pair is on,3p
orbitale, which is not capable of participating in bond formation ditype metalcomplexing. The Sulfur
atom S (3) can provide-type bond and does not have possibility to proddgebond with metal.

Compounds of copper(ll), cobalt(ll) and nichel(ll) with Dimethyl sulfoxside are received. Copper(ll),
cobalt(ll) and nichel(ll) sulphates, chlorides and bromides have been taken as initial salts. Synthesis has
been carried out in hotlenol solutions.

New coordination compounds are received in solid state. Their composition is determined using
elemental analysis, while individuality is defined via determination of melting temperature. Some physical
chemical properties are studiesmely: solubility in different inorganic and organic solvents. Synthesized
compounds are studied using absorption infrared spectroscopy method
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MIXED -LIGAND COORDINATION COMPOUNDS OF 3 d-METALS WITH ORTO -AMINO -4,5
METHILPYRIDINE AND ISONYCOTINOILHIDRZONE OF PARA -
DIMETHILAMINOBENZALDEHIDE
N.Kilasonia™, M.Kereselidzé N.Tabuashvili, M.Mamiseishvili**, N.Endeladz&
*R.Agladze Institute Of Inorganic Chemistry and Electrochemistry
** Georgian Technical University
*** Akaki TseretelBtate University, Kutaisi

The goal of our research was the study of properties of complex formation afipetiylaminobenzaldehyde
isonicotinoithydrazone, as well as methyl derivatives of aminopyridine, namely -arttioo4 and orthe
aminae5 methylpyidine molecules in different solutions, manifestaion of their donor properties and synthesis of
new, differertligand coordination compounds on the basis of obtained results, and also study of physical
chemical properties of synthesized compounds

Calcdation are made using quantwhemical, semempirical AM1 method [1] in different
solutions in order to study the property of complex formation of -gan&thylaminobenzaldehyde
isonicotinoithydrazone, as well as ortfaming3,4,5 and énethylpyridine mtecules and to study their
electronic structure. Water, acetone, methanol, ethanol, dimethyl sulfoxide, chloroform, hexane are selected
as solvents. Molecule formation heat, value of total energy, dipole moment, ionization potential, valence
angles betweeatoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are
calculated in all cases.

Hs

OL..

N
ortho-amina5 methylpyridine

2

paradimethylaminobenzaldehyde isonicotirbifdrazone

Calculation are made using quantahemical, semempirical AM1 method in different solutions in
order to study the property of complex formation of pdiraethylaminobenzaldehyde isonicotinoll
hydrazone, as well as ortlaminoa3,4,5 and énethylpyridine nolecules and to study their electronic
structure. Water, acetone, methanol, ethanol, dimethyl sulfoxide, chloroform, hexane are selected as
solvents. Molecule formation heat, value of total energy, dipole moment, ionization potential, valence
angles betwae atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are
calculated in all cases. Oxygen atom of carbonyl group and nitrogen atom of azomethine group are
manifested as donor atoms in hydrazone molecule. These atones ed@storacceptor bond with metal
atoms. Besides, results of quantahemical calculations in different solutions show that coordination of
hydrazone molecule with compldéarmer metal is possible both in cetonic and enol form, and as a result
stable fivemembered (pentatomic) metal cycles are forming.

As to molecules of methyl derivatives of aminopyridine, according to calculation results a nitrogen
atom of heterocycle is manifested as donor atom.
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Manganese (1) cobalt (II), nickel (II) and copper (ll) chlorides, nitrates and sulfates are taken as
initial substances for synthesis of differdéigiand coordination ampounds with orth@mino4 and orthe
amino5 methyl pyridines and with padimethylaminobenzaldehyde isonicotiroibnd nicotinoil
hydrazones. Synthesis is carried out in hot ethanol solutions. Ratio of salt, hydrazone and methyl pyridine
is 1:1:2. Cake qediment) formation became visible directly as soon as hot ethanol solutions of salt and
ligand were mixed. Obtained sediment has been filtrated, washed with cold ethanol and dried. Resulted
substances have been cleaned by preliminary recrystallization &thanol. 15 new coordination
compounds are received in solid state. Their composition is determined using elemental analysis, while
individuality is defined via determination of melting temperature. Some phydieahical properties are
studies, namelysolubility in different inorganic and organic solvents. Synthesized compounds are studied
using Xray diffraction method and absorption infrared spectroscopy method [2].
Infrared spectra (468000c m r ange) of synthesi ze darecstodied.! e x ¢

Rule of organic ligands, water molecules and acido ligands coordination in synthesized compounds is
established. Study of infrared spectra of coord
coordinates with compleformer metal via oxgen atom of carbonyl group and nitrogen atom of
azomethine group, while methyl pyridine molecules coordinate via nitrogen atoms of heterocycle that
testifies the data of quantyaimemical calculations.

Presumable structure of synthesized complex compoanglsoffered on the basis of quantum
chemical, absorption infrared spectroscopy ardXdiffraction data

M
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CHROMIUM CHELATES WITH BIOLOGICALLY ACTIVE LIGANDS

Spartak Urotadze, lamze Beshkenadze, Nani Zhorzholiani, Maia Gogaladze, Nazibrola Klarjeishvili,
Vladimer Tsitsishvili
Thilisi State University, Petre Melikishvili Institute of Physical and Organic Chemistry
spartakurotadze @yahoo.com

Synthesis of trivalent chromium amorphous chelates Cg(M2}@ (Mt i methionine anion) an@r L L i@ L n H
(Lig 1 citrate ion (=4), nitrilotriacetic acid anion (=3)), as well as crystalline chelates of general formula

Cr Ligsz pH2O (Lig 1 anions ofsuccinic acidn=0), tartaric acidn=2), glutaminic acidn=4),and cystingn=>5))

has been carried otdr their further testing to dife possibilities of their agricultural application as fertilizers,
premixes, biologically active fodder additives. Experimentally defined elemental composition of synthesized
compounds is in good accordance with corresponding calculated values; sobfbilitsnpounds in water and
organic solvents is determined, and it is postulated, that chelates containing bivalent ligands are practically
insoluble; said crystalline chelates are characterized-tayXliffraction pattern parameters

Introduction

Chromium (Cr) has been studied since the end of tiecgftury, when carcinogenic effects of
hexavalent Cr were discovered [1]. Essentiality of trivalent Cr was demonstrated in 1958a<Cbeen
studied in humans and laboratory animals since the-E¥7@nd it is only since the 1988 that Cr has
been studied as an essential element in livestock animals with the same intensity. Trivalent chromium is
essential to normal carbohydrate, lipid and protein metabolism, it is biologically active as a @art of
oligopeptidei chromodulini potentiating the effect of insulin by facilitating insulin binding to receptors at
the cell surface. With chromium acting as a cofactor of insulin, Cr activity in the organism is parallel to
insulin functions.

The demanddr Cr has been growing as a result of factors commonly referred to as stressors,
especially during different forms of nutritional, metabolic and physical strain. Absorbed Cr circulates in
bl ood b o uglotulin plasma fragtiorband is transportedissues bound to transferrin. Absorbed
Cr is excreted primarly in urine, by glomerular filtration; a small amount is excreted through perspiration,
bile and in milk. Review describing Cr metabolism, the different biological functions of Cr and symptoms
od Cr deficiency was published in 2007 [2].

Cr absorption is low, ranging between 0.4 and 2.0% for inorganic compounds while the availability of
organic Cr is more than 10 times higher.[Bhere is information about the successful application of
chromiumcoardination compound# poultry and livestock4-9], although published evidence [10] that
chromium picolinate (Tris(picolinatgchromiunglll), Cr(C¢HsNO,)s) and nicotinate Chromiun(3+)
tri(pyridine-3-carboxylatg, CisH1,CrN3Os) can be dangerous just because of organic parts (residues of
picoline and nicotine acids) of said coordination compounds.

The aim of present study was to prepare chromium coordination compounds (chelates) with safe and
nontoxic biologically active organipart (ligands) for their further testing to define possibilities of their
agricultural application as premixes and fodder additives. MethionineGEB(NH,)CH,CH,SCH; =
1 Mt ), c yHe M OB & 9D, glutaminic acid(CsHoNOs = 1), as well ascitrate acid
( B( sHsO7)), nitrilotriacetic acid (Trilon A, N(CHCOOH) = 3NTA), succinic acidCsHeOs= 25A)
andtartaric acidCsHeOs= >TA) have been used for construction of chelates.

Experimental
Trivalent chromium chelateCr(Mt)sl. 2,80 (Mt 7 methionine anion

(O.CCH(NH,)CH.CH;SCH)') andC r L L i@ (Lig iHcitrate ion ( sHsO7)*, ~
n=4), nitrilotriacetic acid anion (N(C&0O)s;, n=3)) and chelates of general

formula Ce LigsnHO (Lig T anions ofsuccinic acid((CsH404)%, n=0), tartaric 0 o=

acid ((CsH406)%, n=2), glutaminic acid ((CsH;NO4)%, n=4), and cystine cr3t
((CeH10N204$,)%, n=5)) have been prepared from the Chromium(lil)acetate “
(CsHoCrOs) taking coordination compound and organic part in correspondifig..—°~ 0

molar ratio. Optimal conditions (reactor vessel, solvent, temperature, duration,J‘
etc.) of reaction to be carried out, and tools for separating and cleaning targete
products have been choserperimentally; chemical content of prepared compounds was testified by
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partial elemental analysis (CHN Analyser, Labertherm GmbHjayXdiffraction patterns have been
recorded on DROMM instrument, melting temperatures measured on Dynalon SMP10.

Resuts
Chemical content of prepared chelates is given in the Table 1, experimentally measured values are in a
good agreement with calculated ones for the metal, carbon, hydrogen, and nitrogen content.

Table 1.Data of elemental analysis for prepacesnpounds

Molecular Measured, % Calculated, %
Formula mg‘sz c | ¢ H | N Cr c H N
Cr(Mt)sl. 2,6 532.69 953 | 34.21| 598| 756 | 9.76 | 33.82| 6.39 | 7.89
CrlLLO4H 313.19 | 16.30| 23.25| 4.00| 1 16.6 | 23.01| 4.18 T
Cr LNTLOLJ 29145 |17.66| 2454 | 4.35| 4.78 | 17.84 | 24.73 | 415 | 4.8
Crl ( SA) 45227 | 22.69| 31.75| 449 | i 22.99 | 31.87 | 2.65 T
Crl ( BLA2E 584.3 17.57| 24.77 | 295| 1 17.8 | 24.67 | 2.76 T
Crl ( ¢I58@ 629.465 | 16.76| 28.02 | 4.68| 6.47 | 16.52 | 28.62 | 4.48 | 6.67
Crl. ( Gls4.QH 890.96 | 12.01| 24.87 | 45 | 931 | 11.67 | 24.27| 4.3 | 9.43

Several characteristics of synthesized compounds are given in Tahla@nt chromium chelates
Cr(Mt)sl. 2,80 andC r L L,Q drédamorphous compounds, and chelates of general formlay $rH,O
(Lig = (C4H404)?%, n=0; (CsH406)?, n=2; CsH/NO4)Z, n=4; (GH10N20.$,)*, n=5) are crystalline
compounds with weliesolved Xray diffraction patterns (see Table 3).

Table 2 Colour and solubility of synthesized compound

. Solubility

Chemical formula Colour H,0 | GH:OH | (CH),CO | GoHNO
Cr(Mt)sl. 2.6 Violet + Low T Low
CrLLQ4H Dark green +t T T T
Cr LNT AL 3 H | Gray green +t Low Low T
Cr ( SA) Green T T T i
Crl ( BLAZE Green Low Low T i
Crl ( ¢l5M Gray violet Low T T i
Crl ( Gls4QH Gray Low Low Low Low

Table 3. X-ray diffraction characteristics of chromium (lll) synthesized compounds

Crll ( 5180 Crb ( SA) Crl. ( GlsK.Q Crlk ( BLARO
2d D /o 2d d /o 2d D /o 2d| D /1o
5.13 17.218 | 1.0892 | 5.19 17.027 | 0.7767 | 10.85 8.154 0.2144 10.80 | 8.192 | 0.3615
10.79 | 8.201 0,7321 7.74 11.422 | 0.9328 | 12.31 7.190 0.1566 11.01 | 8.036 | 0.8384
13.16 | 6.729 0.3714 | 9.03 9.793 0.3357 | 13.33 6.642 0.0955 13.22 | 6.697 | 0.4076
15.68 | 5.651 1 10.34 8.555 0.3728 | 15.80 5.609 1 13.40 | 6.607 | 0.700
16.22 | 5.465 0.1357 | 12.26 7.219 0.5271 | 17.11 5.182 0.1366 15.90 | 5.574 | 0.9384
17.10| 5.185 0.2883 | 15.53 5.706 0.1614 | 1835 | 4.835 0.1000 17.25 | 5.140 | 0.3923
18,29 | 4.849 0.3714 | 17.29 5.129 0.1557 | 19.35 | 4.587 0.0577 18.56 | 4.780 | 0.3923
10.82 | 4.480 0.1214 | 18.09 4.904 0.3642 | 19.82 | 4.479 0.1800 20.19 | 4.398 | 0.2846
20.21 | 4.393 0.0428 | 20.07 4.424 1 21.80 | 4.077 0.1211 20.77 | 4.277 | 0.5538
20.68 | 4.295 0.1642 | 20.34 4.366 0.3900 | 23.15 3.842 0.1422 21.83 | 4.071 | 0.6076
2158 | 4.118 0.8428 | 20.74 4.283 0.6671 | 23.84 | 3.732 0.0377 22.02 | 4.036 | 0.3769
22.24 | 3.998 0.1750 | 21.60 4.114 0.3328 | 24.62 3.616 0.0566 23.05 | 3.858 | 0.1615
22.67 | 3.922 0.1000 | 22.00 4.040 0.0928 | 25.46 3.498 0.0977 23.92 | 3.720 | 0.400
23.60 | 3.769 0.3178 | 22.22 4.001 0.2114 | 26.41 3.375 0.1944 26.51 | 3.362 1
24.02 | 3.705 0.0571 | 23.34 3.811 0.0800 | 29.03 3.076 0.0722 29.15 | 3.063 | 0.2769
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Table3 1 continueed

Crol. (180 Crb ( SA) Crl (GlsK.Q Crol ( BLAZO
2d D /o 2d d /o 2d D /o 2d| D /1o
26.04 | 3.421 0.1321 | 2443 | 3.643 0.3200 | 30.52 | 2.929 0.0600 30.23 | 2.956 | 0.2846
26.23 | 3.397 0.8464 | 25.86 | 3.445 0.1357 | 31.05 | 2.880 0.0933 31.11 | 2.875 | 0.9461
29.07| 3.072 0.1142 | 26.38 | 3.378 0.0857 | 31.85 | 2.810 0.0788 32.02 | 2.795 | 0.1307
30.54 | 2.927 0.5714 | 26.84 | 3.322 0.0714 | 34.04 | 2.634 0.0854 33.92 | 2.643 | 0.2384
31.25| 2.862 0.1964 | 2759 | 3.233 0.0500 | 37.35 | 2.408 0.0755 34.42 | 2.605 | 0.1230
31.63| 2.829 0.1607 | 28.47 | 3.135 0.0242 | 37.82 | 2.379 0.0688 35.37 | 2.538 | 0.1538
32.67| 2741 0.0750 | 28.84 | 3.096 0.2014 | 4047 | 2.229 0.0711 35.82 | 2.507 | 0.4230
33.29 | 2712 0.1464 | 29.88 2.990 0.0842 | 44.29 | 2.045 0.0488 37.74 | 2.384 | 0.3000
33.84 | 2.649 0.3571 | 30.05 2.974 0.1442 | 4580 | 1.981 0.0233 37.88 | 2.375 | 0.3538
35.09 | 2.557 0.2357 | 30.17 2.962 0.0714 | 46.96 1.935 0.0488 40.33 | 2.228 | 0.3307
35.90| 2.501 0.2250 | 30.55 2.926 0.0371 | 48.72 1.869 0.0944 40.71 | 2.216 | 0.3692
37.08 | 2.425 0.2034 | 31.40 2.849 0.2785 | 50.20 | 1.817 0.0366 44.26 | 2.046 | 0.4538
37.47 | 2.400 0.4301 | 32.48 2.757 0.3857 44.57 | 2.033 | 0.3538
38.25| 2.353 0.3464 | 33.88 2.646 0.2585 47.02 | 1.932 | 0.2153
40.10 | 2.248 0.3254 | 34.91 2.570 0.0728 46.99 | 1.934 | 0.2230
40.15| 2.246 0.1324 | 35.91 2.501 0.2385 48.71 | 1.869 | 0.2076
40.15| 2.246 0.1324 | 35.91 2.501 0.2385 48.71 | 1.869 | 0.2076
4239 | 2.132 0.0857 | 38.64 2.330 0.1100 48.87 | 1.864 | 0.2528
4292 | 2.107 0.0392 | 38.91 2.315 0.0714 54.69 | 1.678 | 0.0923
43.86 | 2.064 0.2964 | 39.81 2.264 0.0814
44.69 | 2.028 0.0678 | 40.64 2.220 0.1000
46.62 | 1.948 0.1821 | 41.22 2.190 0.1442
48.16 | 1.889 0.1392 | 43.16 2.096 0.1327
48.61 | 1.873 0.0392 | 44.74 2.026 0.1800
49.25| 1.850 0.1142 | 46.34 1.959 0.0900
50.57 | 1.805 0.0857 | 47.57 1.911 0.0600
52.68 | 1.738 0.1107 | 48.26 1.886 0.0447
53.07 | 1.704 0.1142 | 49.34 1.847 0.0300
5458 | 1.681 0.0642 | 50.34 1.813 0.0514

57.92 | 1.592 0.0285

X-ray diffraction pattern of chelate containiglutaminic acid residue is nearly similar to pattern of
chelate coordinated by cysteine residue, that can display possibility for compbuhds ¢ 1H)0 and

Cnrl (

GlsHQ to have the isomorphous crystal structures, but it is impossible to solve such problem

without X-ray structural study.
Chelates containing bivalent ligands are practically insojutahéch limits their applicability
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SOLVENT EFFECT ON COMPLEX FORMATION OF
DIMETHYLACETAMIDE AND N,N -DIMETHYLFORMAMIDE

G.Tsintsadze, D.Lochoshvili T.GiorgadzeE.Topuria, T.Tusiashvili
Georgian Technical University, Thilisi, Georgia
*R.Agladze Institute of Inorganic Chemistry and Electrochemistry of the lv.Javakhishvili
Thilisi State University, Thilisi, Georgiajimitri.lochoshvili@tsu.ge

Various characterist&c formation heat, dipole moment, interatomic distances, bond orders, valence angle and
electron population at atomic orbitals were calculated for dimethylacetamide andimgbhylformamide by
means of quanturohemical semiempirical AM1 method in gaseqgse and in seven various solvents.The
coordination ability of these molecules with organic ligands as well as with complex former metal was
established

It was expected, that dimethylacetamide and -NifNethylformamide (Fig. 1) as organic
ligands will form a coordination bond with complex former metal by means of nitrogen as well as
by oxygen. Actually xay structural analysis and infrared spectra of coordination compounds,
obtained with abowenentioned ligands, have shown that the bond with complexeiometal is
formed only by oxygen atom. The aim was to ascertain the cause of coordination by oxygen atom
instead of nitrogen one. For this purpose the use of semiempirical metAddlL of modern
computer quantum chemistry was decided which allowslmulate the structure and properties
of interested molecules by means of relatively low power computer in rational time by
experimentally closerlf4].

a) 1
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Fig. 1a- Dimethylacetamide anl- N,N-dimethylformamide molecule

Energetic and structural characteristics of organic ligandimethylacetamide and N;N
dimethylformamide, were determined by calculation in gaseous phase as well as in various
solvents, particularly, in water, dimethylsulfoxide, methanol, ethanol, acetbi@oform and
hexane.

Analysis of calculated formation heats and dipole moments (TabBsshows, that the
stability of both molecules increases in the solvents in comparison with gaseous phase. The
maximum value of this parameter is attained in wared minimum- in hexane. As to dipole
moment, it also increases in solvents and maximum value is attained in water and
dimethylsulfoxide. This fact may be explained by formation of dipole induction moment. From
mentioned tables is also evident thatha tase of both moleculesy@en sorbitals and nitrogen
pz-orbitals are characterized by high electron density. Since it is well knowp tbdbital may
participate in the formation ofbonds instead af-bond, it is apparent that nitrogen atom can not
form s-bond with complex former metal. Also an attention must be drawn to two methyl groups,
associated with nitrogen atom, which form steric hindrances for bond with complex former metal.
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All aforementioned explains the formation of monodentate bondaeittplex former metal only
by oxygen atom instead of nitrogen atomalysis of the interatomic distances and bond orders
value (Tables 3) shows, that respectively the maximum and minimum values of these
parameters are is attained in wafBaking into consideration the facthat an increase of bond
length and order decrease causes an increase of reactivity, it may be suggested that for synthesis of
coordination compounthe use of water is reasonable

It should be noted that calculated energetic andcitral characteristics of the molecules of
dimethylacetamide and N:;dimethylformamide (Tables-8) are in close with Xay structural
data of Ni(NCS)[CH3CON(CHs)2]4 and Me(NCSY[HCON(CHs)2]4, whereMe=Mn(ll); Co(ll);
Ni(ll) [5-7].

Table 1. Solventdielectric permeability(§), heat of formatiorgH), dipole momentg(), charge on atom (q),
atomic orbital electron populatigs,p)of molecule dimethylacetamide
Atomic orbital electron populatior|

o mpH,
N Solvent D Atom
U kI/mole|] ™ Q 2s 2px 2py 2p,
¢ ( 2] 0.3 | 1.225| 0.896 | 0.828 | 0.748
1 Gas -173.39] 3.%9 N(3) | -0.343]| 1.470| 1.067 | 1.055| 1.752

o) [-0370 | 1.917[ 1.692| 1.287 | 1.473
u ( 2| -0.348| 1.227] 0.905[ 0.818| 0.702
2 Water, 78.5 22267 5.9 [ N@3) | -0.307] 1.469 | 1.078| 1.064 | 1.696
o) | -0575] 1.915 | 1.731| 1.322| 1.607
u(2) | 0.348 | 1.227 | 0.905| 0.818] 0.703
3 | Dimethylsulfoxide, 49.| -221.79] 5.9 | N@3) | -0.308| 1.469| 1.078| 1.636 [ 1.698
o) | -0571| 1.915[ 1.730| 1.321| 1.604
w ( 2| 034 | 1.227 | 0.905 | 0.818 | 0.703
4|  Methanol32.6 |-220.57| 590 [ N@3) | -0.309| 1.469 | 1.078 | 1.063 | 1.699
O(4) | -0567 | 1.915 | 1.730 | 1.320 | 1.601
u ( 2| 0.346 | 1.227 | 0.904 | 0.819 | 0.704
5 Ethanol, 24.3 |-219.43| 584 | N@3) | -0.310| 1.469 | 1.078 | 1.063 | 1.701
o) | -0562| 1.915 [ 1.729 | 1.319 | 1.598
u ( 2| 0.346 | 1.227 | 0.904 | 0.818 | 0.705
6 Acetone 20.7  |-218.66] 580 [ N@3) | -0.311| 1.469 [ 1.078 | 1.063 | 1.702
O(4) | 0558 1.915 | 1.727 | 1.320 | 1.596
w (2| 0335 | 1.226 | 0.901 | 0.822 | 0.716
7| chioroform 4.7 |-204.08] 5.13 | N@3) | -0.326| 1.469 | 1.074 | 1.061 | 1.722
O(4) | -0500( 1.915 [ 1.715 | 1.312 | 1.557
w (2| 0317 | 1.225 | 0.899 | 0.825 | 0.734
8 Hexane 1.9 -186.13| 434 [ N@3) | -0340] 1.468 | 1.070 | 1.058 | 1.743
O(4) | -0.428| 1.916 | 1.699 | 1.303 | 1.509
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Table 2 Solvent dielectric permeability)( heat of formatiortgH), dipole momentg(), charge on atom (q),
atomic orbital electron populatiqs,p)of molecule N,Ndimethylformamide

Atomic orbital electron populatior|

o pH,
N Solvent D | Atom
v kJ/mole m Q 2s 2px 2p, 2p;
w(1) | 0.262 ] 1.245] 0.890 | 0.857 | 0.746
1 Gas -154.60[ 355 [ o@) [-0.365] 1.915 | 1.110 | 1.873 | 1.466

N@3) [-0.353] 1.471 | 1.063 | 1.073 [ 1.746
w(1) | 0310 | 1.256 | 0.873 | 0.879 | 0.682
2 Water, 78.5 -208.52 585 [ o@2) [-0588] 1.914 | 1.156 | 1.907 | 1.610
N@E) [-0.312] 1.472] 1.086 | 1.073 | 1.681
w(1) | 0.307 | 1.254 [ 0.873 | 0.882 | 0.684
3 |Dimethylsulfoxide, 49.[ -204.72| 5.88 [ o) | -0.580| 1.914 | 1.156 | 1.907 | 1.601
N@E) [-0.314] 1.472| 102 | 1.073 | 1685
w(1) | 0.305] 1.255 | 0.874 | 0.881 | 0.685
4 Methano) 32.6  |-203.01| 5.81 [ o) |-0.575| 1.914 | 1.156 | 1.908 | 1.597
N@3) [-0.315] 1.474 | 1.082 | 1.073 | 1.686
u(1) | 0.309 | 1.255 | 0.874 | 0.877 | 0.685
5 Ethanol, 24.3  [-205.02] 5.69 [ o) |-0.574| 1.914 | 1.154 | 1.905 | 1.601
N@3) [-0.316] 1.472| 1.084 [ 1.073 | 1.687
u(1) | 0.308 | 1.254 | 0.875 | 0.877 | 0.686
6 Acetone 20.7 -204.23( 5.67 | o) |-0.571| 1.915 | 1.153 | 1.905 | 1.599
N@3) | -0316[ 1.471 [ 1.084 [ 1.073 | 1.688
u() [ 0297 ] 1.251] 0.880 [ 0.870 [ 0.701
7 Chloroform 4.7 |-188.93] 4.97 [ o@) | -0.507| 1.915 | 1.140 | 1.896 | 1.558
N@3) [-0331] 1471 [ 1.077 [ 1.073 ] 1.710
u(1) [ 0280 [ 1.248] 0.886 | 0.863 | 0.724
8 Hexane 1.9 -170.37( 4.17 | o@) | -0.430| 1.915 | 1.124 | 1.884 | 1.507
N@3) [ -0345[ 1471 1.070 [ 1.073 | 1.732

Table 3. Interatomic distance@R) and bond order&) of molecule dimethylacetamide

Bond Solvent

Gas | Water| Dimethylsulfoxide| Methanol|Ethano] Acetonqg Cloroform| Hexane

CrCy R,i | 1.508] 1.503 1.503 1.503 | 1.503| 1.503 1.504 1.506
P ]0.941|0.954 0.954 0.953 | 0.953| 0.954 0.950 0.945

CoNa R,i | 1.390| 1.372 1.372 1.373 | 1.373| 1.374 1.379 1.385
P 1.066] 1.194 1.192 1.189 | 1.185] 1.183 1.144 1.101

CrOn R,i | 1.248] 1.267 1.267 1.266 | 1.266| 1.265 1.259 1.253
P 1.755] 1.568 1.572 1.576 | 1.581| 1.585 1.640 1.704

Na-C R,i | 1.435] 1.440 1.440 1.440 | 1.440| 1.440 1.439 1.437
P ]0.941|0.931 0.931 0.931 | 0.931] 0.932 0.933 0.935

Na-Co R,i | 1.432]1.439 1.439 1.439 | 1.438| 1.438 1.437 1.433
P 10.951|0.932 0.932 0.933 | 0.933| 0.934 0.939 0.945
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Table 4. Interatomic distance@R) and bond order@) of molecule N,Ndimethylformamide

Bond Solvent
Gas | Water| Dimethylsulfoxide| Methanol|Ethano] Acetonqg Cloroform| Hexane
c0 R,i | 1.243] 1.264 1.262 1.262 | 1.262| 1.262 | 1.255 1.248
"2 [p 1780 1581 1.591 1597 | 1.595| 1597 | 1.657 1.727
CoN R, | 1.380] 1.362 1.364 1.365 | 1.364| 1.363 | 1.369 1.375
" P 11080 1.217 1.213 1.208 | 1.207| 1.206 | 1.162 1.115
NoC R,i | 1.433] 1.441 1.441 1.441 | 1.440] 1.440 1.438 1.435
*~*[p T0.950]0.933 0.930 0.931 | 0.934| 0.934| 0.939 0.945
NoC R,i | 1.435] 1.439 1.440 1.439 | 1.439| 1.439| 1.438 1.436
[P 10.943]0.934 0.933 0.934 | 0.935| 0.935| 0.937 0.940

Table 5. Values of valence angle$ molecule dimethylacetamide

Andle Solvent
J Gas | Water| Dimethylsulfoxide| Methanol|Ethano| Acetond Cloroform | Hexane
Ci-CoNs [ 118 56120.2d 120.18 120.9 |120.14| 120.00| 119.69 | 119.15
Ci-CoOs [ 150.92120.31 120.32 120.31 |120.34| 120.48| 120.2 | 12110
CoNsGs [ 15090]119.74 119.76 119.79 |119.77| 119.60| 119.47 | 119.19
Co-Na-Ce | 190.941120.42 120.42 120.39 |120.40| 120.54| 120.53 | 120.70
Co-Ci-Hr [ 108 59 109.24 109.22 109.17 |109.16| 109.27| 108.96 | 108.77
Co-Ci-Hs 1110.11]110.22 110.22 1102 |110.24| 1705 | 11034 | 1103
Co-Cr-Ho 1110.97110.31 110.32 11032 {11032l 11051 1103 | 1104
Ns-Cs-Hio| 109 671110.47 110.47 110.47 |110.47| 110.51| 110.54 | 110.59
Ns-Cs-Hu1 (414 19]109.73 109.73 10967 |109.67] 109.76| 100.8 |110.&
N3-Cs-H12[110.37/109.91 109.91 109.94 |109.94| 109.99| 109.97 | 109.96
N3-Cs-H13|111.07]110.27 110.27 110.30 |110.31| 110.36| 110.44 | 110.55
Ns-Ce-Has [ 115 36110.09 110.10 110.07 |110.08 110.14| 110.18 | 110.30
Ns-Ce-His | 1 09.89110.30 110.31 110.29 |110.30] 110.40| 110.38 | 110.45
04-C»Ns | 120.51/119.49 119.49 119.51 |119.52 119.51| 119.59 | 119.75
Cs-N3-Cs | 117.64{119.78 119.80 119.77 |119.78| 119.81| 119.95 | 120.06
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Table 6. Values of valence angle$ molecule N,Ndimethylformamide

Angle Solvent

Gas | Water| Dimethylsulfoxide| Methanol|Ethano| Acetond Cloroform | Hexane
0,-Ci-N3 |122.92121.89§ 122.20 121.76 | 121.86] 122.00] 122.24 | 122.61
Ci-N3-C4 |121.26120.8(¢ 119.75 119.48 |120.80] 120.87| 121.01 | 121.15
Ci-N3z-Cs |121.81)122.34 120.81 120.76 |122.48] 122.51| 122.33 | 122.08
0,-Ci-Hs |122.68121.60 121.52 121.63 |121.80] 121.66] 121.99 | 122.36
Ns-Cs-H7 |110.24]109.71 110.57 110.53 |109.64] 109.63] 109.79 | 109.99
N3-Cs-Hg |109.94]109.57 110.01 110.24 |109.54] 109.64| 109.82 | 109.91
Ns-Cs-Ho |110.8§110.83 110.44 110.03 | 110,87 110.83] 110.82 | 110.88
N3-Cs-H1o | 110.02109.62 110.41 110.66 |109.61] 109.66] 109.81 | 109.94
N3-Cs-H11 1110.13110.12 110.36 110.28 |110.08] 110.02| 110.01 | 110.03
N3-Cs-H12 1109.89110.08 109.75 109.54 |110.15}] 110.13| 110.10 | 110.00
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SOLVENT EFFECT ON COMPLEX FORMATION OF UREA

Maia Tsintsadze**, Sofio Tchitchinadze*, Nona BolgvadZe, Nino Imnadz# , GulnaraManvelidze*
*RAgladze Institute of Inorganic Chemistry and Electrochemistry of IJamekhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia
** Georgian TechnichalUniversity,7 MerabKostava St., Thilisi, Georgi@175
m.tsintsadze@gtu.ge

Energetic, geometric and structural characteristics of Urea are determined by quantum chemical method AML1.
According to electronic structure, solvent effect on its comfdaxation ability with metals is established

The goal of our research was to study properties of complex formation of Ureag
in different solutions, manifestation of its donor properties and synthesis of new
coordination compounds on the basis of obtained results, and also study of physical
chemicalproperties of synthesized compounds. 2

Based on the guantuahemical metod AM1 [B] calculated the power,ﬁ)‘))"“.

%
a5

geometrical and structural features of Urea. According to electronic structure, a7
solvent effect on its complex formation ability with metals isallthed. Water, 4
acetone, methanol, ethanol, dimethyl sulfoxide, chloroform, hexane are selected as g
solvents. ® O 9 9

) N
Picture 1.Molecul ofof urea e -

Molecule formation heat, value of total energy, dipole moment, ionization potential, valence angles
between atoms arfibnd lengths, effective charges, atomic orbitals filling with electrons etc. are calculated
in all cases. These quantwaghemical calculations are shown in Table 1

Table 1 Final heat of formation, net atomic charges and dipole contributions, atdpitial electron
populations in the molecul of Urea

) Solvent,e m , e D | Atom | Charge, | Elect | Atomic orbital electron populations
KJ q ron |25 2P« 2Py 2P,
density
0O(1) | -0.407 6.407 1.921 1.072 1.872 1.542
1 Gas -186.27 | 3.83 N(3) | -0.434 5434 | 1.464 1.098 1.074 1.798
N(4) | -0.405 5.405 1.501 1.106 1.067 1.731
O(1) | -0.650 6.650 | 1.920 | 1.122 | 1.913 | 1.695
2 HZO%ZVSate“ 275.16 | 6.45 | N(3) | 0411 | 5.41L1 | 1.449 | 1.140 | 1.069 | L.753
' N(4) | -0.400 5.400 | 1.520 1.136 1.059 1.684
C2H6SO, Dimethyl O() |-0647 | 6.647 | 1.920 | 1.121 | 1.912 | 1.693
3 sulfoxide, -273.72 | 6.41 N(3) | -0.411 5411 1.449 1.139 1.069 1.754
49.0 N(4) | -0.400 5.400 | 1.520 1.136 1.059 1.685

O(1) [0.639 | 6.639 | 1.920 | 1.120 | 1.911 | 1.688

CH30H, Methanol,

4 e 27164 | 631 [ N3) [-0413 | 5413 | 1.449 | 1.138 | 1.070 | 1.756
' N(4) | -0.399 | 5399 | 1.523 | 1.136 | 1.060 | 1.681

O(1) [ 0636 | 6.636 | 1.920 | 1.118 | L1911 | 1687

5 CZHSO';AEStha”O" 264.79 | 6.27 [ N(3) [-0.414 | 5.414 | 1.448 | 1.137 | 1.069 | 1.759
' N(4) | 0401 | 5401 | 1519 | 1.134 | 1.060 | 1.688

(CH2)2CO, O(1) | 0632 | 6.632 | 1.920 | 1.118 | 1.910 | 1.684

6 Acetone, 26850 | 6.22 [ N(3) [-0415 | 5.415 | 1.449 | 1.137 | 1.070 | 1.760
20.7 N(4) | -0.400 | 5.400 | 1.520 | 1.134 | 1.060 | 1.685

cHOl, O(1) [ 0554 | 6554 | 1.920 | 1.105 | 1.898 | 1631

7| chloroform, 24470 | 5.25 [ N(3) [-0417 | 5417 | 1475 | 1124 | 1073 | 1.745
4.7 N(4) | 0398 | 5398 | 1519 | 1124 | 1.068 | 1.687

O(1) | 0473 | 6473 | 1.920 | 1.087 | 1.885 | 1.580

8 Clj;gnle'g 213.91 | 443 [N(3) [-0.426 | 5.426 | 1473 | 1111 | 1.074 | 1.768

N(4) | -0.400 5400 | 1513 | 1115 | 1.068 | 1.704
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Analysis of the values of electron densities (formal population) and effective charges shows that the
high values of the electron density is characterized by an oxygen atom O (1), which is typical of any
solvent.The Oxygen atom O (1) has a lone electron pail-tyfpe. More precisely, he has a hybtyghe
nuclear obrital spwith scomponent. This circumstance determines the basic properties of the Oxygen
atom O (1), i.e. its properties form the metal demorepor bond.

Regard to the Nitrogen atoms N (3) and N(4), it can manifest eledtmoor properties. Electron pair
located on 3prbitali, which is not capable of participating in bond formation withype metal
complexing. The Nitrogen atoms N (3) and Nii&ve not possibility to provide-type bond and they can
provided -bond with metal N (3) or N(4).

Molecule formation heat, value of total energy, dipole moment, ionization potential, valence angles
between atoms and bond lengths, effective chaegesyic orbitals filling with electrons etc. are calculated
in all cases. ThesequanttechemicalcalculationsareshowninTable 1

Compounds of copper(ll), cobalt(ll) and nichel(ll) with Urea are received. Copper(ll), cobalt(ll) and
nichel(ll) sulphates, nitras, chlorides and bromides have been taken as initial salts. Synthesis has been
carried out in hot ethanol solutions.

Sediment formation became visible directly as soon as hot ethanol solutions of salt and ligand were
mixed.Obtained sediments has beetrdied, washed with cold ethanol and dried. Resulted substances
have been cleaned by preliminary recrystallization from ethanol.

New coordination compounds are received in solid state. Their composition is determined using
elemental analysis, while inddliality is defined via determination of melting temperature. Some physical
chemical properties are studies, namely: solubility in different inorganic and organic solvents. Synthesized
compounds are studied using absorption infrared spectroscopy method
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Lio.MnO ;s DEVELOPMENT AS A COMPONENT OF HIGH -VOLTAGE LITHIUM -RICH
COMPOSITE xLi,MnO3zA -X) liMnO , CATHODE MATERIALS FOR Li -ION BATTERIES

Eteri Kachibaia, Ruth Imnadz&amar PaikidzeDali Dzanashvili, Tengiz Machaladze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Wawekhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia
kachibaia@hotmail.com

Physical and chemical basis production MmOz as a part of higivoltage lithiumrich composite xLiMnOs A

(1-x) LiMnO; cathode materials for tion batteries has been developed. In this case, various methods of
Li,MnO;3 preparation have been tested. Among them, a method based on thermal decomposition of the eutectic
mixtures of starting materials has been used. Phas® nanesized compounds with monoclinic structure have

been obtained

Nowadays batteries represemtvery important technology. Electrodes (anode and cathode) and
electrolyte are three major components of most batteries, includingd&hdatteries, used for startup of
car engines, as well as compact lithium cells widely used in different applicgibasks, watch, etc.).For
these new batteries all developed countries intensively search for above mentioned components that would
be efficient in terms of price and operational performance. Lithambatteries (LIB) are now ubiquitous.
Recently they ave been applied in electric and hybrid vehicles. There is an inevitable shift underway as
the automotive industry transitions from traditional gasoline powered vehicles to more efficient,
environmentally responsible modes of transport. Hybrid electricheshand electric vehicles are making
inroads into the global marketplace, but the going is slow and the obstacles are many. As yet, these vehicles
have not returned much profit for their manufacturers. However the problems can be solved with the
improvenent of batteries technology. There are opportunities to increase the energy of lithium batteries and
reduce their prices by 380%. Currently new fuel sources are being developed. Meanwhile, lithium
power sources continue to be the most preferatiteeimext 20 years.

A class of cathode materials that emerged recently displays increasing reversible capacity upon
oxygen release during the first charging. These
ma t e r-layerdediagered compositesxLioMNOzA (X)LiIMO, (M=Mn, Ni, Co, Cr).Initial charge to >4,5
V(Li*/Li) removes lithium to the negative electrode with oxygen ions being removed from the initially
inactive LbMnOsz; component activating it for subsequent electrochemical cycling. Today rfeséals
are the subject of intense international research and development. It is considered thatidithaatinode
materials can provide LIB with high electrochemical characteristics due A#dnOs properties.
Meanwhile, the preparation and charaettion of nanoscale lithium rich cathode materials are still
insufficiently studied. Particularly relevant is development of affordable and safe, modified, nanoscale
materials based on xNINOsA (x)LiMyMny,O, (M = Ni, Co, Cr), capable to replace comuially
available LiCoQ.It is assumed that maximum oxidation state of manganese in an octahedral oxygen
environment cannot exceed +4. Subsequently;*Mompounds, such as MnOs (having a layered
structure - monoclinic structure), while rich with Liions, were considered electrochemically inert.
Recently, it has been suggested that Li+ may be removed frdtmioxides. It was shown, that lithium
extraction from these materials is possible, not by"kidation, but by the simultaneous removal
(elimination) of oxygen in order to balance the charge and stabilize structure. In A. Robertson, et al.,
Chem.Mater., 15 (2003) 1984 paperNlnOs is presented as cheap component g¥hOs - LIMO» (M =
Cr, Co, Ni and Fe) solid solutions, since in the activagimotess they deliver high reversible capacity of
200mAh/g by removing oxygen during the initial charge. When all the lithium ions are utilized, theoretical
capacity of LiMnOs is 458 mAhd'.

To obtain phase pure, nanosizeMnOs, with monoclinic struct, as a component of above
mentioned xLiIMNO:A (x)LiMO -type composite compounds, a number of methods have been tasted in
the framework of presented study:1. Method, based on mechanochemical treatment of initial reagents
during solid state reaction, followed with calcination. MRCO L i ®IRD,( © 1 [ ).COswele used as
initial reagents. Synthesis | stégoreparation of the intermediate product: a) mechanochemical treatment
of initial reagents mixture using spit¢rit as di sy
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t r eat mer3t5 0 &#2h. Syhthesis Il stefit r eat ment of t he iM% ®0Aw,di
U=2h.2. Maltingsaturation method, where mixture of LiOH and Mfn;O, was prefired at 470 and
530AC on air, followed by heat tre&@a0ma6t3atMdi o
on thermal decomposition of eutectic mixture of initial reagénits and Mn acetates, followed by heat
treatment. Table 1 summarizes the results -eaXdiffraction patterns of bMnOs; samples, prepared by

solid state method as esult of LbCO; and MnCQ/ MnO; interaction.

Table 1

Sample’ Heat treatment mode Phase composition

Samp. "~ 1 _ - Main phase LMnOs;, ASTM 271252

MnCO; u1=350%, u-5rl. Sample contains an impurity ofA00; (2.93, 2.83)
Samp. ~ 2| u=350b , 1=9o0. Li,MnOs-monoclinic structure,

MnCOs uv,=500% , »=5hl ASTM 27-1252

Samp. ™ 3 _ - Main phase LiMnOs, sample contains large amount
2-MnO, u1=3504, U=5h. Li»COs(2.93, 2.83, 2.49, 3.03) impurity

Sa mp . ! 01:350% s 1=5lﬁ. . . . .

MO, 5,=500% . =5, ASTM 27-1252, minor impurity of LiCO;

Samp ~ 5 3;2382 zémgg monaoclinic structure,

MnCOs 5=1000k . K =5 ASTM 27-1252

Tables 2-5 show the diffraction characteristics of the synthesized samples.

Table 2 Diffraction characteristics of BMnOs; samples, synthesized by different methods

Samp. Samp.

Samp. LioMnO;s, Samp. Samp. LioMnOs,
LiMnOs | Ti=dooC | PAMP | LimnOs |  LiMnOs | Te=180C, | ASTM 27
T1i=400C | T,=600C, | L Z5.2%| T:=350C| T.;=180C,| T.=600C, L0
T,=600C (Li -2% = T,=500C | T,=600C (Li -2% 12MNDs

excess) excess)
dy, /o do; /o do; /o do; /o do;/ /o dg/ /o do /o
469 95| 471 62| 474] 50| 476] 39| 467] 48] 4,73] 41| 4.74] 100
423| 26| 4,18] 57| 423] 21| 423] 20| 423] 20| 426] 20
4,04 17| 4,08] 26| 3,78 8| 37 7] 41| 17| 408 17| 4.08] 30
37| 14| 366] 19| 3,03] 12| 2,93 6| 3,66 8| 366] 10| 3.66] 20
3,16 8 2,93] 63 242 44| 242] 42| 317] 20
249 41| 247 8| 2,83] 100] 2,83] 14| 23 4] 231 5 - -
246 66| 242] 15| 2,63] 24 2,01| 100| 2,02] 100| 2.43] 20
241] 29 249 49 1,85 9| 1,86 8| 2.42] 30
237 19| 2,37] 19| 2,43] 63| 2,43] 43| 1,59] 10 237 10
2,04 100] 2,04] 100]| 2,26 8| 2,31 6| 157] 15| 1,57] 16| 2.03] 50
2,02] 71| 2,03] 57| 2,02] 100 1,43] 28] 2.02] 90
1,86] 15| 1,88] 19| 1,83] 12| 1,86 7 1,42 28| 1.86] 10
1,58 23| 16| 26| 157 21| 157] 14 1.58] 10
154| 33| 157 32 1.56] 30
1,44] 50 1.44] 30

Phase purenanosi ze

manganese acetates are characterized by monoclinic structure

X-ray diffraction and Xr a y

500Awu
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Table 3. Diffraction characteristic of tMNOs;( sampl es 1 and 2), obt aiOned
and MnrOs
S a mp .LixMnOs, Samp. Nn0s L i| ASTM -27-1252,
T:=400C, T,=600C T:=400C, T,=6000C, | Li-MnO;
(Li -2% excess)

dU/ n |/|o do/ n |/|o dU/ n |/|o Hk|

4,69 95 4,71 62 4.74 100 002

- - 4,23 26 4.26 20 020
4,04 17 4,08 26 4.08 30 111

3,7 14 3,66 19 3.66 20 111
3,16 8 - - 3.17 20 022
2,49 41 - - - - -

2,46 66 2,47 8 2.43 20 200
2,41 29 2,42 15 2.42 30 131
2,37 19 2,37 19 2.37 10 113, 004
2,04 100 2,04 100 2.03 50 202

- - 2,02 71 2.02 90 133
1,86 15 1,88 19 1.86 10 133
1,58 23 1,6 26 1.58 10 006
1,54 33 1,57 32 1.56 30 242,135
1,44 50 - - 1.44 30 -

1,42 34 - - 1.42 40 -

I'n sampl e

"1 jOn{pABr2i3T, ¥.58,ABTMLLB3E)ris fixed.

Table 4. Diffraction characteristic of LMnO; samples, obtained by the interaction of

The lithiumion accumulators and batteries based on them have become part of people's daily lives.
Cars and other deviceperating on Lion batteries have been invented. The problem however is battery

Li.COsa n dMn®,

Samp. 3 Samp. 4
iMns CiMn, ASTM - 271252
T=350AC T:=35 0 A=6Q0C T 2VITs
dU/ n |/|0 dU/ n |/|O dU/ n |/|0
4,74 50 4,76 39 4.74 100
4,18 57 4,23 21 4.26 20
3,78 8 3,7 7 4.08 30
3,03 12 2,93 6 3.66 20
2,93 63 - - 3.17 20
2,83 100 2,83 14 - -
2,63 24 - - 2.43 20
2,49 49 - - 2.42 30
2,43 63 2,43 43 2.37 10
2,26 8 2,31 6 2.03 50
2,03 57 2,02 100 2.02 90
1,83 12 1,86 7 1.86 10
1,57 21 1,57 14 1.58 10
1.56 30
1.44 30
1.42 40

capacity fade during chargirdischarging. This problem triggers development eiolni batteries.
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Large amount of LCOs ( 2. 9 3, 2. 83, 2. 49, 3. 033 Liz2Mn@pwith i t vy
monoclinic structure and minor impurity of.dozi s f i xed i n sample "4

Table 5. Diffraction characteristic of LMnO; samples, obtained by the interaction of Li and Mn acetates

i Samp. 6
TPASULI LiMnGs | ASTM - 271252,
TZ:'GOOAC T1=180)C, T2=6006C, (LI- Li-MnOs
2% excess)

dU/ n |/|o dU/ n |/|0 dCJ/ n |/|0 HKkl
4,67 48 4,73 41 4.74 100 002
4,23 20 4,23 20 4.26 20 020
41 17 4,08 17 4.08 30 111
3,66 8 3,66 10 3.66 20 111

- - - - 3.17 20 022

- - - - 2.43 20 -
2,42 44 2,42 42 2.42 30 200
2,3 4 2,31 5 2.37 10 131

- - - - 2.03 50 113, 004
2,01 100 2,02 100 2.02 90 202
1,85 9 1,86 8 1.86 10 133
1,59 10 - - 1.58 10 133
1,57 15 1,57 16 1.56 30 006

1,43 28 1.44 30 242, 135
1,42 28 1.42 40 -
60 sinb = 0 sinb = (

b =0,8459 nm b =0,8459 nm

c sinb = c sinb =

u = 0,4 U = 0,4

0 b 910 0b 9810

c = 0,94 c = 0,960

Physicochemical and electrochemical characteristics of catinatierials depend on their syntheses
methods. Conventional sol&tate reaction has several drawbacks, such as huge energy consumption due to
prolonged higkitemperature mulstage process, heterogeneous composition and particles agglomeration.
Low concentations of starting materials are used to obtain the cathode material by soft chemistry methods
(hydrothermal method, eprecipitation, etc.). Hence a small amount of the desired product is obtained.
Therefore, these processes cannot be used for indystodiiction. Development of special synthesis
methods suitable for creating nanosized cathode material can improve its kinetic performances. Reducing
particle size to a narscale can lead to increased electrode/electrolyte interface area, decreasedcalechani
stress (tension) during lattice delithiation, and reduced lithium/ electron transport length in cathode
materi al . Due to the small particles, ['ithium i
towards its surface along the short pdthis could ensure high electrochemical characteristics and good
capacity stability. Well crystallized nanoparticles will provide for more rapid diffusion of lithium and
hence provide high rate capability.

X-ray studies of samples were carried out usingOBRB di f fr act omet er i n
radiation. The phase identification was carried out using diffractometric data for nonorganic compounds
along with latest corresponding literature data. Evaluation of coherent scattering regions (d.nm) was carried
out by the Debyesc her er f or mul a: d=0, 9/ bAcosd, where o |
ma x i mu m i n-tddfraction taygle. Pdrticle size of synthesized samples was calculated using
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transmission electron microscope (TEM). Thermogretiical studies were carried out usingl@ 0 0 A &
derivatograph with simultaneous recording of v,
samples was determined by atomic absorption method, as well as by traditional methods of chemical
analysis
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ELECTROPLATING AND SURFACE ALLOYING OF METALS IN MOLTEN SYSTEMS

N.Gasviani, G.KipianiM.Khutsishvili, L.AbazadzgS.Gasviani, G.Imnadze
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Warekhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia
nodargasviani@mail.ru

The properties of metals are mainly determined by composition of surface layer. Therefore the variation of their
surface composition is profitable in place of the variation of whole volurhis. grocess is possible only in
molten systems at (87BL73) K at preparation of metals electroplating. In parallel, the sudifftsion alloying

of the metaldhases takes place. In the paper the results of electroplating and surface alloying of titestaliic

and steels (CB, CT-40, X18H10T) by metallic molybdenum and intermetallides in-balide melt at (873

1173) K are presented

The preparation of electroplating of a number of metals, characterized by valuable properties, from
agueous solutionis impossible. From molten electrolytes the preparation of electronegative metals (Al, Ti,
Zr, Hf, V, Nb, Ta, No, W and etc.) is possible. But in this case the difficulties appear which are excluded at
the electrolysis of aqueous solutions. This is maioaused by process high temperatures which
occasionally exceed the temperatures efrystallization of plated metals. As a result, on one side, the
macracrystalline, loose, dendrite plating is formed, hindering the preparation of pure metal unifdangn plat
at the cathode. On the other hand, the diffusion of separated metals into the cathode depth takes place by
formation of alloys or intermetallides. This fact is very useful and profitable in many cases. Metals
electrochemical deposition from molten aftetytes is associated with a process of alloy formation
between separated metal and cathode. In this case, on one side, the regulation of the rate of metal plating
appearance at the cathode is possible by variation of current density and, on the othiérehagulation
of the rate of diffusion of deposited metal is also possible by temperature variation independently of one
another. In this case the diffusion (alloyed) layer of definite thickness is obtained in a base metal (for
example, in the steelMetal properties (hardness, corrosiomeat and thermal resistance) are determined
by the composition of surface layers. For economy of alloying metals it is profitable to vary the
composition of metal surface layer instead of the whole volume. Prepadditihe plating in the metals
and in their surface layers involve the compounds obtained by electrolysis. Explanation of alloyed layer in
a solid metal only by diffusion is difficult to imagine. This whkiliown effect is referred to
"electrochemical im@ntation” and may be explained by the fact that at the electrolysis the microscopic
cracks are formed between the boundaries of cathode grains which determine a rapid diffusion of alloyed
compound into the cathode depth. Therefore the surface electroehetiiging in the melts proceeds
relatively easier and is substantially profitable from economic viewpoint

The investigations were carried out for the purpose of electrochemical plating and alloying of titanium
and steels: CB, CT-40, X18H10T by molybdeum and intermetallides: Mo@and MoNk.

Titanium plays a great role in the development of new technique because of many unique properties.
Along with it, titanium is characterized by low afftlictional properties, high braking factor, intense wear
and etc. Plating and alloying by molybdenum enhances the surface strength of titanium hard ware,
improves antfrictional properties

Equimolar mixture of KGNaCl was used as a background, molybdateM¥®, - as a depolarizer.

Its electroreduction proceedy the following scheme

MOOZ'n/2+1ﬁ MOOn/2+OZ' (|)
MoOrz+ nez Mo +n/2G (Il

O% - ions, formed by acid base reaction (I), suppress the reaction (Il) or the-iahibition of
electrode process takes place. For neutralizatior”ah® scavenger of oxygeons is necessary. For this
purpose PQ(NaPQ) is added to the melt [1]. Therefore primarily in the practice metallic molybdenum
was obtained from oxygen compound [2]. This is the most rational and short way in the technological
cycle: "ore- finished products”
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The most optimal is the following: electrolyte which involves (in mass %): eutectic K,Na/CB{#8
NaMoOs (10-12) - NaPs(1-2); cathode current density (0:01025) A/cnd. At the temperatures of (973
1173) K the smootmolybdenum plating of 8@ 20 Om t hi ckness are obtained
titanium; current efficiency comprises-9d%

At the micrasection of titanium cathode lateral section the diffusion layer was determined- Micro
hardness of titanium compris@09kg/mra In diffusion layer the micrdiardness is gradually increased in
surface direction and comprises 680kgfnithe thickness of diffusion layer attains-8aL 0 Om at 6 h
electrolysis. At the electrolysis process the surface electrochemicahgllolititanium takes place. As a
result titanium micrehardness increases by a factor ef,3he wearand corrosion resistances are also
enhanced. The corrosion of alloyed titanium composes (?Zgon, whereas for usual titanium it
comprises 0.82g/frhour.

Research goal involves electroplating and diffusion alloying of the steels under study by molybdenum
and molybdenum cobalt (nickel) intermetallides in oxyalide melts. Preliminary preparation of the
surface of plated ware is of a great importandeich was performed by thorough attention. The
electrolysis was carried out in corundum glasses at the temperatures -a0FBJ3K in air atmosphere.

Steel plate of 10 cfrarea was used as the cathode. Plating and alloying was performed in the following
molten systems (mass %)

Eutectic: K,Na/CI89; NaMoQ-10; NaPG-1 |
KCI-50; BaC}-25; SrC-15; NaMoOs-10; II
KCI-50; NaCt25; BaCh-15; NaMoO4-10; 1l

POs;wasn't added to Il and Il melts since the catio3?*, C&*, SP* are the strong scavengers of.O

In the temperature range of (3I873) K and at current densities: 002 A/cnt the shining plating
of tight adhesion with a base are obtained. At 6 hour electrolysis the surface is plated by molybdenum layer
of 305 0nd thickness. For example, a midrardness on the micsection of the lateral section of
mol ybdenum pl ated steel at a di st an% Microchardnes® 0 O m
gradually reduces and at a dislGkgmi of 1600m fror
By increase of electrolysis duration to-12 hours the thickness of alloyed layer increases te 450
550 Om. The picture is similar f orrayattutturabanatysidhas and
shown that the alloyed layermsists of the solid solution of molybdenum in iron.
For all samples the micHoardness of plating surface is equal to the miaaness of molybdenum
1220 kg/mn.
Plating of steels (plates or cylinders) and alloying by intermetallides: Ma@bMoNg was carried
out in the molten system

K,Na/Cl - Na;M0Os - CoCh(NiCl,) - NaHPG

The optimal case takes place when the compounds are added to the backgrodNdCKBY the
following ratio:

[MoO?%4]:Co?* (Ni?*):PO;=4:1:2.5

Their total amount in thenelt mustn't exceed to ZEb mass%. Working temperature comprises {973
1073) K, current density (0.01-0.25)A/cnt. The thickness of diffusion layer on the electrolysis duration.
When electrolysis lasts-@ hours the silvery, smooth plating of (800 ) hf@kness are prepared with a
good adhesion with a base:-ray structural analysis confirms the presence of uniform platifpCo;
(MoNis). The thickness of alloyed layer comprises{70 0 ) O m.

It is evident that in molten systems the metals (steels) gammber of important properties by
electrochemical plating and diffusion alloying

33¢



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

D s ———————————————— —————— ————————————————

literatura - REFERENCESTi [ RU[ [T OUULT ¢

1. N.Gasviani, Ph.Dhesis, Thilisi, 1975.
2. N.GasvianiDoctoralthesis, Thilisi, 2006

A R U T S N R U | I TR B | IR (i I AP* I S B
11 _ 7 A 1. "1 - ok , 141 _1
F T 11T ok T B 1”7 7 A S 1T - "
1.1 11 o110 . o ]
reziume
R I T B B 11, 1. v 1 S BN
JE T R 17 S N R I T B LT 11
T R T R T L] oL B¥31 173 s e d T 0L T B, i
TR T T I T R L R RPN [ B U B RS I L N SO SN
T T T I I D (P A A S A I R I A
Lt Tt rriq 7 [ {(CT3, .CT#Q, OASHIOT) . L 1. .7 . T4l T
SR U R B Y TE 1) R Y VTN B I S s BRI I I AL B LD

Lof 21 drvrRYyruesf VI Ist3ur[ R FIRIAANIR[[RUL LT
Jrart LI O R frudfJ Ll 1 1ol ol r113M dREUT |

1. 10MoadOded, |.sdfdOded, [.meydheddd, [.¢BOLO
R dzf)ls d Belz Is to ¢ O dze of dsdfy §ciisi 2€ Is to o] .Rishf & z@rBLdjded MMS SE 5 ¢ sMEH Ots
Ededo jtemdlsjlsO dd3. 0186,.7 d4. O of O ihafefiiApolz L d W

trroft

usfisOs o jtondsmsdsets MasY &jlsOdkdss, o Mdass dasd
dL d3j dzj dzdf fso jdi&in deslsdzse 5 fsMisOo O, O dzj yYjddStsd Bl
cOMY dzOo dzj dzdzr 7 Mdflsj BORL 178 Isj Bty s zdOR § 6 &EZ G dzd W
BjlsOdkzdzse . 1 OtOdzdzj dz! dzs s OC 3 W W isusd hddsr f s dzjf dsd t§ s @i
fsHdY j€O0BEIs] ftodojHj d t6j L Ezdz sOIsT GOdz 9 Odzd yj M
dzj cdtetso Oded W d3j Is O dzdzd YGTHBSCOT-AUSX 18HAOE) O dzl) I5fO drdedowig RS o 5 d3ts d
d dzls j 3] Is @ fztze:B O BN i 5C Md 6 OdzsG j dzd H des-BLE MY Qo j 1 tod

334



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

ELECTROCATALYTIC PROPERTIES AND PHOTOELECTROCHEMICAL
CHARACTERISTICS OF NANOSIZED TITANIUM D IOXIDE FILMS
MODIFIED BY L a AND Nd

V.S.VorobetsG.Ya.Kolbasov
V.l. Vernadsky Institute of General and Inorganic Chemistry of National Academy of Sciences of Ukraine,
Kyiv, Ukraine
kolbasov@ionc.kiev.yarorobesvs@i.ua

Nanostructured Tiefilms modifiedby La and Nchave been produced by spl method and characterized by
x-ray diffraction and ultravioletisible photocurrentspectra.The average size of nanoparticleas no more

th@r 10 nm, the average thickness of the deposited layers wais BR@O0 nm.The XRD results indicated that
TiO,, TiOJ/La and TiQ/ Nd el ect r odes cansisted bfnapathse s thewl8 (phage. The
photocurrentspectra of the TigdLa and TiQ/Nd electrodes showed a stronger current in the UV range and a
shift in the flatband potentia([ 1) towards more negative valudsgan that of TiQ electrodes. Ectrocatalytic
properties of Ti@, TiOJ/La and TiQ/Nd electrodes in the process of oxygen electroreduction have been
investigatedModifying of TiO; films by neodymium and lanthanum improves catalytic activity of2/ING and
TiO2/La electrodes in the retian of oxygen electroreduction. Improvement déotrocatalytic activityin
comparison with unmodified TiOhas been observed fofilms with dopant concentrations up to 3 %he
correlation between electrocatalytic activity of electrodes and energyi posit o f condudst i on b
determined Synthesized films can be used in electrochemical sensors for the determinatioim oiGlogical
liquids.

Introduction

Titanium dioxide is a promising material for application in environmental photocatalysis, for the
generation of electricity in the solar and fuel cells, gas sensors, optical and protective coatings,
electrochemical devices, as oxygen reduction catalys{lefj. The catalytic activity of titanium dioxide
increases greatly when nanoparticles are used. This paper presents results of stueéjéogrdoatalytic
properties anghhotoelectrochemical characteristafslectrodes based oranosizeditaniumdioxide films
modified by La and Nd The prepared samples were characterized by usiray »diffraction and
ultravioletvisible photocurrentspectra.Band gap energy and the position of flatband potentials were
estimated by photoelectrochemical measurements.

Experimental
Synthesis of Materials.Electrocatalytic filmsbased omanosizeditanium dioxide modified by La

and Ndwereproduced by combined coprecipitation andgall method on a Ti substrate from solutions
containing titanium chloride, lanthanum nitrate and neodymiuahloride according to the following
procedure: at first aqueous TiGlolution was prepared. A prescribathount of lanthanide nitratend
neodymium chloride were dissolved in the aqueous sT80lution to form mixed ion sotion. The
transparent solution was added to aqueous ammonia solution slowly under vigorous stirring until the pH
value of 10. After this, the reaction system was continuously stirred for 10 min at room temperature to
obtain a homogeneous precipitate imposition, and then placed for separation. After that precipitate was
rinsed by deionized distilled water to remove 4\llind Clions. Then a prescribeamountof hydrogen
peroxide solution was added to precipitate under vigorous sttoif@gm a cleayellowish sol, after that

the reaction system wasntinuously stirred for 30 miat ~ % C. The sol was then dried at 2@for 6 h

to remove the watemhe dipcoating technique was utilized for film deposition on titanum substrates.

that the edctrodes were annealed in air at 480°C.

To facilitate structur al investigations by XRD
precursors, and their drying in air with following heat treatnent50 or 500A C . XRD analys
crystalline phases was performed using a DROOI7 (Burevestnik, St. Petersburd)ffractometer(CuKa
radiation with Ni filter,e= 1 . 5 4 With BragBrentano registration geometffq = 10 809. The average
sizeof crystalliteswasdeterminedusing Sherrer equation applied to the most intensive peak [BF@9.

The degree of the powders crystallinity was estimated as the ratio of integrated intensities, such as for the
(101) line of the studied and reference standard samples (reference stai@am@hatase 100%).
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Photoelectrochemical investigations were carried out in the wavelength range & nm in a
quartz electrochemical cell under irradiation of a kigassure 500 W xenon larije
photoelectrochemical properties of the,, TiOx/La and TiOJ/Nd electrodes were estimated using the
spectral dependence of the photoelectrochemical currght rfieasured by commercial spectrometer
KSVU-1 ( LOMO, Russia) with spectral resolution 1
quartz ell. The pn spectra were measured with usage of the mechanical light chopper of 20 Hz frequencies
and standard circuit synchronous detection. Fihepectra were expressed in units of quantum efficiency
(electron/photon). Ag/AgCl electrode was used as tbference electrode on the pH value of the
electrolyte.

Electrocatalytic properties of T TiO./La and TiQ/Nd electrodes in the processes of oxygen
electroreduction was studied in potentiodynamic mode using electrochemitase@ stand, having the
following characteristics: measured currerzs A81 @20, potent i al sweep speed
1 measurement range of working electrode potential 6 +4 V. El ectrochemical
carried out in a three electrode cell witkparate anode and cathode space. Platinum electrode was used as
the auxiliary electrode. Reference electrode was silver chloride electrode (Ag/AgCl). Measurements were
carried out in physiological (0.9%) and isotonic (7.5%) solutions of NaCl.

Results andDiscussion

Phase composition ofTiO2/Nd Films.The crystalline structures &fiO2/Nd nanocomposites with
dopant contents in the rangé 10 mol. % were studied by XRD measurements of powders prepared from
the precursors. Only anatase phase (JCRIDD, - 2 41272) was identified in XRD patterns of Ti@nd
TiO2/Nd powders[3]. XRD measurements ofiO2/Nd powders in the range did concentrations 30
mol.% did not reveal any peaks, typical for crystalline neodymium pbasepdymiumoxide [3]. Halo
int he range of 2d <200U was 04Nd samples with ligh neddyrhidnr act i
content (> 5%) [3], caused probably by the presence of amorphousgbfia®e and Nd compounds. The
crystallinity of the samples was 8%%.

The average gstallite size determined from the peak (101) broadening by Scherrer equation
decreases with increasing content of neodymium (Table 1).

Table 1. Influence of Nd on structural characteristics @fO- films. Tan=430F4

B Sample 2 dU | Average crystallite a, c,
7/ 1 sized, i i i
1 TiO>» 25.45 94.77 3.756 | 9.453
2 TiO2:1 mol.% Nd | 25.44 93.68 3.758 | 9.466
3 TiO2:2mol.% Nd | 25.40 90.45 3.775 | 9.484
4 TiO2:3mol.% Nd | 25.35 86.15 3.783 | 9.515
5 TiO25mol.% Nd | 25.30 74.59 3.801 | 9.532
6 TiO2:8 mol.% Nd | 25.30 7441
7 TiO2:10mol.% Nd | 25.44 66.56

These results indicate that in th&./Nd composites, crystallization of titanium oxide is suppressed
whenNd content increases due to theodymiumretarding effect oranatase crystallitegrowth. Detailed
analysis of XRD spectra of the@O./Nd powders proved the formation of solid solutid=Tix.5O., with
anatase structure as resulted from the anatase (101) crystal plane reflection shift intd tegienZTable
1) due to the differences in the ionic radii M&** and T#* and agree with data reported [#f15]. The
increase of lattice parametersind @f solid solutions TixZrkO; as function oheodymiumcontent (x) up
tomol. %5 was observe@Table 1) and agrees with4,5].

Photoelectrochemical Characteristics offiO z/La and TiO2/Nd electrodes Spectral dependences of
photocurrent were measured for ti®©/La and TiQ/Nd electrodes (films were coated on Ti substrate) to
obtain the value of the band gap energy.

Quantum yield of photoelectrochemical currénin semiconductors can be expressedhs [

_® hn-E e
p=t(hn- B,
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whereh 3s the photon energy=1/2 for the direct transition amd=2 for the indirect transition.

For the testediO./La and TiQ/Nd electrodesphotocurrent spectra were presentedjad (=) f ( h 3 )
dependence which was linear in the wide rangevavelength. Band gap {Evalues(Table 2)were
calculated 7] by extrapolatiorof straight line of these dependences to the abscissa.

The position of the flatband potential)Eof TiO2/La and TiQ/Nd electrodes was determined by the
electrochemicameasurements of photocurrdiy) as a function of applied potential. Flatband potentials
were estimated fromy changes measured at the photocurrency maximum fay, TiO2/La and TiQ/Nd
electrodes plotted against applied potential by extrapolati@igltrline of these dependences to the
abscissa.

Table 2. Influence of Nd andLa on photoelectrochemical anelectrocatalyticcharacteristics of Ti@©
films in 0,9 % solutiorof NaCl. Tan=43C0u

) Sample Flatband | Bandgap| Potential of oxygen Width of
il potential . [| [gdV electroreduction ;2, V | "electrochemical
V window" g, V
1 TiO» -0,30 3,20 -0.60 0.17
2 TiO2/Nd -054 3,10 -0.49 0.24
3 TiOJ/La -0,60 3,20 -0.43 0.25

The photocurrenspectra of the TigllLa and TiQ/Nd electrodes showed a stronger current in the UV
range (Figure 1)and a shift in the flaband potentialf ») towards more negative valuésan that for
undo p eelectrode§(Table 2) For TiQJ/La electrodes thehotocurrentspectra showed a shift in
photocurrent maximum toward longer wavelendtfigure 1).

0.6 r

0.4

0.2

0

2.8 3.3 3.8 4.3 4.8
hv,eV
Fig. 1.Quantum yieldf photocurrent for modified Tigelectrodes in 1 N KCI:
17 T'Oz; 27 TiO2/Nd; 37 TiOz/La

The enhancement ghotocurrent efficiency indicated that Rdnd L& ions addition is beneficial to
promote charge separation within nanostructured; Tilgh and to improve interfacial charge transfer
process due to formation of impurity electron levels in the band fggprmum dioxide [8], acting as traps
of charge which retard the recombination process.

Electrocatalytic properties of TiOJ/La and TiO./Nd electrodes. Catalytic properties of Tig)
TiO2/La and TiQ/Nd electrodes were investigated in the reaction of axyegéectroreductionin
physiological (0,9 %) solutiomf NaCl One current wave is observed on the curwatiage curves at
potentials-0 , 4 50,9 & (vs. Ag/AgCI electrodefFigure 2).Important characteristic of electrodes for
analysis of dissolvedxygen concentration is the oxygen electroreduction potential, or curremvenadf
reduction potential &z on the cathodic polarization curve, value of which should be minimum to avoid
adverse electrochemical reactions when measuring the oxygen catioait.
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Fig.2 Currentvoltage curves for oxygen reduction in solution of 0,9% Na@ie¢lectrodes
17V T'O,; 21 TiOs/Nd; 31 TiOJ/La. v=10 mV A s

It has been found b¥+E curves measuremernisat the potential of oxygen electroreducti@aries
from thefilm composition (Table 2)

It is shown that modifying of Ti@films by neodymium and lanthanum improves catalytic activity of
TiO2/Nd and TiQ/La electrodes in the reaction of oxygen electroreduction, which is manifested in
decreasing ofoxygen reduction potentialdz and increasing of dynamic range of €ectroreduction
potentials ("electrochemical window'()fable 2).As shown in [9], the high catalytic activity of TiO
electrodes in the electrochemical reduction of oxygen due to the existence at thesufiiaze
nonstoichiometric titanium oxide Ti:A ( Q@dd and its hydroxide phase. Introduction into ttrystal
lattice of TiO, Nd or La, probably leads to the forritat of additional catalytic centers, which also
participate in this reaction.

The mechanism of oxygen reduction at the investigated electrodes is determined by mixed kinetics.
We have shown that limiting current of oxygen electroreduction for studied ceaictor electrodes
(Figure 2) is the limiting diffusion current.To prove this, the dependeni@mithg currentmaximum from
the potential sweep velocity v has been investigated. Wediaamedthat thisdependenceasstraightin
coordinatess=f(v)®® andcut the xaxis ati=0, which duethe diffusioncontrol of oxygen reductiom
this area [9].In this casethe dependencef density limitingcurrenton the concentratioof dissolved
oxygen in NaCl solutiorfor electrodedpased on nanosized Ti@ms is, as a rule, linedBd)].

The correlation between electrocatalytic activity of electrodes and energy position of conduction band
[ , iS found Overvoltage oxygen reductign,, on TiO,, TiOz/La and TiQ/Nd electrodes significantly
depends on the flddand potential valug« ( Table 2).Modification of TiO. electrodes by Nd and La
nanoparticles leads to increasingrgfinto the region of more negative values and increase the energy of
conduction band ettrons, which are involved in the process of oxygen electroredudilurs, the
decrease of halfvave potential of @electroreduction for investigated electrodes associated with the shift
of conduction band bottom toward more negative values.

The modifed TiQ; electrodescharacterized by high sensitivity to dissolved oxygen (¢4) R a/Ip
and high reproducibility of characteristics in letigne cycling. These electrodese promisingor usein
electrochemical sensors for the determination of oxygen in biological liquids
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VOLTAMMETRIC STUDIES OF Ca DOPED Y -114 LAYERED COBALT PEROVSKITE
ELECTRODES WITH CATALYTIC EFFECT FOR ETHANOL ELECTROOXIDATION IN
ALKALINE SOLUTIONS

Dan Mircea Laurentiu, Duca Delia Andrada, Vaszilcsin Nicolae, alides VictorDaniel
University Politehnica Timikoar a, Faculmgy of I n
300223, Parvan 6, Timisoara, Romania
mircea.dan@upt.ro

In this paper, ethanol anodic oxidation reaction @BCé sBaCaO; electrode in aqueous alkaline solution was
investigated using voltammetric studies. The catalytic activity on ethanol anodic oxidation becomes a serious
issue, mainly in order to use layered cobalt perovskite as anode in fuel cells. The research asyrecess
understand theethanol oxidation reaction (EORpechanism on the surface of these type of compound
electrodes. Electrochemical behavior has been studied by cyclic voltammetry and linear polarization. Obtained
results have shown that layered cobaltqyvskites are appropriate as anodes in high temperature fuel cells
Keywords: Yo sCaosBaCaOy, cobalt layered perovskitethanolelectrooxidatio, voltammetric studies

[ ntroduction

During the last period fuel cells have been found as an energy $ouregious applications in fields
such as telecommunications, transport, medicine, and others [1]. The alkaline fuel cells (AFCs) were
developed between 1950 and 1980, and are the oldest fuel cells that combine hydrogen with oxygen to
produce electricityand water in alkaline media (potassium hydroxide) [2]. The most known AFC are Direct
alcohol fuel cells (DAFCs). The increased interest and rapid development are due to the possibility of their
use as alternative power sources for automobile and portabkumer electronics [3]. Their principal
advantage consists in using of liquid fuels (alcohols) with-es¥ecular weight which can be easy
handled, stored and transported [3]. Primary alcohols such as methanol and ethanol have relatively high
mass energgensity, comparable to that of gasoline. The utilization of alcohols as fuel would reduce the
requirements of establishing totally new infrastructure as required for hydrogen initially used in fuel cells
[4]. Most of the liquid electrolyte based DAFC resgmahas concentrated on methanol or ethanol mixed
with alkaline electrolyte media [4].

Methanol was considered the most promising liquid fuel for use in DAFC because it has the simplest
molecular structure without carbon bonds and it is easily oxidizedMBjhanol toxicity is its major
disadvantage, which makes the fuel unsustainable and unsafe for many applications [4,5].

In contrast, ethanol is not toxic and has an approximate 30% higher energy density than methanol [5].
Also, it can be produced in biguantity from biomass using a fermentation process from renewable
resources [®].

In acid media, platinum is the only known active and stable noble metal, the best known material for
the dissociative adsorption of small organic molecules and the mestiwdfcatalyst for ethanol oxidation
reaction (EOR) [5,6] Unfortunately the Pt catalyst do not show good tolerance to the CO containing
intermediates obtained in EOR [5]. Generally, palladium is used as a catdgstor EOR in alkaline
media [1]. The gides of V, Fe, Ni, In, Sn, La and Pb were earlier used as anode materials [7]. In recent
years, studies on various transition metal mixed oxides have shown that the perovskite oxides can be used
as fuel cell electrodes [7]. Perovskite can be use in oxgEatrochemical evolution/reduction, alcohols
oxidation, nitrogen oxides reduction and CO and hydrocarbons oxidation [7].

In the last period, layered cobalt perovskites type 114 were most investigated due to their structural,
magnetic and electrochemicptoperties. Based on these properties cobalt perovskites can be used as
membranes with high oxygen permeability, oxygen sensors and fuel cells electrogem.s8aCaOy,
was first synthesized by M. Valldor by half substitution 8f With low valence @* cations in YBaCgO;
structure [8]. A correlation between the compound structure and its properties was presented in previous
studies. Especially due to the variable cobalt ions valence it was found that oxygen adsorption properties
can be modified grely by Y3*ions substitution[8].

In this paper, new aspects of the electrocatalytic oxidation of ethano} fa¥BaCaO- electrode
have been studied using cyclic and linear voltammetry. Also, a mechanism was proposed for the
electrochemical reactiofThe results are expected to provide basic information in order to understand the
mechanism of EOR on cobalt layered perovskites catalysts.
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Experimental
Y osCasBaCaO; perovskite was obtained using solid state reaction, mixu@g YAldrich 99,99%),

CaCQ (Aldrich  99,99%), BaC® (Aldrich 99,99%) and CoQs (99,99% Normapur) precursors
according to the stoichiometric cations ratio. Electrodes preparation consisted of the following steps:
decarbonation at 600AC, f i r eapid removing ifrom furnace andl 8et h a
ambient temperature. After reground, the mixture was pressed into disc§(lcand si ntered at
24 hin air.

Electrochemical tests were performed at room temperature usingl&80Spotentiostat/galvanostat
(Bio-Logic, SAS, France). A 100 mL typical glass cell was equipped with three electrodes: working
electrodes consisting of perovkites samples, Ag/AgCI reference electrode and two graphite rods used as
counter electrodes. For performed experiments, the expostate of working electrode was2 cn#. All
potentials are given versus the reference electiede=(0.197 V vs NHE).

Cyclic voltammograms (CVs) were recorded at different scan rate, between 5 and 560 liméar
polarization curves were registered potentiostatically withV s!scan ratel M KOH solution (prepared
using Merck KOH, p.a.) ensured the alkaline media used in all experimental sthdfiesent
concentrations okthanol were added: 0.06,1Q, 0.25, 0.5, 1 and 2 M, prepared from Sigihdrich
reagent p.a. min 99.8%.

Results and discussions

In a direct ethanol fuel cell (DEFC), with ethanol mixed in an alkaline electrolyte, EOR occurs
according the reaction:

C:HsOH + 120HY 2 ¢4PBH,0 +12¢ D)

In EOR, different intermediate chemisorbed species are produced, including carbon monoxide,
acetaldehyde and acetate ions. EOR mechanism involves the water molecules or its adsorption species, so
that a adequate anodic electrocatalyst shaativate both ethanol and water chemisorption. Finally, EOR
to CO requires GC bond breaking. The complexity of the process mechanism make EOR more difficult
than that of methanol (MOR).

In Figure 1 linear voltammograms (LVs) recorded with 1 m\&sanrate are shown, in absence and
presence of ethanol different concentrations used in the alkaline electtdlgtshapeanalysis indicates
only one oxidation process on perovskite electrode surface.

T T T T v T
200 L —— (1) KOH 1M (BS)

s —— (2) BS + EtOH 0.06M >

(3) BS + EtOH 0.12M 7=

/

600 f--= { —— (4) BS + EtOH 0.5M -
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| 2! =1 (5)BS +EtOH 1M/ ]
500 |- ... B 1 Figure 1.LVs recorded on
A J ] Y osCasBaCaOy electrode in M
o 400 F ' KOH solution with differenethanol
E concentration, at 1 m¥?
< 300 -
200
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,sCa,.BaCo,0, electrode
dE/dt =1 mV/s
1 i 1

0.00 0.25 0.50 0.75 1.00 125
EV]

In 1M KOH solution, without ethanol the anodic behavior of perovskite electrode can be described by
the following reaction (2) in a potential range between opeuitipotential (OCP) and +1.50 V [9]:

YosCasBaCaO;+ 2 UH O¥:CasBaCaO;+d¢ MOH + "~ 20 e (2)
After overcomint the potential of +1.50 V anodic oxygen evolution occur (3):
4HOY  ©F 2H,0 + 4e 3
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In this circumstances, the anodigidation of perovskite becomes prosible. Toisists in oxygen
insertion in oxide structure, assigned by the equation (4):

Co(ll)Y Co (11 1) + e 4)

In alkaline solution with ethanol, EOR afy sCa sBaCaO7 perovskite occurs with similanechanism
ason L& xSiNiO4in KOH solutions and it involves the following steps [10]:

Co(l) Y Co(lll) +e& (5)
Co(lll) + OH 2z Co(lIhLOH + & (6)
Co(lll) + CHCH,OHz Co(ll)l:  §CH,OH 7)
Co(ll).  CHOH + Co(IILOH+ OH ¥ Co(lll).  LHO+ Co(ll) + 2H,0  (8)
Co(ll.  €HO+ Co(llHOH + OH Y products (9)

EOR seems to be mediated by the Co(lll)/Co(ll) redox couple from inside of perovskite electrode. As
well, the ethanol dehydrogenation is catalyzed by the same c&®gaetiong5) and (9) takeplacerapidly
[10].

On LVs from figure 1 it can be observedthotential domain specific f&OR, between +0.25 and
+1.50 V, including Co(ll) to Co(lll) oxidation potential. This behavior is somehow specific for layered
perovskites in alkaline media [10].

Besides, EOR limiting current density increase along withrtbeasing of ethanol concentration in
alkaline electrolyte.

1500 LA LTI I L O T
Y,:Ca,,BaCo, O, electrode
[ dE/dt = 100 mV/s
—— (1) KOH 1M (BS)
1000 -~ 5) Bs + EtOH 0.06M 1
i (3) BS + EtOH 0.12M |
B Figure 2. CVsrecorded on
500 - YosCasBaCaqOy in BS without and
K with differentethanol concentrations
£
= o} :
-500 B
_1 000 L 1 L 1 " 1 " 1 L 1 " 1 1 1 "
20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0

E V]

In figure 2 are depicted CVs recorded at 100 mVhsalkaline solutions, in the absence and presence
of ethanol, in a wide range of the potential (+1.75 dnd5 V). It can be observed a pronounced anodic
peak betweer0.50 and 0.00 V and a cathodic current plateadd.40 and-1.70 V potential rang€lhese
are associatedvith acetaldehyde/acetate redox couple in alkaline medium for ethanol solutié@@oéijd
to Co reduction/oxidation for blank solution. In alkaline electrolyte with ethanol concentrations higher than
1 M characteristic peaks which mhg attributed to EOR are not distinguished. At higher potentials, over
+1.50 V, the increase of the current was associated with the oxygen evolution reaction (OER). At more
negative electrode potentials thdn70V hydrogen evolution reaction (HER) occurs.

Cyclic voltammetric studies have shown that it is possible to separate the peaks associated with the
electrochemical processes occurring at the interfag€dsBaCaO; i 1 M KOH without (figure 3) and
with 0.12 M ethanol (figure 4) only if the potentiscan rate is around 5 mVt.sAccordingto possible
processest the interface electrode/electrolyteCVs can be divided in four potential domainsfor both
perovskite oxidation and EOR: | - HER domain, Il - redox couple domain- Co/Co(ll) and
acetaldehye/acetatgell - oxidationdomain- EORand Co(ll)/Co(lll) and IV - OER on electrodesurface
domain.
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Conclusions

Experimental data presented have confirmed the possibility to oxidize ethanol in alkaline media on an
electrode based on cobalt layer perovskite type 114.

From the perspective of using cobklyered perovskite as potential electrode materials in alkaline
direct ethanol fuel cells, the possibility to oxidize ethanol on their surface provides a good reason for
continuing studies presented in this paper. A deepening of the research is necatbsfoy tomplete
characterization of processes occurring at the interface by electrochemical impedance spectroscopy.
Furthermore, optimum characteristic parameters will be accessible.
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VOLTAMMETRIC STUDIES ON ANODIC OXIDATION OF SULPHITE IN ALKALINE
SOLUTIONS ON SMOOTH NICKEL BASED 3 LAYERS PLATINUM NANOPARTICLES
ELECTRODE

Enache Andreea Floriana, Dan Mircea Laurentiu, Vaszilcsin Nicolae
University Politehnica Timikoar a, Faculty of 1In
300223, Parvan 6, Timisoara, Romania
andreea.enachel3@yahoo.com

In this paper, anodic oxidation of sulphite ions on smooth nickel electrode based 3 layers platinum nanoparticles
(NiTPt) in aqueous alkaline solutions has been investighyealectrochemical techniques in order to find
optimum parameters of the processlectrochemical behavior of sulphite ions has been studied by cyclic
voltammetry and linear polarization on-Rt electrode as a function of sulphite concentration at different
polarization rateThe research is necessary toabish the oxidation mechanism on the surface of this kind of
electrodestaking into accounboth chemical and electrochemical reactions

Keywords: smooth nickelplatinum nanoparticles, sulphigdectrochemical oxidation

[ ntroduction

Nanoparticles are the key elements in the energy technology development. The range of nanomaterials
applications in catalysis is growing rapidly, as a result of using these materials in a large variety of catalytic
reactions. Therefore, new strategies raired in order to achieve nanoparticles in large volume through
techniques that are advantageous in terms of cost. Thus, nanoparticles of metals, semiconductors, oxides
and other compounds have been widely used in important chemical reactions suchhgdrdgen
production from solid material, liquid or gaseous energy carriers [1], in electronics and optics [2], enzyme
immobilization [3], for industrial synthesis of nitric acid [4¢duction of exhaust gases from vehicles [5]
and as catalytic nucleagiragents for synthesis of magnetic nanopatrticles [6].

The basic role of the catalyst layer in a fuel cell is to provide a conductive environment for
electrochemical reactions. The main processes that occur in the catalyst layer include mass transport,
interfacial reactions at electrochemically active sites, proton transport in the electrolyte phase, and electron
conduction in the electronic phase.

Platinum is still the dominant catalyst both as anode and cathode in almost all types of fuel cells, due
to the high catalytic activity and loAgrm stability of operation [7]. Among the most important challenges
for the commercialization of fuel cells achieving of catalysts with high activity, robust and low cost is
included. The number of researches relevanfiindamentals of fuel cells with naigatalysts is steadily
increasing [812].

In a fuel cell, the electrolyte is essential for a proper work. Therefore, the electrochemical oxidation of
sulphite ions has been a subject of great researches regardpustilglity to use S€ as electrolyte in
alkaline fuel cells [13]. Sulphite ions oxidation can lead to a variety of sulphur compounds as elemental
sulphur, polysulfide, thiosulphates and sulphates. The properties of sulphur dioxide, and more specifically
its oxidation to sulphutrioxide, have been extensively investigated [14]. Electrochemical oxidation.of SO
has been studied since 1930s, usually on noble metals electrodes and their oxides [15]. The mechanism of
the electrochemical oxidation of sulphur dioxide was investigatedplatinum, gold and graphite
electrodes. On platinum electrode were revealed two possible oxidation mechanisms: first, a direct electron
transfer at low anodic polarization and second, oxidation of the sulphur dioxide by the surface metal oxides
at higher anodic polarization [14].

Sulphite oxidation under alkaline conditions has been studied in order to find new electrode materials
with high catalytic activity. The research started from the premise that the electrodes must have catalytic
properties alsdor oxygen reaction evolution (OER). In this case, nickel is commonly used to obtain
anodes for OER. The issue associated with-teng electrochemical application is the fact that the anodic
potential is unstable over time, which has as result an ireccggmwer consumption [16].

The main purpose of this study is to obtain a catalyst that can be used in a fuels€€liBQt is
desirable to obtaine a catalyst witlitreased selectivity and activity, low energy consumption and long
lifetime. As well it aims to reduce the amount of noble metal by obtaining nanometric particles, thus
improving chemical reactivity and reducing process costs.
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Experimental
Electrode preparation

Chloroplatinic acid hexahydrate {PtCkL. 6.8) and isopropand|SigmaAldrich, 99.7%) were used
to obtain platinum salt precursor solution.

Platinum nanoparticles were deposited on smooth nickel substrate bypgpbsis technique using
an ultrasonic nebulizer SONTEK Corporation Exacta Coat. After the depositimncess, electrodes were
heated at 350AC for 30 minutes to evaporate the
substratd17].

Electrochemicameasurements

Experimental data were obtained with a SP 150LRigic potentiostat/galvanostat in a thielectrode
electrochemical cell consisting dfi I Ptiayers €lectrodeas working electrode with a surface area exposed
of 0.8 cnt. Two graphite roads were used asiter electrodes and placed symmetrically to the working
electrode. All potential values are presented versus the reference electrode Ag#Qg6ad € 0.197 V vs.
SHE; SHE represents the standard hydrogen electrode).

Electrochemical experiments wererriad out in1 mol L** NaOH solution (Merck NaOH, p.a.) in
which different concentrations Ma.SQO; (Merk, p.a. min. 98%) were added:3.a0? and 16 mol L.

Cyclic voltammograms were recorded at different scan rate between 5 and 500. mihesar
polarization curves were registered witimV s!scan rate.

Results and disscusion
Figure 1 illustrates the comparative cyclic curves obtained in 1 rhéldOH solution in the absence
of SQZ ions and presence of $010?, respectively 16 mol L't SO,

S ———
[ —0— (1) NaOH 1 mol L™

300 | —0—(2) NaOH 1 mol L™ + Na,SO, 10 mol L™
—A—(3) NaOH 1 mol L™ + Na,SO, 107 mol L™

200 | —0— (4) NaOH 1 mol L™ + Na,SO, 10™ mol L™

T * I . I . T Y 1

w'g‘ 100 | -4 Figure 1. Cyclic voltamograms
< recorded omi i Payerselectroden 1
= sl | mol L't NaOH wihout/with different
concentration of N&8O; at 500 mVs?
-100 F .
200 -

1 2 1 1 1 N 1 L ! L ! " 1 L 1

-100 -075 -050 -025 0,00 025 0,50 0,75

E [V] vs Ag/AgCI

Based on these curves it can be seen that the only electrode processcathdde scan is the
hydrogen evolution reaction (HER). When the potential is shifted towards anodic values in the absence of
sulphite ions, in 0.50.75 V potential range, it can be seen the wave associated with OER. In the presence
of 10® mol L? sulphite, the process is shifted to more negative potential values, starting at 0.4 V.
Analysing the obtained curves it can be considered that at this potential, sulphite oxidation begins, process
in which additionally dissolved oxygen from electrolyte soluti® involved, contributing to the unfolding
of sulphite oxidation.

In figure 2a, on the curve corresponding to the electrolyte solution containfhqdlOL? SOs*, a
limited current plateau around 0.70 V potential value, associated with OER, is observed. This plateau
cannot be observed when a concentration dfri6l L sulphite is used, as it is shown in figure 2b. Based
on these results, it can be stated that the corresponding potential for sulphite oxidation increases with
increasing concentration of sulphite ions.
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(1) NaOH 1 mol L™
(2) NaOH 1 mol L™ + Na,SO, 10° mol L™
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25
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-1,00 -0,75 -0,50 -0,25 0,00 0,25 0,50
E [V] vs Ag/AgCI

Figure 2a.Cyclic voltamograms recorded on
N| '|. Pt’slayerseleCtrOddn 1 mOI L_l NaOH
wihout/with 10° mol L™ NapSO; at 50 mVs™.

0,75
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150
125
100
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-1,00 -075 -050 -025 000 025 050
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Figure 2b. Cyclic voltamograms recorded on
N| .|' PtSIayerseleCtrOddn 1 mOI L_l NaOH
wihout/with 10* mol L™ N&SQ; at 50 mVs™.

Under alkaline conditions, the generally mechanism accepted for OER on different electrode materials
is described by steps (1)J4). Reaction (2) is the ratetermining step at lower potentials while reaction 1
is ratedetermining at higher potentialsg20]:

OH = OHags+ € (1)
OHags+ OH = Oags + H20 2)
Oags= Oads + e (3)
Oadst Oads= O (4)

Linear voltammetry technique was applied to confirm the above presented results. The curves
obtained at 5 mV-%in alkaline media with S€ ions are shown in figure 3.

150 T
—A—

—_——

-
—f—

A e R B e
(1) NaOH 1 mol L

(2) NaOH 1 mol L™ + Na,S0O, 10™ mol L™
(3) NaOH 1 mol L + Na,SO, 10” mol L"
(

4) NaOH 1 mol L + Na,$0, 10™ mol L™

125

100

—O—NaOH 1 mol L + Na,$0, 10" mol L
—y =-0,31140,116%

75

i[Am?
n v

50

25

145 150 155 180 165 170 175 180 185
1gi (A m?)

''''''''

0.1 0,2 0,3 0.4

E [V] vs. Ag/AgCI
Figure 3.Linear voltammograms recorded Nini Ptyayerselectroden 1 mol L NaOH

with/without NaSQ; at 5 mVs?; Tafel slope for electrochemical
oxidation of S@ in alkaline media inserted.
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The two possible mechanisms which can describe the electrochemical oxidation of sulphite to sulphate
ions in alkaline media presented by Skavas comprise the reaction§9(5)21]. According to the first
mechanismS0O:? fis oxidized toSQ/? 'in two successive steps, each implying one electron transfer:

SO2'Y Sfo+é (5)
SO/'+20H Y SO+ H,0 +é (6)
2SQMY B @)
062"+ 20H ¥ SO+ SQ2 ™+ H0 (8)
2SQ?+ Y 280 9)

In the second mechanism, sulphite anion is oxidized to sulphite radical (5) followed by the interaction
between two sulphite radicals forming dithionate ions (7). Finally, these ions consecutively clB&ye'in
andSGs? Tions (8).

OER mechanism oli i Pt electrode takes place according to reactions- () and SG@ ions
oxidation is conducted directly in alkaline electrolyte by a chemical irreversible process (9) in which the
molecular oxygen was produced on electrode active surface in OER.

Based orTafel plotsd = f (logi) inserted in figure 3, kinetic parametetsafisfer coefficienta and
exchangesurrent densityio) for electrochemical oxidation of sulphite ions in alkaline solutiorNoin Pt
electrode have been calculated (Table 1).

Table 1.Kinetic parameters for sulphite oxidation in alkaline solutions:

Na:SO; concentration b io
[mol LY [mV dec]] a [Am?
10? 116 0.51 14.6
Conclusions

Smooth nickel based platinum nanoparticles (3 layers) electppdpared by sprapyrolysis
technique has been characterized by cyclic voltammery technique according with its applicability as
electrocatalytic materiah fuel cellsfor sulphite ions oxidation in alkaline solution. The insertion of Pt
nanoparticles hasignificantly increased the activity of studied reaction and the presented results confirmed
the possibility of oxidizing electrochemically o SO on smooth nickel based platinum nanoparticles
electrode.
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VOLTAMMETRIC STUDIES OF METHANOL ELECTROOXIDATION IN ALKALINE
SOLUTIONS ON SKELETAL NICKEL BASED 6 LAYERS PLATINUM NANOPARTICLES
ELECTRODE
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300223, Parvan 6, Timisoara, Romania
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In this paper;new aspects of methanol electrocatalytic oxidationskeletal nickel based 6 layers platinum
nanoparticles electrode in aqueous alkaline solution were investigated. Pt and its alloys are the most commonly
used catalytic materials as anodedirect alcohol fuel cells, taking into account their excellent adsorptive
properties and easy methanol dissociation. New electrodes have been prepared by spray pyrolysis technique and
are propose for methanol oxidation reaction (MOR). The electrocheadtigity for MOR was investigated by

cyclic voltammetry and linear polarizatid@chniques. The present study concerns the preparation of several Ni
based platinum electrode materials and evaluation of their electrocatalytic properties toward MOR

Keywords:. skeletal nickel electrodglatinum nanoparticles, ethanolelectrooxidation

Introduction

Currently, an attractive alternative for fossil fuels combustion is the fuel cell, the most efficient and
ecological energy source [1]. Among different typesual cells, alkaline fuel cells (AFCs) are the most
developed. AFCs have numerous advantages over proton exchange membrane fuel cells (PMFC) of which
the best known is the less corrosive nature of an alkaline environment which ensures a greater longevity
[2]. As well, AFCs consist in a low cost technology compared to PEMFCs, which are equipped mainly
with platinum catalysts [2].

Direct alcohol fuel cells (DAFCs) are electrochemical energy supplies that continuously remain the
focus of research, especially terms of finding new electrode materials with high efficiency for alcohols
oxidation. Liquid fuels, such as alcohols with low molecular weight, have several advantages compared to
pure hydrogen. Methanol is the most commonly alcohol used in DAFCs betdsi®a renewable energy
source, available in big quantities, and easily stored and handled [3].

A large part of researches on direct methanol fuel cells (DMFC) were conducted in order to elucidate
aspects of methanol oxidation mechanism on the anotkceyd]. Literature data emphasizes a complex
reaction mechanism, underlining that methanol oxidation electrocatalysis is the most difficult task in a
DMFC achieving [4]. It was proved that platinum has the best catalytic activity for MOR in both alkaline
and acid media [4]. Alkaline media open the possibility of using Aooble, less expensive metal
catalysts. MOR on other metal electrodes such as: gold, palladium, nickel or their alloys has been the aim
of numerous studies, mainly due to the possjhilitusing them as anode in fuel cells.

In MOR, one of the intermediate product is CO. It is also the most harmful product for anode metal
materials. Searching for efficient electrocatalysts that offset CO poisoningbais@d anode, binary or
ternary albys have shown considerable alternative for MOR][5Among these catalysts, PtNi alloy has
received attention [7,8]. Nickel and nickel elRydroxide are good materials for organic compounds
oxidation in alkaline media [9]. From the alloys anode mat@aatt of view, the MOR rate depends on
factors such as: amount of second metal content, degree of its alloying with Pt, electrode pretreatment, and
supporting substrate material [7].

Formaldehyde, formate and CO are considered reaction intermediatesaiimealinedia. MOR
mechanism involves a reaction of adsorbed intermediates and adsorbed é@tbde surface. So far, the
final product of MOR in alkaline media is not clearly defined.

In this paper, skeletal nickel based 6 layers platinum nanoparticléasodieelectocatalytic activity
was evaluated performing MOR in alkaline medium using cyclic and linear voltammetry.

Experimental
Skeletal nickel electrode was prepared in two steps. For skeletal Ni electrodes preparation, Ni (Fluka,

99.2%) and Al (Fluka99.5%) have been used as anode, respectively as cathode. In first step, using thermal
arc spraying technique, the arc current and voltage were set o &0 30V. In order to remove Al from

35C



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

the coating, the electrodes were submitted into alkaline epldtM NaOH for 2h at abouB O AC [ 10] .
Finally, the electrodes were cleaned fomiibutes in distilled water using an ultrasonic bath.

In a second step, chloroplatinic acid hexahydratd*{€kA 6,0}, SigmaAldrich) and isopropanol
(SigmaAldrich, 99.7%)were used for preparation of Pt salt precursor solution. A smooth nickel disk with
a diameter of 10 mm was used as electrode substrate. A fixed quantity of mixture was then sprayed, using
an ultrasonic nebulizer SONTEK Corporation Exacta Coat, onto ttep surface of the nickel plate to
prepare the electrode. After deposition, the el e
solvent evaporation and obtaining the Pt nanoparti€les process was repeated 6 tirfley.

Cyclic and linear voltammetric measurements were performed using a SP 18MgRio
potentiostat/galvanostaElectrochemical experiments were performed in a thleetrode typical glass
electrochemical cell. The thredectrode system consisted of a wogkelectrode skeletal Ni based 6 Pt
nanoparticles), embedded in a Teflon holder, exposing a geometric surface area of &u araphite
roads as counter electrodes, and a Ag/AgCl as reference ele&obelatials are given versus the reference
electiode Er = 0.197 V vs NHE)AIl experiments were carried out in 1 M KO(drepared using Merck
KOH, p.a.)supportingalkaline electrolyte solutionDifferent methanolconcentrationsvere added: 0.125,

0.25, 0.5, 1 and 2 moli, all prepared fronSigmaAldrich reagent p.a. min 99.8%.

Cyclic voltammograms (CVs) were recorded at different scan rate, between 5 and 160 liméar

polarization curves (LVs) were registered potentiostatically tvitiV s scan rate.

Results and discussion

CVs recorded in alkaline solutions, in the absence and presence of methanol, in a wide range of
potential (from-1.20 to +0.70 V), at 100 and 5 m¥V* are depicted in Figure 1a and b. Starting from open
circuit potential (OCP) towards anodic polarisation liserved an anodic plateau (especially at methanol
low concentrations) associated with MOR and WifOH). to NiOOH oxidation for blank solution. When
the electrode potential is over +0.60 V, oxygen evolution reaction (OER) on electrode surface can be
noticed. On the backward scan, a reduction peak (with high intensity on CVs recorded at 18) mV s
associated with abrbed oxygen reduction, was recorded. When the electrode potential becomes more
negative thanl.10 V, hydrogen evolution reaction (HER) occurs. Further, when the potential is scanned in
anodic direction, up to OCP, an oxidation peak is observed at ampteky -0.25 V due to the
formaldehyde oxidation to formate ions or other products. This anodic peeserted in both figures.

700 I S SR ST ER R S AN, R Y. P LI L A . XN, . N S
L Ni,, - Pty ., electrode | REgeaEean-ay 1 600 FNi -Pt electrode N i
600 LdE/dt= 100 mV/s s i i W 8 ‘
—:;; ;(s}: :\A'\gé?is()uzw = ] 500 [-——(1) KOH 1M (BS)
500 - (3)BS+MeOH025M & i == g; So T o2bid B
——(4)BS +MeOHO0.5M ~ ~ 400 =
w00 (e meonion o //\ ] — i
« 6) BS + MeOH 2.0M = | :
E 300 L o : i f /| | 300} (6) BS + MeOH 2.0M
< £
- < 2
200 - =200
100 il 100 +
0F 4 0F
I L 7/ ]
-100 + ; - -100 | il
i 1 1 ] i 1 " 1 ! L 1 1 M 1 4 1 i 1 i 1 i 1 i 1 L || i 1 i
-1.00 -0.75 -050 -025 000 025 050 0.75 -1.25 -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75
E [VI/Ag/Ag/CI E [VI/Ag/Ag/CI
a) b)

Figure 1. Cyclic voltammograms in 1M KOH without and withethanoldifferent concentration, scan rate
100 mV s'(a) and5 mV s Inserted anodic peak for formaldehyde to formate oxidation

In order to identify how methanol concentration in alkaline media influences the MOR, polarization
curves were recorded separately at higher sensitivity in anodic domalmgwas in Figure 2.
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Figure 3. Cyclic voltammogramgformaldehyddbrmateredox couple domairih 1M KOH without and
with methanoMldifferent concentration, scan ra&genV s?

In Figure 3a and b CVs recorded for formaldehyde/formate redox couple in two potential ranges are
presented. Only if CVs are recorded up to MOR potential value, a peak ehatictor formate reduction
to formaldehyde appears on the backward s&ectrochemical parameters from CVs (peaksrent
density) are shown in Table 1.

Table 1.Electrochemical parameters from CVs (Formaldehyde/Formate redox couple) and LVs (MOR):

CVs LVs
Electrolyte Formaldehyde/Formate redox couple MOR
i1[Am7 i2[Am? Eoxrange [V] | iim.ox [A M3
BS + MeOH 0.125 M | 2.34 0.31 0.45 & |91.3
BS + MeOH 0.25M | 4.96 1.46 0.44 o6 |201
BS + MeOH 0.5 M 5.84 2.63 0. 43 8 |402
BS +MeOH 1 M 12.25 5.64 0. 43 & |407
BS + MeOH 2 M 26.71 14.58 0. 42 & |446
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The relationship between oxidation currentafidi- - current density for forward and backward scan)
characteristic for formaldehyde/formate redox couple and metl@maentration is linear and can be
described by the following equations, obtained by linear regression:

i1 = 0.51 + 12. Chethanol (1)

i2=-0.89 + 7.%Cnethanol (2)
where: 12.7 and 7.5 are scan rate constants dependingmah@.@ methanol concentration in alkaline
electrolyte.

LVsplotted at low scan rate (1 mV)sin alkaline media with different concentrations of methanol are
shown in Figure 4. The curves shape indicates only one oxidation process on electrode surfifice. Spec
parameters (oxidation range potential and limiting current density) for MOR on skeletal nickel based 6
layer platinum nanopatrticles are presented in Tablel.

—— (1) KOH 1M (BS)
——(2) BS + MeOH 0.125M
750 + (3) BS + MeOH 0.25M
——(4) BS + MeOH 0.5M
(5) BS + MeOH 1.0M
F—— (6) BS + MeOH 2.0M

Ni_ - Pt electrode

Z sk Glayers

0 dE/dt =1 mV/s -
7 1 L 1 " 1 L 1 "

0.3 0.4 0.5 0.6 0.7 0.8
E [VI/Ag/Ag/CI
Figure 4. Linearvoltammogramganodic domainjn 1M KOH without and withmethanol
differert concentration, scan ratamV s?

Anodic methanol oxidation process is really complex, involving 6 electron transfers and forming
several intermediate organic species. MOR overall equation in alkaline medium is given by equation (3):

CH;OH + 60H Y CO; + 5H, 0O + 6¢é (3)

MOR in alkaline medium on Pt orBtloys electrodevasdescribedoy S. S. MahapatraandJ. Datta
andproceeds through the following steps [12]:

Pt + (CHOH)so1 Y Pti (CHsOH)ags 4)
Pti (CHsOH)ags* OH'Y  H (CH:O)ags+ H:0 + € (5)
Pti (CHsO)ags+ OH'Y A {CHyO)ass+ H20 + € (6)
Pti (CH20)ags+ OH'Y R {CHO)gs+ H:0 + € (7)

Pti (CHO)gs+ OH'Y A {CO)gs+ HO + € (8)
Pti (COlust OH'Y R {COOH)us+ € (9)

Pti (COOH)gs+ OHY Pt ,+ H,O®e (10)

Reactions (8) and (9) can proceed directly te 3@duction [12]:
Pti (CHO)us+30HY Pt L+ 2HI0r3e (11)
Pti (COlgs+ 20HY Pt .+ HQO®2e (12)

Conclusions

In this study, 6 layers Pt nanoparticles with an electroless metheddeposited on the skeletal nickel
electrode. Thelectrodes prepared using this method has a high surface area and increased catalytic activity
for MOR in alkaline media. Due to ease way of preparation, high performance in MOR, and good
adherence of Rtanopatrticles, the proposed electrode is suitable as anode in DMFC.
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INHIBITORY EFFECT OF RESVERATROL ON ALUMINUM CORROSION IN ALCOHOLIC
SOLUTIONS

Cristian George Vaszilcsin, Mircea Laurentiam®, Delia-Andrada ica, Mihaela Laboset
National Institute of Electrochemistry, Dr. A. Paunescu Podeanu 144, 300569, Timisoara, Romania,
*UniversityPol i t ehni ca Ti mikoar a, Faculty of I ndustri
300223, Parvan 6, Timisoara, Romania, cristi_vasz@yahoo.com

This paper presents results obtained using resveratrol as corrosion inhibitor for aluminum in ethanos solutio
Inhibitory properties of resveratrol were studied in 12% ethanol + 0.25 ®aolutions in the presence of
different concentrations of inhibitor, between®ldnd 1@ M. Electrochemical tests have been performed on two
materials types: polished abdushed aluminum. Resveratrol electrochemical behavior in ethanol solutions was
examined by cyclic voltammetry on platinum electrode. The inhibitory effect was studied by linear polarization
(Tafel method) in order to determine the kinetic parametersjiging thus information about the inhibitory
effect mechanism

Keywords: resveratrol, corrosion inhibitor, aluminum corrosion

Introduction

Corrosion resistance is the main property to be considered in the materials choice for food industry,
but the finalselection must be a compromise between technological and economic factors [1,2].

Aluminum is present in food naturally, as a food additive, and also is used in food preparation and
storage. The use of aluminum in cookware has begun around 1900 du¢htornital conductivity. The
aluminum surface oxidizes forming a few nm thick layer of aluminum oxide, which is corrosion resistant in
a wide pH range [1]. Aluminum as substrate for food packaging has become increasingly popular due to its
durability, low transportation cost and recyclability. As packing, aluminum cans are also widely used as
containers for pressured beverages which are designed to have the strength required for operation with a
minimum material consumption [2]. Aluminum is used in the wirtkugtry as material component for cans
and screw cap [3]. It has been demonstrated that aluminum affects the human brain; patients with
Alzheimer or Parkinson disease have elevated levels of aluminum traces in their brain [4].

Re s v er a t-trihnydroxyftr@sstlhedeNis astilbenoid a type of natural phenol, and at the same
time, aphytoalexinproduced naitrally by several plantas response to the injuries or attacks of pathogens,
such asacteriaor fungi [5]. As a chemial entity, it is known since 1940, when it was first isolated from
the roots of white hellebore/ératrum grandiflorurp and later fromPolygonum cupsidatuira medical
plant [6]. Food sources of resveratrol include the skin of grapes, blueberries, raspiraarimulberries. As
well, it can be found in wines [7].

Resveratrol exists in two isomeric forms, as traarsd cisresveratrol, whereas the trafosm is the
most abundant one {8. Both isomeric forms have been detected in wines. The chemical stsuctu
resveratrol Ci4H1205) are presented in Figure 1 [10]. However, tregsveratrol can be easily converted
into its cisisomer under the influence of heat and-liht [9].

N OH
A 9
A, =

HO OH CH

Figure 1. Chemical structures afis- andtransresveratrol [10]

The aimof this study is to investigate the inhibitory effect of resveratrol in 12% ethanol solution using
linear polarization and cyclic voltammetry methods. The results are expected to provide basic information
about the inhibitory effect of resveratrol from wgion aluminum corrosion process.

Experimental
Two types of aluminum, polished and brushed, were used as working electrodes in corrosion tests. To

determine the inhibitory effect of resveratrol on the corrosion rate of aluminum in alcoholic solution,

35¢


https://en.wikipedia.org/wiki/Stilbenoid
https://en.wikipedia.org/wiki/Phytoalexin
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Fungus

sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

different concentrations of the natural extract, betweérahd 13 M, have been used. The 12% ethanol
(prepared from 96% ethanol Merck, 99.9%) corrosive media in witch was added 0.2k Kaepared
from SigmaAldrich reagent p.a. min 99.8%or increag the electrolyte conductivity was used in tests.

The cyclic voltammetry and linear polarization (Tafel polarization method) were used in order to
notice the inhibitive properties of resveratrol on aluminum corrosion process.

The electrochemical studies merecorded using a SP150 BiolLogic potentiostat/galvanostat in a
typical corrosion flat glass cell consisting of aluminum specimen with 2 exposed area as working
electrode (WE), platinum counter electrode (CE), and Ag/AgCI reference electrode. Altigistare
referred to the saturated Ag/AgCI reference electrode. The polished aluminum electrode has been cleaned
in ultrasonic bath, washed with distilled water and finally dried. The brushed aluminum electrode was
pickled 5 minutes in 15% NaOH solutidhan cleaned, washed and dried. Before each experiment, the test
solutions were deaerated bubbling high purity nitrogeme electrode potential was stabilized 60 min
before starting the measurements.

Results and discussions

In order to obtain information about resveratrol oxidation/reduction resistance, as well as about its
influence on cathodic and/or anodic processes, voltammetric measurements were carried out on platinum
electrode. In figure 2 are shown the cyclic voltargnamns recorded on platinum in 12% ethanol + 0.25 M
Na:SQ; solutions in the absenesd presence of different resveratrol concentrations, at 100'mV s

80 T T 1 )
40| \ -
f
20} | ]

‘\"E ,\_/ e
< e
—-20 / | .
/ ‘ Pt electrode
-40 - | dE/dt = 100 mV/s .

——(1)SB

-60 —— (2) SB + Resveratrol 10° M
(3) SB + Resveratrol 10° M
-80 —— (4) SB + Resveratrol 10™ M
|~ (5) SB + Resveratrol 10"3 M

_100 1 " 1 " 1 i
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

E [VV/Ag/Ag/CI
Figure 2. Cyclic voltammograms in 12% ethanol + 0§5Na,SO; (SB) in absence and presence of
resveratrol different concentrations, scan rate: 100 faV s

The base curve obtained in blank solution (12% ethanol + 0.R&J9Qs) presents the characteristic
polarization curve drawn in ethanol solutions. Starting fiapen circuit potential (OCP), on the anodic
branch of the voltammogram, after +0.50 V, three peaks corresponding to ethanol oxidation reaction on
platinum electrode can be distinguished, as well as the characteristic plateau for oxygen release. On the
backvard scan, can be observed an anodic peak around +0.25 V, associated with ethanol oxidation on
cleaned platinum surface, uncovered with platinum oxides, and a cathodic peak at approxingitaly
corresponding to acetate ions reduction to acetaldelfydther, at more negative potentials th&r0 V,
the increasing current can be associated with hydrogen evolution reaction. Scanning the potential back to
OCP, two anodic peaks are recorded, first0a80 V, associated with adsorbed hydrogen oxidatiah an
second, at0.25 V, characteristic to acetaldehyde oxidation.

The addition of resveratrol in the electrolyte leads to decrease of characteristic peaks intensity for all
electrochemical reactions in platinunethanol system. According to Figure 2, bogldfogen and oxygen
evolution reactions in the presence of resveratrol in test solutions are inhibited due to the organic
compound adsorption onto platinum surface. The effect is more obvious st tEsveratrol concentration
in alcoholic media.

Resverawl| effect on aluminum corrosion was studied1?% ethanol + 0.25 M N8O, corrosive
environment by linear polarization method. Studies were carried out after about 1 hour, enough time to
establish an electrode equilibrium or a qeemiilibrium state Potential valuesBHocp) are presented in
Table 1 for botlpolished and brushed aluminwetectrodes.
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Table 1. Aluminum open circuit potential valueEdcp) after 1 hour:

Eocp [mV]
Electrolyte Polished Al | Brushed Al
12% ethanol + 0.25M N8Q, (BS) -506 -411
BS + 10° M resveratrol -546 -423
BS + 10°M resveratrol -554 -438
BS + 10*M resveratrol -564 -459
BS + 10°M resveratrol -576 -484

In solutions with different concentrations of inhibitor, aluminum electrode equilibrium potential is
shiftedto more negié@ve valuesphenomenon that can be attributechtisorption ofresveratrol molecules
or depositiorof corrosion products on the electrode surface.

The manneresveratrol acts as corrosion inhibitor for aluminum in test solutions and its @ff¢ioe
corrosion rate can be estimated by different procedures, one of the most used being Tafel polarization
method. The potentiodynamic polarization curves recorded without and with various concentrations of
resveratrol are shown in Figure 3 faslished aluminum and in Figure 4 for brushed alumineiectrode.

-0.2 T T T T T T T T
Polished Aluminum

— —(1)BS

0.3 (2) BS + 10°M Resveratrol
(3) BS + 10°M Resveratrol
(4) BS + 10'M Resveratrol
(5) BS + 10°M Resveratrol

04}

05 E—— 1

-0.6

E [V]/Ag/AgCI

07}

-0.8 }

1 1 1 1 1 1 1 1
70 -65 -60 -55 -50 -45 -40 -35 -30 -25
Iglil [mA cm™]

Figure 3. Linear polarization curves golished aluminunelectrode irtest solutionsn the
absence/presence mefsveratrgl scan ratel mV st

-01 T T T T T T T T T
Brushed Aluminum
(1)BS

-0.2 (2)BS + 10 TM Resveratrol
(3) BS + 10°M Resveratrol
(4)BS + 10™*M Resveratrol
-03 (5)BS + 10 ’M Resveratrol
)
<
S 04t -
< —_—
w -0.5

7 1 1 1 1 1 1 1 1 'L
65 6.0 -55 -50 -45 -40 -35 -30 -25 -20 -15
1gli| [mA cm™?]

Figure 4. Linear polarization curves dsrushed aluminurelectrode irtest solutionsn the
absence/presence m@sveratrolscan ratel mV s

-0

Polarization parameters for the corrosion adfiminum i.e., corrosion potential Bor), corrosion
current densityifor), cathodic and anodic Tafslopes Bc andb.), polarization resistanc&{) and corrosion
rate (/.or) were determineéxtrapolating potentiodynamic curves. The inhibition efficiele{?o) and has
been calculated withgeiation (1) and the results are gathered in Talfier polished aluminum and in
Table 3 for brushed aluminuetectrode

O Q Q TQ p Ti(f)
where'Q HQ are the uninhibited and inhibited corrosion current densities, respectively.
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Table2.Pol ari zati on parameters for polished alum
Inh.conc. i cor, Ecor, -b, ba, Rp, Veor, IE,
[M] [ € A7c| [mV] [mVdec!] | [mVdecl | [ kg [mman!] EB| %
BS 0.162 -494 205 242 223 4.5 -
10° 0.087 -520 204 241 488 2.5 46.30
10° 0.067 -545 201 236 654 1.8 58.64
10 0.044 -567 193 226 867 0.9 72.84
10° 0.012 -578 189 201 1210 0.1 92.59
Table3.Pol ari zati on parameters for brushed al umi
Inh.conc. i cor, Ecor, -b, b, Ry, Veor, IE,
[M] [ € A7c| [mV] [mVdec!] | [mVdecl | [ kg [mman!] %| %
BS 1.112 -413 259 288 22 37 -
10° 1.034 -423 262 291 26 34 7.01
10° 0.404 -453 229 298 50 16 63.67
104 0.293 -493 214 287 86 11 73.65
10° 0.109 477 207 284 96 7 90.20

i nunmn

num

From the results presented in Table 2 and 3, it can be stated that increasing the inhibitor concentration
in test solutions, corrosion rate is diminished and the inhibition efficiency is elevated. Also, can be
concluded the inhibitor doot cause significant changes in the anodic and cathodic Tafel slopes. This
suggests that resveratrol behaves as a ntigaglinhibitor and can be classified as adsorpiyye.

Conclusions

The diminution of corrosion rate of aluminum in the presence®faratrol can be attributed to the
adsorbtion of organic compound onto the metal surface, blocking the active sites, or depositing corrosion
products on the aluminum surface. Resveratrol act as an efficient corrosion inhibitor in alcoholic test
solutionsand it exhibits a maximum inhibition efficiency of 93% foolished aluminum and 90% for
brushed aluminum

The inhibitory properties of resveratrol on aluminum corrosion process offers considerable prospects
for wines or other alcohols industry, also dafqmit as a natural or edoiendly corrosion inhibitor in
alcoholic media
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THE SEQUENCE OF THE PREPARING PROCESS OF OPTIMAL COMPOSITION OF
ANTISUBLIMATION COATINGS FOR SEMICONDUCTING BRANCHES OF
THERMOELEMENTS

FridonBasaria, GurarBokuchava, lash@abatadze, MefRekhviashvili
llia Vekua Sukhumi Institute &hysics and Technology, Thilisi,Georgia,sip@sipt.org.ge

The sequence of the technological process for preparing optimal chemical composition of
electroinsulatingantisublimation coatings based on inorganic vitreous enamels have been developed for
protectirg all types semiconducting branches of thermoelements against sublimation. Proposed method gives
possibilities to create antisublimationcoatings in a short time with using the minimum amount of materials,
which perfectly satisfy requirements

It is know, that the most effective thermoelectric materials and alloys based on them at hot junction
temperature of thermobatteries3600fs ar ec har act eri zed by noticeabl e
fabricating branches of thermoelements based on them beforehand is required creation of
electroinsulatingantisublimation coatings on their surfaces.

Based on formerly conducted works werdablished, that the best antisublimation material for
medium temperature branches of thermoelemer@e(Pe, APbTe, junction temperature below 5%0) i s
coating based on inorganic vitreous enamels [2]. Analogous results were obtained for
lowtemperaturgunction temperature below 35& ) branches of t her moe-l e meni
1 ¥(TeSe), n(BiSbxTesand hightemperature(junction temperature below 1180) branches
thermoel ement s fads®%G. on all oys of tc

Based on the temperature chaesistics and properties of the branches of thermoelement,
development of specific optimal composition of antisublimation coatings should be carried out in
compliance with the following sequence of execution of mentioned works:

1. Drawing up the technical tks;

2. Drawing up the technical requirements, which must be satisfied by materials for antisublimation
coatings.

3. Analyzing the relevant literature [3] and revealing materials and their compounds suitable for
branches of thermoelements;

4. Mixing selected metabxides,substances and compoundswith powder of given semiconducting
alloys and annealing on air at temperatures G@O0 e ¢ ) f o r formation of ant i
revealing process of chemical interaction of contacting materials. Annealing dufa2®8® minutes.

5. Observing (visually or by optical microscope)annealed samples and separation of metal oxides
(substances or compounds) into strongly, weakly and not interacting, i.e. inert materials.

Taking into account the received results we chooseda metal oxides for these branches of
thermoelementsand create systems of glasses and based on them vitreous enamels with specific
compositions (at least 5 compositions from each selected system) for investigation. We consider the
sequence of preparimgocess of electroinsulatihgntisublimation coatings for lowtemperatiranches of
thermoelements based on semiconducting alloystgfie Bi(TeSe)and ptype (BiSb)Tes.

On the basis of the technical requirements to the newly createdcoatings, tékiagcount physical
and chemical properties of metal oxides and obtained results, liquid glass (LG) as the liquid phase of
vitreous enamels slips and PbQQOBBIi»0s, TeQ, SiG; and NaO as solid fillers were chosen [3].

Experimental results of branchef thermoelements without coatings, and also with the known and
proposed coatings are presented in table 1.

It's clear that antisublimation properties of vitreous enamels are much better and more stable,
thanorganosilicate material used in practice.

Table 1 shows, that vitreous enamel especially based on {B223i Bi203-TeO2Pb0OSiO2 is the
best material for application as electroinsulatingantisublimation coating of lowtemperature branches of
thermoelements of-rand ptypes.

It follows from the foreging that the proposed sequence of theoretical and experimental works, in
order to reveal optimal chemical composition of inorganic vitreous enamel coating for
lowtemperature(temperature of the hot junction below®5) br anches of tfasestmoel e
and most optimal way to solve this task. This method was successfully applied for solution similar
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problems for medium temperature (temperature of the hot junction below 5%@ ) [ 2] an
hightemperature(temperature of the hot juncti@d50°% )branches of thermoelemeris.

Table 1 Antisublimation properties of coatings at 380

Amount of the evaporated Te, Se,mg/cthrs
Type of . . (the average of 5 tests)
brgﬁches Materials for coating In vacuum 10%-10 In helium atmosphere,
2Torr.,during 20 hrs. during 500 hrs.
Without coating 0,20 0,25
N Organosi-8i ca 0,08 0,10
BiTeSe Vitreous enamelbased Na,O-
Bz()sT Biﬂ33:re()zF)b()-Sﬁ()2 OJJOS 0’01
Without coating 0,36 0,26
P Organosi-B9 ca 0,10 0,09
BiSbTe | Vitreous enamelbased de.O- 001 0.01
B.Osi BiﬂDnge()zF’b()-Eﬁ()z ' !

Therefore it recommended to carry out the developmesteafroinsulatingantisublimation coatings
based on inorganic vitreous enamfls protection of semiconducting branches of thermoelements from
sublimation, taking into account the physichkemical properties of metal oxides and chemical interactions
of the selected oxides with the respective thermoelectric materials
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THE LIQUID SORBENT CONDITIONAL SYSTEMS ON GEOTHERMAL WATER BASE

K.Vezirishvili-Nozadze, |.Zhordania, N.Mirianashvili, T.Nozadze,
Z.Lomsadze, T.Tsotsonaurglishvili

The Technical Uwersity of Georgia, The Centre Studying Productive Forces and Natural
Resources of Georgia. 69, M. Kostévastr. 0175 GeorgiaKetivezirishvili@mail. com

The World energetic crisis forces the countries to look for new alterreiyy sources. Such sources can be
clear, nortraditional energy resources, like: solar, wind, bio and geothermal. Our object of research in this
article concerns the geothermal energy resources. Geothermal energy provides a huge, reliable, renewable
resairce, unaffected by changing weather conditions. It reduces reliance on fossil fuels and their inherent price
unpredictability and when managed with sensitivity to the site capacity, it is sustainable. Geothermal energy is
relatively environmentally frierlg. The use of conventional polluting fuels such as oil and coal can be reduced

if geothermal and other alternative energy forms be used (reducing pollution)

Georgia is rich by geothermal resources, but today they are not used effectively. One oktbé effegtive use

of geothermal water resources suggested by us is their use in refrigerating equipment of fruit and vegetable
storehouses. Besides, the scheme is already developed for using geothermal water for drying and cooling
cereals in graielevabrs. For cooling atmospheric air the speciaicaioling units are developed

Key Words: nontraditional energy, geothermal water, liquid sorbents, conditional systems

In different branches of agriculture the acceleration of refrigerating equipmentopieegit is
possible only with inculcation of cheap cool supplying systems on nativéramitional energy resources
with minimal expenditure. Such systems are: absorbing wveatenoniac refrigerating aggregates and
liquid sorbent units on geothermal wabase.

For optimum maintenance of temperatumeist conditions (t=2°C, j =8595%) in fruit and
vegetable cool chamber we have suggested for the first time air cooling system with liquid sorbent which
uses prior utilized thermal water (fig. 1). The air meging principle is based on the different
salts(sorbents) and chemical solutidiesture of moisture absorption.

d /43

Wy

Fig. 1. The process on-diagram.

The preliminary air drying process with liqusdrbents allow the conditional air to be reduced to the
necessary parameters cooling exactly in the evaporator( adiabatic moistening). It is very perspective in fruit
and vegetable stott@ouses for technological air conditioning, when along with low teatpex(4C), high
relative humidity(9598%) is necessary.

Our research confirms the high efficiency of air conditioning units on liquid sorbents. They allow us at
the equal energetic expenditures to get celiih®s more, than with Freon, or steagpectirg refrigerating
machines and on 30% more, than with ammonia refrigerating machines.

On fig.2 is presented the principle scheme of air technological conditioning with liquid sorbent on
different objects suggested by us. The processing air passing intapparés contacting with liquid
sorbent. At first ,the air is drying and cooling somehow, then it passes injecting ch&mlmantacting
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with constantly circulating water, cooling and moistening up to technologically needed parameters and by 3
ventilatas is passing to the premises. The part of impoverished solution after chamber 1 is pumping over to
the solution regenerating chamigerThe regenerated solution is warming by used thermal water in-warm
exchanging chambdy. Therefore in chamber evapordbn of absorbed moisture and restoration of
sorbent concentration takes place. The restored solution is passing to the drying -dhagdierand the

cycle is repeated.

e
-
il

Ik

+. ol +

?

Fig.2. Fruitvegetable storh 0 u s e ssi@pplying scthheme on geothermal base.
1-contacting apparatus-sparkling chamber -3rentilator 4 liquid sorbent
refrigerating apparatus-&heat exchangers- ffuit-vegetable storbouse

'F"""“M'

Apparatus 1 and 4 can be with sparklers, as well as, with membranest&onidation of heat
technical efficiency between air and sorbent solution and getting characteristics of heat and mass
exchanging processes we have made special experimental research of liquid sorbent air conditioning
system on geothermal water base.

As we have already noted the air cooling system on liquid sorbent can be successfully used for
technological and comforting purposes in all branches of the national economy. For example, it is already
developed the scheme of using geothermal water for dryidgcaoling cereals in graielevators. For
atmospheric air cooling are specially developedcaoling units where for hea&xchanging are used
membrane spragoolers of 4660 typeand ,KTE3 6 6 type centr al conditioner

The suggested air processing sgstean be principally developed in climatic conditions of Georgia
and its cooling and moistening be ensured by cooling water -d8%7 temperature. Sorbent solution
regeneration can be ensured at water temperature@5°60

As the geothermal springs ofe@rgia have enough high temperature potential the suggested system
can be successfully used for supplying fggetable storbouses in the zones of geothermal wells. It will
annually save more than one million kilowatt .electric power on eachvigtable stordouse of
1000t on capacity and that is very important for
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geo Termuli wylebis bazaze Txevadi sorbentebis gamoyenebiT haeris
kondicirebis sistemebis Seqmna

g.veziriSvili -nozaZe, ir.Jordania, T.nozaZe, n.mirianaSvili,
z.lomsaZe, T.durgliSvili  -wowonava

reziume
statiaSi warmodgenilia Cvens mier pirvelad SemoTavazebuli haeris gacivebis sistema
sorbentebis xsnaris meSveobiT Termuli wylebis bazaze.
haeris damuSavebis principi emyareba sxvadasxva marilebis (sorbentebis) mier tenis STanTgmis
Tvisebas. haeris winaswar Srobis procesebi Txevadi sorbentebiT saSualebas iZleva
kondicirebuli haeri dayvanil ignes saWiro parametrebamde: ( t=2-4 C, fardobiTi tenioanoba
j =8598%). es Zalze mniSvnelovania xil -bostneulis sacavebsa da agrosamrewvelo
kompleqsis obiegtebze haeris teq nologiuri kondicirebis ganxorcielebisaTvis.
Cvens mier Catarebuli eqgsperimentuli gamokvlevebi mowmoben Txevadi sorbentebiT haeris
kondicirebis danadgarebis gamoyenebis maRal efeqturobas; es SesaZlebels xdis erTiani
energetikuli danaxarjebis dros miRebul iq nes 3jer meti sicive, vidre freonis
gamoyenebiT da 30%d meti, vidre amiakur samacivro danadgarebSi .
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TECHNOLOGY FOR PREPARATION OF ECO -FRIENDLY HIGH -TEMPERATURE HEAT -
INSULATING MATERIALS ON THE BASIS OF LIQUID GLASS AND SWOLLEN PERLITE

D.Gventsadze, B.Mazanishvili, L.Robakidze
LEPL RafielDvali Institute of Machine Mechanics, Mindeli str. 10, 0186, Thilisi, Georgia
david.gven@gmail.com

In the paper the technology is presented for preparation ofriecadly hightemperature heahsulating
materials on the basis of liquid glass and Georgiaallen perliteby the use of modifiers of various nature as
clinoptilolite, plastic clay and carbon black. It was established that the indrodwétthe modifiers imaterias 6
compositionimproves their compression hardness by a factor ofil83. The density of materials in the
range between 250kgBio 450 kg/m2 and the coefficient of the heat conductivity comprises00BW/nTA C
Key words: liquid glass, swollen perlite, heatsulatingmaterials

At present there is a large demand on Hgghperature and powepbnsuming materials in mechanical
engineering, food industry and in other fields. They are used in cabinet driers of various function, in
thermostats, in the furnaces of techmdal and domestic function. In all abelisted devices the use of
high heatresistant, low heatonducting and relatively cheap héadulating materials is desirable.
Nowadays the heatnsul ati ng materials of such eignygnes arar en d
relatively costly. The price of the devices, manufactured on their basis, comprises several thousands of
dollars.

By our opinion the particular emphasis must be placed upon the search of the technologies for
preparation of new, eefiendly, hightemperature heansulating materials and the creation of new
materials.

At present the materials prepared on the basis of swollen perliteare of significant importance among
existing hightemperature, heamsulating materials.

They are widely used arious fields of mechanical engineering as well as in constructions. They are
characterized by good heatulating properties, by lightness and cheapness. Their indroduction in mineral
binders allows to prepare the incombustible materials, charactdnyzédyh rigidity and good thermal
physical properties. As it is wdllhown, glasgerlite or perlite goods on basis of liquid glass are
manufactured in various versions such as perlitephosphogenic,-partite light and etc [B].

Preparation of higlhemperature, heansulating materials by our technology involves the following
main technological operations: mixing, compressing, drying and thermal treatment. Research objects
involve: liquid glass of 1300kg/m3 density and of silecatodulus 2.8, swollen perlite of middle fraction
(production of Ltd APARAVANPERLITEO) of grain si
grainsizez510 Om, plastic &1 Oy @f dg rcair-808)wi giaih size 25§ 1 [
nm. For preparation of small size samples the mixing was carried out manually and for large samples the
mi xer of MAdrunk barrel o type was wused. Af ter mi X
performed by 0.3, 0.5, 0.8 and 1.0 MPa pressure lieettmoulds of various size which comprised
407 40mm, 50150mm and 4001300mm, respectively. By
thesamples was carried out at universal stretching machine by means of special devices. Large samples
were compressed ithe mould of our elaboration at technological press of 63 ton power.After cold pressing
of the samples their ther mal -35heust ment was carri ¢

The results of the research of physig®chanical properties are presented inetabland on the
graphs in fig.1.

From the table 1 it is evident that the indroduction of corresponding modifiers in the composition of
heatinsulating material causes the increase of the density of all obtained compositions. It is obvious that
this processn large extent depends on the pressure of samples preparation. Plastic clay causes the
minimum increase of weight of samplesand in the case of clinoptilolite the weight increase is maximum,
hardness of materials is also increased at indroduction of addiens. Compression hardness increase is
maximal in the case of the compositions modified by clinoptilolite and plastic clay.

At preparation of the compositions at low pressures@®BiPa) the hardness is increased by a factor
of 1.51.8. At high preaszres (0.81.0 MPa) the hardness is enhanced by a factor e2.3.&nd the best
index is fixed in the case of modification by plastic clay. At compressing by pressure of 1.0 MPa the
hardness value comprises 2.81 MPa. It may be suggested that, probatagtioned composition the clay
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acts as an additional binder in spite of the f
in order for perfect revelation of the properties of the clay as a binder.

Table 1 Physicaimechanical propertseof obtained materials

Modifier Physicalmechanical Pressure of sampf@oduction, Mpa
properties 0,3 0,5 0,8 1,0
Without modifier 220 270 325 360
Carbon black Density. ka/m3 260 350 410 435
Clinoptilolite Y. 9 310 368 420 485
Plastic clay 250 310 400 450
Without modifier 0,46 0,65 1,16 1,24
Carbon black Limit of compression 0,48 0,88 1,20 1,30
Clinoptilolite hardness, Ma 0,68 1,12 1,46 2,42
Plastic clay 0,85 1,15 2,09 2,81
O [MPa]
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Fig. 1. Effects of modifiers and compression pressure on materials hardness:
171 without modifiers, 2 carbon black, 3 clinoptilolite, 41 plastic clay.

ac

The measurements by means of express Lambda Meter have shown that the coefficient of heat
conductivity ofe | abor at ed materials varies in the range
accordance with the indexes of international standards

oo
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ELECTRIC CONDUCTIVITY OF LASER DOPED POLYMER SURFACES

Jimsher Aneli, Nana BakradzeTeimuraz Dumbadze*

R. Dvali Institute of Machine Mechanics, 10, Mindeli str., 0186, Thilisi, Georgia
jimaneli@yahoo.com
* Georgian Technical University 77, M. Kostava 99175, Thilisi, Georgia

Physicaichemical processes in the polymer surfaces initiated by laser irradiation with use of modern physical
experimental methods are studied. It is established the regularities of the dependences between laser beam
parameters ahpolymer structures and physigdiemical transformations in laser irradiated polymer materials.

It is established that the transition of type dielectramnductor is due to formation of the conjugated double
bonds in the polymer macromolecules havimgniEonducting character of-tgpe (at moderate laser beam
energy) and 1#type (at more high energies). Temperature dependence of electric conductivity of laser irradiated
polymers is described by the Mott formulas.

Keywords: CO; laser; irradiation; phendbrmaldehyde resin; electrical conductivity; conjugated bonds;
paramagnetic centers.

Introduction

The studies of chemical modifications of polymer materials under influence of laser radiation have
sufficiently spread charactét]. It is known the initiation of photpolymerization after absorption of the
light by sensitive molecule [2] or directiyoy monomer 3]. The quant output strongly depends on the used
photosensitive material. It must be existed a possibility of moimigpof the polymer molecular weight by
change of the laser irradiated conditions. The substances under conditions of laser irradiation undergo to
double influences of laser beameffect of electromagnetic waves and thermal heating at rather high
temperattes. It is known that high temperature (higher-600°C) treatment (pyrolysis) of polymers in
vacuum or in the inert atmosphere leads to deep structural transformations of these n#i&iisdf all
these changes are expressed in excitation ofamadecules with consequent formation of free radicals
and the systems of conjugated double bonds with linear or cyclic structures. In the presented work some
local physical and chemical transformations on the surfaces of polymer plates due to lasépirradia
normal physical conditions have been studied.

Experimental
The composites were prepared using the well known technological method (mixing of components

with planned ratio of ones and following heating of mixture up t¢Q4thder pressure amboling).The
experiments were carried out on the plates with thickness of 4 mm. The irradiation was proceeded at using
of CO; laser generator of type L&102 (& = 10. 6 mc m, power 800 W) . T
on the Fig.1. The laser beam gaated from source 1 reflected on the reflector 2, passes through the lens 3
with focus distant 300mm and falls on the sample 4, which is placed
2 /A~ ""] 1 onthe table 5 automatically movable in three coordinate directions.
The diameter of light spot on the polymeatel surface was changed

3 in the interval Imm. Laser irradiation doses were changed in the
e —— interval 2040 J.

Fig. 1. Scheme of irradiation of samples:
17 laser source; R reflector; 3i lens; 4i sample; 5 moving table

— By means of displacement of the table with sample on it at
| 1 5 regulated rate there were formed the black paths with different width
and configuration. These paths are characterized with electrical
conducivity and ESR spectra depending on irradiated energy. Irradiated samples were tested by
polarization microscopy technique, electric conductiVityy two-contact method. Paramagnetic properties
of the probes took from path materials were measured usia§mRfspectrometer. The type and mobility of

368



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

D .  ——————%4—+—+—— — " —"«""—————————————————————————

charge carriers investigated were measured by the Hall effect technique. The structure changes in the
macromolecular system was established by infrared spectra.

Results and Discussion

On the Fig.2 the electrical conducting channels with different shapes on the surface of polymer
material plate on the basis of phenolformaldehide resin, polymethylsilsesqwioxane and fiber glass are
shown. The channels were formed after laser irradiatienatgy up to 40 J by means of straight line
moving of plate with different rate under focused laser beam.

Fig. 2. Electrical conducting channels with different shapes formed on the surface of sample plates after
focused laser beam irradiation

Infrared spectra of the alloys of the black material took from psltown the existence of definite
amount of conjugated double bonds with linear structure of carbon chain of type ~CHGHCECH ~.
It was established that the concentration of such bondsxdems type of irradiated material, the laser
source power, beam intensity, the rate of table displacement of spot diameter of light on the sample surface

[5].

Electric conductivity of the channels on the surface of polymer materials on the laser begyn ener
grows monotonously. This dependence points out a constant accumulation-odmjokyation systems due
to initiated by electromagnetic waves and high temperature {duadcthermechemical complex reactions.

As to our point of view formation of polgorjugated systems is rather probable at laserolysis of a
compound containing phenoloformaldehyde resin and of polymethylsilsesqwioxane at the glass surface.
These conjugated systems are covalently linked 40 §roups on the glass surface by the skeleton of
polymethyl sil sesqwuoxane (6a <cubed) . The el ectr
considered as a heterogeneous composite material, consisted of highly conducting spheres of poly
conjugation and barrier interlayers between them [6,7]. Vditiegart of the polyconjugation spheres is
determined by the pyrolysate production technique. It increases gradually with temperature of pyrolysis and
the conductivity of composites increases.

The most apparently true model of electric conductivity iatarals with the system of double
conjugated bonds seems to be the change transfer in the ranges of polyconjugation possessing metal
conductivity and jump conductivity between polyconjugation spheres. Such systems are known as the
organic semiconductorspnductivity of which is described with formula (8)9]:

2 =9, exp (- EKT), (2)
or with formula (2) proposed by N. Mott (Nobel laure§&)
A o A4
_ ? aTOQ ?
g =goexpe geT—g u, (2)
e " H

where T andg, are parameters of the present model.
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Fig. 3 shows that the temperature dependence of conductivity of the polymer composite irradiated by
three energy of the laser beam satisfactorily well described by the Mott formula (2) in the coordinates Ig
T-Y4 while preliminarily proceeded analogical measurements elucidate essential deviations from data
calculated with using formula (1). However, the difference in temperature dependences of conductivity,
composed in both coordinates, become so smooth with lee@ngy rises that they are nearly drawn
together for the sample with laser beam energy higher 40 J. On the other hand, the same dependences show
that the activation energies (according to the curve slope) decrease with laser beam energy increase. It is
explained by intensification of processes promoting increase of the polyconjugation regions (clusters) and
their drawing together, which result in continuous decrease of the potential barrier height, and conductivity
approximates to the metal type. Evidentht very high energies electric conductivity dependences on
temperature cannot be described by equations noted above.

logy, Sm/m : T-1x103, Kt
4 =
4!
3¢ 4 Fig. 3. Temperature dependencegdbr
Y—*_ﬁ—-——— composite materials based on2D + PFS +
1 | 3 KO-812 + FG, pyrolizZed at 8

26), 1373 (3, 306) ghld 157:

B , (1-3)andIg-T*( 1-86) coordinates
\L respectively

0.18 0.21 0.24 0.27
T-14x103, K14

A/B Nx1022, spin/kG AH, mT!
2.0 -

dx "
dH

&
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Fig. 4. Temperature dependence of
paramagnetic centers N (1), ESR line
width (2) and ESR line assimetry
parameter A/B  (3) on the pyrolysis 1.5~ 12

temperature for the ER0 + PFS + KO
812 + FG composites
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Pyrolysis of the investigated surfaces leads to formation of the paramagnetic centers, dependence of
concentration of which on the energy of laser beam has ammextiearacter (Fig. 4). Curve of the present
dependence possesses maximum, which is corresponded te BIBC range. Change of the ESR
absorption line intensity is accompanied by a definite change of its width. In this case, the form and width
of the ESRline changes (at constancy of thdagtor) - lines are broadened, and asymmetry of singlet
occurs. These changes are more effective for composites, pyrolized at rather high temperatures.

Maximum on the concentration dependence for paramagnetic centgrgralysis temperature is
corresponded to the temperature range, in which volatile products of pyrolysis are released -and poly
conjugated systems occur (possessing linear or cyclic structure). Decrease of concentration of the centers
above 708C proceeds wk to coupling of a definite amount of unpaired electrons. According to this
coupling new chemical structures occur (for example, polyconjugation responsible for electric conductivity
increase). Some authors [6] think that this is bound to graphitizatitme ccarbonic skeleton. However,
according to Xray analysis absence of the lines, characteristic for graphite, makes doubtful the occurrence
of graphite spheres in pyrolysates.

At more high temperatures of pyrolysis the ESR line width and the asymraetiygter increase due
to the following phenomena. Deepening of therwhemical reactions in composites leads to formation of
local paramagnetic centers due to thermal decomposition of organic chains of polymer substrates of
composites with further localiian of an unpaired electron in oxygen atoms, possessing increased affinity
to electron. Due to occurrence of the spibital interaction contribution into the spiamiltonian the
time of spinspin relaxation, responsible for ESR line broadening, dezseddn the other hand, it is
probable to increase the contribution of free chaoyesent carriers into ESR signal, the line of which is
characterized by asymmetry (so called Dayson form [10]).

Conclusions

1. The irradiation of surfaces of some plate of thass textolyte containing of carbon chain and
polyorganosiloxane polymers with focused laser beam leads to formation of electrical conducting channels,
the sizes of which depend on the energy of irradiation.

2. Irradiation of the polymer materials by laser radiation stimulates the processes of formation of the
polyconjugated systems, in the frames of which the transport of the electric charges proceeds with a very
low activation energy (it has semimetal chargcter

3. Charge transfer between polyconjugation systems is ruled by the jump conductivity mechanism
with variable jump length. In this case, its temperature dependence is described by the Mott formulas.

4. Irradiation of the polymer materials by laser radiatgtimulates the processes of formation of
paramagnetic centers, dependence concentration of which on pyrolysis temperature has an extreme
character and possesses both to localized in defects centers and free (conducting ) electrons.

Presence of a glassy éiband polymethylsilsesquioxane in compaosites promote formation of covalent
bonds between organic and inorganic parts of the composite, at laserolysis of which good contacts between
glass surface and conducting clusters is ensured
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COMPOSITES BASED ONPOLYESTER LACQUER AND MINERAL FILLERS

L.G.ShamanauriJ.N.Aneli
R.Dvali Institute of Machine Mechanics, 10 Mindeli Str.Thilisi 0186 Georgia
lana-shamanauri@mail.ru

The work is devoted to the obtaining and investigation of some properties of compasieson polyester with

such fillers, as quartz sand, andesite, trachite and clay. The average size of these powders particles was lower
than 50 microns.  The physiealechanical and hydrophobic properties of the composites have been
investigated. It i=xperimentally shown that the dependence of mechanical strengthening of the composites on
the fillers concentration has an extreme charadtés characterized with maximums at definite concentrations

of fillers. For its part location of these peaks eiegs on the type of fillerSo for examplefor composites
containingandesiteand quartz sandtrengthmaximaoccurat concentrationsf fillers near50 weight %and the
largestsubstantially exceed thoder composites containinglay and trachyte. The effect of the type and
concentration of the filler is also reflected in the degree of hydrophobicity of compdaitegositeswater
absorptiordecreaseantil the keepingof the wettabilityof all filler particles which is achieveat relativelylow
polymerfilling . With the deterioration ofvetting that occurs athigh filler contentincreaseshe probability of

their associateand creation ofmicrovoidsin the polymer matrixThe experimental results are explained by the
peculiarities of the microsicture of materials. Mainly it is due to the nature of interfacial interaction, what
significantly affects on the distribution of the filler particles in the polymer matrix

Introduction

At recent time polymer materials are used in the constructionstrnydwidely. Such
consumption of the polymer materials in the construction industry is due to their high chemical
stability to atmospheric phenomena, simple technology, decorative, etc.

Progress in polymer chemistry gives lot of means for obtaining ofvglymaterials with
desirable properties [1]. It must be noted that now the polymer materials, in general, are yet deficit
and expensive. Therefore in the practice the polymer materials containing silicate fillers as
polymersilicate materials are used aoft¢2]. Polymersilicate composition materials are new
effective ones, in which the amount of the mineral filler reaches t®@3®0t % (for example, in
polymerconcrete) [3]. Such composition materials are characterized with high mechanical
strengthening, lkemical stability in the aggressive media in the wide temperature range [4]. The
selection of polymers and fillers gives a possibility of obtaining of polsileate composites
with high dielectric properties, or vice versa, the polysikcates with god electric conducting
properties [5].

At the recent time in many foreign countries more than 10 widely spread polymers (both
thermoplastics and thermosetting polymers) are used in the industry of paijicee
composites. Among them the polyrlicate composites based on polyester and epoxy resin are
used more often [6].

Main goal of our work is development of different type of polysiéicate composites on the
basis of polyester lacquer for elaboration of the hydrophobic and decorative coatirige o
ceramic plate and brick surfaces.

Results and discussion

In the experiment there were used the polyester lacquer and several mineral (silicate) fillers
(clay, trachite, andesite, quartz sand, drywall) with different proportiocdw®%o of hyperiz a
hardener was added initially to the mixture of polyester lacquer and silicate powders (average
diameter of the particles was lower than 50 mcm) and sometimes later the reaction actelerator
cobalt naftenate was added with the same concentration. Agethe mixture is hardened in the
special forms in accordance with the standard. 12 h later the form is opened and the sample is
ready for the thermal treatment, which proceeds in the thermostat®&t d6fing 3 h. After such
treatment the samples surdgcacquire smoothness and the material become stiff (the surface not
scratched).
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Testify was proceeded for determination of the following parameters: ultimate strength at
compression, water absorption and specific weight. The numerical values of theseearistics
are presented in the table 1.

Table 1 Ultimate strength at compression, wadbsorption and specific weight of composites

# | Filler type and content Density, g/cm3 Ultimate strength, MPa | Water absorption,
(wt %) %
1 | Trachite (50) 24 158 25
2 | A 23 125 5.3
3 |n 2.1 100 4.2
4 | Andezite (50) 25 174 1.8
5 |n 23 160 3.9
6 | A 2.15 147 3.1
7 | Clay (50) 2.3 95 4.8
8 | 2.6 74 8.1
9 |n 24 45 7.3
10 | Quartz sand (50) 2.7 169 2.7
11 | A 34 162 34
12 | A 29 128 29
13 | Drywall (50) 24 124 2.1
14 | A 2.8 77 3.7
15 | A 2.2 68 24

The table data show that the technical characteristics of the composites essentially depend on
both the type and conceations of the fillers. The character of such dependences it must be found
in the peculiarities of the microstructure of composites.

It is well known that the mineral fillers are characterized with different morphology and
microscopic empties. From thehet side these minerals differ one from another by different
values of the interaction energies between two phases [7]. Besides of it must be took into account
the degree of dispersity of the filler particles. On the basis of this suggest the increasing of
densities of composites containing clay, drywall and quartz send (from 50 up to 80 wt %) may be
due to low degree of homogeneity of distribution of these fillers particles in the polymer matrix (it
is probability of formation of the associatelsisters othese particles). Although at relatively high
content of these fillers increasing of the degree of composite structural inhomogeneity enhances,
which is connected with formation of microscopic empties in the polymer matrix. This process is
promoted also Yrelatively low energy of intephase interactions. This situation is well reflected
on the value of the composite mechanical strengthénibglecreases at increasing of the filler
concentration. Such dependence of the ultimate strength on the fillegrdoation is the general
phenomenon for all composites. It is well known also that in general the dependence of the
ultimatum strength of the composites on the filler concentration is extiemngaximum
corresponds to filler concentration, when the filb@rticles of last maximally form the contacts
with macromolecules. At increasing of filler concentration when the formation of associates will
be started or by other words when not all particles will be coated with macromolecules and others
will be stay wthout organic molecular surrounding and will be not take participation in the hetero
phase interactions. At following increasing of the filler concentration the composite strengthening
decreases. This phenomenon is known in the scientific literaturebasiReeffect.

The maximal ultimatum strength among investigated composites corresponds to composites
containing 50 wt% of filler. Relatively high significances of strengthening of the composites
containing andezite and quartz sand show that there arepimse interactions higher in
comparison with other composites.

The water absorption of investigated composites is in good correlation with the significances
of density. From the table data it is seen that both density and ultimate strength for composites
containing 80wt % of the filler are higher to some extent in comparison with other composites. In
this case there are two processes acting in one and same time, but one against to other: increasing
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of the density (because of increasing of more tight prese formation of the mineral particles
associates, which leads to increasing of water absorption because of increasing of diffusion of
water molecules between filler particles.

In the composites containing 120 wt% of the fillers the decreasing of yiensibserved to
some extent (in comparison with composites containing 80wt% of the filler). The reason of this
fact may be the capsulation of the filler particles by macromolecules. The decreasing of
penetration of the water trough composites with higarfconcentration may be described by
same reason.

Conclusions

1. The properties of composites based on polyester lacquer generally depend both on filler type and it
concentration.

2. With high strengthening are characterized the composites containingtaradezquartz sand with
amount 50wt% because of high inrf#rase interactions.

3. With low strengthening are characterized the composites containing clay, which show on the low
inter-phase interactions.

The gradation of the composite properties is the refuimultaneously action of several
physical factors, which are due to inrfg#rase interactions, formation of mieempties and filler
particles association and capsulation
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UTILIZATION OF AGRO -INDUSTRIAL WASTE MATERIALS BY USING SEQUENTIAL
SUPERCRITICAL FLUID AND ULTRASOUND EXTRACTION METHODS

Mzia Tsitsagi, Mariam Chkhaidze, Manana Buzariashvili, Mirakldachidze Vladimer Tsitsishvili
Petre Melikishvililnstitute ofPhysical and Organi€hemistry of lvandavakhishvili Thilisi State
University, 018631 A.Politkovskaiatr., Thilisi, Georgia

Extraction of biologically active compounds froagraindustrial waste materialsf most common fruits and
vegetables in Georgihy sequential supercritical fluid and ultrasound methisddescribed. These method
provide high quality targeted products, both options have their advantages. The method you choose depends on
the class of targeted product, as well as on provided deptttraiction and release of compounds.

In recent years, there has been a growing interest in toallsd functional food additives. These
ingredients are preferred by consumers to have a natural origin, being commonly extracted from natural
sources suchs plants or food bgroduct. Grape seeds and skin, orange and tangerine peel, tomato paste
waste are the most abundant agwdustrial waste materials in Georgia. Extraction of natural food
colorants and small scale high cost bioactive compounds frowe abentioned waste materials is the main
goal of our research.

The choice of the suitable technique for extraction of bioactive compounds from botanic matrix
depends on: the desired class of compounds to be extracted, quality and yield required fortlextract
process conditions and economic feasibility for scaling up the process.

Sequential supercritical Fluid extraction and ultrasound assisted extraction, the environmentally
friendly separation techniques has been used for extraction of target products.

Supercritical fluid extraction is an advanced separation technique based on the enhanced solvating
power of gases above their critical point. One of the most frequently used supercritical fluids is carbon
dioxide. Besides the advantages of having a loticatitemperature and being neither toxic nor flammable,
carbon dioxide is also available at low cost and high purity; On account of these characteristics, the fluid is
an ideal solvent for in the food dye, pharmaceutical and cosmetic industries, vib@sséntial to obtain
final products of a high degree of purity.

Another modern technique we use is ultraseassisted extraction
method. The application of ultrasound disrupts the cell wall structure
accelerates diffusion through membranes, alaellular material release
and improves mass transfer as well. Ultraseassisted extraction is a
upcoming extraction technique that can offer high reproducibility in sho
time, higher vyields of bioactive compounds, simplified manipulatio
decreasedemperature during processing, reduced solvent consumpt 3
and lower energy input. . P el :

Figure 1. Ultrasound extractor

Sequential, stepwise supercritical and ultrasound extraction metHee
makes available selective and quantitative extraction of oils, pbgno
carotenoids, lycopene, pentacyclic triterpenes and pectins from diffe
botanic matrixes.

Selectivity, reproducibility was main challenge of our research. Thus, large range of pressure,
temperature, extraction time and different solvent for eetjal extraction of different class of compounds
has been studded.

Essential oil, carotenoids, hesperidin and pectin has been extracted from tangerine and orange peel;
quercetin and natural dyes from onion skin; lycopene and carotenoids from tomasmresyanins from
iSaperavi 0o skin, phenolics and pentacyclic trite
suitable extraction techniques have been selected for each target products. Main requirements were
selectivity, reproducibility anteasibility for industrial means.

Black grape skin contains a great number of polyphenolic compounds, the concentration of which
varies greatly according to the variety of grapevine and is influenced by cultivator, season and
environmental factorRed grape skin is the waste of winemaking. All red grape sorts are good source of
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anticianins, colored natural compounds. They have bright attractive colors. High solubility in water of these
compounds allows their easy incorporation into aqueous foodnsystMoreover, the proved antioxidant
activity of antocyanins, related to the prevention of a number of degenerative diseases. Provides added
benefits to food dyed with these natural substansethocianins give rise to the phpirple redorange

color d flowers and fruits. Antocyanins are chemically phenolic compounds belonging to the flavonoid
family. Antocyanins are glycosides of antocyanidins and sugar. Antocyanidins are almost always
glycosylated in the -posstion. Color Changes with pH. Abw pH3 the antocyanins are most strongly
colored, exhibits their weknown purplered color, around pH5 it twins almost colorless and at neutral and
alkaline pH the color goes from blue to green. The use of antocyanins as natural dyes has been studied for
manyyears due to their ready availability. The recovery of antocyanins from wine induspolwcts is

also of great importance because it could exploit a large amount of the wine industry waste, which is
mainly used today as cattle feed or for soil caadihg or it is tucked away to disposal sites, reducing
consequently their environmental impact.

- ey g z . \’% i

Figure2. A Saperavi 06 grapes and extracts f
Ultrasound extraction of ant hocyanins from 0S:

different ratio of ethanol/water mixture, gives very good recovery of target products 4t\&tod is

fast, cheap and highly reproducible.

Figure 3. Grapeseedand grapeexd olil

The grape seed is another by product of winemakiatpable by product of grape seas grape seed
oil. The gape seed oil is a vegetable oil, abundant loglpet of wine making. Thisil is high in nutrients,
being rich in vitamin E, single and polyunsaturated fatty acids of which linolenic aeskantial fatty ad
70% The oil is primarily used for cooking and in salan®rinadesdeep frying, flavored oils, baking,
massage oil, sunburn repair lotion, hair product, body hygiene creams, lip balm and hand creams. In all
products grape seed oil is a preferred cdigniagredient for damaged and stressed tissues possessing
regenerative and restricting qualities which allow a better control of skin moisturizations. It can help skin
refine the normal structure of epithelium cells and nerve cells via supporting timeeceliranes. It has a
relatively high smoke point approximately 216 C so it can be safely used to cook at high temperature. The
metabolic energy density tifie grape seed oil is comparable to of other oil: about 120Kcal per tablespoon
(34Kj/ml) however beaase less oil is needed for cooking ihdze used within lowat diet. The gape seed
oil is reputed to contain plentiful antioxidant as well as to lower cholesterol levels. In a study presented in
1993 at the American College of Cardiology Scientific ##sblagh and collegues showed in 56 men and
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women using up 43 g per day, an amount that one can cook with, that grape seed oil raised HDL levels by
13% and reduced LDL levels by 7% in three weeks. The total cholesterol/HDL ratio fell 15.6 % and the
total LDL/HDL ratio fell 15.3% which could be significant for these at risk of heart attack.

One of the main aspects that should be considered in SFE of oil is the extraction optimization. The use
of the optimum values for the different variables influencing &féE extractions could significantly
enhance the recovery of extraction yield of a target compound. On the one hand, the increasing of
temperature results in the decrease of solvent density thus decreases the solubility and yield of oil. Increase
of pressue increases density of GOwhich induce complex extraction and difficult analysis. The
ultrasound technique is based on the formation of ultrasonic waves of high frequency, which are
capable of causing cavitations due to expansiah camtraction cycles undergone by the material.
Such cycles disrupt the cell walls of the vegetable matrix, favoring the penetration of the solvent and mass
transfer, thus increasing the extract yield.

Influence of ultrasound on subcritical fluidteactions of the grape seed oil has been studied. While
ultrasound was applied as in USFE, the following parameters were prefeate2bA CP,at 100 atm. The
results show that subcritical fluid extraction with the assistance of ultrasound could ttesltexmperature
and pressure used in the process. Compared with SFE, USFE could give a 5% increase in the yield in case
of the grape seed oil.

As it was mentioned above tangerine peel is one of the most abundant agroindustrial waste materials
in Georgia. Sequential supercritical fluid extraction method were usedefkbraction of essential oil,
carotinoids and bioflavanoids from tanger{@itrus Unshiu)peel. First step of this process is supercritical
CQO; extraction of oil. Major constituent of
tangerne ovendried peel oil is dlimonene
( wTmB. Second step is 7% V/V aceton
modified supercritical Co@e x t r ac t i
carotene. Third step is 5% methang
modified supercritical C® extraction of
hesperidin. Studied and determined optim
parameters provide efficient, fast ant
selective extraction of target productg
Method can be used for utilization of an
other citrus peel.

Figure 4. Tangerine peel and tangerine peel oil

drving and grinding of
tangerene and orange
peel
|

Extraction of essential oils by using
supercritical CO.

| I -

Acetone modified supercritical CO,
extraction of f-carotene

Methanol modified supercritical CO,
extraction of flavanoids

recovary of pectine from drv
waste material

recovary of hesperidin
from extract

Figure 5. Scheme of tangerirand orange pe@rocessing
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Limonene is a chemical found in the peels of citrus fruits and in other plants. It is used to make
medicine.d-Limonene is used to promote weight loss, prevent cancer, treat cancer, and treat bronchitis.
In foods, beverages, and chewing gum, Ilimonene is used as a flavoring.
In pharmaceuticals, limonene is added to help medicinal ointments and creams penetrate the skin.
In manufacturing, limonene is used as a fragrance, cleaner (solvent), and as an ingredaerfree
hand cleansers.

Hesperidin is a plant chemical t hat is classi f
fruits.People use it as medicine. Hesperidin alone, or in combination with other citrus bioflavonoids
(diosmin, for examie), is most often used fdoodvessel conditions such hemorrhoids, varicose veins,
and poor circulation (venous stasis). It is also used to treat lymphedema, a condition involving fluid
retention that can be a complicatiorbogast cancesurgery.

Betacarotene is one of a group of red, orange, and yellow pigments called carotenoidsr8tetse
and other carotenoids provide approximately 50% of the vitamin A needed in the American diet. Beta
carotene can be found in fruits, vegetables, and whokéns. It can also be made in a laboratory.
Betacarotene is used to decrease asthma symptoms caused by exercise; to prevent certain cancers, hear
disease, cataracts, and age related macular degeneration (AMD); and to treat AIDS, alcoholism,
Al zheidmsras e, depressi on, epil epsy, headache, he.
disease, rheumatoid arthritis, schizophrenia, and skin disorders including psoriasis and vitiligo.

Figure 6. Hesperidin crude and after purificatioh

Thelast step of this process is recovery of pectin from dry waste material. Our study was focused on
the potential of tangerine peel as a source of pectin. Pectin was extracted from tangerine peel powder
remained after supercritical fluid extraction of esséna | -camtierie,
and hesperidin using H form of clinoptilolite. Extraction conditio
are T= 80€, pH= 1,52, extraction time= 1h. The percentage yield
69.3%, equivalent weight of extracted pectin was 760, metho
content 6.5 %, total anhyrouroniacid content 78%, degree o
esterification 47.3%. From the result obtained, tangerine peel ca
considered in commercial production of pectin alongside with ot
citrus sources.

Figure7.Dry waste mat er i al-camteriee
and heseridine.

of oi |

Wy

Figure 8. Pectin extracted from dry material
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Red onion (Allium cepa) is the most common and richest natural source of flavonoids and
anthocyanins.

Our study was focused on the influence of some operative parameterssotdecds on sequméal
supercritical fluid extraction employed for the extraction of quercetin and colorants from red onion outer
skin. Supercritical C@modified with
acetone was used for the extraction ¢
quercetin  and supercritical GO
modified with ethanol/ acetic ati
(80:1) was used for extraction o
colorants.

Figure 9. Red oniorandextracted
material

Extraction of quercetin and colorants from onion skin also has been done by using sequential
ultrasound extraction method. Method is simple, rapid and prokigasyield of target products.

The carotenoids are natural pigments that provide the natural yellow, orange and red colors of fruits.
According to epidemiological studies carotenoids play an important role in prevention of cancer, cataracts,
and aging disases. Besides some applications of carotinoids for provitamin A activity, they are widely
used as colorants in food.

Supercritical fluid extraction me tcdradede fronathe u s e d
skins of ripe tomato. Optimal operagivconditions ar&57®C temperature, 25800 atm pressure, 5%
acetone as a esplvent, static extraction time 1h, dynarff.

“ Figure 10. Extracts from tomato skin

Uninspected result gave ultrasound extraction of lycopene and carotene from tomafirskstep of
extraction by using acetone as a solvent obtains complicated mixture of different compounds with low
content of target products. The second step is highly selective and major components are lycopene and beta
carotene. Method is fast andesgive
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CREATION OF CELLULOSE ACETATE MEMBRANE ON THE BASIS OF DIFFERENT
COMPOSITIONS

G.Bibileishvili, N.Gogesashvili
Engineering Institute of Membrane Technology, Georgian Technical University, Godziashvili-seond
streetl9, 0159, Thilisi, Georgia
bibileishvili@hotmail.conmanagogesashvili@gmail.com

Today polymer membranes are widely used to filter solutions. Theyconstitute 80 % of the world production of
membranes. The usage of polymers is due to their physical s&watdrtheir chemical properties. The Goal of
polymermodification is to obtain the membrane with a structure desired for the particular process of filtering.
Properties of polymer membrane in exploitation depends on polymer, its concentration, compbdiien o
polymer solution, solvent type and the concentration of nonsoleeitulose Acetate areoften used for
preparation of membranes [1]. Their properties are moderate hydrophilic, inertto filtering components of the
solution and relatively cheap raw rmagtls. The research was conducted on solutions with different
concentration of cellulose Diacetate {%) in DMAC/LICI for creation of Cellulose Acetate membranes in the
Engineering Institute of Membrane Technology [2].The study of the procepbaske imersion ofobtained
solutions in different correlation conditions ofsolvent and nonsolvent revealed that the range of this correlation
for Coagulation bath is-20%. The research was conducted on the automated laboratory instrument created in
the Institute. The instrument allowed to control the membrane precipitation process by regulating bath
temperature and the speed and angle of immersing of the polymer solution in thEhkatimorphology of the
obtained samples is studied by the microscope whiehugped with a digital camera (x5000). The structures of
obtained membranes differ. The pore size of some microfiltration membrane@s 856 km

To study creation and properties of Cellulose Acetate membranes the scientific research was
conducted irthe Engineering Institute of Membrane Technology. For preparation of membrane cellulose
diacetate was used. The degree of esterificatiorr50-270, while the degree of substitution is-2,8.

Using MarkKuhnrHo u wi nk 6 s [degKIiM #&he averge viscous molecular weight was
calculatedK anda was determined according to the known methkd0,8 x 10*,a  0,78.

Properties of polymer membrane in exploitation depends on polymer, its concentration, compaosition
of the polymer solution, solvent type and the concentration of nonsolvent, also temperature and
composition of coagulation bath.

The change of each of thgsarameters can alter the properties of the received membrane. Taken into
consideration of these factors the research was conducted with a variety of polymeric composition and
precipitation in different conditions.

For dissolution of cellulose diacetate ajir substance dimethylacetamide was used. It is known that
by using this solvent highly porousmembrane can be received. Lithium chloride was solved in
dimethylacetamide in advance. Lithium chloride aids dissolution and is thefguore@g agent for
Cellulose Acetate. It also causes change of the structure of polymer solvent [2]. Solvents of different
concentration were prepared. Data of the received solvents is given in table 1.

Table 1L
Cellulose diacetate concentration, mass % 5 6 7 8 9 10
Dimethylacetamideoncentration, mass % 94 92 90 88 86 84
Lithium chloride concentration, mass % 1 2 3 4 5 6

The process ophase inversion was conducted on the automated
laboratory instrument created in the Institute (picture 1).

Laboratory instrument controls the process of membrane
precipitation. Particularly: a) regulation of bath temperature; b)
regulation of speed of immersing sample in the bath; c) regulation of
angle change while immersing in bath.

Picture 1. Instrument ophase inversion
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The conditions of phase inversion process of some of the samples and permeabilityof obtained
membrane is given in table 2.

Table 2
N Concentration of| Bath immersing| Bath immersing Bath Permeability
cellulose angle? speed mm/min | temperature I/m2.h
diacetate, mass?
1 5 10 300 20 70
2 5 45 200 30 160
3 5 80 200 40 100
4 7 10 300 20 50
5 7 45 200 30 80
6 7 80 200 30 40

Table shows that increasépolymer concentration and
coagulation bath temperature causes the decrease of
membrane permeability.The optimal conditions of phase
inversion process is establishedhe angle of bath
immersing 48 bath immersing speed 200 mm/min, bath
temperature 308

The pore size of the membrane was determined on the
bubblepoint test apparatus created in the Institute. The size
of some of the membrane is @3A5mkm. The sample of
one of the membranes is given in picture 2

Picture 2. Membrane of Celluloce Acetaf 5000)
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INFLUENCE STRUCTURE MATRIX TO ACTIVITY OF NANOCATALYSTS ON
ACTIVATED CARBON FIBERS

Tokhir Kh. Rakhimov, Mukhtor Ganievich Mukhamediev

Department of Chemistry, National University of Uzbekistan named after M.Ulughbek,
Tashkent, 100174, Uzbekistan

The aim of investigation is to reveal there is or not influence diffierences of structure matrixearer on

border dimension of active nanoparticles bearing on fiber polymeric materials. In experiments activated carbon
fibers with similar physicachemical characteristics and differences determined by nature of precoasers

been used as matrixes. Nanoparticles have presented themself an active component by composition of
palladiumcontaining nanocatalysts which have been tested in reaction g@étoperature of CO oxidation. By
bordering dimensions were supposed mini@atl maximal dimensions of particles in limits of which they
retained special properties of nanopartigteshis case responding for unusually high catalytic activity.
Boundary dimensions were calculated by methods of mathematical statistics on thé basemd e | ifcol o
b o | Ingestigations have shown that activity is inherent only to particles of determined diameter which is
limits not only from above but also from bellow. Interval of boundary dimensions in dependence on of nature of
carbon fiber andlegree of reduction treatment can be both sufficiently wide and also maximum by narrow. In
case of using more homogeneous by composition precursors the calculated diapason of dimensions of active
particles was in considerable degree narrow. Thus the detzfmmole of polymeric matrix on properties
nanostructures has been proved what has opened way to purposeful obtain functional nanomaterials with high
effectiveness.

Keywords: nanocatalyst, catalysis, oxidation, carbon oxide (ll), palladium, carbons filttmensions of
nanoparticles, phase transition

Introduction

Before last quarter of last century the fallowing ideas about dispersion state of substance have been
prevailed: the more surface the stronger are properties connected with area of asiidaesat decreasing
of particles dimensions the area of surface smoothly has increasecbmagpondenthall processes
surface dicts including catalytical prosees must also smoothly increase with decreasing of particles
dimensions. Additional inerasing of surface are a dam carried out at distortion of particles form.

Soméime this station is confirmed. However it has determined that as some different substances in
dimensions of particles there anamalical changings properties what at presenistiobject of
investigations of suclscienceas nanotechnology. In connection with this, following consequences are
appearedi) There are borders of dimensions in limits of which anomaly has preserved but behini there
has disappeare®) Particleswith dimensions which are more them dimension from which anomaly has
disappeared mast be carry away to massive state.

To present time numerous investigations have shown that upper borders of particles are ifLD@fts 2
nm but usualhb0 nm and by thik eason they were named condition
di spersion systems with particles di mensions on
anomaly can not by attributed to nano objects. If there are particles dimensions of wihiehiadelevels
of manifestation of anomaly then their contribution in common surface of particles of sample must not tack
into account (if there dimensions are less than 1-this)position is essence of nano objeds.this
particles, with dimensions exeding dimensions of the anomaly borders can to contain greater part of
dispersion phase by mass. By this reason it is incorrect to find correlation between dimensions and
properties without determination of these levélswever before appearance of modet ol our ed ba
have been absent methods of estimation values of above mentioned levels. And what is more such
estimation is estimated as main question at 1inve:
no some critical dimension of gete bellow of which there are properties characteristic for nanocrystall
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and above whiclior massive substance? That is question is rdieed the point of thermodynamics:
transition from massive substance to nanocrystallical is or not a phase tnawmisitiet order [1].

If there is phase transition than it will inevitably wash away owing of dispersion of particles by their
dimensions. For determination of dependence any property from dimensions of particles that is dependence
is continuous or not its necessary to except influence of dispersion of particles by their dimensions.
However experiments on series of materials of the same chemical composition but difi@neiametric
composition when each from these materials must to consist from gaicly the same dimension it is
impossible to carry out at present time.

The main scope of investigations of the nanocry
there some critical grain (particle) size below which the characterisiiepi®s of nanocrystals become
observable, and above which the material behaves as a bulk one? In other words, is the transition from the
bulk to the nanocrystalline state the phase transformation of the first order from the thermodynamic
vi ewpoii nt ?2¢é& |

For decision of this problem model Aof cH]l ourin
This model is based on experiments with polydispers particles without carrying out above described
experiment. This model was investigated on samplepatibdiumcontaining nanocatalysts at lew
temperature oxidation of CO. Catalysis in the presence nanocomponents which are noble metals or their
salts are very sensible to surface structure. By this reason using of this model in one case is proved and
cacd ati on on ités base are in good consent with e:

This is signified, that in limits of abowmentioned anomaly there is smooth dependence between
catalytic activity and value of active surfaé@r minimal dimensions of border of phase transition it was
determined that physical and catalytic properties are changed at achievement of particles with dimensions
2-8 nm. Experiments have shown however that some time the catalytic activity has réisadneasing
of particles dimensions in particular for oxidation of CO by oxygen on platinum nanocg8lyshus
mo d e | icol ouring ballso has proved that from th
massive compound to nanocrystallic daam a phase transition of first type and has opened some new
perspectives for metabolically right carrying out experimental investigations on thdewahand right
understanding of obtained results.

The following step is an investigation of charactessf nanocatalysts from matrix structure because
this fact has important significance both theory and for practical application.

In accordance with abovatated the aim of this work was concluded in revealing of influence of thin
exchanging of structuraf matrix on border dimensions of active nanoparticles.

Experimental

Materials
In the present work are used:

Carbonated polymeric fibers of two mar ks-MoOo aacft i ve
production MTI (Moscow); activated hi c k f el Tt Aciit iKvaerdb ogpront he base of ¢
hydrate cellulose and poly acrylic nitryl fabri
JPI AChi mfiber o, Svetlogor sk, Beyl orussi a.

Helium gaseous of high purity of maA,TC 02712135312323942005; 99,95%. Hydrogen gaseous
pure, 1 sort, GOST P 5162800; 99,99%.

Measurements

Averagesquare diameter of nanoparticles and coefficient of poly dispersion were used as and
guantitative statistical characteristics refegtiaverage relative values of active surface of nanomaterials.
Values of these characteristics were determined from experimentahiatgphotography.

Dimensions of particles were determined by data of electronic microscopy JEOLIT 300, JEOL, Japan).
Structural data were obtained with using atpno we r  mi ¢ r oQlcsoeprev el NNafMO ( CS |
Switzerland).

Catalytic activity was determined by method [1] by decreasing of CO contendair gaixture at initial
itds content 2 vol . %.

38¢



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

Figure 1. Microphotography carbon fibers with palladitsuntaining nanoparticles with different middle
dimension and dispersion of distribution by dimension (fromKafbopon; from righivitilon).

Synthesis

Palladiumcontaining nanocompesitional catalysts werbt ai ned by drawing of i
carbon fibrous mates (CFM) with regulation of drying parameters by method [4]. The obtained samples
have contained 1,0 mas % of Pd in calculation on metal.

Reduction of palladiurcontaining nanocomposits wasarried out by action of dosed amount of
hydrogen dissolved in helium. For this sample of palladium containing fibre was placed in hermetic glass
vessel filled by helium. Mixing in vessel was caused by micro ventilation. Then calculation amount of
hydrogendissolved in helium was added and mixture was contained in there conditions no less than
twenty-four hours. Than the catalytic activity was determined in impulse regime.

Calculation of border dimensions

The middle dimensions of nanoparticles atisbersion have been calculated by small excerpt no less
than 40 treating obtained results by means MS Excel 2013. The main approach for carrying out of
calcul ation of border di mensi o3, cowesgondimpodleulatieo f ¢
were carried out by method [1].

Results and Discussion

For achievement of aim in this work calculation of border dimensions of active nanoparticles of
palladiumcontaining nan catalysts bearing on CFM obtained from precursors of two types was carried o
marked nan catalysts with different middle dimensions and dispersion by dimensions were obtained by
regulation of parameters of synthesis.

The very important question consists in the followingnfluenced whether the nature of bearer on the
dimensiors of active fractions or else active particles are particles with the same dimensions independently
from nature of bearer. The last assumption is more probable if inert materials such as carbon fibers are
used.

For elucidation of this question series aitples for which CEM differing by middle dimensions of
particles and their dispersiofihen samples from each series were subjected to reduction treatment by
hydrogen with different degree: such were obtained about 100 samples differing by middle disnehsion
particles, dispersion of distribution of them by diameters and depth of reduction by hydrogen. Each sample
was tested on catalytic activity in impulse regi@gin reaction of carbon oxide (CO) with oxygen of air at
room temperature (298K).

Obtainedresults are presented in Table 1. Take into account that reaction has autocatalytic character than
itds rate and catalytic activity of samples are
rate and initial vales of activity are pressh From these data it is shown that in spite of wailings the
nature of bearing has an essential in influence on the bordering dimensions of fractions.
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For nanoparticles nan catalysts on the Carbon not only displacement of activity in side of patticles
smaller diameter but also essential narrowing of interval of diameters (in limits of which nanoparticles have
retained activity) have observ@gigure 2)

Table 1.Catalytic activity palladiurtontaining nanoparticles bearing on different cariloers in
oxidation of CO by oxygen of air (T=298; content of B%; initial concentration of CO vol.%.

Bearing- Karbopon

Middle diameternm | 2,9 | 6,4 | 12,5| 33,2 | 63,6 | 143 | 187 | 222
Dispersion 28| 50 |10,6| 27,3 | 54,3 | 119 | 142 | 187
1 2/Pd, % Activity ¢ * P molekg

0 0,10| 0,12 | 0,14| 0,00 | 0,00 | 0,00 | 0,00]| 0,00
5 0,10| 0,40| 0,28| 0,00 | 0,00 | 0,00 | 0,00]| 0,00
10 2,00| 2,30| 4,20| 0,44 | 0,08 | 0,04 | 0,01 0,00
15 0,20| 0,94| 7,30| 4,70 | 1,10 | 0,22 | 0,08]| 0,00
20 0,91| 1,10| 4,20| 11,40| 17,40| 11,00| 3,90 1,18
25 0,92|1,08|1,10| 2,20 | 9,00 | 9,00 | 0,20]| 0,18
50 0,01| 0,08 0,11| 0,21 | 2,00 | 1,40 | 1,00| 0,18
75 0,00| 0,00| 0,00| 0,04 | 0,6 | 0,27 | 0,00]| 0,00
100 0,00| 0,00|0,01| 0,01 | 0,10 | 0,08 | 0,11 0,07
200 0,00| 0,00|0,04| 0,20 | 0,20 | 0,10 | 0,10]| 0,10

Bearing- Mtilon

Middle diameter, nn| 9,4 | 34,3| 60,4| 91,6| 136 | 250 | 308 | 350
Dispersion 3,6|13,8| 14,1| 30,0| 33,6| 109,3| 150,1| 176,2
1 2/Pd, % Acti vi3mple/dg* 10

0 00| 00|00|00]| 00| 00 0,0 | 0,00
5 00, 00|00]|00]| 00| 0,0 0,0 | 0,00
10 09/12|,02|01| 00| 00 0,0 | 0,00
15 09/ 13[82]74[32] 09| 01 | 0,00
20 11| 42 |11,4|27,2|18,2| 3,9 1,2 | 1,18
25 1111} 21 |116| 90| 0,2 0,2 | 0,18
50 01/01|02|16]| 19| 1,2 0,2 | 0,18
75 00/ 00|00|02|03]| 01 0,2 | 0,00
100 00, 00|00|01|01]| 01 0,1 | 0,07
200 00/00|01|01|01]| 01 0,1 | 0,10

Reduction has carried out tmontinuous narrowing of aboveentioned interval and by this reason
summary activity has lowered with increasing content of reduced phase. That is for increasing of activity of
nan catalysts on Karbopon it is necessary to use methods of synthesis aitolt@n nanoparticles with
narrow distribution by dimensions. Mtilon has allowed to obtain marked catalysts with wide distribution by
dimensions but at this only exceptionally large particles (dimensions of which have approached to micron
dimensions) hee displayed activity.

The observed phenomenon has waited of itds expl
initial fibres by carbonization and activation of which have obtained an activated ddmous materials
possessing by differertegree of chemical homogeneity. Mtitdh is obtained on the base of grafting
copolymer acrylonitrile (50%yYiscousestople fiber [7], but Karbopon is obtained on the base of viscous
technical thread that is it is more chemically homogeneity.
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Figure 2. Low (A) and upper (B) values of border dimensions of particles displaying catalytic activity in
reaction of lowtemperature oxidation of CO:rlanocatalysts on the Mtilon:éh the Karbopon

Conclusions

Calculation by methods of mathematical statisfi®order dimensions of existence of nanoproperticles
at dispersion systems has allowed to make conclude about influence of matrix on properties of
nanosystems. Investigation of border limits of dimensions of particles displayed activity in composition
paladium-containing catalysts of lowemperature oxidation of CO on carbon fibrous materials has shown
that only particles of definite diameter (limited not only from above but also from below) have possessed
by activity. Interval of border dimensions in @eglence from nature of carbon fibre and degree of
reduction treatment can be both enough wide and also maximally narrow. Calculation of the activity
borders has open way to purposeful increasing of affectivity oftéomperature catalysis construction of
deco rational materials with functional activity for their using for purification of atmosphere of habitable
compartments in industry, transport hermeticadlgerved objects of special purpose.

Acknowledgement
Authors have expressed sincere thankfulnesgrof. M.A.Abramov (MTI, Moscow) and Mr
A. Koval ckhaurkb o di,MSvetl ogor sk, Byelorussia). for amia

literatura - REFERENCESi [ RUT f QU ULT ©

1. Gusev A. I, Rempel A. A. Nanocrystalline materialsCambridge Int Sciendeublishing, 2004L
p. 21.

2. Gusev A. |, Rempel A. A., Magerl A. J. Disorder and order in strongly nonstoichiometric
compounds: transition metal carbides, nitrides and oxid8pringer Science & Business Media,
20130 v . 47 .

3. Briot t .., Au.r,o nPxr iAmet Jfo.n eksf fDect of particle si
absorbed platinum supported on alumina. // Appl. Catalysis. 1990. V.59. Afel.-25241
Lundwall M. J. et al. The StructurBensitivity of AHeptane Dehydrocyclization on Pt/SiO2
Model Cat#ysts //The Journal of Physical ChemistryiQ012.7 v . 1176.84.. 18155
18159.
Goodman D. W. Catalysis: from single crystals
V.299/300. P.83'B48.
Kalamaras C. M., Dionysiou D. D., Efdtau A. M. Mechanistic Studies of the Wét&as Shift
Reaction over Pt/Ce x Zr O2 Catalysts: The Effect of Pt Particle Size and Zr Dopant //ACS
Catalysisi 20127 v . 1 2. 1 27292742.

4. 04 dvuut - COBAA7 683, uwftshmtse { Saifk \Hjddsd WdzdbLXlstOaigddgiQ)jlste
sCdmdzy dzdvw tsCdMd EedzjtetHO /| t OndBtss 4684024 MO
LOWodz. 20.03.1989 ¢, tfkBd 01.10.1990 ¢.

38¢



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

5. 11" ydfmdzj dzd § tcOL di3j tetso OCIsdodzr » W tCoOfputafidnal dzO dzj fj dz
nanotechnology 2 0 1 by . -1I6& .

6. t Orddiise uv. m., [EZrOd®kBjHdje [.4. [ tMskzfdr j d&jIsH
fMtej HT [/ / ovLBT20Q Iss,dz.C 69%.tc dzO dz.

7. [ Ofdz] dedzd S s9 s.1 . mdBg ymigdzfiive,.o ST 3dz0 .

e I R LA 0t Y I ISR TRRG K I N I IR AN T RO
11, 1+1 7 1+ -0 4”0 17 110
: 177 [ T
o du 7 7.1 , L. R A A A 17 1.0 T
100174, T A
reziume
PR T TR T e I (PR MOV I I IR I A BT N A T 2 YR T | L
A T e T e 2 (Y N (i I U & B S NP N N N (| B S
A I I T DN U b I "R T s R | s D R B I TR [N T B
VRS T AU 2 ARt BRI (SN BN & BT N TRLRNTE RN BN BTN I B
L ST SN N R AT S B I IR BN 010 5 IS IO BT S B T I
S N TR I P U I U | TSP NN N N ISR T & DU S H "N BV IR ST
'IA’A'IKL"‘["“'IJ"I;»'ILN"('Ivurk/»'l”n:(AL'I,‘_'f")o)'IA"'IAI—'INLLHI:;—L'AOJ
1,1, R 1 e T EE ™ P T » AT H " IR P P S B
AL o7 1700 10 " e 21T vl L L
T T s S R U (R B 2 (Y | (s I KRN S N B SR s ION N RN T R
e s s H e T i I T A R I T L A I BT S TR I I T T B N
2 RO B W AN I O § I "l T A 1.2 .01 R I O PO
'I(4!—14/11)J~1VJ|—w°'M""<L//::I’:n"‘n':_">'|>°~:~'L£'17/"|~"'|=L”'|I_.OL'IVL
] S (A 2 HEU R N IR T T N I S L IR S IR BNV TN B

LI
S IR B I

IJRC1R[ #dutusuvult 3 [OUvstRrRAZI 1¢ d6surRlIy Juu? 1 0],
16 T fJfs1odm ¢d¢svrRIRT IO L4 v
vsadte M. {ORdditse, [bkabst |. [k
md B ujimMSd2 W OCkd lsdedse j tOnofitssdioRizf figss@ds0 kd d&5. [ . v dZk ¢ B |
100174, vLBjSdMmlsOdz
tryaftr

Kjde ¢ dMmMmdzj Hise Odzd™ Wodzw jlsiw §¢0OL o dzddetstdgdls jlksdzS d
CloOddudy § ©OLdBjter OCkdody 2 yYOMmsdy dz0 otdss dzOR
Coyjfmlsej BOtedy’r dMisd Lso0ddin' ocdstdd OSCkdsod
~dBJUI MEJdB3d ~OOCIytedmMisdcORd d M ©OL dzduyud™ &q,

1 Odzs Y Ofsdyr foj HiNlsOo dzv ¥ Is e 2 OCHEs geicy Oh § dsafis
ZOds S Ols O dzclLEedstdas Qs ' dzd oo jtoj dz o dedL Sslsj o3 j ©Ols
sctOdduj ddj s ©OL Bj eso §toj HY Sdsc Odzd f)! d&3q ded BOdz' dz"
Cltster 7 tdd MBIEOd dzd MY jydoOod drr j] Mows2Mlse O dzO dzts Y

Ol dztsmls+ ) . | teOdzdydzr § ©OL d34 t6° tcOMmMmydlsr o Odzd ! 3§ Is
BsHdzd ASCtOMEO M d3j dedz" = CtstesBBYJ SO

RifMdzj Hse Odzdw™w  BCOL Odzd, yYlsts OCIdoedesfis! Mmots?2 Mmilse j dzdaC
Mz yoO] dhtf sdz' L 59 Odzdityts MasORJO] {f doly Rtizdsjidedetis®dts tcOMMydls Odz
OCIsdoe dzr n yofmisdy B' &z HBMIOlsydzss kL ts5¢. vO0Cddz BBt
fsdzd 3j edzs?2 BOItcdyr 2O Mots2Mlso © dzOdesistelzCIslzte, yls
WizdeC yd sdzOdz! dzr j°  dip dets dipesCitdd Odd W j S Isd o dzts s+ &

38¢



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3
“

SEMICONDUCTOR OPTICAL AMPLIFIER IN COMMUNICATION

David Lapherashvili
Georgian Technical University, Thilisi, Georgia

As the optical signal is translated by fiber waveguide for a long distance, it attenuated andeit@ar very

weak and photo detector of receiver would not detect signal. Optical amplifiers are key devices that reconstitute
the attenuated optical signal, thus expanding the effective fiber span between data source and destination. For
fiber optical communication needs amplifiers at electromagnetic wavelength at-1E5I0 nm. [}V
semiconductors (InP, InGaAsP) are suitable for such devices. The method fabrication and optical properties of
semiconductor optical amplifiers are studied in this work.

Introduction
The needs of communication often were a driving force of rapid increasing in studies of the physical

chemical sciences and technology, and nowadays requirements increasing enhancement in speed of
information translation cause development aoffrérections of nano science and nanotechnoloqy. Because
secure and safe communication is one of the key technologies to support our present society, quantum
information and communication is guaranteed of its safety with quantum mechanical principle and is
expected to be the way to realize secure information networks in near future.

The optical communication link comprises a transmitter, a receiver and optical fiber cable connecting
them. Optical signals are attenuated during propagation in optical fibd¥ig.1. The variation of
attenuation with wavelength of a typical modern silica fiber, absorption peaks addslavindows are
shown. As the optical signal is translated by fiber waveguide for a long distance, it attenuate and it can
become very weaknd there is a limit of about 100 km on the distance the signals can travel before

becoming too noisy to be detec{adl

Absorption
peaks,

Low-loss
windows
e I|'

Loss (dB/km) ==

|III

800 1000

1200 1400 1600
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Fig.1. Attenuation Spectrum of Silica Fibers.[1]

Optical amplifiers are devices that reconstitute the attenuated optical dipeat are three most
important types of optical amplifiers: the erbigoped fiber amplifier, the semiconductor optical amplifier
(SOA), and the fiber Raman amplifier. Semiconductor optical ampli8&4 have shown great promise
for use in evolving opti@l communication networks, especially lerggach passive optical networks (LR
PONSs). These networks can be beneficial in reducing the number of required optical line termination sites
(i.e., to a few major central offices) [2].

As can be seen from Fig.1ipber optical communication system needs amplifiers electromagnetic
waves at wavelength 1.30 and 1.86m, beret are tno single elements or binary semiconductor
compounds compatible with commercial substrates and emitting light & m@& 1.550m. Mdste
suitable materials for amplifier are complioys of IlI-V semiconductors. The principles of SOA, method
fabrication and optical properties of-M semiconductor based devices are studied in this work.
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Semiconductor Optical Amplifier

A semiconductor optical amplifier is essentially like a laser diwHere the end mirrors have been
replaced with antieflection coatingslnput and output faces of the amplifier are antireflection coated in
order to prevent optical feedback to the gain isn@dand lasing.A semiconductor optical amplifier (SOA)
is pumped with electrical currenthe injection current creates a certain carrier density in the conduction
band, allowing for optical transitions from the conduction band to the valence bandaifmaximum
occurs for photon energies slightly above the bandgap eng@s are noisier thathe erbiurrdoped
fiber amplifier and generally handle less power, however, SOAs are less expensive and are therefore
suitable for use in local area networks whéest performance is not required but cost is an important
factor.

In literature is reviewed recent progress in development of quasdtinsemiconductor optical
amplifiers (QD SOA) as ultravide band polarizaticinsensitive higkpower amplifiers, higtspeed signal
regenerators, which gives perspectives on optical amplifiers in theyaea&tation communication systems
[2-5]. The fundamental requirements imposed on the material and structure of QDs for broadband
amplification are, emission wavelengths eomg 1.3-1. 6 Om. The most extensi
system is I ndium Arsenide (I nAs) embedded in a G
amplifiers were fabricated using this system [3].

Quantumdot semiconductor optical amplifie(@DSOA) have been extensively investigated during
the last years. Both theoretical and experimental studies have proven the unique capabilities of these
devices. The Full Service Access Network and the International Telecommunication Union's
Telecommunicatio Standardization Sector have recently defined the-gemx¢ration passive optical
network (NGPON) wavelength window. Within this window, an initial future time and wavelength division
multiplexed passive optical network (TWDRON) has been identified. Andias shown, that it is
necessary for SOAs to have a 3dB bandwidth of at least 80nm to fully cover both the upstream (US) and
downstream (DS) operation wavelengths [4].

For this purpose, QD SOAs are quite suitable because they not only have freedom ehgtavel
choice like other SOAs, but also have capability to drastically expand the operating wavelength range. QD
SOAs have already realized and operating wavelength range drastically exceeding any other existing
optical amplifiers. The key feature of QD 88 which provides unusual amplification characteristics is
ultrafast gain response of QDs. Semiconductor optical amplifiers (QD SOAs) offer unique features, the
most important being the inhomogeneous gain broadening due to the dot size and straitiodigifibelf
organized QDs. This broadening caused complex carrier and gain dynamics. The important practical
characteristics are ultfast response, large saturation power, pattern effect free amplification of fast
signals under saturated conditions antplification of multi channel high bit rate signals with no cross talk
[3, 4].

QD SOA properties benefit from their discrete electronic structure consisting of a ground (GS) and
excited states (ES). Complex carrier dynamics governs the coupling betwesonfimed states and high
energy states through which carriers are fed to the QDovel theoretical timelomain model for a
quantum dot semiconductor optical amplifier, which allows simulating sub picoseconds pulse propagation
including powetbased anghasebased effectss elaborated in [5].

Fabrication of 11l -V Semiconductor Based Semiconductor Nanonterial

As was mentioned above, semiconductor alloys oY IBlements are the best materials dptical
amplifier. The object of our study are semiconductors GaAs, GaP and InP. The electro deposition method
and electron less were used for fabrication ofVilbased semiconductor devices, such as -high
frequency detector on GaA$] and infraed photodiode based on In/GaP [7]. The Technology
electrodeposition of different metals on the semiconductor surface, and the results of investigation of photo
spectral characteristics of structures obtained by annealing contactsseneitdnductorin hydrogen
environment show interesting features of spectral characteristic [8].

For measurement of the photospectral characteristics was developed and used an equipment the
principal scheme of which is shown in Fig.5., where 1 and 2 are light spi®cé and 8 are lenses; 5 is
mechanics for converting of incident light into impulses; 6 is photodiode, 7 is monochromator of type
DMR-2; 9 and 10 are selective amplifiers; 11 is detector; 12 is recorder; 13 is resistance; 14 is an object
for meaurement; 15 is capacitor and 16 is switch. The high measurement sensitivity is achieved using
synchronous detection system embedded in the equipment.
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Fig.4. The Photo absorption of In/GaP before| Fig.5. lllustration of InP nanoclasters formation ¢
annealing (1) and after annealing at 22Q2) the GaP surface

Spectral studies of In/GaP structures show, that after annealing at33B00C  the photoelectric
characteristic consists of two separated from each other regions of photosensifi2lyg and (2.6)
eV. Photoresponce of In/GaP afther anmgahit 290 OC during 3 min. at 0.2 V reverse bias is shown in
Fig.3, and tail of absorption spectera of In/GaP after annealing at 270 0C (1) and without annealing,
measured on the AvaSp2048 Fiber Optic Spectrometer is shown in Fig.5.

It is known, that GB has a number of unique aspects because its surface is unstable against loss of
phosphorous. It is interesting to study the influence of annealing on the properties of GaP based devices [6]

After deposition of metal, semiconductor wafer were annealegdrogen atmosphere during various
time at the various temperature and photo spectral characteristics of annealed structures have been
investigated. At first time was founthat after annealing of In/GaP exhibits the region of the strong
photosensitivityf], that was related with the formation of a new material (InP or InGaP nanocrystals) on
the surface of GaP via interaction between metal (In) and semiconductor (GaP) during annealing of the
In/GaP. We have no technical possibilities to approve this assamglirectly, but the mechanism of
formation of the InP NCs on the GaP surface is discussed taking into account the publications [9],
according of which PL from InP/GaP QDs have peak between 1.9 and 2 eV.

So, mechanism of nanoclasters formatting pscare not clear yet. But in [10] is presented
phenomenological model formation of the InGaP nanocrystals on GaP surface., according which the
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technology of formation of the InP nano crystals on the GaP surface (see Fig.5), consists of four main
stages: Hctrochemical etching of semiconductor surface; Electro deposition of the thin metallic film on
the freshly cleaned semiconductor; Heating of mstahiconductor contact for generation of metal
droplets on the surface, and Annealing of samples in hydrédehe last step, crystallization takes place.

Under phosphorous pressure, In droplets on GaP surface transforms into crystalline nanostructures via
phosphorous diffusion from GaP substrate to metallic droplet during heath treatment. The size and
distribution of the nano crystals depend on the thickness of deposited metallic film and on further annealing
regime, which is characterized by time, temperature, type of substrate etc. Fig.5. shows the proposed steps
of crystallization process.

Conclusion

Both theoretical and experimental studies have proven the unique capabilities of SOAs especially QD
SOAs For next generation communication. It was shown, that the excellent materials for fabrication QD
SOAs are complex alloys of the -M semiconductor. Noadays are realized and operate optical
amplifiers based on such materials, already.

From investigation photoelectric characteristics of the devices based -dhséiiniconductor was
found, that after annealing of contacts In/GaP exhibits the regithe agttrong photosensitivity, which was
related with formation of a new nanostructuredmaterial InP or In¥®al0,x,1) nanocrystals on the
surface of GaP via interaction between metal (In) and semiconductor (GaP) during annealing of the In/GaP
in hydrogenenvironment. Proposed simple technology of electrochemical depaosition of thin metallic
films of Indium and low temperature annealing may be in principle used for fabrication nano materials
based on IHV based semiconductors suitable for communicadjgplication
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POPsMANAGEMENT ISSUESIN GEORGIA

A.M.Berejiani
Ministry of Environment and Natural Resources Protection of Georgia, 6 Gulua str, 0114, Thilisi,
Georgig falestras@gmail.com

Georgia has signed and ratified tAssociation Agreement with the EU. According to this Agreement, the
parties shall develop and strengthen their cooperation on environmental issues, thereby contributing to the long
term objective of sustainable development. Policy objectives concernirggeraent of chemicals, are included

in the 2014 Association Agreement with the EU. Also, Georgia is a party to the Multilateral Environmental
Agreements (MEAS) in the field of chemicals management

Georgia has signed and ratified the Association (Agreemith the EU Association Agreement
between the European Union and the European Atomic Energy Community and their Member States, of
the one part, and Georgia, of the other part and Association Agenda Between the European Union and
Georgia) According to tis Agreement, the parties shall develop and strengthen their cooperation on
environmental issues, thereby contributing to the f@mm objective of sustainable development. Policy
objectives concerning management of chemicals, are included in the 2Qiclafies Agreement with the
EU. [6] Also, Georgia is a party to the Multilateral Environmental Agreements (MEAS) in the field of
chemicals management.

The Stockholm Convention on Persistent Organic Pollutants is a global treaty to protect human health
andthe environment from chemicals that remain intact in the environment for long periods, become widely
distributed geographically, accumulate in the fatty tissue of humans and wildlife, and have harmful impacts
on human health or on the environmeBkposue to Persistent Organic Pollutants (POPs) can lead to
serious health effects including certain cancers, birth defects, dysfunctional immune and reproductive
systems, greater susceptibility to disease and damages to the central and peripheral nerveug8kystem

The Rotterdam Convention (formally, the Rotterdam Convention on the Prior Informed Consent
Procedure for Certain Hazardous Chemicals and Pesticides in International Trade) is a multilateral treaty to
promote shared responsibilities in relation tpariation of hazardous chemicals. The convention promotes
open exchange of information and calls on exporters of hazardous chemicals to use proper labeling, include
directions on safe handling, and inform purchasers of any known restrictions or ban®r{iga#ons can
decide whether to allow or ban the importation of chemicals listed in the treaty, and exporting countries are
obliged to make sure that producers within their jurisdiction conf@]y.

In order to translate the EU Association Agreement mime specific actions, the Government
adopted the 2014 National Action Plan for the Implementation of the Association Agre€hehtational
Action Plan for the Implementation of the Association Agreement presents a road map for development of
legislation that is necessary for the implementation of EU directives that are relevant for chemicals
managemeni7]

The Ministry of Envirmment and Natural Resources Protection is responsible for the chemicals
management planning4] The responsibilities of the ministry include general chemicals management
planning and elaboration of legislation. The Ministry of Environment and NaturalResoProtection is
responsible to implement international obligations, mainly control and management of chemicals according
to the Rotterdam Convention on the Prior Informed Consent Procedure for Certain Hazardous Chemicals
and Pesticides in InternationBlade and Stockholm Convention on Persistent Organic Pollufahfso,

Georgia has signed The Minamata Convention on Mercury on October 10, 2013, but not yet r§#fied it.

Environmental pollution is one of the major issues in Georgia. Among tiidepns POPs Pesticide is
one of the important as character of those chemicals is dangerous and cause acute risk on Environment and
human healthin 1970 use of DDT was banned and to avoid further use of the chemicals Soviet time
government of Georgia de@d to build a toxic waste polygon where was taken DDT, but later all other
chlor-organic chemicals which was banned later period. According the dates from Ministry of Agriculture
who was the owner of the Polygon in that time there amount of the chemicgd n Tranches and
concrete pits where 2700t. Problem comes from the mismanagement and stile of soviet planning system.
After the collapse of the USSR the supplies of the agrochemicals stopped. To compensate a shortfall in
agrochemicals farmers/peogl@ok out the useful agrochemicals from the trenches and sarcophagi. In the
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period 1998000 and later outdated pesticides and other agrochemicals were dumped in tre20béds
Georgia was one of the country whengi Orgdant te P
(POPs) and in 2007 it was ratified by Georgian Governnht.

In 20032007 the Government of Georgia with assistance of GEF/UNDP developed draft National
| mpl ement ation Plan (NIP) on St ockthoondtm c(omQ@Rs)t.i o
NIP was adopted by the Order of Government of Georgia. According to the inventory data of UNDP/GEF
project Al nitial I nventory and preparation Nati
Georgia with POPs and Obsolete tpdes and Polygon with 2700t of banned and centralised in lagluja
polygon. Inventory was not carried out according FAO standard and no PSMS data. FAO Inventory forms
were use during the project supported by Dutch government and NGO Milieukontakt loterniat2005
2006. In 2002012 - FAO/GEF/IHPA/GC/MKI i EECCA project trained the representatives from
governmental organizations and initiated the mgmaint where food agency (MoA with collaboration of
MoE) was leading the activitiefs]

One of the toppriorities of NIP is reduction of releases of POPs pesticides. The Inventory of POPs
pesticides was defined as first activity of the action plan under this target. Moreover this issue is in line
with draft NEAP 2 document (Target 2. Reducing environmeptdiution from accumulated waste).
Situation was that total amount of POPs and obsolete Pesticides were 2700t banned pesticides + 600t
contaminated soil + 230t OP from different region of Georgia collected and taken to sarcophagus in the
above mentionedgtygon. There were still some of the sites in the regions of Georgia and total amount
known sites are 15 with up to 5t of OP. So if we summarise the situation ther@ ®aét OP centralised
in lagluja Polygon and 35 t of OP in 16 sites in differentareg of Georgia.

In 2007 state project fAlnventory
Georgiad was carried out and 50t o
central storage. 200t of ciaminated soil was disposed in lagluja Polyddh.

In 2009 second state project Al nventory, repa
pesticides in Georgiad was <carried out and 60t C
from local populatiort were repacked, transported and stored in central stgddge.

In 2009 - After complains rising from local population related to the unwillingness to have central
storage in their villageall repacked 230 t of pesticides were taken tdagkija polygon.

The ongoing Gl obal Environment al Facility (GEF
i mpl ementation plan for the Stockholm Conventi on
implemented by United Nations Emenment Programme (UNEP) in cooperation with the MENRP.
Project envisages the new POPs inventory, assessment of the existing plan and development and adoption
of the new plan, as well as public awareness raising regarding PDPs.

Within the UNDP projecfiDisposal of POPs Pesticides and Initial Steps for Containment of Dumped
POPs Pest i ci 2B@tenesiohPORsePesticidésaveére collected, packed and exported to Belgium
and France for disposal in 2014. The territory of lagluja Dumpsite was fendeithe warning signs has
been installed, lagludja chemicals landfill remediation action plan is elaborated (for site remediation and
environmental improvement three conceptual scenarios). Also, POPs inventory and Awareness raising
activities has been caed out[1]

Additional 208 tones of POPs Pesticides were collected, packed and sent to France for disposal in
April 2016 within the FAO/EU project Al mproving
obsolete pesticides as model for tacklingundsedz ar dous chemicals in the fo

Furthermore, it is agreed that UNIDO will implement in Georgia project on PCB management
(inventory, collection, packaging, disposal, public awareness raising).

In the scope of the GEF/UNDP projé@emonstrating and Scaling up Sustainable Alternatives to
DDT for the Contr ol of Vector Bor ne tikidem®estsagos i n
of viability andcosteffectivenes®f the use of sustainable alternatives of DDT was held erséfected
sites and DDT was replaced by pyrethroids.

Additionally, to meet theéhe requirements and procedures of Rotterdam and Stockholm Conventions,
the Decree of the Governmeiiton Rul e of | mport and Export of |
Pesticids and | mpl ement ation of P r was Adoptedh dbno 138622016 Co n s
(Governmental decree N263)

, repackaging
f OP from 12 t
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QUANTITATIVE DETERMINATION OF TOTAL MANGANESE IN ZESTAFONI SOIL
AND DRINKING WATER AND ABNORMALITIES CAUSED BY ITS ABUNDANCE

l.Lomsianidze L.Khvichia, B.Chkheidze
Akaki Tsereteli State University, Kutaisi
izoldalomsianidze@yahoo.com

According to the statistical indicators of the roommercial legal entity "Municipal Public Health Center"
Zestafoni residents are plagued by nervous system diseases includirg s o c al |-ieddicedi man g 8
parkinsoni smd and muscul oskel et al di sorders. The tot
mg/kg and 3045 mg/kg, and in the drinking water it is between 1.25 mg/l and 3.05 mg/l.Such amount of
manganese endarrgéhuman health

The Zestafoni ferroalloy plant was founded in 1933 on the base of Chiatura manganese ore _
pyrolusite MnQ.

Over time, due to the growth of the capacity of electric furnaces and the usegrfaldevmanganese
ore the plant has becomeeonf the sources of environmental pollution. In 19289 a gas cleaning
system was installed in the plant. It had to ensure the collection of toxic dust in the atmosphere. [3]

Today the shareholders of the plant claim that new filters have been indtiilgever, according to
statistical data provided by the roammercial legal entity "Municipal Public Health Center" diseases of
the nervous system are common among the residents of the city of Zestafoni, includingcdledso
"manganesénduced parkinsaism" and musculoskeletal disorders.

The excessive amounts of manganese compounds are potent poisons thatdamage CNS, the
cardiovascular system and parenchymal organs. [2,3].

In the early stages of poisoning extreme tiredness, weakness, dizziness, mgmaaryemt, dull pain
in the temples and the forehead area are observed. Hindered processes prevail in nervous system, liver is
enlarged and bilirubinemia is observed in blood. [2,3]

The second stagie slowed movements, distorted walking, paraesthesiaatewxeakness, insomnia,
stiffness in movements, interstitial lung disease. [2,3]

The third stagd i mangamesie ed par ki nsoni smo, serious di
mask without any emotions; movements are very slow.

Table 1 Manganese norms ¥ hours
Age Manganese daily norm in mg,
adolescent | from 2,5mg to 9mg
1-15 years | 2 mg
1 year 1 mg

Intake of 40mg manganese causes poisoning. Poisoning may be caused by the following: air, soil,
water, plant. [2]

Therefore, we aimedat determining tbentent of manganese in arable soils and drinking waters
(springs, wells) of the city of Zestafoni. Research was carried out in chemistry research laboratory of Ak.
Tsereteli State University and in laboratory of phystbemical analysis of R. Agladze shitute of
Inorganic Chemistry and Electrochemistry.

Soil and water samples were obtained within 15 km away from the Zestafoni ferroalloy plant in full
compliance with the methodology. 4 samples _ 3 km; 6 km; 10 km; 15 km; (Village of Zeda Sakara).

Methods Fol garddés and Potentiometric methods for
were used. [4]

The persulphatphotocolorimetric method for measuring total manganese content in drinking waters
was used. [1,5,6]

The soils taken for research are polit soils with low acidity pH=6. Themaximum permissible
concentration (MPC) of total manganese content for such type of soils is 500 mg/kg [1, 4]Jand 0.4 mg/l in
drinking waters.

The results obtained are presented in Tables 2,3.
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Table 2 Total manganesa ithe soil Table 3 Total manganese in the drinking waters
) Distance Potentio ' Distance Total
fromthe | Fol ga metric method The final - from the manganese
ferroalloy | Methodg/I i resultmg/kg ferroalloy ma/l
plant 9 plant 9
1 3 km 3,145 3,045 3045 1Sample (spring)| 3 km 1,25
2 6 km 2,320 2,30 2300 2Sample(spring) 6 km 2,3
3| 10km 2,010 2,10 2100 3 Sample (well) 10 km 1,25
4 | 15km 2,560 2,400 2400 4 Sample(well) 15 km 3,05
As the survey shows, the total amount of manganese in the saitinkithg water is much higher than
the standards adopted by our country (Order "~ 297
20.09. 2006 70 _ 15 January, 2014, Tbilisi).

The total amount of manganese in the soil ranges between2100 mg/kg ahdn¢g@ld, and in the
drinking waters it is between 1.25 mg/l and 3.05 mg/l.

Such number of manganese endangers human health. To get a full picture it is necessary to conduct
the second phase of researchand determine total manganese content in lefaviés ahplants
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OXIDE -MANGANESE CATALYSTS FOR SOLVING OF ECOLOGICAL PROBLEMS

V.Sh.Bakhtadze, V.P.Mosidze, R.V.Janjgava, N.D.Kharabadze, M.V.Pajishvili, N.M.Chochishvili

R.Agladze In#tute of Inorganic Chemistry and Electrochemistry of Ivaaeakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, GeorgMbakhtkat@yahoo.com

The brief review of theworks on elaboration and study of manganese catalysts for solving of
ecological problems is given. The data are presented on improvement of the technology of coating
of manganese oxides and palladium onftheagment s of alumosilicate

20X23H180. It wass hown tPl acatalyst, C@ated onothei steal,t attaing d
90-98 % at W=30. 0hour ! and at (130 160 )°C. Dispersity of manganese oxides on the plates of
alumosilicate blocks comprises nearly 100 nm

In the laboratory of catalysis of R. Agladzwe Institute of Inorganic Chemistry and Electro
chemistry the systematic researches ftioen date of its foundation (1961 year) are carried out for
elaboration and study of physicddemical processes of manganese catalysts for gas purification as
well as for realization of other chemig¢athnological processedl]. For example, for methane
conversion by water steam the colpadinganese catalyst on the basis of alumocalcium was
elaborated. The catalyst is characterized by enhanced activity, by thermal and chemical stability.
Mangarese oxides increase the catalyst stability toward to carburizing [2]. On the basis of the
concentrates of manganese natural ores the manganese -catEpsbents were elaborated for
purification of technological gases fromS3H. By ativity, adsorbtivity and by operation regime they
are highly competitive with industrial zink absorbers of some marks and by mechanical strength and
thermal stability surprass them [3].

The technology for modification of thearrier from g -6 - Al,Osz by calcium oxide was
elaboratied. Processing methods, realized in this case, allow to activate thehsskd reaction for
formation of calcium aluminates at lower temperatures, to stabilize stivéace structural
characteristics, to enhance the thermal stability and mechanical strength of the carrier [4].
basis of modified carrier Ca@ Al,Os a number of catalysts MrPd ( 1 sl1), Pd{ 1 3and Pt
(3 J slorl | s2) were elaborated with a low content (from 0.05 to 0.2 mass.% ) of noble
metal (Pt, Pd), which is mainly concentrated in near surface layers of carrier granule .
Proportional dependence between the amountinioduced palladium and the value of active
surface was shown at constant value of particles dispersiiy329; [5] .

Pilot batches of elaborated catalysts were promoted in some enterprises of chemical and
metallurgcal industry as well as in auto transport entities. Activity and some physieatical
characteristics of elaborated catalyst are presented in Table 1. As evident, thercivage
palladium catalyst (up to 0.2 mass. % B#) surprasses other samples by activity. The experience
of operative testing of the catalystl si 2 in the systems of purification of spent gases as
well as of diesel engines has shown that they may comthtea well known industrial
catalysts .

On the

Table 1L Catalyst activity in the reaction of CO oxidation (W 2@0hour?, Gca =1 g,reaction
mixture: 1% CO + air, whole granule 4.0 mm)

Catalyst mark | Temperatures of attainment of CO| Specific | Strength | Packed | Total
transformation degree, % surface, | th, density, | volume
25% 50% 75% 85% m?/ gr kg/cn? | g/ cn? gaﬁr;%res,

[1sl 151 156 159 161 98,0 114,0 0,88 0,27

1} s2 112 113 114 115 93,0 120,0 0,86 0,32

1 [ s2 151 153 154 156 116,0 125,0 0,85 0,35

} [ s2 136 138 143 152 118,0 115,0 0,86 0,.33

Mn1 Pd catalyst] 1 s1, containinga minimum amount of palladiurfup to 0. 05 mass. %)
is perspective for the use in the systems of gas purification [6] . By means of the method of

40C



sagarTvelos mecnierebaTa erovnuli akademiis macne, gimiis seria 2016t 42 # 3

electron scanning microscopy it was shown that in -Pelrcatalyst (1 sl1) the increase of
palladium conceamation from 0. 023 to 0.06 mass.% causes a nearly total overlapping of the
surface by palladium particles. In this case Pd covers exactly the surface, occupied by
manganese oxide, without penetration in the pdegsh, which are plugged by the particles of
manganese oxid&] . The characteristic property of oxide (MnO x, CoOx, CuQO) catalysts is a
synergistic result which is revealed at the addition of noble metal (Pt, Pd.oBAgh) combined
system is more active in some processes than individual components separately.

At present the granulated and monolithic systems: metallic and alumosilicate blocks have
received wide acceptance. For ioy@ment of the catalysts of cellular structure the researches are
carried out for coating of active component on the surface of block castdgsndary coating by
its further fixing.Coating technology on ceramic and rietaarriers are as yet elaborated. Below
the results of the research for creation of secondary coating on the surface of standard  ceramic
blockscellular structure and on metallic plates of stainless steel are presentgahibe oxides
are selected as asecondary coating and palladiam a promotor component.

m r
[ 4 3
4 . .
Figure 1. Dependence of CO conversion degree on

6of temperature at the catalysts:
u\i 17 Mn-Pd/ stainless steel; 12stainless steel;
X 37 Mn-Pd- alumosilicate

4ot
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For elaboration of competitive oxigeanganese catalysts for CO oxidation the works were
performed to improve the technology of coating of manganese and palladium oxides on the
fragments ofal umosi | i cat e bl ock and on stainless
the samples of M Pd catalysts in the reaction of CO oxidation was studied in the flowing
quartz reactor of 15 mm diameteatalyst volumé 1cm?, granule size 2.0 2.5 mm, volume
rate of gaseous mixture ( 1.0 vol. % of CO + air), W = 39 haor!.Oxidation degree of
CO in the case of MnPd catalyst, deposited on a stestains 9G 98 % in the temperature
range from 136e to "160% (Fig.1) . Xray phase and thermal analyses of elaborated catalysts
were performed. On the carriers surface the phase of manganese &kid®; appears in the
course of the formation of MnPd catalyst. By means of scanning electron microscope -JSM
65 10 LV the samples morphology, surface distribution of active components (Mnand Pd) in the
layer depth (no more than &§m) were studied. Manganese oxides are most uniformly deposited
on the plates of alumosilicate blocks. Dispersity of manganese oxides comprises nearly 100 nm
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CLEARING -TREATMENT OF QUARRY WATERS OF COPPER -PYRITE DEPOSITS

Rusudan Dundua, Nana Butliashvili
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Warekhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

Oresulfide depositare significansources ofoxic pollution. Loss of nonferrous and heavy metals from quarry

water compounds tens thousands of tons. Ore operations respectively cause serious economic problem and
environmental damage of are&oppersulfidedepositMadneuliis a typical examplef deposits existing
worldwide. Quarry waters of Madneuli deposkielong to lowconcentrated ones and are considered as
nonprofitable for extraction of heavy metals. By researches, cletmgiagnment of quarry waters using sulfide
methods seems perspective. The method thereby will produce-fhalsitaetallic sulfide sednent for further
processing and quarry water containing metal sulfates being below allowable concentration for reservoirs

Sulfide deposits represent one of the most significant sources of environment pollution by toxic
elements. That is caused by migratiof heavy and neferrous metals into underground waters, where
they are dispersed widely and concentrated into various environment objects. Spread scale for some of the
components varies in the range of hundreds meters upto several kilometers.

Besides, \th quarry waters there are thousands of tons of metals lost, that is serious economical
problem for exploitation.

The coppersulfide depositMadneuli (Bolnisi, Georgia)is a typical examplef deposits existing
worldwide with similar technocratic impaae the environment.

According to these researches, the indexes of the contamination of the soils and water objects by toxic
elements (Cu,zZn,Cd,Fe), in the range of ~20 km range around deposit, is much greater than maximum
permissible concentrations; vemgh level of sickness rate of population has been revealed; fish has been
disappeared in the rivers; JeBitt o c k company fAMadneul i 0 I REIG)wasent |y
repeatedly imposed to administrative sanctidn®,3,4].

From one side, thevaters represent a powerful source for contamination of region hydrographic
system, while from the other hand, quarry waters, as valuable raw materials for further technological
processing are fled intorivers and tones of heavy anderoous metals arest, during the year§lable
1).

Table 1Loss of metal from quarry watersones/year
Annual average volume of fled watetl20 n¥/hr

Cu

Fe

Zn

Cd

Pb

Co

Ni

Cr

704

1198

652

4.7

0.5

0.7

1.0

0.1

Further problem is that quarry waters of Madneuli deposit, like many other deposits worldwide,
belong to lowconcentrated ones and are considered asprafitable for extraction of heavy metals.
Nevertheless, it is critical to requegstirifying quarry wagrs down to limit of allowable concentration
before flowing them into river.

The analysis of existing methods for purification of quarry waters of sulfide deposits shows that at
present there is no efficient and economic method for purifying from theidreavy metals.

Besides, the effective method for purification of quarry waters and, at the same time, for extraction of
metals for further utilization, has not been observed.

Based on researches, processing of quarry waters of epyiter deposits byeagent, namely, sulfide
method has been assumed quite perspective.

Development of technology for complex extraction of metals from quarry waters will solve two
problems’ will purify the deposit waters and will retain the lost heavy metals back to producti

For researches, there have been utilized quarry waters of Madneuli-pygpedeposit (Table 2)

For sedimentation there has been used Barium Sulfide. Experiments have been fulfilled at room
temperature. During experiments, pH level has been meabyregHme t er wi t h NO. 01 pH =
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Results of water purification have been tested #&mic absorption spectrophotometer,
photocolorimeter, chemical analysis and by use of qualitative reaction method for high sensitivity.

There has been set optimadrameters for purification of waters: pH, BaS expenditure, sulfide full
sedimentation time.

Based on gained laboratory results, experiments have been done -#beidd¢ory scale. In total,
there have been purified35 |. quarry waters; gained ~460 golimetal supfide sediment.Based on data
from chemical analysis, composition of ba#itelimetal sulfide sediment has been estimated. Main
components of the sediment (%EuS - 5.14; 2ZnS-2.71; FeS -2.67; CdS-0.01; CaSQ®i 2.14;
BaSQ-75.6.

Table 2 Madneuli quarry water sample composition
(samples have been picked up during one year, once per month)

Sample | pH Ccuzty | Cxre, | Cre2+, | Cres, | Cznos Ccdz',
# gr./l gr./l gr./l gr./l gr./l gr./l

1 3.5 ]0.43 1.45 0.81 0.81 0.269 0.0034
2 35 |0.61 1.21 0.73 0.56 0.825 0.0054
3 40 |0.57 1.17 0.56 0.52 0.769 0.0050
4 40 |0.72 1.26 0.70 0.47 0.725 0.0049
5 3.0 |[0.96 1.64 0.46 0.61 0.700 0.0049
6 3.0 |[2.30 2.21 0.97 0.17 0.562 0.0042
7 40 |0.91 0.8 0.45 0.37 0.643 0.0043
8 35 |[2.20 2.10 0.97 0.43 0.512 0.0042
9 4.0 1.56 1.47 0.42 0.45 0.758 0.0048
10 4.0 1.23 1.92 0.45 0.67 0.656 0.0042
11 3.0 1.65 1.48 0.69 0.28 0.712 0.0049
12 3.0 1.31 1.32 0.66 0.60 0.587 0.0042
13 3.0 |0.63 1.80 0.62 0.51 0.746 0.0047

Concentration of metal sulfates in liquids gained after purification, is below allowed level of
concentration in reservoirs.

Based on gained results, there has been weaslied principal technological scheme for clearing
treatment of quarry waters. It is assumed to cover below stages:

1 Sedimentation of sulfides from quarry waters by use of Barium Sulfides;

1 Solution sedimentation and directing purified water for technical usgdoogyraphic
network;

1 Mixing the sediment to locally produced sulfide deposit enrichment product or delivering it to
metallurgic production, after drying.

Technological scheme will be very simple and will not require big capital expenditures
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NEW APPROACHES AND TOOLS FOR REHABILITATION OF CHEMICALLY
CONTAMINATED SOILS

M.Kurashvili, T.Varazi, M.Pruidze, G.Adamia, N.Gagelidze,
T.Ananiashvili, M.Gordeziani, G.Khatisashvili
Agricultural University of Georgia, Durmishidze Institute of Biochemistry and Biotechnology, David
Agmashenebli Alley 240, Thilisi, 0159, Georgrakurashvili@gruni.edu.ge

The main idea and novelty of presented work is development a novel approach for rehabilitation of chemically
contaminated soils. The approach based on using natural minerals composites which are comprised of natural
mineral rocks, natural bsurfactants, microorganism strains having high detoxification ability and plants
phytoremediators. It has been established that soybean and alfalfa together with selected bacterial consortium
and natural biosurfactant are the best tools for phytoremeuliatisoils polluted with oil hydrocarbons

INTRODUCTION

Nowadays global chemical pollution of the ecosystems biosphere, waters, and soil tops the hazardous
level. Succesfully and ecologically friendly method of cleansing of environment is a phytoremediation
selection and purposeful planting of those plants, which roots provide to uptake and enzymes to transform
the molecules of toxicants from environment [1].

Phytoremediation in comparison with other nonbiological and biological technologies has great
advantages. Nowadays is very actually to use complex approaches, which provides effectiveness and
successful of remediation technologies [2, 3].

The goal of the presited work is to elaborate the new technological approach of phytoremediation for
soils polluted with petroleum hydrocarbons (crude oil and wax), based on application different tools for
improving of this technology: 1) detoxification abilities of micraamgsms; 2) plants with high assimilation
ability; 3) natural biosurfactant for enhancing long chain hydrocarbons assimilation by plants; 4) natural
sorbents for avoid deep contamination of oil. Attention have been paid to enhancement of soil fertility,
which improves microorganism and plant growth conditions and is important for bioremediation processes
providing soil total rehabilitation.

MATERIALS AND METHODS

Microorganisms

Microorganisms of different taxonomic groups have been screened on soliguath@dreas contained
crude oil and wax. Microorganism collection cultures of Durmishidze Institute of Biochemistry and
Biotechnology as well as strains freshly isolated from polluted soils have been tested. After incubation in
cultivation area the conceation of residual pollutants have been estimated due to the gravimetric,
chromatographic and spectrophotometric methods. The criteria of strains selection at screening have been:
1) colony production ability; 2) lomass accumulation potential; 3) poliotsidegradation ability; 4) ability
to use carbon atoms of toxic compounds as the only carbon source.

Plants

The following plant species were tested as vegetation to be used for purposeful planting during our
investigation: alfalfa Medicagosativg and sybean Glycine maX. The plants were cultivated by the
hydroponic method, on the running water [4].

Determination of total petroleum hydrocarbons

For analysis of total petroleum hydrocarbons (TPH) content in samples have been measured by
Soxhlet extraction and gas chromatography with electron capture (ECD) and flame ionization (FID)
detection [5,6].

Investigation of sorbents

Standard methods weregied to define physichemical features (volumetric weight, porosity,
displacement, filtration characteristics, oil absorption potential, absorption dependence on temperature, pH,
etc) of rocks [7].
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RESULTS AND DISCUSSIONS

Absorption ability of mineralsBentonite and Zeolite and their composites for oil were studied. In
composites ratio of minerals was the following:ioB/Z in ratio 2/3. Application of mineral composites is
important in case of all types of contamination, as, on the one handigmifscant from the viewpoint of
prevention, and, on the other hand, it creates favorable conditions for growth of vegetation. After
introduction of the composites into the upper part of the soil and as a result of subsequent watering, the
composites becoenswollen and stimulate growth and development of vegetation at the corresponding
stage of phytoremediation.

As a result of screening 20 strains of bacteria are selected according to their abilities to effectively
assimilate oil hydrocarbons at their grbwbn media containing crude oil or separate individual
hydrocarbons (alkanes:eis, CsHis, CiiH24, CisHzs, CiaHzo, CisHs2 and GeHss, arenes: benzene and
toluene). The capability of selected strains and their consortia to utilize oil hydrocarbons waiddte
by their submerge cultivation in nutrient media with crude oil (3%) as the sole source of carbon. Most
efficient combination of bacterial cultures is the consortium consistedPsghdomonaandRhodococcus
strains.Using of bacterial consortia fdrioremediation of soil contaminated by oil hydrocarbons and wax
has been tested.

Model experiments.In field experiment the soil polluted as a result of the accidental spill near of
Baku-Supsa oil pipeline were used. In these samples were added differennts of waxThe joint action
of plantmicrobial consortium for phytoremediation of soils polluted with oil hydrocarbons has been
studied in model experiments. Four plant species (alfaltize, ryegrass andgoybean) together with
bacterial consortium(Rhodococcus sp. M0227, Pseudomonas sp. TP 335) were tested on soils
contaminated by oil hydrocarbons with long chainse{Go). In tested variants the levels of soail
contamination with TPH were equal from @30 to 117 000 ppm. Initially, suspensionnaicroorganisms
was inoculated in soils. Plant seeds were sowed aft86 3fays of bacteria introduction. Periodically soil
samples were analyzed on TPH content (Fig.1 and 2).

50000
Alfalfa and BR1

45000

TPH, ppm

40000

35000

30000

25000

20000

17500 17200
I
15000
10000
5000 3800 3784
0
TInitial After 1.5 months After 3 months Initial After 3 months
contamination contamination
TPH Long chain alkanes

Fig. 1. Model experiment #1:Phytoremediation of soil artificially contanmated withcrude oil and waly
using of alfalfa, bacterial consortiurRljodococcusp. 50 HPseudomonasp. 6R67 and preparation of
BR1 (complex of biosurfactants produced by straiRleddococcusp. 50, concentratioin0.01%).Initial
contamination osoil by TPH- 43000 ppm, by long chain alkanes of wiat7 200 ppm; duration of
experiment 3 months
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Fig. 2. Model experiment #2:Phytoremediation of soil artificially contaminated wittude oil and waly
using of soybean, bacterial consortiudséudomonasp. 6R67 +Bacillusspp) and preparation of BB2
(complex of biosurfactants produced by straiBatcilusspp., concentratioh 0.01%).Initial
contamination of soil by TPH was 1000 ppm, by long chain alkanes of wia%8 500 ppm; durationfo
experiment 3 months

The effect of soil cleaning by presented technology equ&li2%8 bymodel experiment # land 85
92% by model experiment #2.l1t has been established that soybean and alfalfa together with selected
bacterial consortium and natural biosurfactant are the best tools for phytoremediation of soils, polluted with
oil hydrocarbons. Bacterial consortium consistiRigodococcusp. MO227and Pseudomonasp. TP 335
is best remediation agents among tested microorganisms.

The chromatographic analysis of soil samples (initial contaminatiod3000 ppm of TPH;
contaminated soil is treated by bacterial consortium (RhodococcdGR27 and Pasdomonas sp. TP
335). Duration of remediation: 2 months) show that in case c®GBppm initial contamination in the
beginning of remedi ation the ratio betwme@e) Al i gl
decreased from 8713 to 6: 94. These results indicate that the assimilation gfs@ydrocarbons take
place mostly during bioremediation, than phytoremediation.

Periodically, in model experiment the content of microorganisms was controlled. In period of
bioremediation (120 day) bactakicontent in soil was decreased. It has been supposed that for efficiency of
bioremediation process the maintenance of normal level of mineral nufridiPK in soil is required.

CONCLUSION

Bacterial consortium consisted wiRhodococcusp. MO227 andPseudomonasp. TP335 appeared
to be the best remediation agent among tested microorganisms and their consortia. In soils contaminated as
a result of oil pipeline spills (levels of contamination: from0@® to 117 000 ppm) after treatment by this
consortium the contamination is decreased by928%. The assimilation ofGs hydrocarbons takes place
mostly during bioremediation. It has been established that soybean and alfalfa together with selected
bacterial consortium and natural biosurfactant are thiet@als for phytoremediation of soils, polluted with
oil hydrocarbons.
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NUMERICAL SIMULATION OF DISTRIBUTION OF ARSENIC DISCHARGES INTO THE
TSKHENISTSKALI AND LUKHUNI RIVERS FROM INDUSTRIAL WASTES

Aleksandre Surmava, Leila Gverdtsiteli*, Nino Bagrationi*
M. Nodia Institute of Geophysics of thdadvakhishvili Thilisi State University,
*Georgian Technical University;
aasurmava@yahoo.com

Numerical simulation of distribution of arsenic discharged into the Tskhenistskali and Lukhuni Rivers will be
executed by using nostationary linear thredimensonal equation of transitiediffusion of substances in
continuous medium. Model is intended for the study of distribution of polluting agents in mountain rivers in the
first approximation Distribution of arsenic thrown into those rivers near the Uravi loildashi villages is
modeled using numerical experiments in case of stationary sources

Introduction

The Tskhenitskali River and the Lukhuni (inflow of the R. Rioni) Rivers have an important role in
the economy of the Georgian Republics. Theytheesources of the drinking water and are intensively
used for agricultural and industrial purposes. In the bank of these rivers are located at old abandoned
arsenic warehouses, those cause a pollution of waters of those rivers. Therefore, theyates thiigests
of high ecological risk factor. .

The developed countries widely use the software packages for investigation of surface water pollution
and the optimal control systems4]. These packages are mainly elaborated for large water bodieserequir
a special personnel training and are difficult for the use in case of mountains rivers.

According to [4], in [5], a simple numerical method for calculation of diffusion of passive admixtures
to Kura River was elaborated. In the presented work use nfbfelis investigated a kinematics of
propagation of contaminant in the Tskhenitskali and Lukhuni Rivers.

Formulation of the Problem

For numerical modeling of the pollution distribution the uppeants of the Tskhenitskali and Lukhuni
Rivers are divided into 8 and 6 hydrological conventionally uniform sections, accordingly. It is assumed
that each of the riverds section is a |inear can
Therefore, in this sections the distribution of pollution may be described by trdiffiision equation
according to [4, 8]

c c a, = o&c &c,
(") +ui O( +Wo Q _tx C“)(z C"zz (1)

i+[y @Zi +tz

where t is time; X, y, and z are the Cartesian coordinates; x axis is horizontally daiectgedhe river
flow; y is the horizontal axis directed perpendicularly to the canal; z axis is directed upward vertically from
river bottom; wi s t he riveroés flow velocity at [ section

along y axis; w is the velocity of sedimentation of polluting agefit,, { , and { ,are kinematic
coefficients of turbulent viscosity along the X, y and z axes, respectively;tle concentration of the

contaminant in the i section of river.
The river water velocity jun each river section is known, which is constant value along the axis X,

and changes along the y and z axes as follows(X,y,z) =1.5U ,*sin(A y/Y;)sin(0.5 z/H;).

Uio=constis the known value of the river water velocity in the i sectiorandl Hare thewidth and depth of
the section i. 14, Yi, Hi are taken from [6]. Since the values of coefficient of turbulent diffusionskinenitskali
and LukhuniRivers were natletermined on the basis of observation data, we used the values given in [7] as follows:

t, =586.4210 % m¥s andt y=1,= 5@557210° m¥s for territory with complex mountain relief.

For integrating of equation (1) the corresponding initial and boundary conditions are used: the
concentrations of the contaminant in the points of discharge source and at the initial time are known values.
The gradient of concentration in the end pointsadtions x = K, in the river bank, surface and bed
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points y=0, 10 and z= 0,10 are equal to zero, respectively. The concentrations of the contaminant during
the whole interval of time of spilling at the source points are known values. An ioflonbutaries into
the rivers are taken into account using change in the parameieYs &nd H.

The numerical integration and solution of equation (1) is made using the split method and balance
numerical scheme [8] on the rectangle numerical. grhe grid step along the x axis is equal to 50 m., the
grid steps along y and z axes are equal to Yi/11 and Hi /11, respectively.

Results of simulation

For investigation of kinematics of contawofi nant
numerical experiment were conducted. First, were considered the case when the contaminant is discharged
into Tskhenistskali River in the points located near village Korundashi. The concentration of the arsenic is
equal to 0.006 mg/l in the area of thellution source during all modeling time. Calculation shows that
during the first 6 hours is established qgt&tsatic distribution of the arsenic concentration. In the Fig. 1 the
spatial distribution of arsenic Concentration is show. It is shown theeatmation is maximal in the areas
in vicinity of the two sources of discharge (0,005 mg/l and 0.011 mg/l). The concentration decreases along
the river stefoy-step in the transition from one section of river to another due to the dilution in the
watersof the influx of small rivers and sedimentation. In the result the concentration of the arsenic at the
end of 35.6 km section of Tskhenistskali River becomes equal to 0 0.0001mg/Il.

0:014-0. 007

0.006-0. 005 Fig. 1. A distribution of the
‘m arsenic concentration (mg/l) in
(Log g 0o the Tskhenistskali River from

Korundashi till Mami

Fig. 2. A distribution of the
sediment arsenic surface density
(mg/m?) in the Tskhenistskali
50400 from Korundashi till Mami.
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In Fig. 2 The distribution of the surface density of the sediment arsenic on the bottom of the river
Tskhenistskali during 30 days is showy. By this figure, it is possible to conclude the spatial distribution of
the surface density of the sediment aiseis quality analogical to distribution of the volumetric
concentration: the surface density is maximal in two areas in vicinity of of discharge points and gradually
decreases along the river flow.

Fig. 3 Shows the arsenic concentration obtained by noahesimulation gradually decreasec from
Uravi to Ambrolauri. The maximum concentration 0.011 mg/l is obtained in two points in vicinity of Uravi
Village and decreases with removal of these. The rapid decrease of concentration takes place in vicinity of
the points of discharge. The area of rapidly decreasing concentration is about 100 m.

0.011-0.007 R
0.007-0.004 X

0.011-0.007 =

Hinxxe

0.007-0.005

mn0.002_0.001 ‘, R R ¢

_ Lk AL
— ODONSY O Zemo 8an

Butiey: iiavainzal OC gleearth

f3emo Cxxnana

Fig. 3. Distribution of the arsenic concentration (mg/l) in the Lukhuni Ringen Uravi till Ambrolauri

Discussion.

On the basis of nonstationary thhdienensionh equation of mass transfer the numerical model of
transfer of carsenic through Tskhenistskali River and Lukhuni River is elaborated. The model is created for
the sections of 35,6 km and 23 km length of Tskhenistskali River and Lukhuni, accordingly. The
numerical experiments that investigate the kinematic features of distribution of pollution are carried out.
Some parameters characterizing the process of pollutants diffusion are obtained by means of these
experiments, namely: times necessary for passingarate sections by contaminant and times
establishedquasitatic distribution of arsenic.

It should be noted that calculations are carried out for average annual river flow velocity. This fact
limits the area of application of this model becausevitlecity of water flow for mountain rivers may
change in wide area in relation with the precipitations taking place in the basin of the separate tributaries.
Such limitation can be overcame by two ways: first, for each section the velocity of flow caleuiated
using the equation of river water momentum, or sedobg database for velocities of flow observed in
different situations must be created by means of hydrological observation and these data must be used in
equation (1). It is necessary alsoditain semtiempirical formulas for kinematic coefficients of vertical
and horizontal turbulence of mountain rivers and to conduct numerical simulation with the using. of them
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STUDYING THE CONTAMINATION WITH HEAVY METALS AND THE TOXICITY LEVEL
OF ARABLE LANDS IN THE INDUSTRIAL REGION OF GEORGIA BOLNISI -KAZRETI
USING MODERN TEST METHODS

Rus.Gigauri, Sh.Japaridze, N.Gigauri, T.Gogiberidze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Bawekhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia
gigaurirusudan@gmail.com

The arable | ands of Geor gi a6 s-Karetie(Madnewi @pperl and Gold d u st r
Mine), which are generally irrigated by the River Mashavera, have been studied. The waste water of the above
mentioned mine is discharged into the lands. In spite of the fact that the enterprise is engaged in the water
treatment, an averadevel of contamination with heavy metals is still being observed. Copper tenfold exceeding

the MCL is dominant. The constantly accumulating and soluble forms of heavy metals are fixed in soil by the
TCLP and WET standard methods. The soil-iragation (ring) and intensive irrigation (summer) periods

have been studied and compared. The spectral and atomic absorption analysis methods have been used in the
study. The currently established ecological monitoring system will, hopefully, further improve itiegex

situation

A consumer approach to and improper use of soils contributed to the further worsening of the
situation. Almost all Georgian soils are known for a deficiency of a balance of nutrient elements that is so
required by plants. Humus, tre general internal structure, is the soil fertility indicator. Our scientists
have studied the soil fertility rate (nutrient elemamnitsogenphosphorus, potassium) in the regions of
Georgia. It has been found that poor soils constitute 50% of thestohnd. A subject of global research
is the regulation of the cycle of nutrient elements and humus in the soil, study of the preservation and
recovery of their contents.The enhancement
of the composition indicators of the nutrient
areas of soil microoanisms, or nutrient
elements is possible with due regard for the
relief and scheduled yie[d, 2].

Fig. 1. River Mashavera

Our aim was to determine the
contamination with heavy metals and the
toxicity level, solubility, valence and
acidity of Bolnisi-Kazreti arable lands, their
forms and prevalence.These regions of Kvemo Kartli (Bekésireti) have been under emergency
conditions for years as one of the industrial regions. A particular example is the Madneuli-Golaper
Mine, the waste watef which is discharged into the River Mashavera. Another source of contamination is
the irrigation system of the River Mashavera, the only source of water supply to the Kvemo Kartli
croplands. The soil samples were taken in the spring and autumn, o aefl after the irrigation. The
maximum allowable concentrations (MAC) of heavy metals in soil are given below as a table.

Table 1 Maximum allowable concentrations of heavy metals in arable lands
Si |Al |Fe [ Mn | Ni Ti Cu Pb Zn Cd Sn Sb | Ag
MAC -3 -3 -3 -2 -5 -4 -5 -6
7518.8/80|01 |5810|0.57 4710 |1.610|8.310|1.310| 2.510| 510 | 7-10

At the initial stage, the soil samples under study were subjected to the quantitative spectral analysis for
the content of heavy metals. The concentrations of heavy metals were foundto be increased. Below given
are the results of the quantitative specralysis:
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Table 2 Results of the quantitative spectral analysis of soil for percentage of heavy metals before and after irrigation

Soil samples taken # Si Al Fe Cu Zn Pb Mn Ti Ni Cd Sb | Au
in v. Natevani 70 |12 | 7.0 |0.05 |0.01 000101 12 (0021 |1 [i
before irrigation 70 |12 |70 010 [001 0001014 |12 [o002]|7 |7 |7

Soil samples taken
in v. Natevani
after irrigation

72 | 125 | 8 0.10 | 0.02 | 0.001|0.1 15 |0.02 |7 T T
72 | 125 | 8 0.15 | 0.02 | 0.001 | 0.15 13 002 |7 T T

NP, Wk

If we compare the given data with one another, we shall see that in case the irrigation system of
Mashavera River is used, the concentrations of heavy metals are increased. The dominant el@ment
- has been distinguished, which is one of the toxic fdredeiments. MAC of the following elements is
exceeded: Gu0-20-fold, Al- 1,5fold, Ni- 3,5fold, Zn- 1,5fold, andTt 2,0-fold. The studies continued
to identify the movable or soluble forms in soil, using the test methods (TCLP and WET standactfs), wh
implies the heavy metals leaching procedure under conditions of constant mixing with a magnet mixer[3].
The leached solutions were subject to the spectral and atomic absorption analysis. It has been found that
heavy metals in the process water areoinlde sulphate forms. When in soil, their solubility is low, which
should be caused by the high concentration of calcium. AbcQ08® of constantly accumulating heavy
metals remain in soil [4].No less dangereous is the constantly accumulating in spibtiigy of heavy
metals, which finally leads to tlmntamination and infertility of soil

. N ” . .
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CHEMICAL COMPOSITION OF MINERAL WATER ASHARI OF VILLAGE BABILI ,
LENTEKHI DISTRICT

Manuchar Chikovani, Mariam Kurasbediani

A.Tsereteli Kutaisi State University
Kutaisi, Georgia, email: atsu@atsu.edu.ge

Concentration of ions in the mineral watenvifage Babili, Lentekhi District, was determined by use of various
methods, namely complexonometric titration @2+ andMg?*, mercurometric titration and acidometric method

for CI' andHCOs', Re z ni k o v &.sConuentrationsdf bfogenic substaes were determined by means

of photometric analysis: Nes s | e NHS Griess aeagenttfoNGyas us e
diphenylamine foNO3', ammonium phosphomolybdate f80:*. No biogenic substances were discovered in

the selected wateramples. Concentration of dissolved oxygen was determined by iodometric titration. Total
concentration of organic substances was determined by the method of permanganometry (oediattmm

titrations). The concentration of abovementioned ions is wahilormal range and the water can safely be used

for human consumption

Humans strived for perceiving the nature of mineral water scince ancient times. Production of natural
mi ner al waters is one of the mos tan digeifeahtly coptribsite ct o r
to the development of the whole economy.

Lentekhi district is located in West Georgia, at the southern slopes of Central Caucasus, namely
Svaneti Ridge, in the upper part of Tskhenistskali River basin. The district is didtieduisth humid
climate with cold winter and quite long cool summer. Mountainous relief is conditioned by ramification of
neghbouring ridges. Lower areas represent river gorges, mainly characterized by mountanous subtropical
and glacial relief. The northerborder of the district passes by Main Caucasus (dividing) Ridge.
Altitudional zonation is observed due to the mountanous relief of the district with humid and cold climate
and abundant snowfalls in the highest altitudes.

The main river of Lentekhi Distt is Tskhenistkali, the head of which is located in the Main
Caucasus Range. The floods are observed on springs and conditioned by melting of snow in mountains.
Mainly mountainmeadow soils are observed in the area. Village Babili is located in LentekinnGnity
(3 km. from Lentekhi) on the south slope of Svaneti Ridge, on the right bank of the river Tskhenistskali [1].

Water is an invaluable resource and always was considered as a source of life on the Earth. Today
humans use the recourses of biospheraévelopment of production and building a welfare society. In its
turn the technical progress gives rise to deep changes in biosphere, which may affect human health .

There is no chemically pure water i tothesudacenat ur
groundwater dissolves various substances. The natural water represents a solution, which contains the
substances of various nature and condition. Hence, the study of natural waters requires knowledge of main
characteristics of solutions.

Before using water for human consumption it needs to be deeply analyzed. In order to assess water
quality it is necessary to determine its physio@ichanical properties and chemical composition, carry out
organoleptic evaluation [2].

In order to study thepeeutic activity of natural mineral waters and their influence on the human
organisms first of all it is necessary to determine water characteristics. The main parameters are ionic and
gas composition, temperature, and radioactivity. As soon as theseepasaare known, it is necessary to
determine the content of unique microcomponents in order to establish functional relationship between
these microcomponents and other substances of mineral water. Mineral waters are formed deep
underground and reach therface due to hydrostatic or gas pressure.

One of the most important subjects is the stages of formation of mineral water. The same mineral
water formed under influence of different environmental and natural processes may significantly vary in its
chemi@l composition. The mineral waters formed deep underground and closer to the surface may differ
in content of specific microcomponents. The high temperature of the mineral water may not be accepted as
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a proof of formation in deeper earth layers as surfaaters may as well infiltrate into ground and
respectively the temperature of such water becomes much higher. Physical and chemical processes
undergoing in the Earthoés crust do noticeably cl
these process determine the difference in composition of various mineral waters [3].

The population of village Babili for drinking purposes consumes the Ashari mineral water and it is
very important to determine its chemical content.

The aim of the study was to intigmte hydrochemical characteristics of mineral water of village
Babili, Lentekhi District, wich was carried out according to international standards.

The analysis was carried out at the Laboratory of Analytical Chemistry of the A. Tsereteli Kutaisi
StateUniversity with the application of weknown and approved methods of hydrochemical analysis of
groundwaters [4].

pH of the water samples was measured by use of potentiometric titration.

Concentration of chlorine ions was established by application ofunmenetric titration (indicator
diphenylcarbazone).

Content of bicarbonates was determined by use of acidimetry (indicator rosdhge).

Concentration of calcium and magnesium ions and general hardness of water was determined by
means of complexonomettitration. The impact of heavy metals was avoided by adding sodium sulfide.

Content of bi ogenic substances was establishec
reagent was used for determinatioNtds*, Griess reagent fodO,', diphenylamindor NOs', ammonium
phosphomolybdate fa#O,*. Rezni kovds met hod was appl[bied for d

Total concentration of organic substances was determined by the application of permanganate and
bichromatic oxidation. Concentration ofissolved oxygen was determined by means of iodometric
titration.

Content of SO/ ions in the water samples was determined by means of gravimetric analysis
(sedimenBaSQ). The results of analysis are given in the Table 1.

Table 1L Concentration oome ions in the Ashari mineral watdrvillage Babili, Lentekhi District

Concentration of ions, mg/I Odl
pH i T : ;
Oxidability Dissolved Mg?* | C&* | HCOs | CI' | NO; | NOS | NHs | POF | SO I
oxygen
5.6 | 1.92 0.98 17.25 | 3.45 | 19.96 | 0.73] - - - - 0.0034 | 0.85

According to the results of analy$W,', NOs', NH4*, PO,* ions were not discovered in the water of
village Babili. The concentration of the remaining ions was as folldgg" - 17.25 mg/l,Ca* - 3.45
mg/l, HCOs' - 19.96 mg/I,CI' - 0.73 mg/l,SO - 0.0034 mg/l,I" - 0.850O g/l. Content of dissolved
oxygeni 0.98 mg/l, oxidabilityi 1.92 mg/l. The concentration of abovementioned ions in water samples
is within a normal range and the water can safely be used for human consumption
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ANTIMICROBIAL METABOLITES OF ENDOPHYTIC YEAST FUNGI AFFECTING THE
TASTE AND SPOILAGE OF WINES

Natia Barbakadze, Liparit Dolidze, Nino Kavtaradze, Tamar Dgebuadze, Maia Japaridze, Avtandyl Dolidze
Petre Melikishviliinstitute of Physical and Organic Chemistry at Iv. Javakhishvili Thilisi State University

Volatile phenols, which are related to the wine production and are responsible for the aroma of the wine, were
early extracted from the yeast fungi. Lately it vpaieved that the yeast fungus Picchia Guilermondi that grows

on the plant Paris Polyphylla var. yanasesis, is able to yield the same metabolites in the process of fermentation,
which simultaneously lead to wine spoilage. Besides, antimicrobial activithesfet metabolites has been
confirmed, which is perspective with the view of their further application

The biologically active substance APaclitaxel o
the last century (1993) was successfully extradiesn the fungusTaxomyces andreanae. Many
researchers devoted their researches to endophytic fungi and consequently many biologically active
substances were extracted and investigated which were characterized by valuable antimicrobial,
insecticidal, cytatxical and anticancer activity. In its turn, endophyte fungi are fungal microorganisms,
which along their whole lifeycle or its section form externadr innercellular colonies on parempiant
tissues not inciting plant diseases [1,2]. Lately endapHuingus Pichia guilliermondii extracted from
medicinal herlParis polyphylla var.yunnanemas attracted specific attention. Metabolites of this yeast are
widely used in winemaking and are known for their specific antimicrobial activity.

Paris polyphylla var.yunnanensigrhizoma)

Pichia guilliermondii under microscope

The role of the endophytic funguRichia guilliermondii for wine taste improvement should be
emphasized. In recent years wine is intensely considered in special scientifitute as a food product
and while assessing its quality the greatest significance is attributed to biologically active subistances
phenol compounds, organic acids, amino acids, aromas (congenital, fermentation or acquired), sugars
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according to the cdants of which the wine types are distinguished, carbon dioxide , which affects taste
properties, proteins, which threaten wine with turbidity and destruct wine stability, various extracted
substances, which are nonvolatile compounds and guarantee hiigh ofuaine. Phenol compounds and

the products of their transformation actively participate in the process of wine type formation at all stages
of its making and storing and directly affect its taste, its flavor, color, transparency. While somewhat high
content of phenol compounds is necessary and makes positive impact on the formation of taste qualities of
fortified, dessert or some other types of wine, their excess concentration makes adverse effect on the
quality of Champagne type wine materials, resuittheir oxidation and alters their taste.

At the initial stage of wine fermentation the yeast fungi, and in parti€utdria guilliermondiiare
capable to form volatile phenol compounds, which, as it was noted above, provide for wine taste properties.
Yeast and bacterial biota metabolism somewhat change wine organoleptic properties at the fermentation,
ageing and storing processes [4]. In theirn, volatile phenols are formed from the main components
accompanying grape syrup, alpha cumarine, caffeine and ferulic acid. These acids can be metabolized at
the impact of various microorganisms intevidyl derivatives, which can be transformed inteethyl
derivatives by means of enzymé&ydroxycinnamate carboxylase and vinyl phenol reductase [6].
Hydroxycinnamate carboxylase is in great quantity in various yeasts and other microorganisms, while vinyl
phenol reductase till present was associatdy with the specieDekkera bruxellensiand Dekkera
anomala Currently activity of phenol reductase is also associated witlC#mglidaVersatilis Candida
fermentaticand Pichia guilliermoniispecies. In distinct frorD.bruxellensis ability of thisvariety to form
volatile phenols in enologic conditions is scarcely studied. According to the available literature data phenol
aroma is sharply felt in the new red wine, which is in immediate relation with high possibility of formation
of Pichia guilliermandii colonies at the initial state, at spontaneous fermentation [7].

Besides, 3 steroids and 1 triterpenoid of antimicrobial activity have been obtainedPitbia
guilliermondii. They belong to innovative source of natural significant biologically actilestances for
agriculture, medicine and food industry. Identity of biologically active substances isolated from endophytic
fungi was determined by physieghemical and spectrometric methods Helvolic acid revealed the highest
antimicrobial activity tovards wide spectrum of microorganisms, suchBagillus subtilus, Escherichia
coli, Helicobacter pylori, Pseudomonas vesicatoas)well as anti fungal activity tAternariabrassicae,

Botrytis cinerea, Candida albicans, Colletotirchum gloesporioides, fiwsagraminearum, Phytophtora
capsici and Valsa ma[B-4]. Helvolic acid extracted frorRichia guilliermoniiis the main antimicrobial
component of endophytic funguis all 27 perspective compounds were extracted from the above stated
endophytic fungusyhich can be used further.

The above referred properties of the endophytic fungi metabolites are perspective for food industry
and medicine and many branches of science with the view of their practical application, which still greater
increases the intest to these metabolites and contributes to intensification of researches towards the study
of the mechanism of the action of antimicrobial substances, physiological role of these fungi, content of
metabolites and strategic resolution of terms for agraknt of fungal cultures, while on the base of the
available data we can state convincingly, that the practical role of metabolites of endophytic fungi is
important for the progress of many branches.

Paris polyphylla spread in Georgia and many endemécbs were found this year on the territory of
Thilisi National Park (village Saguramo). Preliminary experiments proved the feasibility of practical
application of the taste properties and-@piilage effect of extracts obtained from these plants
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Rvinis gemur Tvisebeb  ze da gafuWebaze momqgmedi endofituri safuari
sokoebis  antimikrobuli metabolitebi

maTia barbagaZe, Iparit doliZe, nino gavTaraZeT amardgebuaZemaia jafariZe ,
avTandil dolize
Iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetijpetre meliqiSvilis fizikuri
da organuli gimiis instituti

reziume
Rvinis warmoebasTan dakavSirebuli safuari sokoebidan adre gamoyofili iyo aqgroladi
fenolebi, romlebic gavlenas axdenen Rvinis aromatze. aseve dadasturebulia am
metabolitebis antimikrobuli aqtivoba, rac perspeqtiulia SemdgomSi gamoyenebis
TvalsazrisiT. arseb uli monacemebis safuZvelze calsaxad SeiZleba aRiniSnos, rom
endofituri sokoebis metabolitebis praqtikuli roli mniSvnelovania mravali dargis
ganviTarebisaTvis. mimdinare wels Thilisis erovnuli parkis teritoriaze (sof. saguramo)
moZiebul igna sagarTveloSi ga vrcelebuli yvavisTvala Paris polyphylla da sxva endemuri
mcenareebi. winaswari cdebiT dadasturebulia am mcenareebis eqstraqtebis gemuri Tvisebebisa
da gafuWebis sawinaaRmdego mogmedebis praqtikuli gamoyenebis SesaZleblobis Sesaxeb
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DEVELOPMENT OF INNOVATIVE NUTRITIONAL FUNGICIDE COMPOSITE WITHOUT
COPPER

Ketevan Kochiashvili, Natia Barbakadze, Maia Japaridze, Maia Stepanishvili, Liparit Dolidze,
Rusudan Tsiskarishvili, Avtandyl Dolidze
Petre Melikishvili Institute of Physical and Organic Chemistry at Iv. Javakhishvili Thilisi State University

Developmeh of modern fungicides of nutritive properties is a top priority for the progress of agriculture.
Application of natural resources guarantees ecological security and reasonable price of the composite. Besides,
application of phosphites and phosphates dmuites to the reduction of migration of undesirable compounds in

the soil and prevents their transition to human food cycle. On the basis of preliminary experiments, samples of
natural phosphorite formations of Georgia have been selected and feasibilggepdration of optimal
concentration composites has been proved

Presence of heavy metals in food is one of the urgent problems of the modern world and is rather acute
for Georgia too. Heavy metals fall into food through various ways, inclysigearations used for plany
protection against pests and diseases. Fungicide mixtures used in plant protection, which contain the
second class dangerous heavy metal, copper are of contact effect. In case of precipitation the preparation is
washedi off (leached) into soil. Besides, copper is accumulated in the soil, plant and fruit. Systematic
application of Bordeaux mixture for decades resulted in excessive accumulation of copper, which finally
was expressed on wine materials too. Therefore it became agcesslevelop new fungicides void of
metals to replace copper in it. With this in view, it is possible to use phosphor containing natural resources
which will improve plant nutrition and will have fungicidal properties simultaneously. Preparations made
on the base of phosphaorites efficiently act as fertilizers and fungicides, simultaneously.

It is universally know that there are rather abundant reserves of phosphorites in the world and their
transformation into phosphites is not a problem. In Israghearcoastal zone of the Dead Sea, as well as in
other countries phosphorite strata were exposed which have been used for production of phosphorous
fertilizers and phosphoric acid. This practice is used in other European countries too [1]. We have to note
that phosphorites are found at the Azerba(peorgia border, along the river lori, on Eldar valley
(according to the data of 1927)}§2] . Later these data were sti-l| mo
containing strata on the Eldar valley are dividltd separate horizons. Phospltontaining rocks are also
found in the west Georgia, in Tsageri and Ambrolauri regions, in the basins of Tskhenistskali, Lajanuri and
Rioni rivers. Information is available about presence of phorphsorite reserves onitbaeeof Adjara,
Godogani (Imereti) and Lechkhudivemo Svaneti [6]. Experiments proved that deposits exposed in west
Georgia are not less interesting with the view of phospbataining rocks. Irrespective of the fact that
useful industrial propertiesf this material were proved back in 60ies of the last century, phosphorite
deposits of Georgia have never been extracted.

Phosphoicontaining substances are very significant sources for plant nutrition. Phogpt@j)ésare
used namely with this purpesPhosphite$PO;)*> resemble very much the phosphates, but phosphite, in
distinct from the phosphate is not assimilated by the plant as a source of phosphor, therefore its application
for phosphoideficient plants is not recommended. Chemically thesgooands are similar, but phosphate
has one more oxygen atom, which absolutely changes its properties and reactivity. Phosphates are
phosphorous salts and ethers. There are orthophosphates and condensed phosphates, which contain mort
than one phosphor atomreate bond -P [7]. Phosphates are widely used in production of phosphorous
fertilizers, synthetic detergents and some medicinal preparations. Phosplaining natural rocks are
also used in the world practice forsitufixation of harmful wastes.

Phosphates form insoluble compounds in the soil as a result of which only small portion of phosphor
is consumed by plants. Similarly complex is assimilation of phosphor by plant leaves (spraying), since it
hardly passes through cuticle layer (in case dhggum phosphate). Phosphite compounds (potassium
phosphate) are generally used as water solution. Elevation of phosphor mobility in plant tissues and soll
proceeds thanks to three oxygen atoms. They can affect all parts of a plant: leaf, stem aRdssiots.
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xylem and phloem it reaches all bodies of a plant and phosphites are easily consumed by the whole plant
[8]. Experiments proved that regular and stagee application of phosphites as a part of complex
approach for the struggle against plant dissasignificantly reduces cases of diseases and gravity of the
progress of diseases. Phosphites obtained from phosphoric acids are distinguished by their phototoxic
action. This is why prior to their application they are treated with neutralizing subghcitessium
hydroxide) that results in the formation of potassium phosphite. Assimilation of potassium contributes to
the improvement of plant nutrition. This compound is a goodstiioulator and significantly reduces
formation ofMicrodochiumnivale

In 2010, experimental land plots were created in Russia (Moscow) where supervision was performed
over three lawn grasses, together with the assessment of plant diseases and grass quality. According to the
data obtained on the basis of field and laboratoryeements, in case of application of potassium
phosphate incidents of diseases were reduced at 50%.

Application of the widely used fungicide Chipco Green jointly with the organic fertilizers PK Plus
hinders to disease formation, and alongside with it, shaavious forms of disease inhibition and possible
synergic effect. Sharp improvement of quality index was observed on all sections treated with phosphites.
There are two versions of action of phosphites on plants: direct, as a fungicide and indirstimakair
through plant protection mechanism. It was shown, that in case of application of 100 mkg/L phosphate
concentration the mycelium growth is blocked completely, while at the application of a weaker
concentration destruction of hyphae was obseritedlas shown that after ledéeding of the plant by
phosphites, energy was actively assimilated and accumulated in leaves. The complete systemic mobility of
tissues and the fact that in plants phosphite was not transformed into phosphate was alsh f#iserve

Lately t he pr e-phay bt bb éPhytopBi@a) pvas dereloped in the Ukraine
containing potassium and phosphor forms easily assimilated by plants, which are vital for plant growth and
development. At the expense of the preparation #&gtiyilants develop natural stable resistance to
pathogens; at the same time stimulation of protecting mechanism against phytophtora, fuzarioses,
rhizoctonioses, pitium and other diseases takes place. The preparation supports the plant in the creation of
immune system. These fertilizers are distinguished by specific efficiency for prevention of diseases.
Addition of organic acids to phosphor and potassium special formulations enables the plant to use
efficiently nutrients, improve root system develop and#bsutrients from soil. It is the accessible source
for potassium and phosphor and simultaneously the efficient means for the struggle against plant diseases.

On the basis of preliminary experiments the specimens of natural phosphorite rocks were, selected
which after due treatment were used for development of nutfitivgicidal composites. Their application
as phosphorous fertilizers (Kakheti, Adjara, Lechkhumi) contributed to sharp increase of the yield.
Repeated check up of fungicidal properties enpkd. At the same time some versions of the composite

formul ation wil/ be pr®cised and the economicall
application
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inovaciuri mkvebavi fungiciduri kompoziciis FSemuSaveba spilenZis gareSe

geTevan goCiaSvili, naTia barbaqaZe, maia jafariZe, maia stefaniSvili, liparit doliZe,
rusudan ciskariSvili, avTandil doliZe
v. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti/jpetre meliqiSvilis fizikuri
da organuli gimiis instituti

reziume
mZimemetalebis Semcvelobis gareSe Tanamedrove fungicidebis SemuSaveba prioritetuli
amocanaa. preparatebs fungicidur TvisebebTan erTad unda gaaCndeT sasugis Tvisebebic.
multifunqgcionaluri preparatebis SemuSaveba xels Seuwyobs sasoflo -sameurneo warmoebis
rentabelobis amaRlebas. bunebrivi nedleulis gamoyeneba ganapirobebs ekologiur
usafrTxoebas da preparatis misaReb Rirebulebas. amasTan erTad mniSvnelovania fosfitebis
da fosfatebis gamoyeneba niadagSi arasasurveli nivTierebebis migraciis Sesamcireblad, raTa
ar moxdes maTi gadasvla adamianis kvebis ciklSi. winaswari gamocdebis Sedegad SerCeulia
sagarTvelos bunebrivi fosforituli plastebis nimuSebi da dadasturebulia preparatis
optimaluri kompoziciis miRebis SesaZlebloba
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ANALYSIS OF SCIENTIFIC PRODUCTIVITY AT THE MESO - AND MACRO -LEVELS
Levon Chobanyan, Teimuraz Chubinishvili, Nelly Makhviladze, Alexander Phatsatsia

Georgian Technical University, Institute TECHINFORMI, Thilisi, Georgia,
tech@caucasus.net

The most important instrument for solving science management problems is analysis of scientific activity
efficiency at both the microlevel and the mezmd microlevels. Upon analysis of the scientific activity of
researchers based on individual quantitative parameters, such as publishing activity (number of published works
in high-ranking journals), citation index, taking into account of the scientific dineadf a researcher or a
research team acquires a particular interest. For example, an average number of citations per journal in the world
flow of publications for different fields of chemistry can diffet6&imes. For a scientometric analysis, taking

into account scientific directions of an individual researcher and the research team, the effective citation indexes
H* and I* have been introduced

The most important instrument for solving science management problems is analysis of scientific
activity efficiency at both the microlevel, that is for an individual researcher as well as at theamédso
macrolevels:for scientific groups and departments, large scientific collectives (universities, institutes, etc.)
and the State as a wholejl

During the lasdecades, in general, an analysis of scientific activity of researchers based on individual
gquantitative parameters, such as publishing activity (number of published works -iramhiiging journals)
and citation index, has become rather pop@id]

As pracice shows, the formal analysis on the basis of such quantitative parameters can produce a
di storted picture of the schol ar dés scientific é
researcherds activity i ndeysedil@lE whereasxip ealculatingptheg ni o1
guantitative scientometeric characteristics, of most importance is to take into account such parameters as
self-citation (direct and indirect), number of-aathors, time distribution of published works, etc.[12,13]

In our opinion, of special importance is the taking into account the scientific field/discipline of the
researcher. For example, an average number of citations per article in the world flow of publications can,
depending on the discipline, differ more rthaeven times. As a result, the average citation indexes of
scholars working in different scientific fields will significantly differ and formal analysis of their activity
will give a distorted account.[14,15 ]

Similar problems arise when comparing sci@ntactivity characteristics for different chemistry
branches.

Underlying Table gives data on the average citation per paper for Georgian scientists working in
different branches of Chemistry. The Data is based on the Database of Web of Science (WOS). The
average is calculated for the following three time intervals: 288®, 20052015 and 2012015.

1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 [13 |14 |15

196071 2015

TC 2152|100 | 252 |77 |194 | 177|296 | 522 | 307 |89 |156 |32 |132 | 168 | 82

ATC |58 |279]175|1.7 |48 |46 |57 |27 |46 |69 |30 |22 |78 |6.2 |55

200571 2015

TC 1210249 |8 |35 |38 |127 |76 |138 |70 |16 |35 |6 50 41 |21

ATC |58 |174]135|3.2 |6.1 |37 |50 |27 |34 |62 |33 |13 |42 |60 |41

20101 2015

TC 12093|32 |56 |24 |15 |52 |35 |54 |33 |7 17 |1 30 16 |9

ATC |58 |140/115/18 |39 |16 |28 |19 |24 |14 108 |50 |50 |20 |50
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In Table we denote: TC accumulative citation value and ATC Average Time Cited per one article
for some Chemistry branch. Also we denote Column 1AibrChemistry branches, 2 Biochemical
Research Methods,-3Chemistry, Analytical, 4 Chemistry, Applied, 5 Chemistry, Inorganic & Nuclear,

6 - Chemistry, Medicinal, 7- Chemistry, Multidisciplinary, 8 Chemistry, Organic, 9 Chemistry,
Physical, O - Crystallography, 1t Electrochemistry, 12 Engineering, Chemical, 13Physics, Atomic,
Molecular & Chemical, 14 Polymer Science, 15Spectroscopy

The table shows that the average number of citation per paper depends significantly on the research
branches.

In particular for the branches BIOCHEMICAL RESEARCH METHODS and CHEMISTRY,
ORGANIC the average citation differs by more than 6 times.

In addition, we think that in a number of publications, upon comparison of the scientometric
characteristics ahe macrolevel, the scientometricindexes used at the microlevel are being applied totally
unfoundedly. This leads to serious mistakes in analysis and distortion of the real picture.

Theauthorsofthearticlehaveintroducedascientometric indlexthe effective mdividual hindex
(HirschH;*, taking into account the scientific field of a researcher [15] and developed the effective citation
index methodology/procedure. Further, in a linear approximation of the function of dependence of the
number of citations of gublication on its number in the list ordered according to the number of
citations/quotatior@(n), the ratio of the effective citationindex to the standardihdex was obtained:

u
H*H = a
wherel is the tangent of(n) slope and£ = is the ratio inversely proportional to the average number of
citations per article in theskientific field.

Thelinear approximationof the function Q(n) does not lead to a reduction in the accuracy of results,
because the behavior of the funct@()in the point n=H is what finally constitutes our interest.

The produced expressioooincideswith the result receivable with the frequently used hyperbolic
approximation of the functio@(n).

The computationsmade on the experimentalGeorgian Scientistdlata file demonstratedhat a
difference of the guess of the valdgt/ H from its denotation does not exceed 20%, while the mean error
makes 8%.

As an example, for a researcher working in the scientific fieldMATERIALSSCIENCE and whose h
index is H=3, the H* camputation results will de0.47, an#=4.03. Asaresult, forthe effective value of the
h-index we shall receité*=6.

The developedmethodologyof introducing the effective individual citation indexes can be also
applied to other individual bibliometric citatioelated indexese-index, gindex, heindex , hiindex[18-

20]

On the basi®f conductedexperimentaresearchwve havearrivedto a concusionthat the effective
citation index I* obtainable by modernization of thindlex concurrently introduced by Kosmulski [16]
and Prathap[17] is the most expedient for analyzing the efficiency of scientific activity at the -naezb
micro-levels.

The I-citationindexis determinedasfollows: a scientific institute or a group of scientists have the |
index equalingm, wherem is the maximum number of the set {n}, whose every element satisfies the
condition:the team membership inclugessearchers whosedividual hrindex is no less tham

For accountingscientific fields wherein the membersf a groupareengaged, its necessaryhat the
effective value of thedmdex rather than its individual value be used for each group member.

Thus, determinationf theeffective citation indeXx* will look as follows:

ThecitationindexI* is determinedasfollows: ascientific institute or a group of scientists has the I*
index equal ton, wheremis the maximum number of the set {n}, each element of whichHé&sbndition:
there arenresearchers in the group with the individual effectivedex not less than.

At the further stagesof researchour aimis to investigate the effective values of theillidex, being
based on other types of individual citation érds for the approximate calculation ofiltdexes. The
possibility of approximatecalculationis importantfor facilitating analysis of the effective characteristics
based on the output data of the international science citation indexes.

Further, theresultsobtainedfor the experimentalgroupsof scientists should be compared with the
independent expert opinions.
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Theaforesaidprocedure®f scientometri@nalysisvererealized on the following database:

Bibliographic descriptions of Georgian sciergisi publ i cat i onWebofrSciehck,e dat
Scopus/Google Scholar,as well as on the basis of statistical data on the world flows of scientific periodicals
in the subsystemWebofScienic&ssentialSciencdndicators.

However, acomplete solution of a problem of scientometricsupport of the Georgian science
management system requires that the articles published by Georgian scientists in the Georgian scientific
periodicals need also be analyzed.

This will require standardization of the processes of prapan and publication of the Georgian
scientific periodicals as well as the development of a Georgian Science Citation Index.

The developments should be carried out based on the generated datalda@és(difjital object
identifier) [21] andORCID (OperResearcher and Contributor #ystems]22]. Theinformationcontained
in the DOI electronicdocument contains its location indicator (e.g., URL), its name, and other object
identifiers.ORCID s a register of unique identifiers of research&RCID is aninstrument connecting the
scientific activity of researchers with their identifiers.

In addition, documents in a database should be indexed on the basis of standard international
classifiers of scientific periodical.

The works on the implementation of thforesaid tasks are intended to start on the basis of scientific
periodical published in the Georgian Technical University and to be extended, in the future, to the
publications of other universities, research centers and publishers of Georgia
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CONDOLENCE
Petre Melikishvili Institute ofPhysical andOrganicChemistry mourns the loss of the head the
laboratory of agrarian chemistryDoctor of Chemical Scienc&partk Urotadze 25.061943
28.092016), which wasan outstandingscientist,faithul friend and helpful responsive person,
and expresses its condolences to his family, friends and colleagues
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U R R I N B "
J u r n a IsaqarTvelos mecnierebaTa erovnuli akademiis macne. gimiis seriao aqveyneb
statiebs gimiuri mecnierebis dargSi garTul, inglisur da rusul enebze; mimoxilvebisa da
informaciuli xasiaTis masalebis warmodgena SesaZlebelia saredaqcio kolegiasTan
SeTanxmebiT. gamosaqveynebeli masalis moculoba, formati da misi warmodgenis sxa pirobebi
SeTanxmebuli unda iyos pasuxismgebel mdivanTan,avtorebma tegsti unda warmoadginon
eleqgtronul formasi, Microsoft Word failis  (*.doc an*.rtf) saxiT, naxazebi da suraTebi £ Sav
TeTri grafikuli (*.omp, *.dib, *.jpg, *.gif da sxv.) failebis saxiT. samecniero statiebis
avtorebis dasaxmareblad redaqciis mier gaTvaliswinebulia rogorc standartuli
eleqgtronuli formatebi samive enaze, ise sxva tegnikuri momsaxureba. Chemical Abstractsa
(inglisur enaze) da sagarTvelos referatul JurnalSi (q arTul da inglisur enebze)
statiis referirebisaTvis avtori valdebulia gaiTvaliswinos Sinaarsobrivi rezumeebis
momzadeba orive enaze.
saredaqcio kolegiasTan SeTanxmebuli safasuri unda iyos gadaricxuli ssip sagarTvelos
mecnierebaTa erovnuli akademiis angariSze mimRebi bankit saxelmwifo xazina, mimRebis
dasaxeleba t xazinis erTiani angariSi, bankis kodi t TRESGE22 mimRebis saxazino kodit
708777499, daniSnuleba £ Jur nal Amacneso qimiis seriasi stat
aucilebelia mieTiTos avt  oris gvari vinc ixdis Tanxas

INFORMATION for AUTHORS

The | oRraceedings ofi the Georgian National Academy of Sciences. Chemical se¥ies i s
publishing articles in a field of chemical sciences in Georgian, English, and Russian, reviews and
informational/advertizing materials may be submitted after consultations with the Editorial Board. Volume,
format, and other details of contribution are to be discussed with the Executive Secretary; Authors submit
texts of articles in a form of MicrosofiVord files (***.doc or ***rtf), figures and pictures as
monochrome (*.bmp, *.dib) or black/white (*.jpg, *.gif, etc.) files. To help Authors of scientific articles,
standard Georgian, English, and Russian formats are provided as well as other taviteaduse support.

For references of the article in the Chemical Abstracts (in English) and in the Georgian Abstracts Journal
(in Georgian and in English) authors are obliged to foresight substantial summaries in both languages.
Agreed with the Editorial Bard publishing expences are to be paid afTitesury of Georgia (bank code
TRESGE22)n the account of the Georgian National Academy of Scigneesivercode708777499)
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