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SUMMARY
The electrode processes for obtaining manganese dioxide, dependency of the anode potential on current
density and nitric acid concentration for the electrolysis of nitrate solutions have been studied.
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PE3IOME
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SUMMARY
Dependency of potentials for the hydrogen evolution on the cathode current density and nitric acid
concentration, in the process of electrolysis of nitric acid solutions has been studied.
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PREPARATION OF FURFURAL BY DEHYDRATION OF D-XYLOSE IN THE PRESENCE
OF HETEROGENEOUS CATALYSTS
Neli Kalabegashvili, Gulnara Balarjishvili, Dali loseliani, Lia Samkharadze, Liparit Dolidze
1. Javakhishvili Thilsi State University
P. Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
With the purpose of furfural receipt was carried out dehydration of D-xylose on natural alumosilicates
available in Georgia, hydrogen form of mordenite and on gumbrine treated by 1H HCI under following
conditions: temperature 140+~180°C and pressure 3+5 Bar. Test duration was 3-6 hours, water-toluene ratio
—1:2,5+1:3,5. In case of mordenite were established optimum conditions of reaction, during which yield of
furfural was equal to 55%: water temperature 170°C, water-toluene ratio 1:3, test duration — 4 h. With
participation of gumbrine under mentioned conditions the yield of furfural was very low.

MOJYUYEHUE ®YPOYPOJIA JETUJIPATAIIMENA D-KCUJI03bI B IPUCYTCTBUHA
I'ETEPOI'EHHBIX KATAJIM3ATOPOB
H.I" Kana6eramsuum, I'.W.banapmkuieuiy, JI.K.Mocenuanu, JI.O.Camxapanse, JI.A. lonunze
Tounucckuii 2ocyoapcmeennwiii ynueepcumem um. M. /icasaxuweunu
Hnemumym ¢uzuueckoii u opeanuueckoti xumuu um. I1. Menuxuweunu

PE3IOME

C uenpto nonydenus pypdypona Oblaa mpoBeneHa aeruapartaids D-KCHUI03bI Ha  CYIIECTBYIOIIHUX B
I'py3un mpupoaHBIX aOMOCHIIMKATaX, HA BOJOPOAHON (popMe MOp/ieH!Ta 1 Ha TyMOprHe, 00paboTaHHOM
IN HCIL, B ycnousix temmeparypbl 140+180°C u gaBnenust 3+5 Oap. [Ipoao/KMTENBHOCTH OIBITA
cocTaBlisuia 3-64, COOTHOLIEHUE BOABI U Tonmyona — 1:2,5+1:3,5. B ciryuae Mop/JieHUTa OBUTH YCTaHOBJICHBI
ONTHMAJIbHBIC YCIIOBHS pEaKIMh, BO BpeMs KOTOpoH BbIxoJ ¢ypdypona cocraBmi 55%, TemmepaTypa
Bozel 170°C, cooTHOIIEHHE BO/IBI M TOJIyona 1:3, MpomoiKuTeNnsHOCTh onbita 4 4. C ydacTieM ryMOpHHa
BbIX0J] pypdypora B yKazaHHBIX YCIOBHUSIX ObUT OUCHb HU3KUM.
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THE STUDYING PROCESS OF THE POLYETHILENTEREPTELAT’S SOLIDITY DURING ITS
MECHANOCHEMICAL DESTRUCTION
Avtandil Porchkhidze
Kutaisi A. Tsereteli State University
SUMMARY
Is studied the polyethilentereptelat’s membranes solidity during their mechanochemical destruction. Is done
the experiments on the polyethilentereptelat’s models in the 10 and 45% KOH’s solutions in the different
tension and temperature conditions. Is shown, that the membranes solidity is influenced by their stretch ori-
entation. For instance, it’s less when the stretch membranes are parallel to the orientation rather than verti-
caly stretch membrane in the same conditions.

MN3YYEHUE MNPOYHOCTHU NOJUITUJIEHTEPE®TAJIATA IIPU EI'O
MEXAHOXUMHWYECKOM JECTPYKIIUU
A.Ilopuxumze
Kymauccxuii I'ocyoapcmeennwiii Yuusepcumem um. Ax. Llepemenu
PE3IOME

NzyyeHa mpoYHOCTh TUICHOK MOJIMATHIICHTEpedTaNaTa IPH MEXaHOXHUMUYECKON AecTpyKIMH. [IpoBeaeHbI
SKCTIIEPUMEHTHI Ha oOpasuax monudTmwieHTepedranata B 10 u 45% pacrsope KOH B ycnoBusix pa3zHoro
HaNpsDKEHUS. U TeMIlepaTypbl. YKa3aHO, YTO Ha MPOYHOCTh TUIGHOK OKAa3bIBACT BIIMSHHE HaIpaBiICHHE
pacTsHKEHUH, B YACTHOCTH OHA MEHbIIIE MTPH PACTSHKEHUH B HANIPABICHUH OPUEHTAIIUH TICHOK.
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mga06gdom. Jomdo ©Mds  sJi938meos  0,7993 sJBozsgool gbgdacom, bome  Fomamo- obgmo  mbemo-
0,00393. <I11> 8odscrorgemgbon  GaAs—ols béwol Lohdstols gsbews, Lbgs  dobstrgggdolisash  3s6Lb3s39800
o393t Te-ob  lgadgasool 39530300680 Bgd30658sL.  dmbe 3oliBamgdals  bewol  Lohstol  (33eomgdom
39bEgbrom 603739080  EmbmMgdols  ©s 83933 mEdals  3mb396EGs0gd0l  gBmBsbgmals  Lafobssmdmgame
(33moggdsl. 83 bgdboo domgdmem ofbs  aslif3ozo  dodstomadon  gHmagzetimgsbo  bsbgg@ewobmematgdmmo
GaAs-ols dmbmyéoligsemgdo.

0563390060039 3036~ s M3BmgemgdE©mbogol dow{gzado 360d3bgmmmabsr asbsdommds GaAs—ol ws dols
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030 [363m0g96L 30 s bagggbl gdo@eJlon®o  ggbgdols asbebMmgms, sMsdge  sJBom@  gemgdgb@ s
dogmo Gogzo Lo ddnegdolamgols (dsy.: n-i-n, p-i-n, p-n-i-n s Lbgs).

dmsmmdosbo  GaAs—ols  dobspgdse  asdmoggbgds  dobo  magaodgdol  Igmmeo  olgmo  dobstrgzgdom,
Gedmgdoy 936dser e Bmbsdo  J3bosh m@ds gemgd@erge ©mbggdl, dsa. Cr, O, Cu, Fe [1-4]. $gdbmeomaon®
363989080 gemgzemolfobgdnmos, Gmd dsmo  3Mb3gbBMs(30s  Mbos  sFsMdgdregl  gsbMorm  3MobBemgddo
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309396Ls300ls batolbol dJmby dsmsgrmdasbo GaAs—ol domgdol Bglsdemgdenmdsls admggs.
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300396300 Cr-ol 303963300l (33e0egdols  Lofabssmdpgame  ©s  sda3sMe, dogommo  Log®dogo
96033563m369001 3Jmby dmbeg@alsBsemo.
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6039dq60l  sdmges s by Imeols @ 3sb-EyM-3sgls dgmmegdon  gergddemuebognto  3s6sdgBdgdals
30Bmdgze.  8BLbmsb  gobmdzol  3Gmigldo  Lobsomobs s gsty  3s@sbodmgmo  gemgddOm-dsgbodygeo
b9 J990980Lbsash  ©s330L  doBboo  (6odnBol  Fobsmmds =108 =dols ®0g0bss),  30g76gdmom  L3oemgbdols
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PECULIARITIES OF ALLOYING SEMI ISOLATED GaAs WITH Cr AND Te DURING GaAs GROWTH
Tengiz Qamushadze, Shota Mirianashvili, Nodar Kekelidze, Zurab Chubinashvili, Leonti Gabrichidze
Ferdinand Tavadze Institute of Metallurgy and Materials Science,

Ivane Javakhishvili Thilisi State University

SUMMARY
We get GaAs by double alloying Cr and Te. Cr is deep acceptor with 0.79ev activation energy, while Te is thin donor
with 0.003ev. With growth of crystal enlargement, causes reduction of segregation coefficient of Te, unlike from
other admixtures. While monocrystals growth rate changing, concentration of donors and acceptors was changing the
opposite way. This way we managed to get some kind of longitudinal semi isolated GaAs monocrystals.

OCOBEHHOCTMU JEIr'TPOBAHUS XPOMOM U TEJILTYPOM B ITPOLIECCE BBIPAIIIUBAHN S
MHOJYU3OJIMPYIOLIEI'O GaAs
T.J1.Kamymanze, I1I.M.Mupuanamsuiu, H.P.Kekenunze, 3.H. Uyounamsunu, JI.JI.['abpuannze
Hucmumym memannypeuu u mamepuanogeoenus um. @epounanoa Tasaose
Tounuccxkuu I'ocyoapcmeennwitl Yuueepcumem um. Heans Jcasaxuweunu

PE3IOME
Mg nonyyanu GaAs METOIOM JABOWHOIO JISTHPOBAHHS XPOMOM U TeJTypoM. Cr sBJISeTCS TIIyOOKHM aKIIEIITOPOM, C
sHeprueit aktusaiuu 0.79¢ev, B To BpeMst kak Te ToHkuit goHop ¢ 0.003ev. YBenuueHue CKOpOCTH pocTa Kpucraiia B
OTJIMYUH OT IPYTHX MPUMECeH, MPUBOJUT K YMEHBIICHUIO Kod(duimrenTa cerperamuu Te. [Ipy v3MeHEHHH CKOPOCTH
pOCTa MOHOKpHUCTAJIIa, KOHIICHTPALKs IOHOPOB M aKICNITOPOB MEHSETCS B NMPOTHUBOIMOJIOKHYIO CTOPOHY. Takum
00pa3oM, HaM yIasioch MOJyYUTh OMHOPOIHBIH 10 AJTMHE MOHOKPHCTAILT NONY n3oiupytomero GaAs.
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CHARACTERISTIC FEATURES OF BORON CARBIDE OXIDATION
Tengiz E. Machaladze, Madona G. Samkharadze*, Nino A. Kakhidze*
Ivane Javakhishvili Thilisi State University
Rafael Agladze Institute of Inorganic Chemistry and Electrochemistry
*AkakiTsereteli Kutaisi State University
SUMMARY
Using thermogravimetric method, the oxidation process of boron carbide by heating up to 1000°C has been
studied. Investigation of the samples with different density showed, that the thermal effect of oxidation
decreases with decreasing density.
OCOBEHHOCTU OKUCJIEHUSA KAPBUJIA BOPA
T.E.Mauananze, M.I'.Camxapanze*, H. A.Kaxunze*
Tounuccxuii I'ocyoapcmeennvlil YHugepcumem
Unemumym Heopeanuueckoui xumuu u dnexmpoxumuu um. P.U. Aenaoze
*Kymaucckutl I'ocyoapcmeennwiii Yuusepcumem um. A.Llepemenu
PE3IOME
TepMOrpaBHMETPHUECKEM METOIOM H3ydeH MpOLECC OKHCICHHs Kapbuma 6Gopa HarpeBammeM 10 1000°C.
lopsunMm mpeccoBanneM KapOupa Oopa momydeHbI 0Opaslbl C Pa3sHOM IJIOTHOCTBIO. YCTAHOBJICHO, YTO C
YMEHBIICHUEM IIJIOTHOCTH YMEHBIACTCS TEIUIOBOH 3¢ (deKT okucneHus kapouna oopa.
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PHYSICAL CHEMISTRY

BIOSORPTION OF Cr(VI) BY Arthrobacter globiformis DURING GROWTH IN THE
PRESENCE OF Zn(II) AND BIOSORPTION OF Zn(Il) BY Arthrobacter globiformis

Eteri Gelagutashvili, Aleksandre Rcheulishvili
Iv. Javakhishvili Thilisi State University, E. Andronikashvili Institute of Physics
0177, 6, Tamarashvili St., Thilisi, Georgia, eterige@gmail.com

The biosorption of Cr(VI) by Arthrobacter globiformis in the presence of Zn(II) during growth of
Arthrobacter globiformis and biosorption of Zn(Il) by Arthrobacter globiformis were studied simultaneous
application dialysis and atomic absorption analysis. It was shown, that for Zn(Il)-Arthrobacter globiformis
biosorption constant is less, than for Cr(VI)-Arthrobacter globiformis, but biosorption constant for Cr(VI)-
Arthrobacter globiformis increased during growth in the presence of Zn(Il) ions. This means, that Zn(II)
significantly affect the biosorption of Cr (VI) -Arthrobacter globiformis.

Cr(VI) is soluble, very toxic, mutagenic, and carcinogenic to humans [1]. Cr(VI) being a serious
threat to human health and able to spread readily beyond the site of its initial generation as a water-soluble
waste through aquatic systems and groundwater, is considered a severe pollutant [2].In environments
polluted with Cr(VI), microorganisms must have efficient systems for neutralizing the negative effects of
this form of chromium [2]. The systems involve detoxification or repair strategies such as Cr(VI) efflux
pumps, Cr(VI) reduction to Cr(III), and activation of enzymes involved in the ROS detoxifying processes,
repair of DNA lesions, sulfur metabolism, and iron homeostasis[3]. A culture of Arthrobacter sp. was
tested for its ability to sorb copper, cadmium, and iron ions, and chemical modeling of experimental data
was used to interpret the mechanism of biosorption[4]. Arthrobacter species strain FR-3, isolated from
sediments of a swamp, produced a novel serine type oxidase. The purified free sulfide oxidase activity was
completely inhibited by Co(II) and Zn(II). In [5] was shown, that Chromium reductase activity of
Arthrobacter rhombi-RE strain was associated with the cell-free extract and the contribution of
extracellular enzymes to Cr(VI) reduction was negligible.

The biosorption of Cr(VI) by Arthrobacter globiformis in the presence of Zn(II) during growth of
Arthrobacter globiformis and biosorption of Zn(Il) by Arthrobacter globiformis were examined in this
study simultaneous application dialysis and atomic absorption analysis.

Materials and Methods
Organisms, culture techniques, metal analysis methods, data analysis are the same as have been
described previously [6].

Results and discussions

The linearized adsorption isotherms of Cr(VI) and Zn(Il) ions for Arthrobacter globiformis at room
temperature are shown in Fig.1 by fitting experimental points. Freundlich parameters evaluated from the
isotherms with the correlation coefficients are given in table 1. The data in table 1 show a significant
difference between the binding constants for Cr(VI) and Zn(ll) Arthrobacter globiformis. (Biosorption
constants for Zn(Il) and Cr(VI)_ Arthrobacter globiformis are 0.12x 10™, 3.4x10™ respectively). It is
seen, that for Zn(Il)-Arthrobacter globiformis biosorption constant (K) is less, than for Cr(VI)-
Arthrobacter globiformis. It is seen from table 1 also, that bioavailability increases in the presence of Zn
ions for Cr(VI)-Arthrobacter globiformis. Biosorption constant (K) for Arthrobacter globiformis in the
presence of Zn(II) is 8.1 x 10™. Correlation coefficient is more 0.95 in both cases. The binding data are in
good agreement with literature data, by which biological ligands are generally polyfunctional and
polyelectrolytic, with an average pK value between 4.0 and 6.0 [7]. The presence of other cations (in our
case Zn(Il)) increased the uptake of the target cations by bacterium. Such effect from other cation (Zn(Il))
suggest that at least ion exchange is one of the mechanisms responsible for metal uptake by such
Arthrobacter species. This has implications for the selection of Arthrobacter species for indrustrial
applications.

Different species of bacterium displayed a different sorptive relationship. Biosorption is often
followed by a slower metal binding process in which additional metal ion is bound, often irreversibly. This
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slow phase of metal uptake can be due to a number of mechanisms, including covalent bonding,
crystallization on the cell surface or, most often, diffusion into the cell interior and binding to proteins and
other intercellular sites. Biosorption may be associated not only to physico-chemical interactions between
the metal and the cell wall, but also with other mechanisms.
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Fig. 1. The linearized Freundlich adsorption isotherms of Cr (VI) ion-Arthrobacter globiformis+Zn and
Zn(Il)-Arthrobacter globiformis. ((C, is the binding metal concentration (mg/g) and Ciuy is initial Cr
concentration(mg/1).

Table 1. Biosorption constants for Zn(Il) Arthrobacter globiformis and Cr(VI)- Arthrobacter globiformis
during growth in the presence of Zn(II) ions at 23° C

Cr(VI) Zn(II)
Biosorption Correlation | Biosorption | Correlation
constant K coefficient R | constant K coefficient R
Arthrobacter globiformis 3.4x10™ 0.96 0.12x 10" 0.97
Arthrobacter globiformis+Zn(11) 8.1x 107 0.96 - -
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00mbm®d30s Cr(VI)-ob Arthrobacter globiformis dogm dsgd@gbool kol 3Hmegbdo Zn(1I)-ob ombgdols
0565md0LAL s BoMbeMdE30s Zn(Il)-ob 0mbgdol Arthrobacter globiformis s®bgdMmdoLal  Igbfogerowo
0gdbs  ©0oobBobs s SEHMIMO-50LMMBBFOMO  SBseoBOl TgmMmEIdOL gHMEOHMWo  Asdmygbgdom.
Boh3gbgdo 0odbs, ®mI Zn(II)-ol 0mbgdol domLMGdEO0L  3MmbLELNBGS bs3wgdos Cr(VI)-ob ombgdols
3OMOMBJBHIO0Lmob (Arthrobacter globiformis ) 80cmbm®3zool 3006bHs6BHsBg,  bowm  dombmGmdzool
30bLEHBEs Cr(VI)-ob ombgdols Arthrobacter globiformis-0sb dod&atool kol 3kmpgbdo  Zn(1I)-ob
00bgdol 05b5mdOLEl 0BOHEYDs, Moz 3rEolbdMdL, M gl 0mbgdo gogergbsls sbgbl  Cr(VI) ombgdol
d9030L9gdsbg Arthrobacter globiformis -ols 9096..

Bbuocopouusi uonos Cr(VI) ¢ Arthrobacter globiformis B npucyrcreuu uonos Zn(Il) B
npouecce pocra 0axkrepuii u ouocopoumusa uonoB Zn(Il) c Arthrobacter globiformis

Omep ['enacymaweunu, Anexcanope Pueynuwsunu
Tounucckuii 2ocyoapcmeennwiil ynugepcumem um. M. /rcagaxuwisunu
Unemumym gusuxu um. 3.J1. Anoponuxaweunu

PE3IOME
Buocop6ims nonos Cr(VI) ¢ Arthrobacter globiformis B npucyrcteuu nonos Zn(Il) B mporecce pocta OGakTepuii u
ouocop6rms uonoB Zn(Il) ¢ Arthrobacter globiformis 6bUTM U3yUYEHBI C UCIOIB30BAHHEM PABHOBECHOI'O AHMAJIH3a U
aTOMHO-a0bcopOIMoHHoro ananu3a. [Tokasano, 4ro koHcTaHTa 6rocopoiu noHoB Cr(VI) ¢ Arthrobacter globiformis
MIPEBhIIIAET KOHCTaHTy OuocopOumu uoHoB Zn(Il) ¢ Arthrobacter globiformis n KOHCTaHTa OHOCOPOIMHM HOHOB
Cr(VI) B mpucyrcreuu nonoB Zn(Il) B mpouecce pocra Arthrobacter globiformis yBenuauBaeTcs.
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PHYSICAL CHEMISTRY

LITHIUM-NICKEL-MANGANESE SPINELS OF LiMNip54xMn; 504 TYPE (M=Co+Cr, Al
AND Cu; 0<x<0.4) AS PROMISING CATHODE MATERIALS FOR Li- ION BATTERIES
BASED ON Li-ION ACCUMULATORS

Eteri Kachibaia, Ruth Imnadze, Tamar Paikidze, Dali Dzanashvili,
Tengiz Machaladze, Elene Kvaratshelia

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

Crystallization process of LiMNigsMn;sO; (M=Co+Cr, Al and Cu; 0<x<0.4) type compounds was
investigated. The carried out investigations confirm that simplified synthesis method, based on optimization of
calcinations temperature of eutectic mixture of initial reagents (appropriate acetates) enables preparation of
phase pure, nanosized samples of given composition. In the case of double doped samples (M=Co+Cr and
0<x<0.4) formation of phase pure, nanosized(~11 nm) samples with cubic structure and a=0.813+0.817 nm takes
place. For samples doped with Cu at T,=180°Cand T,=700°C formation of cubic spinel with parameter
a=0.8131+0.8180 nm and particle size 1020 nm takes place. In case of Al doped samples in the whole range of
values x=0.1+0.4f u formation of nanosized(10+20 nm) spinel type samples is fixed. The developed cathode
materials could be of interest for next generation of Li-ion batteries.

Modern development of high technologies in the field of chemical power sources is associated with
elaboration of new materials. Application of these allows to: decrease weight and dimensions of power
sources, increase their energy capacity, capability and resourcefulness. Nowadays batteries represent very
important technological object. The three major components of most batteries, including lead-acid, used for
startup of car engines, as well as wildly used compact lithium cells that are flourishing in a wide range of
different applications (e-books, watch, etc.) are electrodes (anode and cathode) and electrolyte. An
intensive search for efficient, in terms of price and operational performances, of above mentioned
components for new type batteries is carried out by all developed countries. Lithium-ion batteries (LIB) are
now ubiquitous. Recently they found application in electric and hybrid vehicles. There is an in evitable
shift underway as the automotive industry transitions from traditional gasoline powered vehicles to more
efficient, environmentally responsible modes of transport. Hybrid electric vehicles and 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 improvement of batteries technology. There are prerequisites to increase the energy of lithium batteries
and reduce their prices. Currently new fuel sources are in development. Meanwhile, lithium-ion power
sources continue to be the most preferable in the next 20 years.

The goal of the work was elaboration of phase pure nanosized modified LiMNig s Mn;sO4 type
compounds (M=Co+Cr, Al u Cu) based on lithium, manganese, nickel acetates and dopants. These
compounds will be able to provide high cyclic and electrochemical characteristics as cathode materials of
LIB. The above mentioned cathode materials have been obtained based on manganese compounds. It is
known that manganese compounds are much cheaper than the compounds commonly used in
manufacturing of LIB’ cathode materials. In order to elaborate samples two step method based on thermal
decomposition of eutectic mixture of initial reagents (Li, Mn, Ni acetates and dopants —Co, Cr, Cu and Al)
[1], developed under the framework of the third stage of the existing FR/36/3-170/13 project, was used.

X-ray studies of samples were carried out using DRON-3 diffractometerin the focused CuKa
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 Debye-Scherrer formula: d=0,90/Bcos6, where A is wave length, B is line broadening at half the
maximum intensity, 0 - diffraction angle. Particle size of synthesized samples was calculated using
transmission electron microscope (TEM). Thermogravimetrical studies were carried out using Q-1000°C
derivatograph with simultaneous recording of T, TG, DTA and DTG curves. Chemical analysis of the
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samples was determined by atomic absorption method, as well as by traditional methods of chemical
analysis.
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Fig.1. TG — DTA curves of initial mixture for LiCoy Crq,Nig,Mn; sO4 preparation
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Fig.2. TG — DTA curves of initial mixture for LiCoy,Crq,Nig;Mn; sO4 preparation
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Fig.3. TG — DTA curvesof initial mixture for LiCo,3Crq;Nip1Mn; sO4 preparation
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Table 1 shows diffraction characteristics of LiMNig s.sMn; sO4 samples.

2016 @. 42 \e 1

Table 1. Diffraction characteristics of LiMNig 5 ,Mn; 504 samples, where M=Co+Cr 0.1<x<0.4

Sample.Nel Sample.Ne2 Sample.Ne3 ASTM -18-736
LiCoy,1Crg.1Nig sMn; 504 LiCoy,1CrooNigoMn; sO4 | LiCog Cr2Nig,Mn; 504 LiMn,O4
T = 700°C T = 460°C T = 520°C
don /1y don /1y don /1y don /1y
4.70 81 4.71 92 4.71 100 4.72 100
- - - - 2.47 30 - -
2.46 100 2.46 94 2.45 83 2.47 90
2.36 17 2.36 17 2.35 13 2.37 5
- - - - 2.06 32 - -
2.04 88 2.04 100 2.03 83 2.05 100
1.87 11 1.87 16 1.86 10 1.88 10
1.57 32 1.57 26 1.57 29 1.58 50
a=0.817nm | D=11.3nm | a=0.817nm | D=11.3nm | a=0.813nm a=0.824nm
Sample.Ne4 Sample.Ne5 Sample.Ne6 ASTM -18-736
LiCoy,1Cro2Nig»Mn; 504 LiCoy,Cro,Nip 1 Mn; 504 C003Cr0.1Nig 1 Mn,; 504 LiMn,O4
T =610°C T = 600°C T = 700°C
den I/To den I/To den I/To den I/To
471 58 474 72 474 45 472 100
2.49 24 - - 2.49 21 - -
2.47 100 2.46 100 2.46 100 2.47 90
2.35 17 2.36 16 2.37 17 2.37 5
- - - - 2.06 19 - -
2.03 95 2.04 88 2.04 71 2.05 100
1.87 15 1.87 16 1.87 7 1.88 10
1.57 30 1.57 25 1.57 25 1.58 50
a=0.813nm a=0.817nm | D=11.3nm | a=0.818nm a=0.824nm

According to data from table 1, samples simultancously doped with Cr and Co in the range of
0.1<x<0.4 are characterized with  cubic syngony. Samples  LiCoyCry,NigoMn; 504,
LiCo¢,Cr¢»Nip1Mn; sOsand LiCog,Cro,NigMn; sO4represent phase pure spinel with a=0.817 nm and
particle size D=11.3 nm. Other samples are characterized by minor imperfection as indicated by the split of
peaks 2.47 and 2.05 nm (ASTM). The results of physicochemical analyses of samples LiMNig s Mn; 5O,
where M=Co+Cr, 0.1<x<0.4, prepared by appropriate initial mixtures calcination in the range of 400-
700°C, confirm decomposition of eutectic mixtures, followed by interaction of decomposition products and
formation of phase pure nanosized (~11 nm) samples with cubic structure and parameter a = 0.8160
+0.8192nm.

Table 2 shows diffraction characteristics of LiCu,NigsMn;sO4 sample, prepared in the range of
0<x<0.5 using acetate method [1]. For samples (7-9) with x=0.05; 0.1 and 0.2, obtained at T;=180°C and
T,=700°C,  formation of phase pure nanosized cubic  spinel  with  parameter
a=0.8131+0.0005+0.8180+0.0004 nm lattice particle size 1020 nm is confirmed. With an increase in the
copper content in the structure up to 0.4 formulas unite (sample.10) disintegration of the solid solution
takes place.

Physicochemical investigation of LiAl,NiysxMn,; 504 samples, prepared based on Li, Al, Ni and Mn
acetates [1], revealed formation of nanosized (d=10-20 nm), phase pure spinele type samples in the whole
range of 0<x<0.4 values. Among them samples LiAly;Nig4Mn; 04 and LiAly4Nig;Mn, 504, prepared by
the acetate method at T;=180°C and T,=500°C, represent phase pure nanosized spinel with the crystal
lattice parameter a=0.814 nm u a=0.815 nm, respectively, and particle size of about 10-15 nm (Table.3).
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Table 2. Diffraction characteristics of LiCu,Nigs.Mn,; sO4 samples, prepared on the bases of Mn, Ni and
Cu acetates in the range of 0<x<0.5

Sample.Ne7 Sample.Ne8 Sample.Ne9 Sample.Ne10
LiCuyg sNig 4sMn; 504 LiCugNio4Mn, sO4 LiCug,Nig3Mn, sO4 LiCug4Nip 1 Mn, 504
T,=180°C, T,=700°C T,=180°C, T,=700°C T,=180°C, T,=700°C T,=180°C, T,=800°C

dun /1, dun /1y don /1y don /1y
4.695 100 4.708 100 4,723 100 4.740 100
2.714 5 - - - - 4.040 5
2.450 50 2.460 50 2.467 60 3.640 5
2.343 10 2.356 10 2.368 20 2.890 10
2.032 45 2.037 60 2.045 60 - -
1.866 10 1.864 10 1.873 10 2.475 100
1.658 2 - - - - 2.362 15
1.566 20 1.569 20 1.575 25 - -
- - - - - - 2.053 40
- - - - - - 2.026 30
- - - - - - 1.882 5
- - - - - - 1.580 30
a=0.8131 = 0.0005 nm a=0.8154 + 0.0005nm a=0.8180 = 0.0004nm a=0.8210 = 0.0002nm

Table 3. Diffraction characteristics of LiAlNiys,Mn,; sO4samples, where x=0.1 u 0.2 fu

Sample.Nel1 Sample.Ne12 ASTM 18-736
LiA]o']Ni0'4Mn]'504 LiA10'4Ni()']Mn]'504 LiMn204
dum /1y dum /1y dum /1y
4.71 89 4/71 83 4.74 100
- - - - 4.26 20
- - - - 4.08 30
- - - - 3.66 20
- - - - 3.17 20
- - - - 2.43 20
2.47 88 2.46 99 242 30
2.35 25 2.36 22 2.37 10
- - - - 2.03 50
2.04 100 2.04 100 2.02 90
1.87 15 1.87 14 1.86 10
- - - - 1.58 10
1.57 35 1.57 27 1.56 30
a=0.814 nm a=0.815 nm a=0.824 nm

The carried out investigations confirm that simplified synthesis methods enable preparation of nanosized,
phase pure substituted lithium manganese spinels. The multiple doping causes a decrease of lattice
parameter. The above mentioned can promote increasing of spinels stability during cycling at elevated
current densities, as well as while storing with the contact with electrolyte. It can be assumed that doping
helps to remove impurities and stabilizes the spinel structure at the stage of the synthesis of samples of a
given composition. Stabilization of structure and increasing of theoretical capacity due to smaller molecular
wage of dopen elements (Cu,Al) in comparison with nickel can improve the discharge capacity [2]. The
developed compounds can be used as cathode materials in the 5V region of potentials. Since role and
importance of LIB increases not only for portable electronic devices, but also for application in high power
electric vehicles [3], the developed compounds could be of interest for next generation of Li-ion batteries

This work was carried out under the grant FR/36/3-17/170/13
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JIMTUH-HUKEJIb-MAPT AHIIEBBIE IIIIMHEJIN TUA LiM,Nijs.,Mn, 50,4, I'IE M=Co+Cr, Al
n Cu; 0<x<0.4, KAK ITIEPCIIEKTUBHBIE KATOJJHBIE MATEPHAJIBI Li-GATAPEN HA
OCHOBE Li-UOHHBIX AKKYMYJIAATOPOB
9.U.Kauubas, P.A.Mimuanze, T.B.ITaukunze, J.W.[I3anameumm, T.E.Mauananse, E.Kpapaiixenus
Hucmumym neopeanuueckoti xumuu u snexmpoxumuu um. P.U.Aenaoze Tounuccrkoeo 2ocyoapcmeennozo
yrusepcumema um. U./icasaxuweunu, 0186, yn. Munoenul 1, Tounucu, I py3us

PE3IOME

Nzyden mporecc KpucTaLIu3anuu MoauduiupoBaHHbIX coenuHeHuit Tuma LiMNigs,Mn;sO4, raC
M=Co+Cr, Al u Cu; 0<x<0.4 B Ka4ecTBE MEPCHCKTUBHBIX KATOAHBIX MaTepuaaoB Li-Oatapeli Ha OCHOBE
Li-MoHHBIX aKKyMyJasaTOpoB. [IpoBenéHHbBIC HCCIIEAOBAaHUS MOATBEPXKIAIOT, YTO YIPOIIEHHBIM METOIOM
CHHTE33a, OCHOBAaHHBIM Ha ONTHMH3AIMH TEMIIEPATypbl OOXKUIa 3BTEKTHYECKUX CMECEH MCXOIHBIX
peareHTOB — COOTBETCTBYIOIIMX alleTaToB, BO3MOXKHO TNONy4eHHE (a30BO-UHCTBIX, HAHOPa3MEPHBIX
00pasIoB 3alaHHOro cocrtaBa. B ciyuae oOpasioB ¢ nBoiiHbM jonupoBanueM (M=Co+Cr n 0<x<0.4) B
unrepsaie 400-700°C umeer Mecto o6pazoBanue (a3o0BO-UYUCTHIX, HAaHOpPa3MePHBIX (~11 nm) 0Opa3oB co
CTpykTypoi kyOmdeckoi mmuHenu ¢ a=0.813+0.817 nm. B ciaywae momuposanus obOpasnoB Cu-oM B
temneparypaom pexume T, =180°C u T,=700°C mmeer Mecto oOpasoBaHHe KYOWYECKON MIMHUHEIH C
napamerpom a=0.8131+0.8180 nm u pazmepom vactui 1020 nm. B cinyuae nonuposanus Al-em, Bo BCEM
uHTepBajie 3HadeHun x=0.1-0.4 ¢.e. Habaromaercss oOpasoBanue HaHopa3MepHbiX (10+20 nm) oOpa3ioB
mnuHensHoro tuna ¢ a=0.814+0.815 nm. Pa3paboraHHble KaTOAHBIE MAaTepUAIbl MOTYT MPEICTABUThH
WHTEpEC /sl TUTUH-HOHHBIX OaTapel CIeNyIOmEro MOKOIECHHS.
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PHYSICAL CHEMISTRY

MOR TYPE SYNTHETIC ZEOLITE MATERIAL
Vladimer Tsitsishvili, Nanuli Dolaberidze, Natalia Mirdzveli, Manana Nijaradze

Petre Melikishvili Institute of Physical and Organic Chemistry
of Ivane Javakhishvili Thilisi State University, 0186, 31 Politkovskaia str., Thilisi, Georgia

Preparation of the MOR type synthetic zeolite material on the basis of Georgian natural zeolite of the HEU type
by hydrothermal crystallization in the absence of seeds and organic templates is descibed.

Introduction

Mordenite (UPAC chemical formula [Na's (H,0)24| [AlgSiso Og]-MOR [1]) was described and named
by How (1864) for material found along the shore of the Bay of Fundy, 3-5 km east of Morden, King’s
County, Nova Scotia, Canada [2]. The crystal structure of mordenite was determined by Meier [3] and
refined by Gramlich [4], Alberti et al. [5], Simoncic and Armbruster [6]. Parameters of orthorhombic Cmcm
unit cell are: a=18.256 A, b=20.534 A, ¢=7.542 A, 0=90°, p=90°, y=90°, cell volume
2827.26 A’; maximum diameter of sphere that can be included 6.70 A, that can diffuse
alonga —1.57 A, b—2.95 A, ¢ —6.45 A. The topology of the framework is characterized
by 5-member tetrahedral rings, which are part of the mor composite building unit (see
left). These building units are linked by edge-sharing into chains along ¢, which are in
turn linked together by 4-rings to form a puckered sheet perforated with 8-ring holes; these permeable
sheets are oriented parallel to (010); linking these sheets together with 4-rings, 12-ring channels are formed
parallel to [001]; the 8-ring holes of successive sheets do not align to make channels parallel to [010] (see
figure 1).

Fig 1. Projection of the structure of mordenite onto
(001), based on the refinements by Alberti et al. (1986)
and Simoncic and Armbruster (2004). Si,Al distribution
in tetrahedral sites is largely disordered, but Al is
concentrated in the T3 tetrahedra, which connect 8-ring
with two 4-rings. Most non-framework cations are in the
8-member ring channels (site Ca, bonded to oxygen of
T3 tetrahedra is 50% occupied by Ca®', while K occurs
in the K-sites only when the Ca-site is not occupied), the
remaining K" and Na' occur in the other sites with H,O
molecules in the 12-ring channels, parallel to [001].

Ever since mordenite was synthesized by Sand
[7], it has been known that synthetic mordenite can
accept cations or molecules larger than 4.5A, while
natural mordenite cannot. In an effort to solve the problem, Simoncic and Armbruster refined a natural and
a synthetic, large-port mordenite and found that both structures exhibit the same defect features. A
consequence of refinement with the space group Cmcm is that an oxygen (O8) is located on an inversion
center, causing the T-O8-T bond angle to be 180°, but such straight angles are energetically unfavorable [8]
and are unlikely to occur. Refinement in the space group Cmc2, removes the inversion center and reduces
T-O8-T bond angle from 180 to 155-167°.

Sedimentary deposits of mordenite are present in several countries, especially in Bulgaria, Hungary,
Japan and the United States. Quarried material is generally substantial, e.g., a recent estimate of the yearly
production in Japan is 150,000 tons [9]; application of mordenite in industry, agriculture, and other fields
has been reviewed by Colella [10]. Mordenite crystallizes in the form of fibrous aggregates, masses, and
vertically striated prismatic crystals, and the handling of fibrous mordenite minerals may pose health risks
similar to those of erionite and asbestos [11]. Therefore, mordenite-bearing sedimentary rock should be
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carefully examined by SEM to determine crystalline morphology prior to use. Fibrous forms should be
used only with suitable precautions to prevent exposures to humans and animals, particularly respiratory,
during mining, processing, handling, and utilizing the materials.

Application of mordenite as a selective adsorbent and as a catalyst (especially in highly acidic or basic
environments and also at high temperatures) has led to interest in synthetic mordenites [12-15] prepared
using different raw material sources, with organic templates and crystallization seeds or in absence of
additional chemicals. The aim of our work was to develop a simple method of preparation of MOR type
synthetic material accepting cations or molecules larger than 4.5A, and to carry out the SEM study to
determine its crystalline morphology.

Experimental
Preparation of synthetic zeolite material was carried out using Georgian HEU type natural zeolite CtR

from the Rkoni plot of Tedzami deposit [16] in following steps:

Preparation of raw material & suspension

Clinoptilolite-heulandite-containing rock is treated by 20% HCI water solution, washed by water
before the complete disappearance of CI ions, and dried in owen at 100-105°C; suspension is prepared
with the solid to liquid ratio of 1 : 3.

Gel formation

Prepared suspension is treated by 10% NaOH water solution, solid to liquid ratio of 1 : 6, gel
homogenization takes 30 minutes, details are given in [17]. Gel prepared for aging and crystallization has
the following chemical composition: Si0,/Al,O3 = 9.8, Na,0/Si0, = 0.08, H,O/Na,O = 250.

Gel aging

Duration of gel aging at room temperature — 7 days [18-19].

Crystallization

Crystallization of aged gel was carried out in the Teflon flasks at 100-110°C; duration of the process —
up to 90 hours.

Separation and cleaning

Separation of produced crystalline material was carried out by filtration of mother solution, solid
material was cleaned by water until pH 8.0-8.5, and dried at 90-100°C.

Chemical composition of prepared samples was determined by elemental analyses carried out using a
Spectromom 381L plasma spectrometer and a Perkin-Elmer 300 atomic absorption spectrometer. X-ray
powder diffraction patterns were obtained from a DRON-2 diffractometer, employing the Cu-K, line and
scanning at 1° per minute, SEM images — from JSM6510LV (Jeol) scanning electron microscope equipped
with X-Max 20 (Oxford Instruments) analyzer (parameters are given on figures 3 & 4). Water adsorption
capacity was measured under static conditions (p/ps=0.40, 20°C).

Results & discussion
The MOR type framework of prepared material is testified by X-ray powder diffraction patterns being
in good accordance with the references [20, 21] (figure 2).
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Fig. 2. X-ray powder diffraction patterns of samples synthesized at different conditions
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No additional diffraction peak at 2@ = 16.3° indicating the formation of analcime as impurities [20]
has been observed; the main peaks of the MOR structure appear with high intensity in accordance with
sufficient silica to alumina molar ratio and synthesis time. Influence of the silica to alumina molar ratio in gel
on the synthesis time and crystallinity of synthesized mordenite is the same, as described in [21].

Developed zeolitic crystal microporous structure in synthesized samples has been confirmed also by
comparatively high averaged value (5.30 mmole/g) of water adsorption capacity under static conditions at
the “plateau” pressure.

SEM images (figures 3-4) show crystalline morphology of obtained mordenite samples.

SEl 25kV__ WD14mm $S40 x19,000  1pm
Fig. 3. Mordenite vertically striated prismatic crystals; magnification — 19,000
Produced mordenite prismatic crystals have width in a range of 0.15 — 0.45 um and length up to 3 um,
in comparison with application of kaolin as a raw material (Mignoni et al., 2008) our method of HEU type

natural zeolite re-crystallization needs no seeds and takes nearly the same time to produce high quality
micro crystals according to crystallization mechanism described by Bajpai (1986).
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SElI 20KV WD10mm S540 %33,000 0.5ppn  —— SEI  20kV WD15mm 5535 x60,000 0.2um  —

Fig. 4. Mordenite fibrous aggregates; magnification — 33,000 (left), 60,000 (right)

Mordenite fibrous aggregates are characterized by fiber diameter from 40 nm to 90 nm and length up
to 10 um; it is like results of Ali et al. (2012, fiber diameter 65 nm and length 7 um), also prepared
mordenite in the absence of organic template by hydrothermal method, but at higher temperature of 180 °C
(autoclave crystallization), and it took a longer time, 120 hours, that may be due to the differences in the
molar composition of synthesis mixture kNa,O:mSi0,:Al,O;:nH,0.
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No particles with ball of string morphology described by Mignoni et al. (2008) and produced by
Merdekawati et al. (2015) have been observed in our samples; in both said cases the Kaolin was used as a
raw material for synthesis, but it is rather difficult to make a conclusion, that creation of balls of string is a
result of such raw material.

Hydrothermal crystallization in the absence of organic template is slower in comparison with
application of tetracthylammonium hydroxide (TEAOH) and hexamethyleneimine (HMI) as co-structure-
directing agents (SDA) used by Ailing Lv et al. (2011), but such method gives a product with organic SDA
molecules incorporated into the zeolite products, so an additional step is necessary to remove TEAOH and HMI
molecules from zeolite channels by calcinations in nitrogen or other inert gas flow.

It is possible to concdude, that the acid pre-treatment gives possibility of comparatively rapid and
simple way with production of high quality crystalline material of different morphology, both prismatic
crystals and nano-diameter-fibrous aggregates.
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CUHTETUYECKHWHA HEOJUTHBIA MATEPHUAJI TUTIA MOPJIEHUTA
B.I".Hurmmeunu, H.M. {onadepunsze, H.A.Mupn3senu, M.O.Hmxapazsze
Hncmumym gusuueckoii u opeanuveckou xumuu um. I1.1" Menuxuweunu Tounucckoeo 2ocyoapcmeenno2o
yrusepcumema um. U./icasaxuweunu, 0186, yn. A.Ilonumkoscxoii 31, Tounucu, I py3us
PE3IOME

OmnwucaHo MoydyeHre MEeOoJUTHOr0 MaTeprania THIIa MOPACHUTA, clloco0 BKIIIOYAET Cienyonue craaun: 1.
MOJIFOTOBKA aJTFOMOCHJIMKATHOTO CBHIPBs (TPY3UMHCKOI'0 IMPUPOAHOTO KIMHONTHIIONUT-TEHIaHIuTa, [IEOTUTa
tina HEU), mnpemycMaTtpuBaromias ero KHCJIOTHYIO OOpaTOTKy M TpPUTOTOBJIeHWE cycnenzum; 1l
MPUTOTOBJIEHUE Telsl MyTéM IEeNoYHoi oOparorku cycmnensuu; III. crapeHue Tens nmpu KOMHATHOM
Temmeparype; IV. ruaporepManpHas KpUCTaUIM3alMsl IPU TEMIIEpaType KUIIEHUS; V. OTIEICHHE
KPUCTAJUTMYECKOr0 TPOAYKTa OT MAaTOYHOro pacTBopa; VI. cymika M ymakoBKa TOTOBOTO MPOAYKTA.
WnenTudukanms NONTyYEHHBIX MPOIYKTOB IPOBOAMIACE METOJOM PEHTTeHOBCKOH au((dpakToMeTpuH,
crpykrypsl THna LAU — ocHoBHas mpumech, oOpa3ylomascs B TIpollecCe KPHCTAIUIM3alUH, HeE
obHapyxeHa. Bpicokas abcopOumonHass émMKocTh (5.6 MMonb/T mpu p/ps=0.40) cBHIETENLCTBYET O
JIOCTaTOYHO XOPOILIO Pa3BUTONM MUKPOKPUCTAINIMYECKOW MOPUCTON CTPYKType. MeToloM CKaHHUpYIOILIeH
AJIEKTPOHHOW MHUKPOCKOIHH IMOKa3aHO 00pa30BaHHE MPU3MATHYECKHX KPUCTAIUIOB IMHUPUHOK oT 150 mo
400 HAaHOMETPOB W JIIUHOMU 0 3 MUKPOMETPOB, a TakkKe BOJIOKOH auamerpoM oT 40 mo 90 HaHOMETPOB U
mHoi 10 10 mukpomerpos. [lo cpaBHeHHIO ¢ TTOTydeHHEM MOpPIEHHUTA B aBTOKJAaBaxX IPH TeMIlepaType
okoino 180°C paspaGoOTaHHBIM METOA XapaKTEepU3yercsl TOM K€ MPOJODKHTEIBHOCTBIO —IpOoIecca
KPUCTAJUTH3AIMK, HO MPUMEPHO BJIBOE MEHBIIMMH 3HEpro3aTpaTaMH; MpUMEHEHHE HeaKTHMBHPOBAHHOIO
MpeABAPUTENBHON KUCIOTHOW 00pabOTKOM alfOMOCHIMKATHOTO CHIPBS, a8 TaKKe MPUMEHEHUE CBIPhS
HEIICOTUTHOM MPHPOABI TpeOyeT NPUMEPHO BIBOE OONBIIETO BPEMEHH Ui KPUCTAJUIM3AIWHU TIPH
TeMIepaType KUIeHHs.
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PHYSICAL CHEMISTRY

ELECTRICAL CONDUCTANCE OF ZnO NANOPOWDER PELLETS

R.Janelidze, Yu.Blagidze, G.Mshvelidze, N.Papunashvili, O.Gogolin, and E.Tsitsishvili
, Georgian Technical University,V.V.Chavchanidzelnstitute for Cybernetics
S. Euli 5, 0186, Thilisi Georgia

A series of commercial Zinc Oxide nanopowders with a particle size average varying from 70 up to 380 nm are
studied by means of ac conductivity measurements. Powders were consolidated in pellets with macroscopical
density of about 70%. Ac measurements were carried out in the temperature and frequency window from 300 K
to 750 K, and 100 Hz to 10° Hz, respectively. The measured ac conductivity obeys the Jonsher's power law and
the examined powders represent approximate ac universality. The three different relaxation processes at high,
intermediate, andambient temperature are recognized with the activation energies about 1.4 eV, 0.3 eV, and
0.01eV, respectively. At temperatures below 400 K, the ac conductivity reveals approximately lineardependence
on the particle average size.

L INTRODUCTION

For many years there has been a huge interest in the ZnO material, in particular, the ZnO powders due
mainly to a wide variety of applications from medicine to electronics.

Investigations of electrical conductance of ZnO powders due mainly to a wide variety of applications
from medicine to electronics.Investigations of electrical conductance of ZnO powders also have a long
story [1-3] continuing to present time [4, 5]. The electrical conductivity in dc and ac regimes have
beenstudied in pure and differently doped ZnO powders in a wide temperature and frequencyranges.
Although numerous reported measurements exhibit a general trend - an increasewith a temperature and
frequency - a large enough spread of the data are reported in theliterature. This must be related to
peculiarities of the specimens fabrication, doping, theheat treatment and sintering processes. In this paper
we report the results of direct measurements of the ac conductivity in commercial ZnO nanopowders with
different primary particles sizes. The studied samples are investigated "as-prepared” and don't undergo any
preliminary heat treatment which would result in structural changes. The advantage in the use of
inexpensive commercially available powders lies in the possibility of achieving reproducible results.

II. EXPERIMENTAL DETAILS AND RESULTS

The ac conductivity experiments were carried out for the three samples of ZnO powders from the
following three manufacturers: (a) AdNano'“(Degussa), (b)Weissiegel"(Grillo), and (c) Pro analysis
™

(Merck).

(a) Ad Nano

FIG.1: SEM images of the three different ZnO powders.

The scanning electron microscope (SEM) images of the samples are shown in Fig.1. The
corresponding average grain sizes and their standard deviation are 70 £30 nm, 380 +230 nm, and 210 £130
nm, respectively. To conduct the measurements, powders of equal amount were first milled in an agate

40



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2016 @. 42 \e 1
A
mortar and then consolidated at room temperature to form disk-shaped pellets without the use of any
solvent.

To avoid a delamination of samples, the pressure was applied slowly in two steps to reach the value of
0.5 GPa. The obtained pellets were lcm in diameter and about 0.2 cm in thickness. Their macroscopic
density was about 70% of the bulk density of ZnO. Just before the measurements, the specimens were
shortly annealed at 150°C for 30 min to evaporate the water and remove the organic residuals. The
electrical conductivities were measured with the help of the selective nanovoltmeter UNIPAN 237 in a
frequency range from 100 Hz to 10° Hz and the temperature range from 300 K to 750 K. Below, for
convenience, we denote the examined samples as Degussa, Grillo, and Merck samples. Besides,
supplementary measurements of the ac conductivity were carried out in the Inframat 30N-0801 and
microstructured ZnO powder samples.
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FIG. 2: Temperature (left panel) and frequency (right panel) dependence of ac conductivity in Degussa,
Grillo, and Merck ZnO powder.

Temperature dependence of the (real part) of the ac conductivity (the Arrhenius plots) for the three
examined samples is presented in the left panel in Fig.2 at different frequencies.
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For the all three specimens, the expected trend, namely a growth of the ac conductivity with an
increase of the temperature and frequency, is observed. In Fig.2 the two temperature regions are well
distinguished. At temperatures below 400 K the ac conductivity shows a weak temperature dependence
characterized by a very low activation energies between 0.005 eV - 0.017 eV. At higher temperatures the ac
conductivity exhibits a pronounced activation origin - a sharp rise with an increase of the temperature. At
frequencies w <6 kHz, the presented Arrhenius plots demonstrate the two different slopes indicating a
contribution of the two activation processes to the conductivity. For all three samples, the one of these
process occurs at temperatures higher than 400 K and is characterized by the activation energyF,;=0.3 eV.
Another process contributes to the conductivity at temperatures higher than 580 K and is characterized by
the activation energy E,,=1.3 eV - 1.4 eV.

In the considered temperature region this process, as is seen in Fig.2, is observable only at rather low
frequencies, since the critical temperature (at which this process begins) is displaced towards great values
with an increase of a frequency.

The frequency dependence of the ac conductivity for the three examined samples are shown in the
right panel in Fig.2 for different temperatures. Generally, for the all samples, the conductivity increases
with an increase of the frequency. In the temperature range given by 680 K <T <750 K, a low frequency dc
plateau is detected. In the frequency window of our experiment, this temperature range is narrowed from
Degussa sample to Grillo sample and to Merck sample. Besides, while Degussa and Grillo samples show a
gradual frequency dependence of the conductivity, nonmonotonic increase is observed for Merck sample.

I11. DISCUSSION

Examined samples represent the porous grain-boundary materials showing a macroscopic disorder, see
Fig.1. Consequently, the measured conductivities exhibit the peculiarities similar to those which are typical
for a wide range of disordered materials, where the electrical properties are governed by the activated or
hopping carrier transport. As it has been specified in the previous Section, in the temperature window of
our experiment we observe the contribution of the three activation processes with signifcantly various
activation energies.

The hopping process at temperatures 400 K <T < 580 K, which is determined by the activation energy
of~0.3 eV, is connected probably to the most reported defect localized at 0.3eV below the ZnO conduction
band edge. This intrinsic defect, which is generally labeled in literature as E3, is present in most ZnO
materials, irrespective to the growth techniques used [5 - 10]. The 0.3 eV trap energy were reported already
in pioneering work in 1935 for bulkZnO [11]. In the ZnO literature this level is commonly been assigned to
the oxygen vacancyV,. However, recent researches [12] indicate that this assignment is not correct and the
origin of the E3 level is still a subject of debate, to our knowledge. In Ref.[11] much smaller activation
energies in the range of 0.007 eV - 0.017 eV, which in presented samples are detected at room
temperatures, are also reported. A sharp rise of the electrical conductivity observed at high ( >580 K)
temperatures and characterized by the activation energy of 1.4 ¢V might be related with a migration of the
zinc vacancy Vz,”. In Ref. [13] is reported that for the vacancy V7, the migration barrier is 1.4 ¢V and it
will become mobile above 540 K.The observed rise of the conductivity with a frequency, see the right
panel in Fig.2, istypical for solids consisting of phases with different conductivity[14].For such materials,
at low frequencies the overall conductivity is limited by bottlenecks of poorly conducting regions. At
higherfrequencies, however, localized charge carrier motion makes it possible to take maximum advantage
of well conducting regions. For ZnO materials, different phases are presented bythe grains and grain
boundaries, which both contribute to the conduction. The conductivity along the grain boundaries might be
predominant if the grain sizes are smaller than the Debye length [7]. In this case grains can be almost fully
depleted by traps and electrons will be accumulated mostly at the grain boundary regions, which become
electrically active. Otherwise, the dc current must reveal ohmic behavior and the absence of space-charge-
limited transient currents [15]. Since the average sizes of the presented samples noticeably exceed the
respective Debye length (~30 nm [7]), we believe that the most contribution to the here measured
conductivities is due to the ZnO grains.

Comparing the results presented in Fig.2 for the three ZnO samples, we observe that the higher
(lower) conductivity shows the Grillo (Degussa) sample with the larger (smaller) grain sizes, at least at low
temperatures and frequencies.
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FIG.3: Temperature dependence of ac conductivity in ZnO powders with different particle sizes. The inset
shows the particle size dependence of ac conductivity.

This is illustrated separately in Fig.3, where the temperature dependence of the ac conductivity at the
frequency of 130 Hz is shown. Except the above three samples, the ac conductivity in Inframat (solid
triangles) and microstructured powder (solid circles) with the grain sizes about 30 nm and 1um,
respectively, is presented in this figure. In Fig.3 is clearly seen a reduction of the conductivity with a
decrease of the ZnO grain sizes. In the insert in Fig.3 is seen that the conductivity displays a distinct
dependence on the volume to surface ratio which is proportional to the particle size. Note that recently the
optical properties of the samples of Degussa, Grillo, and Merck ZnOnanocrystals have been investigated in
Ref. [16]. A strong emission band around 3.31 eV has been observed. This band, which plays a major role
up to room temperature and shows a clear increase with decreasing particle size, the authors have attributed
to excitons bound to defect states at the particle surface. Hence our results above, which indicate that for
the presented ZnOnanocrystals a role of the surface states (at low temperatures) decreases with an increase
of the particle sizes are supported by the findings in Ref.[16].

Further, for Degussa and Grillo samples, the measured spectra of the ac conductivity exhibit the
peculiarities typical for the Jonscher regime [17] - the dc plateau at low frequencies and a gradual rise at
larger frequencies, where o(w) X @’. As is seen in (the right panel) Fig.2, at low temperatures the exponent
s approaches a value of 0.93 - 0.94, which implies a weak frequency dependence of the imaginary part of
the dielectric function. Remember that if the exponent approaches a value of s = 1.00, the "nearly constant
loss" regime is established [18]. In the conductivity window of our experiment, the dc plateau is detected

in the high temperature limit, where the exponent s =0.7 — 0.76. The dc conductivity obeys an Arrhenius
—Edc/kT

law, 6,4.<e , with E;= 1.4 eV, as noted above and is seen in the left panel in Fig.4.
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FIG. 4: Left panel: dc conductivity Arrhenius plot. Right panel: Scaled conductivity spectra of the two
ZnO powders.

Since, as described above, one can believe that Degussa and Grillo samples are in the Jonscher regime,
there is a question: whether satisfy they of universality?
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It is known that a large variety of disordered solids exhibit the universal dynamic response [17], which
in scaled units becomes independent on both temperature and activation energy.

Universality has been observed, for example, in ionically conducting glasses, conducting polymers,
and also doped crystalline solids [19-21]. Using the Summerfield scaling [22] , in the right panel in Fig.4
we present the so{called master curve for Degussa and Grillo data of the top and middle Fig.2,
respectively. We see that the scaling is good, but not perfect. One can conclude therefore that the electrical
response of the commercial Degussa andGrilloZnO powder specimens represent approximate ac
universality.

IV. CONCLUSION

The electrical conductivity of ZnO powders with different nanocrystal (average) sizes is studied as a
function of the temperature and frequency. Several relaxation processes contributing to the electrical
transport were identified in the temperature spectra. The faster one has an activation energy close to 1.4 eV
and is perhaps associated with the zinc vacancyV,oc”. Further, a contribution of the intrinsic E3 defect, the
most reported defect in the literature, is found. Besides, at room temperatures the conductivity shows a very
weak decreasing with the activation energy around 0.01 eV. The measured ac conductivity obeys the
Jonsher's power law and the examined powders represent approximate ac universality pointing thus to the
hopping nature of conductivity. At temperatures below 400 K, the ac conductivity reveals approximately
linear dependence on the particle average size.
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Bobmx3bgzbogdol Bofowszgdol LgMmos, Lsdoswm bmdoom 70-sb 380 63-g. Bbzbowgdo sdbogdmEos
&909Egdol boboo Fs3MMLZM3Mwo 1od3z3m03000 sBEM3gd00 70%-00g. 2oHBMIZd0 BoEIMIOMWOs
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20BMIoo 458@IMJOWMds 9939900 gd9M9ds X MBIGMHOL botolbmgab 356mbl s Fglifogerowo 1bzbowagdo
963969096  Joobermzgdom  MboggOLoEMBdLL. 58m0Mmbg3s Lbsdo  Hgmadlsomo  3MMEgLbo  9gE039300L
9690900, 1,4 93, 0,3 93 o 0,01 93, GqLodsdoLOE FooEn, FwYoWgEE s B FJI3gMsE MmO DBY.
LGOS oL GodBHo, Mmd 400K-Bg ©sds $H90396M9GHwIMDY A08EMOWMds boffoeszol Ladwgswm
BmIol 3OMIMOEF00s.

SJIEKTPUUYECKASA ITPOBOAUMOCTD TABJIETOK HAHOIIOPOILIKOB OKCUIA IUHKA

P./Ixanenmunze, FO.bnarunze, I'. MmBemumze, H.[lanynamswmm, O.I'oronus, E.[unumsunm
I'pysunckuti mexuuueckuti ynugecumem, Mncmumym xubepnemuxu um. B.B. Yasuanuoze, C.Oynu 5, 0186
Tounucu, I pysus

PE3IOME
Cepust KOMMepUECKHX HaHOMOPOIIKOB OKCHa IMHKA co cpeqHuMH pazmepamu oT 70 mo 380 HaHOMeETpOB
WCCIIeIOBaHa METOZIOM M3MEpPEHHH TPOBOJMMOCTH TIepeMeHHOro Toka. [lopomku ¢GopmupoBaick B BUe
TabJIETOK C MaKPOCKOIMYECKOH TIOTHOCTHIO 0Koso 70%. M3mMepenust ObUIM IPOBEICHBI B TEMITEPaTYPHOM
¥ uyacToTHON ofmacTsax or 300K no 750K m 100 Hz mo 10° Hz, coorBercTBeHHo. M3MepenHas
IPOBOJMMOCTh  YAOBIETBOPSICT CTEMEHHOMY 3akoHy JDKOHIIEpa M  HCCIEIOBaHHBIE OOpas3Iibl
00HapyXHMBAIOT TOBEACHHE, OIM3K0e K YHUBEPCATIbHOCTH. PaznnyatoTcst TpH perakcallMOHHBIX Ipolecca ¢
aKTUBALMOHHBIMU dHeprusiMu okomno 1.4eV,0.3eV, u 0.001 eV npu BBICOKHX, TPOMEKYTOUHBIX U HU3KUX
TemmepaTtypax, coorBerctBeHHo. Ilpu Temmepatypax Hike 400K mnpoBoauMocTh oOKasbIBaecs
IPOIOPLUOHAIBHON CpeTHEMY pa3Mepy YacTHIl B IIOPOIIKE.
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OU3BNYECKASA XUMUA

3ABUCUMOCTDb HABYXAHHWS BEHTOHUTOBBIX I'VIMH
OT INTPUPOJABI XUMNYECKUX PEAI'EHTOB

K.K.Xagatypsn, H.A.I'erus, I'.111.3uaykunze, T.C. I'ypynu
TOJITIII TT'Y Kaska3zckuti uncmumym MunepaibHo2o colpbs um.A.A. Teanupenuose

Hacrosimast pabora siBisieTcsi MPOJODKEHHEM HAIIUX HWCCIENOBaHUM, Pe3yJabTaThl KOTOPBIX OBUIH
n3noxkeHbl B [1]. Llenbro NpoBeAEHHOT0 MCCASIOBAaHUS SBJISUIOCH YIIy4IlIeHHEe HaOyxarolield CrioCOOHOCTH
HEKAYECTBEHHBIX  IEIOYHO3EMENIbHBIX OCHTOHHUTOB IyTeM HMX MOAM(PHUIMPOBAHMS Pa3IMYHBIMU
XMMHYECKUMH J100aBKaMH, YCTAaHOBJICHHE ONTHMAJIbHON KOMOWHAIIMU 3TUX JO0ABOK U UX ONTHMAJILHOIO
COOTHOIIICHUS.

B nannoit pabore oObekTaMH H3y4eHHs, Kak U B [1], ObUIM OCHTOHUTOBBIC TIWHBI ['py3un u3
mectopokaennii IlapaBanu u  Mtucnupu. s cpaBHEHUA UCCIICZIOBAHbI TakKXe OCHTOHUTBI
Mectopoxnaenuii: Baitomunr (CHIA), I'pennn, Luxucybanm — ackanrimHa u ackanrenb (I'pysums). B
KayecTBe MOJU(HUIMPYIOIINX BEIICCTB HCIOIb30BaHbl xuMmuueckue peareHTsl: Na,COs, Na,SO,, NaCl,
MgO u CaO. XuMH4ecKHid COCTaB U JaHHbIE PEHTreH0(]a30BOro aHamm3a OEHTOHUTOB, a TAK)KE HEKOTOPHIC
TEXHOJIOTUYECKUE TapaMeTphl, MpUBEAEHH B [1].

ITpenBapurensHO OBUIO HCCIENOBAaHO, KAaK H3MeHAeTCS HabyxaeMOCTh OEHTOHHUTOB IIpH
WHAVBULYyJIBHOM BO3[eCTBUM XUMHKUecKoro peareHTa Na,SO, , KOIUYECTBO KOTOPOro U3MEHSIOCH B
npenenax 0,05-0,3r. Kak BUAHO U3 MOMyYEHHBIX TAHHBIX, IPEACTABICHHBIX B Ta0JI. 1, 00pa3iibl OCHTOHUTOB
[TapaBanu, Mtuctmpu 1 1 Mtucniupu 2 nocie godasieaus Na,SO4 MPOSBIAIOT, KaK U B HCXOTHOM BHJIC,
OYCHb HU3KYI0 HAOYyXaIoIIyI0 CIIOCOOHOCTD, Aa)K€ HECMOTPS Ha TO, YTO UMeeT MecTO pocT Ky ~ Ha 13-70
%, a 1t oOpasiia MTucnupu 2 — IOYTH B JIBa pasa.

Tadauna 1. Bnusaue naauBuayansHoro kommnonenrta (Na,SO,) Ha BennunHy koddduimenta
HaGyxanus, (cM’/2r)

Koadduruent Jobapnsembrii peareHT Na,SOy , (T)
O6pa3ibt HaOyXaHHS UC-
OEHTOHHTOB XOJHOT0 00pasiia 0,05 0,1 0,3
(KHaG.)a CM3/2F
[TapaBanu 4.0 - 4.5 5,5
Mrtuctmpu 1 5,0 - 7,0 8,5
Mrtucrtmpu 2 3,5 - 5,8 7,5
Batiomunr 1 48,5 - 48,5 -
Batiomunr 2 23,5 - 29,5 -
Batiomunr 3 24,0 - 46,5 -
['perus 5,5 - 10,5 -
AckaHrIMHa 1,5 2,5 2,5 -
AckaHrenb 49,0 11,0 16,5 -

Jlydimme pe3yabTaThl MOJAYYCHBI Ha BaHOMUHICKMX oOpasljax; NpUMedyaTeabHO, 4YTO 37eCh
HAOJI0/1aJ710Ch HEOOBICHUMOE CBEPThIBAHUE 110 00BEMY 00pa3yrolIeics XJI0MbEeBUIHON HAOyX- e
Macchl. [ BalioMuHIrcKoro oopasma 1 momydeHo To ke 3HaueHue Ky,s, uTo ¥ B npupoaHoM Buie (K=
48,5 cM’/2r), HO OHO y’Ke depe3 5 CyTOK CHiKaercs ~ Ha 38%. JloGasnenue Na,SO4 K BaflOMHHICKOMY
o0pasily 2 MPUBOJMT, IO CPABHEHHIO C €ro MPUPOJHON (GOpMOM, K pocTy Kod(dduieHTa HabyxaHusl Ha
20% (Ky6=29,5 CM3/2F). 31ech HaONIOJACTCS OYCHb OTYETIMBOEC HaOyXaHHUE C TYCTBIMU XJIOIBSMH,
KOTOpoe duepe3 5 cyrok HesHaunmTtenbHO yayumaercss (Kus=31,5 cm’/2r). CambiM 3¢QeKTHBHBIM
okazanoch nob6aenenue 0,1t Na,SO, k BalioMuHrckoMy o0Opasity 3, koddduuueHT HaOyXxaHUsI KOTOPOIo
yBenuuuBaercs ~ B 8a pasa (K,.5=46,5 cm’/2r). HaGmoenne 3a H3MEHEHNEM CTEIICHH ero HaOyXaHHs B
TedeHrue 79 cyTok mokaszano (Tadj. 2), 4To CO BPeMEHEM MPOMCXOIUT MOCTCIICHHOS CHIKEHHE BEITMUNHBI
K6, Tpraem 3a mepBeie 15 cyTok - cpaBHUTENbHO He3amerHoe (Ha 15,1 %).
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Tadaumna 2. V3menenue crenenn HaOyxaHus BO BpeMEHH

Oopasert JloGapsieMblii Koaddurument [Iponomxu- CHuXeHue
OeHTOHMTA peareHT Na,SOy, HaOyXaHHS TEIIbHOCTD, K. , (%)
(r) (Kyua5.), CM/21 (cyTKH)
Baitomunr 3 0,1 46,5 1 -
45,5 4 2,2
45,0 6 3,2
44,0 7 5,4
43,0 8 7,5
42,5 9 8,6
41,0 12 11,8
39,5 15 15,1
38,0 20 18,3
35,5 33 23,7
34,0 40 26,9
33,0 48 29,0
31,5 61 32,3
30,5 69 34,4
29,5 79 36,6

ACKaHIIHHA TIPAKTHYECKH HE NPOSBIAET Habyxaromyio crnocobHocth (Kus=2,5 cM’/2r); Hu3KHe
MOKa3aTelld MOJyYeHbl U i rpedeckoro oopasua (Ki,s=10,5 CM3/2F). Jlobasienue k ackanremo 0,05 u
0,1r Na,SO,4 cHmXKaeT cTereHb HaO0yXaHUs, TI0 CPABHEHHIO C €ro NMpUpoIHON (opMol, COOTBETCTBEHHO B
4,5 u 3 pasa; co BpeMeHeM Ul ackanrers ¢ 1o6askoii 0,051 Na,SO, Habmonaercs poct Kygs, 10 30 eM/2r
M 3TO 3HAYEHHUE OCTACTCS CTAOMIIBHBIM B T€UCHHUE 27 CYTOK.

JlanbHeiiliee HWCCIIEOBAaHME COCTOSUIO B HM3YYCHHMHM XapakTepa HW3MEHEHHS Ha0yXaeMOoCTH
OCHTOHHUTOBBIX TJIMH IPH COBMECTHOM BO3JCHCTBHM Pa3IUYHBIX KOMOMHAIIMHA XUMHUYECKHX pPEarcHTOB,
cocrosmux u3: Na,CO; u CaO; Na,SO, u CaO; Na,SOs u MgO; NaCl u CaO; NaCl u MgO, u ¢
MEHSIOIIMMCS B 3THX KOMOWHAIIUAX KOJUYECTBEHHBIM COOTHOIICHUEM WHIM-BHIyaJbHBIX KOMIIOHCHTOR.
[TonmyueHHBIC pe3yNIbTAThI IPUBEICHBI B TA0I. 3.

Kak BHIHO M3 JaHHBIX 3TOW TaOmuIbl, noOaBieHHEe KomOuHamuu peareHToB Na,CO; u CaO
CIOCOOCTBYET YJYUIICHHI0O HA0YyXaeMOCTH BCEX MCCIICIYyeMbIX 00pa3I0oB OCHTOHUTOBBIX TJIMH, HO HE B
OJIMHAKOBOM CTEMEHH; 3TO OOYCJOBJIGHO KaK IPHPOIOM caMoro ooOpasia, TaKk M KOJMYECTBEHHBIM
COOTHOIIICHHEM B KOMOWHAIIMKM KOMIIOHEHTOB. I[IpoBeieHHOE M3y4eHHE WHAMBHUIYaJIbHOTO BO3ICHCTBHS
COCTaBJISIONIMX 3TY KOMOMHAIIMIO XMMHYECKHX PearceHTOB Mokasano [1], yto Na,CO; sBisercs O4YeHb
3¢ GEeKTUBHBIM, 0COOCHHO TpHU ero ontuManeHoM cozaepxkanuu (0,2 u 0,251), B To Bpemsi, kak CaO He
OKa3bIBacT Ha HA0YXaeMOCTh NMPAKTUYECKH HUKAKOIO BIMSHHS U JaXKe MPUBOIUT K €€ CHIIKECHHIO.

[Ipu nobaBnennu x obpasny [lapaBanu Tpex komMOMHaIMK KOI(DDUIIMEHT HAOYXaHUS TTOBBIIIACTCS, 10
CpaBHEHHIO C puponHoi (opmoi, B 5,0-5,6 pa3, a mpu nodasienun kombuna-mu 0,1 Na,COs5 + 0,157
CaO - Bcero B 1,6 pa3. OntuMaibHO# okazanack komOuHaus — 0,2r Na,CO; + 0,1r CaO , npu koTropoit
noyydaeHHoe 4depe3 24 daca 3HadeHue K,s=22,5 oM’/2r gepe3 5 CYTOK CTOSHUS HECKOJIBKO IMOBHIIIACTCS
(K:a6=25,0 CM3/2r). Taroke He3HAUNTENbHOE yBennueHue K6, BO BpeMEHH UMEET MECTO | JIISI OCTaIbHBIX
COCTaBJICHHBIX KOMOWHAITH.

s obpasiia Mtucnupu 1 depe3 24 yaca moyy4eHbl OY€Hb BBICOKHE MTOKA3aTENIN MOCIE J00aBICHUS
komOuHammii: 0,2r Na,COs + 0,1t CaO  (K,25=49,0 cM’/2r) u 0,2r Na,CO; + 0,151 CaO (K,,=48,0
cM’/2r), KOTOpBIE JaXe IPEeBOCXONST INOKasaTend HabyXaHHs BallOMMHICKHX 00pasioB. JloGaBicHue
OCTaNbHBIX JBYX KOMOHWHAIIMH TNPUBOAUT JIMIIb K HE3Ha-4MTEIbHOMY wu3MeHeHutio K. Ha
paccMaTpuBacMOM 00pasiie HaONIOMAeTCs OYEeHb OTYETIMBOC HaOyxaHHE, M3YYCHHE KMHETHUKH IaHHOI'O
Mpolecca  yKa3blBaeT Ha BBICOKYK) CTaOMJIBHOCTH CTEIECHHM HAOyXaHHWs: TakK, IOcie J100aBJICHHS
komOuHanuu 0,2r Na,CO; + 0,1r CaO 4yepe3 14 cyrok 3HaueHue K, BoOOIIE He u3MeHseTcs; yepe3 32
CYTOK BenmuumHa Kod(QuiuenTa Habyxanus cHmKaercs ~ Ha 6% (K,q5=46,0 cM’/2r), a uepe3 77 CyTOK —
Bcero mumb ~ Ha 10% (Ku=44,0 cM’/2r). MeHbIIylo CTaGHIBHOCTH CTENEHH HAOYXaHHs HpPOSBISET
obpazenr Mtucnupu 1 nmocne mobdasnenus komounarmu 0,2r Na,COs; + 0,151 CaO : npu 3TOM 3HaYEHHE
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K. guepe3 7 cyrok cHmxkaercs yxe Ha 19% (Ku6=39,0 CM3/2F), gepes 28 cyrok — Ha 32% (K,.6=32,5
cM/2r) 1 depe3 74 cyTok — Ha 42% (Kuus=28,0 cM’/2r.

Ta6auna 3. BiusHue KOMOHHALMIA PeareHTOB Ha BeNMMUMHY Koo duIuenTa Habyxanus, (cM°/2r)
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OOpazer;r MTucnupu 2 xapakTepusyercs, 1o CpaBHEHHUIO ¢ oOpasiamu [lapaBanun u Mtucnupu 1,
Oosiee HM3KOM HaOyxarolei criocoOHocThio. KomOunarws peareatoB  0,1r Na,CO; + 0,15r CaO yepes
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24 gaca nosiiaeT Ky, B 2,6 pa3, a ocrajabHble Tpu KoMOuHaIK — B 4,9-5,6 pa3. OnTrMajbHO# OKas3aiach
komGuHammst 0,2r Na,CO; + 0,05r CaO  (K,6=19,5 cM’/2r), a xom6unamust 0,2r Na,CO; + 0,1t CaO
uepe3 5 CyTOK CTOSHHS YBEIHUHBACT CTeneHb HaOyXanus ~ B 8 pa3 (K.5=27,5 cM/2r).

JloGapiieHne Kk BaHOMHUHICKOMY 00pa3ily 1, KOTOPBIH YK€ B IIPUPOJHOM BHJIE MPOSBISAET BHICOKYIO
HaGyxaeMocTh (Kyq6=48,5 cM’/2r), Tpex COCTaBICHHBIX KOMOMHAIMII CHIYKAET STOT Mokasatens B 1,4-1,5
pa3. MakcumanbHoe 3HaueHue Ki,s=47,0 CM3/2r, nonyderHoe npu goodasnenuu 0,2r Na,CO; + 0,05t CaO,
aepes 5 cyTok (Kya=49,0 cM’/2r) mpeBocxomut ~ Ha 10% Moka3aTenb HCXOAHOro odpasna. Yepes 4 cyTok
nocie godaenenus 0,2r Na,COs + 0,Ir CaO K5 Bo3pacraer ot 33,0 g0 47,5 cM’/2r, a nobasnenne 0,2r
Na,CO; + 0,15r CaO yxe uepe3 2 CyTOK MOBbIIIACT 3HaUeHHE K. 10 TTOKA3aTENs MPUPOIHOrO 00pasia
(Kyua5=48,5 cm’/21).

[Ipu nobGaBneHWU K BalOMHHTCKOMY 00pasily 2 TpeX COCTaBJIEHHBIX KOMOMHanmi 3Haue-Hue Kig.
noBsimaercs 10 30,5-32,0 cM/2r, a npu nobasiennu 0,1r Na,CO; + 0,151 CaO , Ha060pOT, HMEET MECTO
ero cHmkenue (~ Ha 4%). OnTumansHoO# sBisgercs komOunaius 0,2r Na,COs + 0,05t CaO. Co BpemeHeM
HaOMoaeTcss  yXyAlleHHe HaOyxaroled CIOCOOHOCTH ATOro o0pasiia; MCKIOYEHHUE COCTaBJIsIET
nobasienne komouHaimu 0,2r Na,COs + 0,151 CaO, npu kotopoii uepe3 2 cyrok Ki,s Bo3pactaer ~ Ha
37% u cocrasisier 37,0 cM’/2r.

Ilocne pnoGaBieHHs BCeX YETHIPEX COCTABIICHHBIX KOMOHMHAIWH Halyxaromiass CHoCOOHOCTb
BalOMHHICKOTO0 oOpasiia 3 ymydinaercs B 1,5-1,8 pa3; mpu 3TOM MOJIYYEHBI JOCTATOYHO BBICOKHE
nokazarenn K,.,=36,0 — 43,5 CM3/2r, KOTOpBIE uepe3 2-5 CyToK ele 0ojiee MOBBIIAKTCS M JOCTHTalOT
sHaueHui K,,;=47,0 — 48,0 oM°/2r. OnTuMaabHOM, KaK W JJIS JBYX NIPYTHUX BAaHOMHHTCKHX OOpas3IloB,
okazanachk komOuHaius 0,2r Na,COsz; + 0,05r CaO, nocie mo0aBieHus KOTOPOW HaOIIOAAeTCsS BBICOKAS
CTaOMJIBHOCTh CTEICHU HaOyXxaHus: 4yepe3 14 cyTok CTosHUs 3HaueHHe Ky, CHrDKaercs iuib ~ Ha 6%,
yepes 21 cytku — ~ Ha 14%, a gyepe3 32 cyTok — ~ Ha 23%.

Xopolye pe3yibTaThl IOAYYSHBI JJIS Trpedeckoro ooOpasua, K, KOTOporo Bo3pacTaer, IO
CPaBHEHHUIO C MPUPOIHONW (GopMol, B 5,4-8 pa3; mpu 3TOM HMEET MECTO OYEHb OTUETIIMBOE HaOyXaHHe.
Buauenne K,,5=42,5 cm’/2r, MOJIy4eHHOE TpU J00aBlIeHUM ONTUMaabHON komOmHammu 0,2r Na,CO; +
0,057 CaO, uepes 5 cyrok pgocturaer BemuduHbl Ki,5=49,0 cM/2r. Crmemyer OTMETUTBH, YTO
oOpa3oBaBiIascs HaOyxIas Macca Ou€Hb CTa0MJIbHA BO BPEMEHHU: Ja)ke uepe3 65 CyToK 3HaveHHue
Kiuas=42,0 cM’/2r, T.e. OHO TaKoOE e, KaK ¥ 1mocie 24 4acoBOro CTOSHUS. Uepes 2 cyTok mociie 100aBJICHUS
komOuHanuu 0,2r Na,COs + 0,1r CaO npoucxomut poctT K0T 29,5 no 46,5 eMm’/2r, IIPH 3TOM CTEIICHb
HaOyxaHHsS BO BpPEMEHHM 37eCh TaKKe OYCHb CTaOWibHA: uyepe3 49 CyTOK JOCTUTraeTCs pPe3yJIbTarT,
MOJIyYEHHBIH TI0C/IEe TMEPBBIX 24 YacoB. ACKAaHIJIMHA MPAKTHYECCKH HE TPOSBISECT HAOYXaroIIyro
criocobuocTh (Kias=3,5 cM/2r).

[Ipu n00aBJiecHMM K AacCKaHTEII0 KOMOMHAIIMIA pPEarcHTOB HAOJIONAIOTCS ~ TaKWe JKE II0Kasa-
TEJH, YTO ¥ Ha MPUPOAHOM oOpasiie. HesHauntenbHoe noBbiieHUe (~ Ha 1%) 3HaueHus K, nMeer Mecto
npu pobasiaeHun 0,2r Na,CO; + 0,051 CaO  (Ky46=49,5 CM3/2r), KOTOpOE CTaOW/Ib HO M uepe3 58 cyTok
CHIDKAeTcs b 10 46,3 cM/2r. Crenenp HaOyXaHMs acKaHIels TAKKe BHICOKA M TMpH noGaBneHnn 0,2r
Na,CO; + 0,1r CaO : 3nauenue K, ,;=48,5 oM>/2r yepe3 2 CyToK cocTaBisier 49,5 CM3/2r, a gepe3 57 cyTok
OIycKaercs JHIIb 10 45,0 cM’/2r.

Ha puc.1 nokazano HabOyxaHue OCHTOHUTOR IOC/IE T00aBIICHUS KOMOMHAIIMM XUMHUCC-KMX PEarecHTOB
0,2r Na,CO; + 0,1t CaO , Ha KOTOPOM HATIJIIIHO BUIHBI BBICOKHE IMOKa3aTelu oopasia Mrucnupu 1 maxe
yepes 21 cyTku.

Wrak, noiaydeHHbIC pe3yJbTaThl MPOBEACHHBIX UCCICIOBAHUN CBUICTENBCTBYIOT 00 3(()EKTHBHOCTH
COBMECTHOI'0 HCIIOJIB30BaHMs XMMHUYeCKMX peareHToB Na,CO; m  CaO B ux xoMmOuHanmsx. I[lpu
N00aBJICHUN YCTaHOBJCHHOM JUId 00pa3ia Mtucnup 1 onTHMaabHONH KOMOMHAIIMK PEareHTOB 0Ka3ajioch
BO3MOXKHBIM 4Ye€pe3 CYTKH 3HAUMTEIBLHO MOBBICUThH €0 HAOYXaIOIIYI0 CIIOCOOHOCTh M Ja)Ke MPEB30MTH IO
3TOMY TapamMeTpy BallOMUHTCKHE 00pa3ibl (Tadmn.3).

Uro kacaercs OPYrMX H3YYEHHBIX HAMU KOMOWHAIIMA XHMHUYECKHUX PEAareHTOB, TO MX J100aBJICHUE
0Ka3aJioCh 3HAYUTENbHO MeHee AM(PQPEKTHBHBIM WM JX€ — COBEPHICHHO HEIP(EKTUBHBIM, O YeM
CBUJICTEIbCTBYIOT TMPHUBEICHHBIC HUKE PE3YIIBTATHI.

Tax, mist obpasuoB [lapaBanmn, Mtucnupu 1 u Mtucnupu 2 npu nobasinennn komOuHa-tu 0,2r
Na,SO4 + 0,05r MgO K6, x0Ts 1 yBenmuuuBaercs B 1,6-2,1 pa3, HO moIydeHHBIC 3HAYCHHS OUY€Hb HI3KHUE
(Tabn.3).

[Ipu wucnonb3oBanuu B koMOuHanusax Na,SO; u MgO a1 Bcex TpexX BalOMHHICKHX 00pasiioB
MOJTy4arOTCs TOYTH TaKUE K€ Pe3yJbTaThl, YTO W NPU WHAMBHIYaTbHOM BO3JCHCTBUHU 3TUX PEarcHTOB,
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MPUYEM B TOM K€ KOJUYECTBEHHOM coaepkanuu. Koadduiment HaOyxaHusi BaHOMHHICKOro oOpasma 1
yepe3 cytku nocie nodasienus 0,1r Na,SO4 + 0,05r MgO  ycrynaer ucxomHomy Ha 1%, a eme depes
CYTKH — mpeBocXomutT ero Ha 2% (K..=49,5 cM’/2r); npu sToM HaGmonaercs rycroe Habyxanume. Jlns
BafOMHHICKUX 00pa3noB 2 U 3 K5 yBeauunBaeTcs coOoTBeTcTBEHHO ~ Ha 11 1 33%.

I'pedeckuii oOpasen npu podasiaenun 0,1 Na,SO4 + 0,051 MgO mnposiBiisseT HU3KYH HaOyXaroIlyro
CIOCOOHOCTD, IMPH 3TOM K5, BO3pacTaeT 1o CPAaBHEHUIO ¢ MPUPOIAHBIM 00pa3iioM B 2,4 pa3a. ACKaHIJIMHA,
TaKk e, Kak U Npu JA00aBIeHUU KOMOHMHAIMI NPYrUX XMMHYECKUX PEAareHTOB, W 371eCh HE IPOSBISET
Ha0yXaroIyr CIIOCOOHOCTb.

CBoeoOpa3Ho, kak U B ciyuae Na,COs, Bener ceds ackaHrenb: Mpu ao0aBieHur koMOu-Hanuu 0,11
Na,SO,4 + 0,051 MgO depe3 24 yaca Ky, cHmxaerca B 2,5 pasza u coctasmster 20,0 CM3/2I‘, a eme
gepe3 24 waca STOT MOKA3aTelb CYIICCTBEHHO BO3PACTaeT, A0X0ms 10 45,0 cM’/2r M ycTymas ImpH 3TOM
HUCXOMHOMY 00pasiy ~ Ha 8%; co BpeMEeHeM 3TO 3HaueHHe MajacT: yepe3 § CyTOK OHO cocTaBisieT 35,5;
gepe3 21 cytku - 30,0 u uepes 38 cyrok - 27,5 cM’/2r. Yike depes mepBbic 24 uaca CTOSHHS 31€Ch
HaOJII0IaeTCsl CBEPThIBAHKME 00Pa3yIOIIEHCS XJIOMbEBUIHOM HAOYXIIIEH MacChl.

Puc.1. HaOyxanue OCHTOHHMTOB IOCIIE
J0OaBIICHHS KOMOHMHAIINU XHUMHYECKUX
pearentoB 0,2r Na,CO; + 0,1t CaO :

1 — BaitomuHrckmii obpaser 1 (uepe3 13 cyrok); 2
— BadloMuHICcKuil obpaser 3 (uepe3 13 cyrok); 3 —
rpedeckuii OeHToHMT (uepes 10 cyrok); 4 —
Mrtucnupu 1 (depe3 21 cyrku); 5 — acKaHTrenb

(uepes cyTKH).

HarnsgHo HaOyxaHue OCHTOHHUTOB Tocie qo0amieHus koMOuHaimu peareHtoB 0,2r Na,SO4 + 0,1r
MgO mnpencraBieHo Ha puc.2.

Puc.2. HaOyxanue OeHTOHHTOB uepe3 24
qaca nocie JoOaBIICHHS KOMOHMHAIINT
xumudgeckux peareHTtoB 0,2r Na,SO, + 0,1r
MgO: 1 — BailomuHrckuii obpasery 1; 2 —
BallOMHHICKUN oOpasenr 2; 3 — BallOMUHICKHIA
obpaser 3; 4 — IlapaBanu; 5 — Mtucnupu 1; 6 —
Mrtucnupu 2.

[Tpu BBenenuu CaO B koMOMHAIKIO peareHToB, BMecTo MgO, s oopasiios [lapaBanu, Mtucnupu 1,
Mrtucnupu 2, ['penyn, ackaHTIMHBI TOTYYalOTCS TaKWe e HU3KWE 3HAYCHHUS TOKa3aTelsi Ha0yXaeMOCTH,
Kak u B npucyrctBun MgO; K5 BaloMHHICKUX 00pa3ioB 1,2,3 1 ackaHress majaert 1Mo CPaBHEHHIO C UX
NpUpoIHON (HOPMOM COOTBETCTBEHHO B 3,2-5,4 u 3,4 pasa.

Od4eHb HU3KHUE MMOKa3aTeIM HaOyXaeMOCTH TMOJy4YeHbl TakkKe Npu nodamieHun komOuHanuid NaCl +
CaO u NaCI+MgO nms Bcex ucclieJOBaHHBIX OCHTOHUTOB, 3a MCKIIOYCHUEM BalOMUHICKOro obpasia 1
(Tabmn.3; pwuc.3).
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Puc.3. HaOyxaHnue OGHTOHHTOB uepe3
24 yaca mociie A00aBJICHUS KOMOWHAIIUU
xumuyeckux pearentoB 0,2r NaCl + 0,1r
MgO :
1 — BaltomuHIrckmii oOpaserr 1;
2 — BallOMUHTCKH1 oOpaser| 2;
3 — BalloMHUHICKHii 00pa3selr 3;
4 — IlapaBanu; 5 — Mtuctiupu 1; 6 —
Mrtucnupu 2.

B 3aximoyenue cremyer OTMETHTh, YTO M3 HCCICJOBaHHBIX B JaHHOH paboTe KOMOWHA-IIHH
XAMHYECKUX peareHToB Hambosee >((eKTHBHON oKa3anach KoMOWHawms, coctaBieHHas u3 Na,CO; u
CaO. Ilpu nmobamieHun K o0pas3ny Mtucnupu 1 ycTaHOBJIGHHOW JJIsi HETO ONTHMAajlb-HOM KOMOWHAIIUU
3THX PEareHTOB CTAall0 BO3MOXKHBIM 3HAYMTEIBHO MOBBICHTH €ro HaOyXarollyl0 CIOCOOHOCTh W JIaxe
HECKOJIBKO MPEB30UTH 10 TOMY MOKA3aTeN0 BalOMHHICKHE 00pa3Ibl..

KROBIDOGHI®S — REFERENCES — JIUTEPATYPA
1. Xavarypsu K.K., I'erus H.A., Ouykumze .11, Ykine6a E.H. W3Bectus nan. AH I'pysun, cep.
xuM., 2015, 1.41, Ne 1-2, c¢. 154-159.
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DEPENDENCE OF SWELLING OF BENTONITE CLAYS OF BY NATURE CHEMICAL
REAGENTS
Karine Khachaturian, Nestan Gegia, Gulnazi Enukhidze, Tamar Guruli
TSU Alexander Tvalchrelidze Caucasus Institute of Mineral Resources

SUMMARY
The bulking-up ability of bentonite clays of Georgia from Paravani and Mtispiri’s fields, and also for
comparison — bentonite clays of fields Wyoming (USA), Greece and Tsikhisubani is used. It is shown that
modifying of bentonites combinations of chemical reagents differently influences extent of their swelling.
Considerable efficiency of use of a combination of Na,COs; and CaO reagents in their optimum ratio is
established.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF ACETYLENE
TETRAMERIZATION AND CYCLOTETRAMERIZATION REACTIONS

Mikheil Gverdtsiteli, Levan Lobzhanidze
Ivane Javakhishvili Tbilisi State University

SUMMARY
Within the scope of quazi-ANB-matrices method mathematical-chemical investigation of acetylene

tetramerization and cyclotetramerization reactions. Was carried out these reaction proceed with the decrease
of molecular complexity.

MATEMATHUHKO-XUMHNYECKOE NCCIEJOBAHUE PEAKIIUU
TETPAMEPU3ALIMU U HUKJIOTETPAMEPU3ALINU AIETUJIEHA

M.U.I'sepauureny, JI.B. Jlobxxanunze
Tounucckuii 2ocyoapcmeennwiii ynugepcumem um HMe./orcasaxumsunu

PE3IOME

B pamkax merona kBazu-AHC-maTpull nmpoBeAEHO MaTeMAaTHKO-XHMHUYECKOE HCCIeI0BaHUE
peakuuu TeTpaMepHu3aluy U IUKIOTeTpaMepH3aluy alleTUieHa. DTH PeaklUU COMPOBOKIAIOTCS
YMEHBIIEHUEM MOJIEKYIISIPHON CII0KHOCTH.
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Fqlsdegdgemos dmgdneo sdm(3sbol  Jodomeo L3goi030L asmgsmaliobgdoo [4].
(1) egsdoobsmzgals BqdnBsggdnmos mORGSad 6B 060 7ds®Bozgbo dmwgema:

A-B - D-B (2)
bows: A={O >, B=CH,- Cii - COOH; D= 1H0<0>-.
NH,
(2) bggdols Rsbsfadls 563 -358M0(39001 3sdmygbgdom asshbos bsbg:
Z, 1 7, 1
HIAZB _’HlDzB (3)

a3630bogmmm  gsdmlsbymagds:
Ar = Ap— A 4)

boss: Ar — Lsderameer Loliggdol  (mocembobol)  Bglisdsdolo 563 -3sM030l  gd9edo-
6560l 3603369mmmdss; Aj — Lsfgobo Lolggdol glsdsdalo 563 -338M030L 98903065680l
360336900mds; Ar — ©98)9630636@)0ls 360d369mmdols (33em0mgds Ggsg300l Fgegasc.

s@dmhBbrs, M™I gsbboermmo Ggsdioolmgol A>0. o gszomgzsmolifobgdm, Gm3d A-l lLowowq
Imggnen®o  bodorgemol  [2]  36m3méommos, ga30dmos  s3slizzbom, Gmd gl Ggsdios
d000bstgmol dmemgzgem®o LoMorgmol bewoo.

396mbols 0bxgm®ds300l gbBOM30s gsdmomgmgds M@ nmoo:

H= _Zpi log, p; (8)
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basi: Pi — 39633990 bomdogmgdols (dsy.: A-LgOnddnermmo  gdsadgbdol  semsemdgoby
,»37639000L%)  semdsmnmdss.

a3630bogmn  gsdmlisbyemagds:
H; = H¢— H; 9)
bosz: He — Lsdomemerem  Loliggdol glbsdsdolo Bgbmbols 0bgm®ds300L  9bBOM308s; H, -
bafgobo Loliggdol; Hr — 0bgem@mds;zool g6@6Om300ls (33momgds Ggsdi0ol 3emgldo.
s0dmBbs, G0 33 M08l 0sb sbEmagl 0bgm@ds00ls GbEO™30ol béws (Hr >0), Lol@gdol

06(3mﬁ)3¢(550~3qwm6o dsEds.
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MATHEMATIC-CHEMICAL INVESTIGATION OF THE REACTION OF
TRANSFORMATION OF PHENYLALANINE INTO TIROSINE

Marina Karchkhadze, Ketevan Kupatadze, Mikheil Gverdtsiteli
Iv. Javakhishvili Thilisi State University
llia State University

SUMMARY

Within the scope of quasi-ANB-matrices method mathematic-chemical investigation of the
reaction of transformation of phenylalanine into tirosine was carried out. This reaction proceed
with the increase of molecular complexity. The informity of the system also increases.

MATEMATUKO-XUMHYECKOE UCCJIIEAJOBAHUE PEAKIIUU
IHNPEBPAIIEHUSA ®EHUJIAJIAHUHA B TUPO3UH

Mapuna Kapuxanze, Kerean Kynaranze, Muxaun ['Bepauurenu
Tounucckuii 2ocyoapcmeennwiii ynueepcumem um. Me. [casaxuweunu
T'ocyoapcmeennwiii ynueepcumem um. . Yasuasaoze

PE3IOME

B pamkax merona xBa3zu-AHC-marpuil npoBeeHO MaTeMaTUKO-XHUMHYECKOE HCCIIE0BaHUE
peakuuu npeBpanieHus (peHunanannHa B TUpo3uH. [Ipolecc mpoTekaeT ¢ yBelInYeHHEM MOJIEKY-
JSpHOM ciokHOCTH. [Ipu peakunu Takke yBeIuMunBaeTcss UHPOPMAaTUBHOCTh CUCTEMBI.
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3™33¢ngdubsgPmms Jodos
JO®IoL bgars@gdol Lobomgbo

050%g 098396599, 6560 MMM E0560, F505 FMAS5dY, BoBOBGMES 3R JOTZOW0, EOS JMAYS,
L3oMES3 MOMEA], 3¢50dgH 303033000

390369 89¢rogodz0e00l 30B03HO @S MEZsbryero Jodool obbBodiBHo

Bo®dMgdw0s  Lsdg0eq6BH0s60 JOHmdol (III) s8mOgwo bgwsdmco Bsg®omgdol Cr(Mt)s-2H.0 (I) s
Cr-Lig-nH.O (Lig — go®®Ma®-ombo (n=4), 6o@®owm@®oddsmdzogsl sbombo (n=3)), s309m3g 300LEGHMG0
bgws@G®o bogBomgdol Cra-LigsnH20 (Lig — JoG30b 85530L (n=0), 03060 85530L (n=2), ac0Bsdobol dxs30L0
(n=4) ©> EobGHYobol (M=5) s6ombgdo) Lobmgbo LobmBwM-bs8gM@Bm IBTbMEgdom domo Fgdymdo
398mygbgdol  doBbom.  Fogdmwo  bsghomgool  gJudgModgbGH e  goblsbMzmMwo  gwgdgb@eo
09050039bmds  gdmbggzs  godmmzmol,  obleBegzmos  dsmo  blbsmds  fysls  @s  MEysboem
208blbgegddo, 3MOLEIWMOO 659BNJO0 bILOSMYOWO0s MYBEAIBMWO OBMOIBHMIGBHMOOL 356539EHMIOO.

3953500
J6@do (Cr) Jodormo gewgdnb@os s¢mdn®o bmdGmom 24, dsbom 51,9962 ¢/dme s 9eqdEGmbrwo

3mbgz0gm®ogoom [Ar] 3d5 4sl. magolvygse BEaMIsMYMdITo JOHMB0 Fodmaygbl dmeMEROLBOM-MINE
d9Hol (3Mdmeo Bgbg®o, a=0,28845 63), GmIgwog HJa3oMol 350300900 Asdm 3596Bg bozdsm
8505 © 56 0blBYdS BobyMoem® 855399080, offgol 2000°C-by 853569 Ba®ob JOmdol (1) mduowol
Cr203 §omdmgdboom. Fyoblbs®gddo JHmobogol @sdsbobosmgdgmos Cr2t (3obgg®o gmdg babosool
8560qd0), Cr3* (863969 96 owoliggo ©s 3369 [Cr(OH)4]" 58gm@EgHmo dsGowgdo) s Cré* (8gsgs
bobosmol  Bo®oado - ygomgwo Jomdsdgdo CrO s Bs®obxolgg®o ©odmmds@gdo Cra07*)
8 056MH9md9d0. 9@t JOMTo s, oblsgm®gdom Cré*-6sgHmgdo bolosm©gds dswby dswseo
&Juogn®mdom [1], bowme J6mdo () 809390360dm@s [2] Lsbogmabewm@ 9930w gdgmo 83398530
(essential nutrient) qemqd96&gd0L Gogbgl (Fe, I, Cu, Zn, Co, Cr, Mo, Ni, V, Se, Mn, As, F, Si, Li), ondgs
2014 Gewol deeel 936:0m30L 1533980 36M©IJGHIPOL MLsBOMBMYdOL Losggb@ma (European Food Safety
Authority - EFSA) 5805939965 8mbligbgds [3] 0dol dqLobgd, Gmd Jemdol (III) dmbdsegds xs6dGmge
5005905690Bg  Lobotggdem Bgasgwgbsl 56 sbbl s sdmowm JOmdo gbgbzow®mo (Lobogmabumo
3(30¢09090) d03OHMgegdgbEol Bmlbosb.

500530560l MmEMYobobdo FgoEogl JOH™MIoL ssbermgdom 6 9y-b, 00 JOMOMSIE AIBEIAGIYOS
™mO56MmgdolL (06 30gd0, ¥30dwo, bofiersgzgdo, dgzergdo s Lbg.) Jumgowgddo; 35MeMdYD, GMI JOHmdo
dmbofoergmdl bobdomfiyemgdol, wo3dogdols s (30gdol 39EsdmEoHddo, mwydis dolo dmddggdol
0995609500 B0 WO 56 50U, (36MdOWOs FbMEME oL, HMI MRMJ©JOT0 JOMBoEgdmb 3oEsdob C-ls
5 Bbgs 5296@700b »H0gMH0Jdgqdolsl Fotdmoddbgds Jhmdo (III) [4].

1960-0560 §argd0sb 003w gdms, HMI M3EH0ToeMos JOHMmAoL ymzguwmonmo dowgds 150-200
933-0L mE9bMd0m, 3065000 JHMAoL IROEOEHO Tgodergds bl od@osbo OsdYEHOL, sOGHIMOMEO
30396039bBool, ©obero3dogdool — 8999 30 9009OHMLIEIOHMDBOL  gobgomsMgdol dobgbo, mwdiss
5396M030L d996H09dge 9Bo@gddo 2001 Fgel JOHmaol mo®o bem@ds 890306Mmws 35 933-0w9 3539d0Lsm30L
5 25 933-009 Jowgdolomgobl [5]. xgM 3093 1960-70-056 Hargddo oagbowo ogm Jomdol bswzgoglm
9560900 - bmo3o, Lodmbeol MW30dwo, WMdOM s Jod™m, 530939 ob, GMI JOHmdol d9d33germds Mol
36MMm©vd3H9ddo, bobs s dmbEbgMdo dogBy d0s, Boa®ed OGEHIMsGHOIo figstmgdol 2011
9l PooMgdo9eno sbseroBol [6] 00bsbTo, doMHomaso dmbsggdgdo 3sdmdznybgd«yao oym 1980 fersdy,
MHmEILs3 JOMAoL FobLEBOZMS 339008 3OHMEMJEHYOTo bMME0IXIOMES 5M9500gJ35GWOO FamMEYdOom,
©5 dmbozgdoms  sMLYPRMO  B3BS  LoFoMmMadl  gobobengdsl  MMAMOE  9EROWMOM030  3gmdodonmo,
MMM, 93MMA0NMHo s bbgs 300Hmdd0l, oLy  LbobmxEm-Lsdgm@bgm  d3MMmEdaool  339d0L
36 3H90s© 359tmgqbgdmo 450535998539090 39dbMmeEma0gdol (Fod5¢P0ms© - MobAd30 BMEsEOL
2090ygqb900Lsl G909hbg3s JOHMTOL s 503geol As8mEHHyE3s Lo3zzqd 3MMmEI@do [7]) 35035¢0obfobgdoom.

505300OMWo©, SOLYdMIL 36mdgdo [8-13] FguMObagEgMdsls s Bggbmggugmdsdo Jomdol (III)
3339 dbyMo BoghHmgdol (bgws@gdol) Hodmdo@gooom as9mygbgdol dqlobgd, mwydiEs 500l Bmbsgdgdo, Gmad
J63ob Jogmeobs@o (Tris(picolinate)chromium(III), Cr(CsHyNO.)5) ©s Bogm@obs@o (Chromium(3+)
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tri(pyridine-3-carboxylate), CisH:-CrN;Os), 60009003 835000 4959009496905 000d9GH0L @O™L, 990d¢gds
0yml Lobogsmm LiimOgo 98 3nd3egdb® bogHmgddo 45dmygbgdero oasbgdol (303meobols s
B03mE0bol 9553900L Bodmgdo) aodm [14].

50935650, JOHMAoL sbogro 30d3egdbwyMo bsgMmgdol Lobmgbo bgoalibgs MisnmmbMm woysbwgdol
2409mygqbgdom s ds00 89930 450M330g30 SIBYIWYG 58MmEsbol FoMmBmowagbl, s h3gbo 33ag30L
3003900 g&s3o ogm JOHmdol bgwo@gdol Lobmg®Bol asbbmmEogmgds sdobmdgsggdol - dgmombobols
(HO.CCH(NH,)CH.CH.SCH; = HMt), gobGobobs (CeHiaN20,S: = H.Cst) s aw@sdobol dgsg30l
(CsHoNO, = H.Gl), s3®gm39 @0dmbol 8x030L (H3(CeH507)), 6o@®owm@&®odds®dgegol (GMowmmb A,
N(CH.COOH); = H3NTA), Joc30l 9go30bs (C4HsO4 = HoSA) 5 03060l 83530 (C,HeOs = H.TA)
209myqbgdom.

93b3960896¢mero bsfoeo

J6@ob (III) bges@meo BagBomgdol Cr(Mt)s-2H.0 (I) s Cr-Lig-nH.0 (Lswsg, Lig — god®s@-ombo
(CeH507)3, n = 4 (II), 6o@®owm@®odds®mdgsgsl s6ombo (CsHgNOg)3, n = 3 (III)), sa®gmgg bgwoe@ado
6596mgd0ob Cr.. Ligs nH.0 (bosg, Lig — SAz, n = 0 (IV), TA%, n =2 (IV), GI*, n = 4 (VI), Qo Cst*, n = 5 (VII)
360mb9d0) Fobomgds 4s9myqbadmeos B39bL GogH ©s8v)dsg39dero, ob3gfowo s 9FMEGH03500
39990 dgomgdo:

bgsd o 63gHomolb  Cr(Mt);-2H.0  Lobmgbol  doBbom gowgdo  J6mdolb  539HAL  ©o
399000MmbobL 1:3 WM MbsBIMOMBOM. Fo3bgEgdol s 0bEHIbLbomEmo dmMg30L 30MHMdgddo 3blbom
d0b0dsgr®mo  dmEgermdol  fiyserdo. bbbsMo  0b@Ggblonmo 9f3569 F9x39MH0WMdOELE  yowowol 3
05b5dbol ggMTdo. 3R0WEHM300 FGd0sMod blboMl 3mbrab@®moMgdol dobbom, dzotmg bboo 359mzbgdm
9ol mM0deol 505Hsbsby. odmymaowr 0sbsdbol 1Mol bsgMml 3530wEMZ3m, 36MgEbogzm fywoom,
L30MOEGHOM S 359OMBO MMbOL Bgd3gMsdMEbY.

3083gdbm@o BogBmgdol Cr-Lig-nH.O s Cra.LigsznH.O Lbobomgbol 90bboom g3009dm  JHemdol
339GOAL  @o 8gLeds3oLO WORbEOL dgo30L 1:1 (I, IT) s 2:3 (III, IV, V, VI) 3m@Ho ms6sg30Gmdom
30xBMMOL X5990Dg, LMOLIZm TYst TEyMIscmMdsdo gMmY35mHM3560, 3mImyabm®o dolol B0wgdsdcY.
06@gbbomeo  dmegzol  306MHMdPPTo  (i39m-{39mmdom  3MTsBHgdm  bger  iyswlb. bgds ddscmBzgoz0L
000360 2o0mgmazs.  Jomgdmer  gogobgdy®  obol  Me8gbxg®mdg  358w9dsgqdm  3bgwo  fywoom,
d056335535L Lybol BmEoEgds8Y. 35MHMJgdod dmErmdEg Yol mOmMJwols sdsbsbsby. Jowgdmen
BogMmgdL 36 3bogm 3069 Homgbmdom {Ywom, L3oMEOM, I35TMMIMN MMbolL 3HYd3gMo@Moby.

doadmwo bsgmomgdol  dgpqboemds s  0bE030SEMds  ©oR0bs  do3MHmgegdabEMo
oboewobom (CHN Analyser, Labertherm GmbH), bmeem Lobomgmsgg - @@emdol Gg93905@«®ol ¢ob-
Lobeg®oom (Dynalon SMP10). 36060 50318900 @obalosmgdwmos G9bERGEE-©ogGJ30MEwo
356599309000 (oyGMsd@™mIg@®o DPOH-3M).

990092900 05 33000 56bxs

doadmo bgas@gdol Jodom®o dgaqbomdols dgbsdsdolbmds Hgdmo FoMdmoygbow Bmys©
BnOIMYgdmb  ILEHMMEYDS  Bo@IMYdMwo  gagdgb@G Mo  sbsgrobol  Gggagdom - JOmdol,
Bobdo®mdool, Yodsols s sBmEHOL 9JudgMHodgb@ s 4oblsbmzMmmwo 8993339wmdgdo gdmbgggs
d9L50530L godmmzEo LoEOIYIBL (bMowo 1).

3bGHoo 1. JHmdol bgmo@mo 65gMmgdol gergdgb@®o sboaroboll 8gwgagdo

dog)- 296LsBOZOWOos, % 390mm3wowos, %
o
No RIS 60 dsbss M C H N M C H N
2/dmero
I Cr(Mt);-2H,O 532.69 9.53 34.21 | 5.98 | 7.56 9.76 33.82 | 6.39 | 7.89
II Cr-L-4H,0 313.19 16.30 | 23.25 | 4.00 — 16.6 23.01 | 4.18 —
I11 Cr-NTA-3H.O 201.45 17.66 | 24.54 | 4.35 | 4.78 17.84 24.73 | 4.15 4.8
v Cr,-(SA), 452.27 | 22.69 | 3175 | 4.49 — 22.99 | 31.87 | 2.65 —
\% Cr,-(TA);-2H,0 584.3 17.57 | 24.77 | 2.95 - 17.8 24.67 | 2.76 -

VI Cr,-(Gl)3;-5H.O | 629.465 | 16.76 | 28.02 | 4.68 | 6.47 16.52 | 28.62 | 4.48 | 6.67

VII | Cr,(Cst);:4 H.O | 890.96 | 12.01 | 24.87 4.5 9.31 11.67 24.27 4.3 9.43

gbMogo 2. JHmIol bgwodv®o bogMomgdol gg@o s blbsmds (©dgs - E0I9mOLBMMSTOEO)
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blbomds
Ne BOOIY 8O0 goewo L3oGMGO Qogge)mﬁo IR
I Cr(Mt);-2H.O 05b5360LBgHO + dg.b.” - 93.b.
11 Cr-L-4H.O 9v9do 953569 +H* - - -
I11 Cr-NTA-3H.O 3mbsGoLE®e - 33569 +t ag.b. ag.b. -
vV Cra+(SA);3 (3969 - - - -
\ Cr»+(TA);-2H.O 9(3969 ag.b. ag.b. - -
VI Cr.:(Gl)3-5H-0 90b53MHOLBOM - 05lsdboligg@o aa.b. - - -
VII | Cra-(Cst);-4 H.O 90boamobymhm ag.b. ag.b. ag.b. ag.b.

* 830Mggo blboo; ** 0blbgds go3bgergdom

JOMAoL  bgwodmo  bogMomgdol 1390580 s blbsmds fyowbs s MMM  9sdblibgergddo
dmobowos gbMHowdo 2; dorgdmmo bgws@gdosd goerdo Lomzgogbm  blbsmdom  boliosowgds
93900mbB0boL 899339w0 BsgOmo (I), G@IgElag sbHsboIMGBL EMBOL 3H99396M5¢wMs 230°C, bbgs BogMmgdo
300°C-00g 0bsmbmbadab dyst 9MBoMgmdol; MmM35wgbE0sbo  woysbgdol 8993390  bgwodmeo
B59607980L5030L TobolNsMGdGEs I306Mg blbomds (JoMz0l Tx530L Bsdmol 99;339¢0 Mfgam baghHmo

56 0bLbgds 563 9M0d QoabLBYT0).

96339560 oREMLIEMYMdgd0L 0sbsbTs, Ld35¢gbE0sbo Woysbgdol 993390 bgwsdmeo
659000900 Fo00Mogb9b sdMmERwe dgs® bbgryengdl, 3MHOLESIMHO LEMWIGHWIOS gooBbos MEMZsegbE0sbo

@0gobgdol d99339w 3mwgdlbsgtmgdl (3bGowo 3, Losa, 20 - 569330l 3mmby 3Msligddo, d -
LodMEBHYgMsdMMolo dsbdoero sbxLEMY9dd0, I/]) - BoMmdomo 0bEIblogmds oo 3030l J0dsGm).

gb®oo 3. JHmdob (IT) bgws@rmo bsgemgdol MgbEHagbw9ero og®addmdg@mool dmbssgdgdo

Cr.-(GD)5H.0 Cr.-(SA) Cr.-(Cst)3-4H,O Cr.-(TA);-2H,0
20 D I, 20 d I, 20 d I, 20 D I,

513 | 17.218 | 1.0892 | 5.19 | 17.027 | 0.7767 | 10.85 | 8.154 | 0.2144 | 10.80 | 8.192 | 0.3615
10.79 | 8201 | 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 1034 | 8.555 | 0.3728 | 15.80 | 5.609 1 13.40 | 6.607 | 0.700
1622 | 5465 | 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 | 18.35 | 4.835 | 0.1000 | 17.25 | 5.140 | 0.3923
1829 | 4.849 | 03714 | 17.29 | 5.129 | 0.1557 | 19.35 | 4.587 | 0.0577 | 18.56 | 4.780 | 0.3923
19.82 | 4.480 | 0.1214 | 18.09 | 4.904 | 0.3642 | 19.82 | 4479 | 0.1800 | 20.19 | 4.398 | 0.2846
2021 | 4.393 | 0.0428 | 20.07 | 4.424 1 21.80 | 4.077 | 0.1211 | 20.77 | 4277 | 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
21.58 | 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
26.04 | 3.421 | 0.1321 | 24.43 | 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 | 27.59 | 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 | 2.741 | 0.0750 | 28.84 | 3.096 | 0.2014 | 4047 | 2.229 | 0.0711 | 35.82 | 2.507 | 0.4230
33.29 | 2.712 | 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
3590 | 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
3747 | 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 | 3491 | 2.570 | 0.0728 46.99 | 1.934 | 0.2230
40.15 | 2.246 | 0.1324 | 3591 | 2.501 | 0.2385 4371 | 1.869 | 0.2076
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3bMogo 3 - 353M39gds

Cra-(GDy5H.0 Cr.-(SA) Cr.-(Cst)3-4H,0 Cr.-(TA),-2H,0
20 D I, 20 d I, 20 d I, 20 d 11,
40.15 | 2.246 | 0.1324 | 3591 | 2.501 | 0.2385 4371 | 1.869 | 0.2076
4239 | 2.132 | 0.0857 | 38.64 | 2.330 | 0.1100 43.87 | 1.864 | 0.2528
42.92 | 2.107 | 0.0392 | 38.91 | 2.315 | 0.0714 5469 | 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

54.58 | 1.681 | 0.0642 | 50.34 | 1.813 | 0.0514

57.92 | 1.592 | 0.0285

50bsb0dbsg0s M9bGHRIBMWwo OGMIJBHMYMsTgdoL AbsgLYds A4¥)Esdobol dgog0L bsdmol d9d;339wo
bgeaEobomzol s 3oLEgobol 9593390 bao@obamgol, Gsg Cra:(Gl);5H.0 s Cra-(Cst);4H-0
BogMmgdol dgladenem 0BMLEGOWIEGHMOMEMdIBY Jommomgdl, 0dzs o0 Logzombol asM33930L dobbom
LoFoMms  MmMH35)bGH0sB0  JOHMIOL  3m33¢gJubogmmgdol  M9bERDM-LEGHOWIGHMOMEO  gsdm3zegzol
Bodotgds. 91939 (939 39933135l  dmombmgl 1sd35¢gbE0sbo  JOHMmAol  s8MmMBMEo  bgwodmo
659607980 539899 gd0L bsgombo.

M3 999bgds 300gdMwo bsgMmgdol godmEsol Lol m-LsdgmEmbgm ©sbodbmwgdom (Lalimdgdo,
369004lgd0, BOMEIMAOMMSE 5JBHOMMO 1533900 ©IBsT5EYd0) Tomo  godmygbgdol  Fglodergdermdgdols
509960l dodbom, gls 5oL B3zgbo Ldwdsmgdols Ggdamao 9ES30.
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SYNTHESIS OF CHROMIUM CHELATES

lamze Beshkenadze, Nani Zhorzholiani, Maia Gogaladze, Nazibrola Klarjeishvili, Lia Gogua,
Spartak Urotadze, Vladimer Tsitsishvili

Petre Melikishvili Institute of Physical and Organic Chemistry, 1. Javakhishvili Thilisi State
University

SUMMARY

Synthesis of trivalent chromium amorphous chelates Cr(Mt);2H,O (Mt — methionine anion) and
Cr-LignH,0O (Lig — citrate ion (n=4), nitrilotriacetic acid anion ( n=3)), as well as crystalline chelates of
general formula Cr,.LigznH,O (Lig — anions of succinic acid (n=0), tartaric acid (n=2), glutaminic acid
(n=4), and cystine (n=5)) has been carried out for their further testing to define 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; solubility of compounds in water and organic solvents is determined, and it is
postulated, that chelates containing bivalent ligands are practically insoluble; said crystalline chelates are
characterized by X-ray diffraction pattern parameters.

CHUHTE3 XEJIATOB XPOMA

N.bemkenanze, H.XKopxxonmuanu, M.I'orananze, H.Knapmxenmsrm, JI.JI.I'orya, C.JI.Yporamze,
B.I".umumsuim

Unemumym gpusuneckou u opeanuveckou xumuu um. 111 Menukuweunu
Tounucckuii 2ocyoapcmeennviil ynugepcumem um. Me./picasaxuweunu

PE3IOME

[IpoBenén cunTe3 aMmopdHbBIX XenaToB TpéxpaneHTHOro xpoma Cr(Mt);-2H,0 (Mt — aHnOH METHOHHHA) U
CrLignH,O (Lig — uuTpar-uoH, n=4; aHWOH HHUTPHIOTPUYKCYCHOW KHCIOTBI, Nn=3), a TaKxke
KpHucTanueckux xenatoB xpoma CrpLig;nH,O (Lig — anmonsl cykuunoBoit (n=0), TaptapoBoii (n=2),
TIIOTAaMUHOBON (n=4) KUCIOT M NHUCTHHA (N=5)) MM MX MaTbHEHINX HCHBITAHUN C IETBIO OMPEICIUTh
BO3MOKHOCTH ~ CEITbCKOXO3SICTBEHHOTO  HCIOJB30BAHUS B KadecTBe yA00peHuid, MIPEMHUKCOB,
OMONIOTMYECKH aKTUBHBIX TMHIIEBBIX J100aBOK. OnpenenéHHbIH SKCIEPUMEHTAIBFHO DIIEMEHTHBIH COCTaB
CHHTE3UPOBAHHBIX COENIMHEHUH COBMAJaeT C pacueTHBIM; OIpelesieHa HUX pacTBOPUMOCTb B BOJAE H
OpPTaHUYECKHX PACTBOPUTENSAX, M YCTAHOBJIEHO, YTO COJepXKalllie JIBYyXBaJIEHTHHIC JHUTAHIbl XEaThl
MPaKTUYEeCKH HEPACTBOPUMBI; OSTH KPUCTAIMYECKHE XeIaThl OXapaKTepHU30BaHbl MapaMeTpaMu
PEHTIeHOBCKOH T dpakTOMETpHH.
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APPLICATION OF POLYMERS IN MEDICINE
Marina G. Kharchkhadze, Nana A. Pirtskheliani

Iv. Javakhishvili Thilisi state University
Sokhumi state University

SUMMARY

Polymers and materials on their basis are successfully used in medicine as: drugs, materials for apparatus,
objects of sanitation and hygiene, materials for stomatology, for creation of implatants and artificial
organs. Natural and synthetic carbo- and hetero-chained polymers are widely used for this purpose. Wide
variation in molecular masses and structure of polymers, their combination with other polymers, gives a
chance to create new materials with some useful properties.

NPUMEHEHME INOJIUMMEPOB B MEJIUIIUHE
M.I".Kapuxamze, H.A.Iluprixennanu

Tounucckuii 2ocyoapcmeennwiil yhugepcumem um  He. [picasaxuwigunu
Cyxymckutl 20cy0apcmeenHulil yHugepcumem

PE3IOME

[Tonmmmeps! 1 MaTepuasbl HA UX OCHOBE YCIIEIIHO UCIOJIB3YIOTCS B MEAULMHE B KAUECTBE MEINKAMEHTOB,
MaTepualoB s IPOM3BOACTBA alapaTypbl, NPEIMETOB CAHUTAPUM W TUTMEHBI,  MaTEpUaJIOB
CTOMATOJIOIMYECKOr0 HA3HAYEHUs, JUIS CO3JAAHUS HMIUIAHTAHTOB W HCKYCCTBEHHBIX OpIaHOB
yesiopeyeckoro Tena. C 3TOH IENbl0 MIMPOKO HPUMEHSIOTCS  Kap0o- M TreTepolenHble MOIUMEpHI
IPUPOAHOTO M CHUHTETHYECKOro IpoucxoxieHus. Illmpoxoe BapsupoBaHMEe MOJIEKYJIIPHOH MacChl U
CTPYKTyPBI IIOIUMEPOB, a TAK)KE UX COYETAaHUE C APYTUMH IMOIUMEPAMH, JAET BO3MOKHOCThb CO3JaHUS
MaTepualoB Ha WX OCHOBE, UMEIOIINX PSJI IIEHHBIX CBOWCTB.
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THERMAL STABILITY AND STABILIZATION OF PVC
N..Lomtadze, M.Shalamberidze
Akaki Tsereteli Kutaisi State University
SUMMARY
The article describes studies on PVC thermal stability of the polymer and its stabilization. Plastic has been
modified by introducing a blend of stabilizers. For this purpose, various kinds of stabilizers was used. The
study showed that a relatively high thermal stability and stability stands polymer in a mixture which
included stabilizers: tribasic lead sulfate, dibasic lead stearate in combination with epoxy resins ED-5
grade and ED-6, in a ratio of 1: 2: 1.

TEPMOCTABUJIbBHOCTb U CTABUJIM3ALUS MOJUBUHNIXJIOPUJA
H.3.Jlomtamze, M.M.IllanamGepunze
Kymauccxuii 'ocyoapcmeennwiti Yuugepcumem um. Axaxus Llepemenu
PE3IOME
B crathe npuBonsTCS pe3yabTaThl ncchenopanuid nonmmmepa [IBX Ha TepMOCTOMKOCTD M CTAOMIIM3AIIUIO.
[Mmactuk ObUT MOAMGUIIMPOBAH IyTeM BBEACHUS cMecH crabuim3atopoB. [l 9ToH menmu ObLd
WCTIOJIb30BaH Pa3lMuHble BUABI cTabmimm3aTopoB. McciaenoBanue mokasano, YTO OTHOCHTENBHO BBICOKAs
TEPMOCTOHKOCTBIO M CTa0MJIBHOCTBIO BBIJCISIOTCS TIOJIMMEPBI, B COCTaB KOTOPBIX B KauecTBe
cradunu3aTopa ObUIM BKJIIOYEHBI TPEXOCHOBHBIA Cynb(haT CBHUHIIA, IByXOCHOBHBIH CTeapaT CBWHIIA B
COYETAHUH C AMOKCUIHBIMU cMmoiamu Mapku D/1-5 u 3]1-6, B cootHOmeHnu 1: 2:1.
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CHEMISTRY OF MACROMOLECULAR COMPOUNDS

ONE-STEP SYNTHESIS OF HYPERBRANCHED (DENDIGRAFT) POLYBUTADIENES

F.Nasirov, Sh.Akhyari, N.Janibayov, S.Rafieva
Institute of Petrochemical Processes of Azerbaijan National Academy of Sciences

High molecular weight hyperbranched (grafted) 1,4-cis-polybutadiene, containing 20.0-40.0% of 1,2-
vinyl bonds, through a single step reaction, using catalytic dithiosystems on the base of cobalt
dialkyldithiocarbamatet alkylaluminumsesquichloride was synthesized. The obtained hyperbranched
polybutadiene, having branching index (BI) of 0.22-0.75 against of BI 0.92-0.98 in linear polybutadienes,
could be used in the production of tires, technological rubbers and impact resistant polystyrene and in
drug delivery systems.

INTRODUCTION

Branched polymers, characterized by multi-level branching, can be subdivided into three groups
depending on their architecture: dendrimers, hyperbranched polymers and dendrigraft polymers [1, 2].
With high degree of branching in a polymer backbone, these polymers have physical properties distinct
from their linear counterparts, such as enhanced solubility, lower solution viscosity (SV) and lower
crystallinity [1, 2].

Star-branched and arborescent (dendrigraft) polymers are particularly interesting among the branched
polymer families, since their well-defined structure and uniform size make them useful as model of
branched macromolecules [1]. Various methods have been reported to synthesize this type of polymer with
controllable side-chain molecular weight and composition, end groups, branching functionality, etc. [1].
Additionally, the existing polymerization techniques used in their synthesis maintain a narrow molecular
weight distribution [1-3].

Polymers of conjugated 1,3-diene monomers (especially, butadiene and isoprene) are technologically
very important because of their elastomeric properties. These products generally have a high content of cis-
1,4-microstructure, which provides them with superior elastomeric properties, high resilience, and low
glass transition temperature, comparable in many cases to natural rubber [4]. On the other hand, branched
polymer architecture, such as the star and dendrigraft polymers, can have a viscosity comparable to or
lower than the linear one in spite of their very high molecular weight. The synthesis of these types of
polymer is therefore significant from a technological viewpoint [4-11].

In the current investigation it was occurred the one-step catalytic synthesis of hyperbranched (grafted)
1,4-cis polybutadiene, containing 20.0-40.0% of 1,2-vinyl groups [13, 14]. The main purpose of this study
was to optimize the reaction conditions and to ensure a high yield of grafted polymer.

EXPERIMENTAL

Materials

All chemicals used in this study were purchased from Aldrich. All solvents (toluene, benzene,
chlorobenzene, etc.) were purified and distilled over CaH, under nitrogen atmosphere according to usual
procedures for metallocomplex catalysis [15]. Monomer — butadiene, with purity of 99.5% wt., was used
without any further purification. Cobalt dialkylthiocarbamate with the following formula was used as the
main catalyst component:

1
R ~

R —

S R!

N-C <S>CO<S>/C - N:R

where R and R' are alkyl, aryl, and alkyl-aryl radicals. In this work, cobalt dithiocompounds were also
synthesized according to the references [12, 16]. In addition, AOCs with following formulas were used as
co-catalysts: AIR?*Cl, AIR*Cl,, ALR*Cl;, and (AlexOy)n, where R? is methyl, ethyl, and isobutyl.
Aluminum  organic  compounds (AOCs) such as  diethylaluminumchloride  (DEAC),
ethylaluminumdichloride (EADC), ethylalumi-numsesquichloride (EASC), triethylaluminum (TEA) and
methylaluminumoxane (MAO) with a minimum purity of 85% wt. were provided from Aldrich and were
used as received. AOC was diluted to 10.0% v/v with dry toluene in an argon inert atmosphere.
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The branching index (gv) was determined by calculating the ratio of intrinsic viscosity of a branched
polymer to that of a linear polymer, gy = [n]s/[N]in- Branching index for linear PBDs is gy~ 1.0 and for
branched PBD is about gy~ 1.0 [17, 18].

A 2-L stainless metal reactor which is equipped with three inlets for raw materials, a thermometer, a
vacuum gauge, a stirrer and an outlet to discharge the product was used as the reaction container. The
reactor was evacuated at 75°C for 2h before charging the materials in order to remove any oxygen and
moisture present in the reaction container and its components. The required amounts of solvent, the cobalt
containing catalyst compound, co-catalyst, and finally monomer were added into the reactor at 2°C in
vacuum conditions. The reaction was started at an average stirring rate and controlled temperature. After
polymerization, the polymer was precipitated in methanol and purified by re-precipitation from toluene to
methanol twice and finally dried under vacuum at 40°C.

Effect of Cobalt Dithiocompounds (CoX;) and AOCs types on Butadiene Polymerization

Effect of cobalt dithiocarbamates and AOCs types on the activity and stereoselectivity of catalytic
dithiosystems were investigated and summarized in the Table 1.

According to the experiments 1-5 in Table 1, cobalt dialkyldithocarbamate+DEAC (MAO or DIBAC)
catalytic dithiosystems give relatively higher amount of linear 1,4-cist1,2-polybutadiene with high
molecular weight and yield of 85-92%, the catalyst productivity of 19.5-22.0 kg PBD/g Corh, intrinsic
viscosity of 3.5-4.3 dL/g, 1,4-cis content of 58-66%, 1,2-vinyl groups content of 20-34%,a branching index
of 0.94-0.98.

Based on the results given in Table 1, exp. 6-11, it was shown that hyperbranched (grafted) 1,4-
cis+1,2-polybutadiene with a yield of 92.0-98.0%, intrinsic viscosity of 1.5-2.0 dL/g, 1,4-cis content of 60-
72%, 1,2-vinyl groups content of 22-35%, branching index of 0.35-0.60 (with the capability of regulation
of polymers chain branching in wide interval) was only possible with the use of cobalt
dialkyldithiocarbamate+alkylaluminumsesquichloride (or alkylaluminumdichloride) catalytic
dithiosystems. The productivity of these catalysts is 22.0-55.0 kg PBD/g Corh.

Cobalt diethildithiocarbamate (Co-DEDTC) +EASC catalytic dithiosystem with toluene as solvent
(widely used solvent in industrial polymerization processes) are considered as the optimum catalyst and
solvent to obtain branched PBD.

Table 1. Comparative performance of different cobalt dialkyldithiocarbamatet+AOC catalytic
dithiosystems on butadiene polymerization. Reaction conditions: [M]=2.0 mol/L;Al: Co=100:1; T=25°C;
solvent— toluene.
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1. |DEDTC-Co DEAC |1.0| 60 |85.0|20.0{4.3/0.98[3.3|58| 8 |34
2. |DMDTC-Co DIBAC | 1.0| 120 | 85.0] 19.5[3.8/0.96 |4.2| 65| 15| 20
3. |DBDTC-Co DEAC |1.0] 120 |192.0|22.0(3.7/0.94[3.5| 66| 12|22
4. |DBenzDTC-Co |MAO 1.0| 120 | 88.0|20.0|3.5{0.95|3.6| 65| 13|22
5. |DPhDTC-Co DIBAC 1.0 120 | 90.0| 21.0|3.810.96|3.5| 63| 12| 25
6. |DEDTC-Co EADC |1.0| 60 |96.0|44.0|1.5/0.35(1.4|70| 5 |25
7. |DMDTC-Co EADC |1.0| 60 |92.0|42.0|2.1]0.55{1.5/60| 5 |35
8. |DBenzDTC-Co |EADC |[1.0| 60 |97.0|45.0|1.8]0.60|1.6| 60| 10| 30
9. |DPhDTC-Co EADC |1.0| 60 |98.0|55.0{2.0/0.52(1.5/60| 7 |33
10 |DEDTC-Co EASC |1.0| 60 |94.0|33.0{19]043(1.6| 72| 3 |25
11.|DBDTC-Co EASC |1.0] 60 |92.0|22.0|1.8/0.481.7|71| 7 |22
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Effect of some Parameters on Butadiene Polymerization

According to experiment 1 in Table 2, polymerization yield is 96% and catalytic activity is 44.0
kgPBD/g Corh, respectively. Polybutadiene has content of 1,2-vinyl groups of 30%, intrinsic viscosity of
1.5 dL/g with a branching index of 0.35.

Increasing the concentration of cobalt component of the catalyst in the range of 0.5¢107°-10.0¢10
mol/L resulted in an increase in the polymer yield from 90.0% to 99.0% and branching index from 0.35 to
0.75, as seen in Table 2.

The effect of Al:Co ratio in the range of (10-100):1 on the basic parameters of butadiene
polymerization was also investigated at a catalyst concentration of [Co]=1.0+10* mol/L and butadiene
monomer concentration of [M]=2.0 mol/L at 25°C. According to the experiments 1, 6 and 7, increasing the
ratio of Al:Co from 10:1 to 100:1 increased the PBD yield from 87 to 96%, the productivity of the catalyst
from 39.0 to 44.0 kgPBD/g Corch and the content of 1,2-vinyl groups from 24 to 30%. Besides, intrinsic
viscosity decreased from 2.3 to 1.5 dL/g and branching index from 0.75 to 0.35.

At [Co]=1.0°10" mol/L, Al:Co=100:1 and T=25 °C, according to experiments 1 and 8-10, by
increasing concentration of butadiene monomer from 1.0 to 5.0 mol/L, the polymer yield decreases from
98.0 to 90.0% and content of 1,2-vinyl groups from 30% to 20%, but increases catalyst productivity from
22.0 to 50.0 kgPBD/g Coch, branching index from 0.30 to 0.40 and the intrinsic viscosity from 1.3 to 4.3
dL/g.

Table 2. The influence of reaction parameters on butadiene polymerization process in the presence of Co-
DEDTC+EASC catalytic dithiosystems in toluene.

Microstructure
of PBD, %

Experiment No.
Al:Co
[M], mol/L
T, °C
Time, min.
Yield of PBD, wt %
Catalyst activity,

kg of PBD/g Corch
dL/g
Branching Index (gw)
w/Mh
1,4-cis

1.0 | 100 |2.0{ 25| 60 | 96.0 |44.0|1.5] 0.35 | 1.04| 68
0.5 1100 [2.0{25] 90 | 90.0 | 50.0]2.5| 0.35 | 1.35| 75
2.5 110012.0]125] 60 | 97.0 |43.9|2.0] 042 | 1.23] 68
5.0 1100 {2.0] 25| 30 | 98.0 |43.0|1.5] 0.65 | 1.14| 65
100 |2.0125| 10 | 99.0 {40.0|1.3| 0.75 | 1.05] 55
1.0 | 10 |2.0{25| 60 | 87.0 |39.0|2.3] 0.75 | 1.24| 72
1.0 | 50 |2.0{25| 60 | 95.0 |43.5|1.9] 0.55 |1.25| 72
1.0 | 100 |1.0{ 25| 60 | 98.0 |22.0|1.3] 0.30 | 1.22| 60
100 [3.0/ 25| 60 | 97.0 {26.62.0] 0.38 | 1.31| 65
10 | 1.0 | 100 |5.0/ 25| 60 | 90.0 | 50.04.3| 0.40 | 1.28| 70
11 | 1.0 | 100 |2.0/ 45| 60 | 95.0 | 45.0]1.8| 040 | 1.24| 70
12 | 1.0 | 100 |2.0/ 60| 60 | 90.0 | 47.0]/2.0] 045 |1.31| 71
13 | 1.0 | 100 |2.0)/ 25| 10 | 86.0 |44.0|1.3| 0.70 | 1.22| 62
14 | 1.0 | 100 |2.0/25| 90 | 99.0 |30.2|2.0] 035 | 1.25] 68
15 | 1.0 | 100 2.0 25| 120 | 99.0 ] 20.0|2.5| 0.30 | 1.32] 63
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According to the experiments 1, 11, and 12, increasing the reaction temperature from 25 to 60°C
reduces polymer yield from 96.0% to 90.0% and the content of 1,2-vinyl groups from 30% to 27%. At the
same time, an increase in branching index from 0.35 to 0.40 and the intrinsic viscosity from 1.5 to 2.0 dL/g,
the catalyst productivity- 44.0-47.0 kgPBD/g Co*h was observed.

By increasing the reaction time the polymer yield was increased from 86 to 99%, the intrinsic
viscosity from 1.3 to 2.5 dL/g and reduced the content of 1,2-vinyl groups from 35% to 24%, the catalyst
productivity from 44.0 to 20.0 kgPBD/g Coch, branching index from 0.70 to 0.35.
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Experimental results showed that the cobalt alkyldithiocarbamates+alkylalumi-numsesquichlorides (or
alkylaluminumdichlorides) catalytic dithiosystems lead to the production of high molecular weight 1,4-
cis+1,2-polybutadiene with high activity, stereoselectivity and various branching index.

CONCLUSION

In this work an extensive experimental study on the one-step synthesis of hyperbranched (grafted)
polybutadiene was performed. For the polymerization process of the butadiene, highly active and
stereoselective cobalt dialkyldithiocarbamatestEASC (EADC) catalytic dithiosystems were investigated.
These catalysts lead to the polymerization of 1,3-butadiene monomer to hyperbranched (grafted) 1,4-
cis+1,2-polybutadiene with 20-40% content of 1,2-vinyl groups with a productivity of 20.0-50.0 kgPBD/g
Corch together with a polymer yield of 86.0-99.0%. The obtained hyperbranched (grafted) polybutadiene
having branching index of 0.30-0.75 compared to those of linear polybutadienes 0.92-0.98.

Hyperbranched (grafted) 1,4-cis+1,2-polybutadienes with 20-40% 1,2-vinyl groups could be used in
the production of tiers, technological rubbers and impact resistant polystyrenes with a promoted
applicability in cold climates and in drug delivery systems..
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OJHOCTAIUMHBIN CUHTE3 BBICOKOPA3BETBJEHHBIX (JIEHAPUTPA®T)
HOJUBYTAIUEHTOB

®.A.Hacupos, LLL.I".Axbspu, H.®./[)xanu6exos, C.P.Paduena
HUncmumym negpmexumuuecxkux npoyeccoe Hayuonanvroti akademuu nayx Aszepoatiodxcana

PE3IOME

BbicokoMoneKy sIpHBIH  BRICOKOpa3BIIeTBIIeHHbIH (rpadt) 1,4-muc monmubyraaueH c coxaepxkanuem 20,0-
40,0% 1,2-BUHUIBHBIX TPYIMI, CHHTE3UPOBAH OJHOCTATUWHBIM METOIOM C  HCIOJIB30BAHUEM
KaTaJIMTHYCCKUX JUTHOCUCTEM KOOAJIbT TUANKHIIUTHOKapOaMaT + alKWIATIOMHHHNA CEKCBHXJIOPHI.
[TonmyueHHBIN BBICOKOPA3BJICTBICHHBIA NMOIMOyTaIueH ¢ uHaekcoM Bsa3koctu 0,22-0,75, mporus 0,92-0,98
B JMHEWHBIX MOJUOyTaJueHaX, MOXKET HAaWTH NPUMEHCHHE B MPOU3BOICTBE IIMH, PE3MHO-TEXHUYECCKUX
M3JIENIUN M yIapONpOYHOro MOJIMCTUPOIIA, @ TAKKE B CUCTEMaX TPAHCIIOPTA JICKAPCTBEHHBIX MpernapaToB B
YEJIOBEUECKUE OPraHbl.
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092960l C20H3802 Boyxgto 349,590 38,6 77,6 | 13,0 9,4
9630L C2HuO2 ox960 338,574 38,4 78,0 | 12,5 9,5
@obm396MH0bols C24H302 Boxgeo 368,644 39,1 78,2 | 13,1 8,7
B93mbmgols C24H4602 99x 960 366,628 38,9 78,6 | 12,7 8,7

d6o30L Lof3o3500 09gbgdgb 9;3965M9Me Bgmgdl, 3bodmgzsbo 95539980L  gmgMgdl s  bsg0mdMG
©0HgWmsb Fom Bo0g390L.  BHMOs30Y0(39MH0GIOL  FJo0ol L3OOGHOM  JIMIMO0R0ISE00L Moo
39GO0BOGMOMOL M5BsmdOLOSL LD bGP0 J0dE0bsMMBdL: 00w ds H0dM3zsb0 5539900l JmgMgdo s
5306995350 2e039MH0bo. LGBy 1 FoMdmygbowos dogrgol Bymol dgmsbmeom gmgMhogozszool
9594309, beagrm LB BY 2 Bomobgeol FoMdmgdol dmeo [4].

0 0
H,C—0—C—R, HC—0—H HC—0—C—R,
o | :
HC—0—C—R, + 3CH;0H == HC—0—H + Hy,C—0—C—R,

o |

1l
H,C—0—C—R; H,C—0—H  HsC

foo 1 dnmmyzmms + 3 Beggeems | | Bogmgzeems +

B0 1. Bogrgaol Bgmol dgmebmeom gogMogo3zs3ool Mgedszos
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Lm0 2. domoHYEol 606)8(‘0360 dmEMEo

00MmE0BYEol  THBsIdOL  Fgdbmemaome 3030 do  goblozmmmado sowo gboFgds dob
399035l ©s Bomolbol 3MbEHMMUL(3). dBomobgwol bomolbol dgxslgdolomzol 0ygbgdgb g3Gm3wme EN
14105 o 999603 ASTM D6751 ULEobo®@nee dgmm@gdl[14]. dom©obgeol gobozme-Jodow®o
390039600Mds M51303Mws© Ho®dmyqbowos byMHomHg3, bmwm LyGMombBg 4 -d30moBYol 4odmbrols

d6o0([4].

21,00% 18,15%

185% @ oepsbmemo 3gs39980

B Goxmeeo goghigdo b3oG@gdo
g;’;ﬂ'};‘;ﬁ 0,70% 3,75% E seaogdoado
5| > 6,30% 9 .

= 5200% 5em39bgdo

9,40% 10,30%

515%

8,65% 9,355%

B0 3. domEOHYol Gobo3MH-Jodowmo dgoagbowrmdes
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godmbisgsero, 60
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$23396o¢n6s, °C
LOs00 4. domEOHYoL Lofiz30L A5dMbOL IMGvIo

93396909990 Bgmgdol s 8500 FoMmImgdmmgdol 33¢93900Lm30L 04gbadab JHmAs@myMogomw, off
5 99dBHmHmbyer 13gdGMowe BgmmEgdL[6-12]. 33e9390ds 583965, MM domOBYEol F9dogberods
0593000939905 LabiMREm-bsdgMbgm 3MEHMMOL BOHOLbDBY, 50D s 50IMEgbgdoL 30MHMdJdbY.
595L056 9M00 s 08039 G030l I3965MgME Bgondo bgoolibgs Lobol 3bodmgsbo 85539900l 899(339wMds
d90d@qds  Lo3dom@ Fodmm 0b@gMHzowdo  Jgeygmdgl. oby Bod.doaol bgmgddo megobols d:530L
399(339mds 8g0dengds 0ymb 8,0-60,0%, combmerobols 3030l 11,0-23,0% , 96m30bL d5530L-2,0-60,0%][2].

933969090 Hgmgdol gomgHox35300m Jomgdmwo domEobYEol Jsbolosmgdrgdol dglfsgersd
obggbs, MMmd om0 LogdLdMoGs3om  M30L939d0  LEHBIOEHM  OoBYEOL  Lofizgegol  M30LgdgdL
MObEMZd0. 5d300 3900 55¢gdOL 3ga3gMOG M s BogmMmdE0BYEbY Bomowo 39@bol Mogbzo(56-58),
53 0Bl dM390d0 8500 2odmygbgdols Lodrmoegdal 0derggzs. 588 yzgusbg MBOM ogMEIMY-dmw0s
00mE0BYEol Lsfzs30 B20, HGMIgerog 985¢sblgdly oBgerol Lofgo30L s odmymaowo s06MHgdol Jodstron
§99969099c0  Immbmgbgdl. domobBgwol Lofigago B20 56 LoFoMmgdl ©OHBYOlL dMs30L (330 gdsL.

gb®odo 2 (omImagboos BsgmmdEobgol s d0moBYEol  bof303930L  Toboliosmgdergdols
Lbolibgs bEebo®@gdo.

gbMoo 2. obgeol( EN 590) s dom@obgeol (EN 14214; ASTM 6751) bsfigegzgdol
do0m5©0 B0H03M6-J0d0wgMH0o Jobollnsmgdwgdo

0539699 gd0 EN 590 EN 14214 ASTM D 6751
bod33M039 15°C, 38/0° 820-845 860-900 -
3069953039600 Lodb®g 40°C-b9,00%/{;d 2,0-4,5 3,5-5,0 1,8-6,0
2539094900l Fgd396o@es °C,(5/6) 55 101 100
2302000 9993390 ™d5,02/3 (5/v) 50 10 15
302Jb3500m0ds 10% boBgboli(3ol.% o/+y) 0,3 0,3 0,1
39960b Hogbzo(s/b) 51 51 45
6536056005,% ( 5/+9) 0,01 0,02 0,02
9ol 899339 mds, 9y/3 (5/49) 200 0,02 0,02
L5gHNM OObINOHYDS, /39 ( 5/¢9) 24 24 -
3060D0s L30Eghdol BoMROEHIBY(50°C-by) 1 3sbo 1 3sbo #3
0060 Gogbgo,dy KOH/y (5/v) - 0,5 0,8
0m@©ob HoEbgo, 3 0mo/100y ( 5/+9) - 120 -
90096900L 899(3390™d,05b.%(5/6) - 96,5 -
09000bmeols 998(3390Mdos, 3ob.%(5/+9) - 0,2 -
230390060l 999339¢Mdos, 5b.%(s5/+1) - 0,25 0,24
gmbmeol 899:3390mds, ob.%(s/) - 0,001 0,001
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©OML JoLO MLOROMBMYBOL Fomsen baMolbbgy F0mm0mgdlL. domobgwo fgserdo ImbgzaMmolsls Bosbl o6
59gbgdl RWMESL o Forbol; JmE0sbs 4oboEOL doMmEMAOME ©IYMsE0sl; FEobaMggdols s
0900l ©sd0bdMMgds 0603950 I30MEIDS.
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9mbs390900m, 9363538000 Fomdmgde 0dbs 9,1 doombo Gmbs domobgwo. woEgHo 53 bgg®Hmdo
239633b0ss, Loog Jobo Fgml 2.5 BHmbs domEobgwo sFo@dmgl. sbggg 36093690mgs60s LoggMsbygmol
Howo - 1,9 dewb Embe.

BoBH00L 439469080 165 smslbio Gmbs domEobgeo 0dbs Fomamgdvwo, dnmmbgmdo - 323 smslo
A&mbo, 50dMLgwgm 93MM30L §3994bgddo - dMEasMgcdo, Mdobgmdo, benm-

39390300 - 250 BHmbsby dg@o. 90sbs3egdo 0b@ghgbos BomLSH3s30L B0dsGm 883-0, Losg 939460l
260 Lofomdmdo dmerm 5 ferob gobdsgemdsdo 8,9 dowombo @Gmbs d0m©oBgwos Fo®dmgdwemol5]. yzgws
59 gJ399bol  @o0mEowgds (3boymal, Mmd domobgwol foMmdmgdoo J3ggsbs 0MgAL  Asbsbergds
3 B9mBsBH0ME Lofizo3L o 99306090l bogmMdby ol sTMI0YINYGdL. MBOM FIGOE, JIMLMYOYMSQ
boyggos bofg3o30L godmygbgds ©sId0m 253wabsl sbgbl goMgdmby, 930Mgds bsgmmdol obBgwol
2309mygqbgds, g9.0. bgds gbgMAMIBMAZ0MO  BHgbmEma0gdol 4963000 gds,  0BMEIds  J3994bols
96963 @53M93009dMds, 04dbgds sbseo Lsfodmgdo s, Tglisdsdolvg, bsdwmdom 5EROEGdO.

doegol Bgomol  530bBo3MM-JodomEmo  M30L9dgd0L, MmOEHMJLOIMOMBOL s d0MEsol  bsmol
2300035¢0obfjobgdom ol bdoMs  09gbgdgh Ladmbo  Folaergdol  3mI3mbgbgde®  3000M3w03MM0
LobE9dgd0Lbmz0oL, Bsbdobol, sbEH0ZMOMBowMw, 0bEYLEHMOMM, GHEMmbLdoLloww s bg bgmgddo. 33¢g35
obggbs, Mmd 93gbsMgmwo Bgmgdo GHMmodMIgJobogmmo m30Lgdgdoms3 860d3bgwmgbi 51gds@gd0sb
Bogonmdme bgogoL[3,13].

00mE0BgEolL Lsf3s3L 0ygbgdgb g3MmM30lLs s 99M030L MO39 J399sbsdo. 5055050 IMbIsMgdvEO
Lofzo30L 10-15% BdomEoBgebHg dmol s b MomEgbmds 890gado 3093 MBROM FooBOEIds. 2009
§0sb 93mm30L Jggybgdo (2003 Ferols 3mb393000) 35¢0YdYEbo 5M05b sFo@Tmmb s FmobIseMb dom
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00mbo(j393000. 9075950 TmbMzbogds  domLsf3o3Dg  °0gToBHgds dob  FoBmgdsl. sdoEmdss, MM
93969099900 Bgomob Homdmgdol 3sBMHs Bgdolidog®o J399bolimzol ghm g0y sz sdmEsbos.

Logerobbdms, Hmd d0mEoBYEOL 250 Foaol HBgmo sd@HOGmsE godmoygqbads Ladbol, Gyogol,
Jum30gd0L,  Wodbormgdsgqgdol, 3MmEroYMexkoMw, Jodom® ©@s bbg. IMgH3gwmdsdo. dorgol bgomo
605390000 458M0Yggbgds s3Mmgm3zg MmymOE 1533990 B0, MY OO MomEgbmdom FgoogL
™mgobol, obmeol s Bbgs »xge 3bodmgsb 0553990, MMIgdog ol domEMmyome g3slgreEmdsls
230BLBM3M396. Jocngol bgomdo dqdsgzoo WxgMo 3b0dm3zsbo 05539900 O MMEL sbMHIEgdab 3bodgdol
d09m33w0ol Mgaeotqdsdo, 593009096 bregl@gobol mbgl, G&®MmmadOL Fo®dmddbol dqlodegdemdsly
5 doger Moy bbgs 0035009090L, 3500 dmEol LodbogbmEUsi[3]. s0lsbodbogos, MM Togryol bgm,
Hmdgeog 90 9go3ogL 9mm30L Fxo358 o dorosb G306y Mom@gbmdom dgoEogl A 3MbBIL, msgzolbo
3b00mgsb6-0593mM0  89gb0wMmdom s 2qdmmo  MsbsdMmgdgd  bgmobowol bgmb. dombgwsgzo
©0MH0ME9d500L 9OHMNB0M0 35GJRMOHO0LS Foryol BYmo 3936 MBOM LaboGMyaderms 5@sdosbolmgzol,
3000609 dbglmdBoMol s bmomb Bgmo. 0glEroEsh Bgmol FoMmBmgdol 4oMmEs Fowaol M EHwGOOL
M30M5@ILMISL 0LoE FoBLEIHOMHZL, M 030 OEO MOoMEIbmMdOm o33l (0wrgdL s dgbodegdgeros
dobyob dg3bm39wgmdobmzol s 99536H0b39wgMdOLMZ0L by FoMm 5d0bMTx539000 IBIEIBLYdNEO 3969
1533900L  oFBogds  (Logrmbo, 3mbEgbGHMsGo s ULbg.). Toeogol dmdgbhgds boowoal  sdoMdL
MmOQobmwo  Boghogdom. obobo  sIxmdgbgdgbd bossyol  LEHMWIGHMOML, Jodome  FgagboEMdL,
RBoGMLboEIMWME BYMToM)MBdL s 035390 Fywom s JoMom  gOHMBoLYE, 93009096 dofjodzgds o
B9530600 §geqdol sd0bdMgdsl, byl »fiymdgb Moosd@owmo b03mogMHgdgd0m 935 JOVI0
dofigdol 9399 EGH035300L. o0 boggMlo Mo 45dmygbgdol JMWEH™MEmss, MMM Lotgzgus y39wysb
boMmdL s 000gddol yzgms 3mbEobgb@by 0mgligds. dolo Lsdosrm dmbogswro 89oagbl 3 Gmbs ghom
35[3].
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ALTERNATIVE RENEWABLE SOURCES OF ENERGY
N.Khetsuriani, E.Usharauli, K.Goderdzishvili,E.Topuria, K.Karchkhadze*

TSU, Petre Melikishvili Institute of Physical and Organic Chemistry
* [lia Stata University

SUMMARY

The most important mechanism for improving ecological situation in the country and development of
technologies for preservation of energy carriers of hydrocarbon origin is utilization of non-traditional
renewable energy sources. One of the promising directions of this mechanism is biodiesel fuel for diesel
engines derived from vegetable oils. The rape is considered to be the one of the best renewable sources of
energy because it contains large quantities of oils, amino acids, is highly productive and easy to propagate.
Production of biodiesel has a positive effect on the environmental and economic situation of the country
and contributes to its energy independence.

AJIBTEPHATHUBHBIE BO3OBHOBJISAEMBIE HICTOYHUKU SOHEPI'MHN

H.T Xenypuanun, 3.A.Ymapaymu, K.I'.T'ogepmzumsunm, 3.H.Tonypus, K. Kapuxanze*
1Ty, Uncmumym ¢husuueckotl u opeanudeckoi xumuu [lemps Menuxuweunu
*ocyoapcmeennviil yrusepcumem um. Mnovu Yasuasaose

PE3IOME

Baxxueumm MexXaHH3MOM YIAYUHICHHUA 3KOJIOIrMYCCKOro IIOJIOXKCHUA CTpaHbl U Pa3BUTUA TEXHOJIOT UM
COXpaHCHUA 3HepI‘OHOCI/ITeJ'IeI71 YTJII€BOAOPOAHOIO MIPOUCXOKIACHHUA SABIIACTCA HCIIOJIb30BAaHUC
HETPpAIUIIMOHHBIX BO300HOBIIIEMBIX HCTOYHHUKOB OHCPTHH. OI[HI/IM 13 MEPCIECKTUBHBIX HaHpaBHeHI/Iﬁ 3TOro
MEXaHu3Ma SABIIACTCA 6I/IOIII/I3eJIBH06 TOIUIMBO JJId JOU3CIIBHBIX MOTOPOB, IIOJYYCHHOC M3 MACEI
PaCTUTCIILHOIO ITPOUCXOXKICHUSA. OI[HI/IM U3 CaMBIX JIy4IIHX BO300HOBIISIEMEIX HMCTOYHHUKOB OHEPruu
CYHUTACTCAd parcC, TaKk KaKk OH B OOJIBIIOM KOJIMYECTBE COACPKUT Macjia, aMHHOKMCIIOTBI, SABJIACTCA
BBICOKOIIPOAYKTHUBHBIM H JICTKO Pa3MHOXAaCTCH. HpOI/ISBOIICTBO 6I/IOIH/I3CJIBHOI‘O TOIIZIMBA OKa3bIBACT
IMOJIO)KUTCIBHOC BJIMAHHUEC Ha SKOJIOTMYCCKOC M 3KOHOMHUYCCKOC ITOJIOXKCHUE CTpaHbI U CHOCO6CTByeT
TMMOBBIICHHIO €€ SHEPIrOHC3aBUCUMOCTH.
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POSSIBILITIES OF AGRICULTURAL APPLICATION OF ZEOLITE NANOMATERIALS
ENRICHED BY NITRATE IONS

G.Tsintskaladze, V.Tsitsishvili, T.Sharashenidze, M.Zautashvili, G.Iluridze, P.Tsintskaladze
TSU, Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
In order to reduce the negative impact of nitrogen fertilizers and their losses a new nanotechnology method
has been proposed based on the introduction of the nitrogen compounds in natural zeolite structure. The
resulting nanomaterials can be used as a nitrogen fertilizer that provides a gradual transition of nitrates in
the soil and minimizing losses of fertilizers, as well as significantly reduce pollution of groundwater.

BO3MOXHOCTH CEJbCKOXO3SMCTBEHHOI'O UCITIOJIb30BAHUS OBOT AIIIEHHBIX
HUTPAT-UOHAMU HEOJIMTHBIX HAHOMATEPHUAJIOB
I'.Hunankanamze, B.Humumswm, T.1Hapamenunze, M.3ayramswm, [.Mnypunze, I1.1{unnkananze
1Ty, Uncmumym ¢husuueckoti u opeanuseckou xumuu um. 111 Meruxuweunu
PE3IOME
C 11e7bI0 YMEHBIIICHHS HETaTUBHOI'O BO3JCHCTBHS a30THBIX YAOOPEHHI M UX MOTEPh MPEIJIOKEH HOBBIM
HaHOTEXHOJIOTMYECKII METOJl, OCHOBAHHBIM Ha BBCACHUHU a30THOT'O COCTUHEHUS B CTPYKTYPY MIPUPOIHOTO
neonura. [lodydeHHBII HaHOMaTepwan MOXeT OBITh HCIONB30BaH Kak a30THOe yaoOpeHue,
00CCIIeUUBAIOIIEe IOCTCIICHHBIM TEPEX0J] HUTPATOB B IOYBY M CBEACHHE J0 MHHHUMyMa IIOTEpPb
yI0OpeHMsI, a TAKXKE 3HAUYUTEILHO YMEHBIIIAIOIIEE 3arPsA3HEHUE IPYHTOBBIX BOJI.
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REGENERATION OF MEDICINAL CLAYS OF GEORGIA
David Jincharadze, Nana Bokuchava, Liana Ebanoidze, Tea Zakalashvili
Georjian Technical University

SUMMARY
The main proof of regeneration of medicinal clays is discussed, i.e. restoration of their physical-chemical
properties, as well as qualitative and quantitative amount of inclusive physiological groups of
microorganisms and normalization of sanitary and bacteriological rates. Recommendations for
regeneration of medicinal clays have been developed. Also offered recycling of already used medicinal
clays as significantly effective herbal fertilizer, comparing to known ordinary organic and mineral
fertilizers, mostly because of longevity of their action.

PET'EHEPAIIMSA JJEYEBHBIX I'PS3EN IT'PY3UHN
I.T".Jxkunuapanse, H.B.boky4asa, J1.0.26anoua3e, T.3akanaiBuiu
I'pysunckuti Texnuueckuti Yuusepcumem

PE3IOME

B pabore paccmaTpuBaercsi CyNIHOCTh pereHepanuu JiedeOHBIX Tps3eid, KOoTopas 3aKiIoyaercs B
BOCCTAaHOBJICHUH (I)I/ISI/IKO-XI/IMI/I‘ICCKI/IX CBOMCTB I'pA3H, HaJIM4YUuH 63KTepI/IaJ'IbHOI71 BCIIBIIIIKH C
MOCJIEAYIOIIMM €€ YraCaHUEM J0 BOCCTAHOBJICHHSI IIEPBOHAYAIBHOIO KOJIMYECTBEHHOI'O U Ka4ECTBEHHOIO
COCTaBa OCHOBHBIX (H3MOJIOTHYECKUX TPYII MHKPOOPTAaHU3MOB W B HOpPMAallM3allMd CaHUTapHO-
0aKTEepUONIOrHYECKUX TOoKa3aTeneld. Pa3paboTraHbl peKOMEHJAIMH ISl pereHepanuu JedeOHbIX Tps3ei.
[IpeanoxkeHo MNPHUMEHSTH Tpsi3b, YXKE UCIOIB30BAaHHYIO B JIGYEOHBIX IENAX, KaK CpEICTBO
JOTIOJTHUTENIFHOTO TMUTAaHUsl pacTeHuid, 3(P(eKTHBHOCTH KOTOPOro B HECKONBKO pa3 BbBINIE, YeM Y
OPTaHWYECKMMX W MHHEPAJIbHBIX yIOOpeHHH. J[MMTENbHOCTh NEHCTBHUS IMOCIE OIHOPA30BOI0 BHECCHHUS
MO3BOJISIET HCIIOIB30BATh TPSI3b B KAYECTBE YHUBEPCAIBHOTO YJ00p CHHS.
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ON PROBLEM OF ASSESSMENT OF Cs"’ RADIOACTIVITY IN NON-IRRADIATED
MOSS SAMPLES
Nana Kuchava, Nana Lobzhanidze, Platon Imnadze
Ivane Javakhishvili Tbilisi State University, Andronikashvili Institute of Physics
SUMMARY
In the work the intensity of contamination with artificial long-lived Cs"’” radionuclide is assessed, by way
of example, in the samples of non-irradiated plant — moss taken from different territories of Georgia after
29 years from Chernobyl accident. Two samples of various kinds of moss have been taken: in the
surroundings of health resort Ureki on the height of 147 m from the Black Sea level and on the territory of
Kvabiskhevi reserve of Borjomi ravine on the height of 1082 m. The gamma-spectrometric investigation of
moss samples has been made and the intensities of Cs"’ radioactivity have been compared.

O BOITPOCE OIIEHKHU PAJIMOAKTUBHOCTH PAJTMOHYKJIHUIA 'Cs
B HEOBJIYUEHHbBIX OBPA3IIAX MXA
Hana KyuaBa, Hana Jlooxkanumze, [lnaron Mmuanze
Tounucckuii 2ocyoapcmeennwiil ynugepcumem Heane /rcagaxuisunu,
HUnemumym guszuxu um. Inecpmepa Anoponuxauieunu
PE3IOME

OleHEHA MHTEGHCHBHOCTb 3aTPA3HCHMS MCKYCCTBEHHBIM JONTOKHBYIIMM —PagHOHYKIHIoM °'Cs
HEOOMy4YeHHBIX 00pa3I0B MXa, B3ATHIX C pa3HbIX TeppuTopuit ['py3un uepes 29 et mocie YepHOOBUILCKOM
aBapud. V3yueHsl 00pa3iibl MXa, B3sThie Ha BbicOTe 147 M OT ypoBHs YepHOro Mops B paiioHe KypopTa
VYpeku , u Ha BbicoTe 1082 M B BopskoMckoM yimenbe 3amoBenHrka KpaOucxeBu, MPOBEACHBI raMMa-
CIIEKTPOMETPHYECKHE WCCIECIOBAHUS aHAIM3HPYEMbIX 00pa3l0oB MOXa M CpPaBHEHBl HWHTEHCHUBHOCTH
panMoaKTHBHOCTH " Cs.
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WORKING OUT OF TECHNOLOGICAL SCHEMES OF EXHAUST GAS TREATMENT
PROCESS OF THE ICE CREAM AND WAFFLE PRODUCTION

Leila Gverdtsiteli, Dimitri Eristavi, Ana Kvinikadze
Georgian Technical University

SUMMARY

Development of technological schemes of exhaust gas treatment process of the production of ice cream and
waffle adsorption method.

PA3PABOTKA CXEMbI TEXHOJIOI'HYECKOI'O NPOLUECCA OYUCTKHU BBIXJIOITHBIX
I'A30B MOPOXEHHOI'O U BA®EJIBHOI'O TIPOU3BOACTBA

JI.B.I'Bepauurenu, J[.B.Opucrasu, A.M.KBunukanze
I'pysunckuti Texnuueckuti Yuusepcumem

PE3IOME
Pa3paboTaHa cxemMa TeXHOJOTHYECKOI0 MPOIIecCa OYMCTKH BBIXJIOMMHBIX TA30B MOPOKEHHOI'0 U Ba)eIbHOTO
MIPOM3BOCTBA aJICOPOIMOHHBIM METOIOM.
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TREATMENT OF INDUSTRIAL ARSENIC CONTAINING WASTE USING MICROWAVE
RADIACTION
Nino Bagrationi, Archil Chirakadze, Vakhtang Gvarhariaa, Leila Gverdsiteli
Union ,,Association Gamma”
SUMMARY
The use of high-frequency radiation field for the treatment of arsenic containing industrial waste for
analysis and study of the mobility of arsenic compounds in soil and waste.

OBPABOTKA COAEPXKAILIUX MbIIIBAK ITPOU3BOJACTBEHHBIX OTXOJ10B C
HNPUMEHEHHUEM CBEPXBBICOKOYACTOTHOI'O U3JIYYEHUS
H.A.barpatuonu, A.A.Yupaxkanze, I'.B.I'Baxapus, JI.B.I'Bepaiutenu
I'py3unckuii TexHuueckuil Y HUBEPCUTET
Coro3 ,,Acconmnanusa 'amma”

PE3IOME
[IpuMeHeHnue moNsi CBEPXBHICOKOYACTOTHOIO W3IIYUEHHS JUIi OOpaOOKH TMPOU3BOJICTBEHHBIX OTXOJ0B
COJIep AKX MBIIIBSIK C LENbI0 UX aHANM3a U I U3Y4YeHHs MOABMYKHOCTH COETUHEHHH MBIIIbSKa B IIOYBE

U B OTXO/aXx.
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DETERMINATION OF OPTIMUM CONDITIONS FOR THE RECOVERY OF THE BARITE
CONCENTRATE OF MADNEULI DEPOSIT

Sh. Andguladze, D. Eristavi, A. Berejiani
Georgian Technical University
SUMMARY
Research has established that one of the means to improve the firing process is the recovery of barite
concentrate (BaS) with reducing gas (H,, CO) into the fluidized bed. The resulting barium sulphide (BaS)
has a wide application range. The positive side of the firing in the fluidized bed process is a low
temperature (850-950°C), which makes possible to intensify and maximize the transformation of barytes
(BaS04) in barium sulphide (BaS).

OIIPEJEJIEHUE ONITUMAJIBHBIX YCJIOBUM BOCCTAHOBJIEHUSI BAPUJTHOT'O
KOHIEHTPATA MAJHEYJIbCKOI'O MECTOPOXJIEHUS

HI.H.Auarynanze, J.B.Opuctasu, A.b.bepexuanu

I'py3unckuti mexnuueckuu yHugepcumem
PE3IOME
HccnenoBaHusMU  yCTAHOBJICHO, 4YTO OJHO W3 CPEACTB YIy4eHHsS TMporecca OOXKUTa SBISIETCS
BOCCTaHOBJICHHE KOHIIeHTpata Oapuaa (BaS) raszoBeiMu BoccraHoButensmu (H,,CO) B meun KHIISIIEro
ciost. Ilomydyennsiét cynbdua Oapus (BaS) mmeer crekTp MIMPOKOro npuMeHeHUs. [1om0KUTeNbHOM
CTOPOHOI 06KHTa B IeUH KUIIAIIEro CJI0s SBJIsSETcs HU3Kas Temmeparypa mpouecca (850-950°C), koropas
NaéT BOBMOXKHOCTh MHTEHCH(HKAIMKA H MaKCHUMalbHOro mepepopa Oapuna (BaSO,) B cynmbdun Gapus
(BaS).
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ON APPLICATION OF SWEET SORGUM AS BIOSAVE RAW MATERIAL IN FOOD
INDUSTRY

N. Kutaladze, A.Tsintskiladze, N.Nakashidze, D.Abuladze
Shota Rustaleli State Univesity, Scientific-Research Institute of Agrarian and Membran Technologies

SUMMARY
Pure and diffusive sap production from sugar sorghum stems is specified in the article. Dynamics of
sap content in different stems is specified in the article. Dynamics of sap content in different stem
parts and sugar content in the sap are analysed per growth stages. It is found that the best
sorghum harvest time is at the end of lactic ripeness. Pure sap and syrup production
technologies are desgribed.

O VCITOJIb30BAHWH B MMUIIIEBOM IMPOMBIIIJIEHHOCTHA BUOJIOTMYECKHA
BE3OIIACHOI'O CBIPBS - CAXAPHOI'O COPI'O

H.Kyrananze, A.llunukunanze, H. Hakammunze, JI. AOynanze
Tocyoapcmeennviti Yuueepcumem um. [lloma Pycmasenu, Hayuno-ucciedogamensCkuti UHCIMUMYm
AZPAPHLIX U MEMOPAHHBIX MEXHOTIO2UL

PE3IOME
B cratbe 000CHOBaHAa BO3MOKHOCTH IIOJydEHHS HaTypaibHOro U nu(y3nOHHOro coka M3 CTebei
caxapHoro copro. ITo cramussM pocTa MpoaHaIM3UpOBaHa JTUHAMHKA COMACP)KAHHS COKa B CTEOMSIX H
CO/Iep)KaHUs caxapa B 3TOM COKE. YCTAaHOBJEHO, YTO IEI0CO00pa3HO coOpaTh ypokail B KOHIIC
cTaanu MOJOYHOH CIICIIOCTH. ﬂaHLI OIINCaHUusA TEXHOJOTHYCCKHUX ITPOLECCOB IMOJTy4YCHUSA
HATypaJIbHOTO COKa W CHpOIA.
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CHEMICAL TECHNOLOGY

STANDARDIZATION OF OINTMENT FOR TREATING MYCOSIS OF FEET AND VAGINA
Nino Abuladze, Ketevani Gabunia, Maka Javakhia, Manoni Gabelashvi, Pavel Iavich

Akaki Tsereteli State University

The paper dwells on developing the ointment standardizing methodology for treating fungus diseases of vagina
and the skin of the toes, which contain medical tannins, gallic acid and lactic acid as biologically active
compounds. The methodology envisages qualitative identification of these components, quantitative
determination of the amount of tanning agents and data on the methodology validation. The obtained results
allow for having reason to talk about sufficient accuracy and reproducibility of this methodology.

Vaginal infections are sufficiently spread in women, the causative agents of which are the microscopic
yeasts belonging to the genus Candida. There are described about 20 sorts of Candida, the most common of
which are Candida Albicans. This is a second most frequent causes of vaginites associated with itching,
burning and discharge. Yeasts normally exist in vaginas of the majority of women and don’t cause a
disturbance, but they can excessively grow, because if the vaginal environment changes it becomes more
favorable for them. Application of antibiotics and steroids is the most common cause of their excessive
growth. However, a certain aiding role in the emergence of yeast infections is played by diabetes and
taking the birth control pills, as well as menstruations and pregnancy.

Epidermatomycosis of the feet is very common and is named a fungal infection associated with
peeling, redness, itching, burning, and sometimes with blisters and ulcers. The fungus preferably grows in a
warm humid environment, such shoes, socks, swimming pools, locker rooms and public showers floors.
The infection is more prevalent in summertime and in warm humid climate, and is most common among
people wearing closed shoes, and among visitors of public baths,showers and swimming pools. The most
common is an interdigital one. It is usually observed in interdigital folds between II, IV and V toes. This is
accompanied by itching, burning, and disorder may extend to the soles of the feet. Epidermatomycosis of
the feet causes microscopic yeast, which lives on the outer layer of the skin. The most common is
Trichophyton rubrum.

The previous paper [1] provided a description of the development of ointment composition, which a
potential remedy for treatment of the above described diseases; in connection with the creation of such an
ointment, a need was identified to develop the method for its standardization

Analytical studies were carried out in accordance with the State pharmacopoeia standards of Georgia
[2]. The ointment represents a homogeneous mass of the yellowish-brownish color, with the characteristic
odor.

Its basic acting medical components are tannin, gallic and lactic acids, presence of which was
determined by the reactions of identification. For this purpose, 5 g of the ointment (precisely weighed
amount) were extracted in aflask with a capacity of 250 cm’® under reflux at a temperature of 45 degrees in
50 cm’ of water desalted within half an hour. This is a three-fold extraction (Solution A). The combined
extract was cooled, filtered through the paper filter into the separating funnel or flask with mixer and
hydraulic lock, then added with 30 cm® of ethyl acetate and extracted within 15 minutes. This is a three-
fold extraction. The combined extract was filtered through the paper filter into aflask with the volume
capacity of 100 cm’, and then the volume was filled with the same solvent to the mark. 0,02 cm’ of solution
was put on a starting line of the analytical chromatographic Silufol plate. Alongside, at a distance of 2 cm,
there was put on0,001 cm’ of a 0,15%-standard solution of gallic acid. The plate was dried in air and
placed in a chamber previously saturatedwithin three hours with a solvent mixture benzole-methanol-
glacial acetic acid (45:8:15), and then it was chromatographed using ascending technique. When the
solvent front was passed about 80 — 90% of a length of the plate from a starting line, it was taken out of a
chamber, then dried at the temperature of 40-50°C within 5-10 minutes, and looked at in UV light at a
wavelength of 365 nm. The chromatogram containing the tannin spots, at the level of a standard sample of
gallic acid, shows the appropriate zone with Rf= 0,6 of the grey color (gallic acid).
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0,5 ml of solution A were put in a test tube, then ferric chloride (III) was added in 5,5 ml of solution;
there was appeared black and blue discoloration (tannin). When heating solution A with iodine and
sodium hydrate, the scent of iodoform (lactic acid) was occurred.

Heavy metals. Up to 0, 001 % (State pharmacopeia of Georgia).

Dry residue. Up to 0, 2 %.

Density. 0,865-0,925.

Quantitative determination. About 2 g (precisely weighed amount) of ointment was put in a flask
equipped with mixer and black-flow condenser with the capacity of 50 cm’, then it was added with 10 cm’
of desalted water and heated to boiling, and boiled for 3 minutes, and the filtered into a measuring flask
with the volume capacity of 100 cm’. The filter was washed with desalted boiling water in portions 5
cm’in each until negative reaction to tannins with a ferric chloride solution. The obtained extract was
cooled and filled with desalted water to the mark at continuous mixing. 10 cm’ of the obtained extract were
taken out with a dropper, transferred into the flask with the volume capacity of 250 cm’, added with 60 cm’
of desalted water and 10 cm’ of an indigo-sulphonic acid solution, and then titrated at continuous mixing
with a permanganate potassium 0,02 mole/l solution until the golden-yellow discoloration. 1 cm® of
apermanganate potassium 0,02 mole/1 solution corresponds with 0,004157 of total tanning substances.

Simultaneously, the check experiment was carried out. The content of the amount of tannins in the

ointment was calculated according to the formula:
[v—v,] X100 X 0,004157 x 100

2xX10

X1 =

where,
v — the amountof cm’ of a permanganate potassium 0,02 mole/1 solution spent for titration;
v,— the amount of cm® of a permanganate potassium 0,02 mole/l solution spent for titration in the idle
test;
100-the volumecm”® of a measuring flask, used for filtration;
10 - the volume of a solution cm’, used for titration;
0,004157 — total amount of tanning substances g, which corresponds with 1 cm’ of a permanganate
potassium 0,02 mole/1 solution;
a—the amount of ointment (g) taken for testing.
The analysis is performed in 3 parallel determinations.
The content of the amount of tannins in the ointment should be no less than 10,0%.
The validation characteristic data of the developed methodology for determining the content of the
amount of tannins are given in Table 1.

Table 1. The validation characteristic for determining the content of the amount of tannins
Accuracy of determination

The content of the amount of tannins

Added samples The content of
Taken The content . .
into the the amount of . Determination
samples, of the amount . L Total, g Obtained, g .
. ointment, tannins in the inaccuracy, %
G of tannins, g .
G ointment, g
2,0 0,211 0,115 0,013 0,224 0,22 -1.79
2,0 0,211 0,202 0,022 0,233 0,468 -1,29
2,0 0,211 0,537 0,057 0,268 0,265 -1,19
2,0 0,211 1,013 0,107 0,592 0.312 -1,89
2,0 0,211 2,016 0,213 0,424 0,415 -2,12
Studying the analysis results convergence
By the amount of tannins
Ne of sample Average Relative Relative
result divergence divergence
! 2 3 4 > Max (%) Min(%)
0,21 0,205 0,207 0,211 0,205 0,208 1,44 0,48
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Specificity (added 5% lactose)
By the amount of tannins
Analysis results

Ne of
sample

1 ) 3 4 Average | Relative divergence

result Max(%) | Min (%)
1 0,202 | 0,201 | 0,205 | 0,207 0,204 1,47 0,49
0,203 | 0,201 | 0,206 | 0.205 0,204 1,47 0,49
3 0,205 | 0,206 | 0,202 | 0,206 0,205 1,46 0,49

Interim accuracy

. By the amount of
Days of the B ql;i tannins
week 2 'S Ne of sample

© 1 2 3
Monday 1 0,215 | 0,216 | 0,215
Tuesday 2 0,211 | 0,212 | 0,21
Wednesday 1 0,211 | 0,211 | 0,215
Thursday 2 0214 | 0,211 | 0211
Friday 1 0,210 | 0,211 | 0,214
Average 0,213 | 0,213 | 0,213
Max.divergence from the 0,94 1.41 0,94
average result (%)

Linearity of determination is preserved within the limits of the presence in a tested solution from 0,005
to 0,2 g of the amount of tanning substances, or when converted into the concentration of the solutions
from 0,009% to 0,33%.

The work has been performed within the granted project FR/281/8-403/13.

KROB®IGOD IS - REFERENCES —JIUTEPATYPA
1. H.B.AGynamze, M.IIL xaBaxust, K.V.I'abyuus, M.B.I'abenamBuny. Pazpaborka penenTtypsl Ma3u
HOTEHIMAJILHOTO CPENICTBA IS JICUEHUs TPUOKOBBIX 3200 I€BaHMI BIIaranila, BEI3BAHHBIX TPHOaMHU posia
Candida. 38. HAHayxk I'py3umu, cep. xum., 2015, T. 41, Ne 4,
2. b3goHMZgEML LobgedFoym goMds3m39s, ¢&. 1. Mdowobo. 1998 §..

b396sMGH0BSE0s Tsgrsdmgdols 1s8mbs s GgPxol dogmbydol Lsdzm@bsemu
Bobm 509 5dg, §90093960 godb0os, B35 K 935b0s, F5bMbO godgEsdz0wo, 3539w 05300
33930 Pe90cmol bobgerdfogem #boggdlodgdo
®J%(03d3J
39005390905 Bsdmby s GHYORBOL Lem3mM3zsbo ©s9350gdOL Lsd3MMBsEIM Foesdml bEbsMEG0BsEool Fgmmmogs,
HMIYoE  d0MEMR0MO© 5JBH0M0 FgbogMmgdol baboo Fgoiegl GHobobl, gowols s MJoL 859390L. BgmMEOZs
d90aqds 98 3m33mbg6EHIdOL M30LMdM0Z0 FoBLEBOZMOLYD, INMmOTWsz0 B03mM0gMIVJOOL KsTol HomE9bmdMmozo
2306LsBE3OOLYSD s FJNMPOZOL 39030l Bmbo399gd0Logsh. Fowgdmwmo Fgwgagdo LsdMeEIgdsl 0dwgl056
308bx9Emo 3900mE030L b3ToMOL LOBMLEILS S BogmzogMYdsbY (MY3OMPOMIGHOMLMBSBY).

CTAHJAPTU3ALIUA MA3U IJI51 JEYEHUSA MUKO30B CTOII U BJIAT AJIUIIA
H.B.Aoynamze, K.V.I'abynus, M.I11. JIxxapaxust, M.B.I"adenarmBuny, [1.A. By
Tocyoapcmeennviil ynusepcumem um. A.L{epemenu, Kymaucu
PE3IOME
Paspaborana MeToaMKa CTaHAAPTH3AIMU Ma3H JJIs JICUCHUS TPUOKOBBIX 3a00JICBAHUI BIarajuia | KOXH IaJbICB
HOT, CONIEPIKAaIIyl0 B KAa4eCTBE OMOJOTMUCCKU aKTHBHBIX COCAMHCHUNM TaHHH, TaJZIOBYIO KHCJIOTY W MOJOYHYIO
KHCJIOTY. MeToauka COJCPKHUT KAYeCTBCHHYIO HICHTU(UKAIIMIO JaHHBIX KOMIIOHEHTOB, KOJIHYCCTBEHHOE
OIpEeICIICHUEe CYMMBI TYOUIIBHBIX BEIICCTB U JaHHBIC 110 BAJUIAIUN METOAUKH. [1oaydeHHBIC Pe3yIbTaThl O3BOJISIOT

TOBOPHUTH O TOCTATOYHON TOYHOCTH W BOCHPOU3BOAMMOCTU METOIUKU.
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CHEMICAL TECHNOLOGY

SUPPOSITORY STANDARDIZATION FOR TREATING MYCOSIS OF VAGINA
Nino Abuladze, Ketevani Gabunia, Maka Javakhia, Manoni Gabelashvi, Pavel Iavich

Akaki Tsereteli State University

The paper dwells on developing suppository standardizing methodology for treating fungus diseases of vagina
and the skin of the toes, which contain medical tannins, gallic acid and lactic acid as biologically active
compounds. The methodology envisages qualitative identification of these components, quantitative
determination of the amount of tanning agents, data on the test of dissolving, melting temperature,time of total
deformation, the uniformity of mass and the content uniformity of the average mass.The conducted
validation of the methodology for determining the amount of tanning agents allows for having reason to talk
about sufficient accuracy and reproducibility of this methodology.

The development of new formulations of suppositories [1] is associated with the need to create the
appropriate standardizing methodology. We present data (g) on a composition of one suppository weighing
5 g. Tannin — 0,3, gallic acid — 0,35, lactic acid is of 40%, hostacerine — 0,5, desalted water — 1,0,
dimexidum — 0,1, cacao oil or biseptol — up to 5,0.

Suppositaries are of globular or oval shape, of the yellowish-brownish color, weighing 5+ 0,2 g. the
diameter of suppository is under 1,5 cm. The size of the particles of the active substances injected into the
suppository mass in the form of a suspension of solution does not exceed 100 mkm.

Standardizing methodology was developed in accordance with monographs of State pharmacopeia of
Georgia [2].

Identification study.

5 suppositories were extracted in a flask with a capacity of 250 cm’ under reflux at a temperature of 45
degrees in 50 cm’ of water desalted within half an hour. This is a three-fold extraction (Solution A). The
combined extract was cooled, filtered through the paper filter into the separating funnel or flask with mixer
and hydraulic lock, then added with 30 cm’ of ethyl acetate and extracted within 15 minutes. This is a
three-fold extraction. The combined extract was filtered through the paper filter into a flask with the
volume capacity of 100 cm?’, and then the volume was filled with the same solvent to the mark. 0,02 cm’
of solution was put on a starting line of the analytical chromatographic Silufol plate. Alongside, at a
distance of 2 cm, there was put on0,005 cm’ of a 0,5%-standard solution of gallic acid. The plate was dried
in air and placed in a chamber previously saturated within three hours with a solvent mixture benzole-
methanol-glacial acetic acid (45:8:15), and then it was chromatographed using ascending technique. When
the solvent front was passed about 80 — 90% of a length of the plate from a starting line, it was taken out of
a chamber, then dried at the temperature of 40-50°C within 5-10 minutes, and looked at in UV light at a
wavelength of 365 nm. The chromatogram containing the tannin spots, at the level of a standard sample of
gallic acid, shows the appropriate zone with Rf= 0,6 of the grey color (gallic acid).

0,5 ml of solution A were put in a test tube, then ferric chloride (III) was added in 5,5 ml of solution;
there was appeared black and blue discoloration (tannin). When heating solution A with iodine and
sodium hydrate, the scent of iodoform (lactic acid) was occurred

Quantitative determination.

1 suppository (5 g) was put in a flask equipped with mixer and black-flow condenser with the capacity
of 200 cm’, then it was added with 50 cm’ of desalted water and extracted at boiling temperature for 10
minutes. The obtained extract was filtered through the paper filter into the measuring flask with the volume
capacity of 250 cm’. The extraction in similar conditions was carried out twice more. The filter was washed
with boiling water in portions 10 cm’ in each 5-6 times until negative reaction to tannins with a ferric
chloride solution. The obtained extract was cooled and filled with desalted water to the mark at continuous
mixing. 10 cm’ of the obtained extract were taken out with a dropper, transferred into the flask with the
volume capacity of 250 cm’, added with 60 cm’ of desalted water and 10 cm”® of an indigo-sulphonic acid
solution, and then titrated at continuous mixing with a permanganate potassium 0,02 mole/l solution until
the golden-yellow discoloration. 1 cm® of a permanganate potassium 0,02 mole/l solution corresponds with
0,004157 of total tanning substances.
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Simultaneously, the check experiment was carried out. The content of the amount of tannins (g) in a
suppository was calculated according to the formula:

[v —wvq] X 250 x 0,004157
1x10

X1 =

where,

v — the amount of cm’ of a permanganate potassium 0,02 mole/ solution spent for titration;

v,— the amount of cm’ of a permanganate potassium 0,02 mole/l solution spent for titration in the idle
test;

250—-the volume cm’ of a measuring flask, used for filtration;

10 - the volume of a solution cm’, used for titration;

0,004157 — total amount of tanning substances g, which corresponds with 1 cm’ of a permanganate
potassium 0,02 mole/1 solution;

a — the amount of suppositories (g) taken for testing.

The analysis is performed in 3 parallel determinations.

The content of the amount of tannins in the suppository should be no less than 0,5 g.

Dissolving.

The test is conducted in a device with mixer. Dissolution medium — the buffer solution pH=4,2+0,2,
with a volume of 200 cm’, mixer rotation velocity — 50 rev/min, temperature - 37 +0,5°C, the method of
analysis — determination of the amount of tannins in a solution by method of permaganatometric titration.
Time of sampling — 45 minutes. The amount of tanning agents transferred into the dissolution medium
makes up at least 70%.

Melting temperature not exceeding 37° C, at a time of total deformation not more than15 minutes.

Uniformity of mass. Visually, there are no impregnations on a lengthwise section.

Content uniformity of the average mass. Divergence from the average mass does not exceed the
allowable value.

Table 1. The validation characteristic for determining the content of the amount of tannins
Accuracy of determination

The content of the amount of tannins

Taken The content Added samples, The content Obtained, g Determination
samples, | ofthe amount | . Total, g . 0
. . % of taken ones | of tannins, g inaccuracy, %
units of tannins, g
1,0 0,51 10 0,051 0,561 0,53 -5,52
1,0 0,51 15 0,077 0,587 0,65 -4,26
1,0 0,51 50 0,255 0,765 0,73 -4,58
1,0 0,51 75 0,383 0,893 0, 85 -4,82
1,0 0,51 100 0,51 1,02 0,952 -6,66
Studying the analysis results convergence
By the amount of tannins
No of sample Average Relative divergence Relative divergence
1 2 3 4 5 result Max (%) Min(%)
0,525 0,54 0,515 0,51 0,52 0,522 3,44 3,39
Specificity (added 5% lactose)
By the amount of tannins
4 O Analysis results
C a, f
o & Average Relative
= g 1 2 3 4 result g divergence
Max(%) | Max(%)
1 0,480 | 0,45 | 0,496 | 0,498 | 0,481 6,45 4,17
2 0,496 | 0,485 | 0,453 | 0.442 | 0,469 5,76 3,41
3 0,482 | 0,460 | 0,459 | 0,471 | 0,460 4,78 0,22
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Interim accuracy

. By the amount of
Days of the B Ql;i tannins
week £ S | Neof sample

< 1 2 3
Monday 1 0,520 | 0,53 | 0,52
Tuesday 2 0,51 0,51 0,51
Wednesday 1 0,52 0,50 0,50
Thursday 2 0,54 | 0,51 0,53
Friday 1 0,515 | 0,51 0,51
Average 0,521 | 0,512 | 0,514
Max. divergence from the 3.65 3.53 311
average result (%)

Linearity of determination is preserved within the limits of adding suppository in a tested solution from
5%, i.e. 0,25 g, to 3,55%, i.e. 1,775 g.
The work has been performed within the granted project FR/281/8-403/13..
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H.B.Aoynamze, K.V.I'abynus, M.I11. Jxapaxust, M.B.I"abenarmpwny, [1.A. SBuy
T'ocyoapcmeennwiii ynueepcumem um. A.Llepemenu, Kymaucu
PE3IOME
PaspaGoraHa MeTOIMKa CTaHOApPTH3alMH CYIIO3UTOPHN Ul JICUEHHsT TPUOKOBBIX 3a00/IeBaHHi
BJIarajvia, CoacpKalux B Ka4CCTBE 6HOHOFI/I‘I€CKI/I AKTUBHBIX COCI[I/IHCHI/Iﬁ TaHWH, IaJINIOBYIO KUCJIOTY U
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TeMIepaType NJaBjieHHsl, BpeMEHH! MOJIHOi Ae(opMaluu, OHOPOIHOCTH MACChI H OTHOPOIHOCTH
J03UpOBaHMs cpeaHeil Macchl. [IpoBenecHHAas BaluAanus METOIUKH ONPEACICHHUS CYMMbI JYOMIIbHBIX

BEIIECTB TTO3BOJISIET TOBOPHTH O JOCTATOYHON TOYHOCTH W BOCIIPOM3BOIMMOCTH METOUKH.
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XUMHUYECKAS TEXHOJIOT'UA

ONITUMMU3ALUSA ITPOLECCA OCAKAEHUSA KAPBOHATA BAPUS HA KPYITHO-
JABOPATOPHOM YCTAHOBKE HEIIPEPBIBHOT'O JEHCTBHS B YCJIOBUAX
INEHHOTI'O CJ1041

B.B.Pyxamze, 1./]. Kamymamze, M.I'.Kyxanamsuiu
Tocyoapcmeennuiii ynusepcumem um. A. Llepemenu, e. Kymaucu, I py3us.

Ha xpynHoii 1abopaTopHO#l yCTaHOBKE HETIPEPHIBHOTO ACHCTBUS, C MPOU3BOMUTENBHOCTHIO 2,65 Kr/4 ObLIH
W3Y4YEHBI ONTHMAJIbHBIE YCIOBHS TPOBEICHHS TEXHOJIOIMYECKOro Ipolecca OcaXJeHus kapOoHata Oapusi B
yenoBusax neHHoro cios (I1C). IMoxydeHs! cienyroniie JaHHbIC: KOHIEHTpaIws cyabduma oapus 130 rp/m,
BBICOTAa CJIMBHOTO Topora 45cM, CKOpOCTh Mojadd pacTBopa cynbduma Oapus 300 MiI/MHH, B JTaHHOM
TEXHOJIOTMYECKOM Tpollecce IOCIeIoBaTeNIbHO coennHensl Tpu peakropa [IC. Breixox kapOonaTta Oapust
cocrarister 97,58%. Cynbbhun Oapus W ABYOKHCH YIVIEpOAa B TEXHOJOTHMYECKOW CXEME Y4acTBYIOT
MIPUHIMIIOM ITPOTUBOTOKA.

B mpornecce kapOoHM3aImK pacTBopa Cyibduma Oapus, KpoMe OCHOBHOI'O MPOJYKTa — KapOoHaTa
Oapusi TOIMYTHBIM TTONYIPOAYKTOM SIBISIETCS cepoBojpopon. llocnmemaHuil, MO TpPEAIoKEHHOH HaMH
TEXHOJIOTHH, TIPeIlyCMaTPUBACTCS UCIIONB30BaTh JUIA TIOJTydeHHs Cyinb(uaa nuaka[1].

[MosTOMY Ha AaHHOM 3Tamne MPOBOAMIIOCH UCCIIENOBAaHNE MAKCUMH3AIIMK BBIX0O/Ia KapOoHaTa Oapus ¢
obecrieueHNeM MaKCHMaJIbHON KOHIIGHTPAIMK CEPOBOAOPOJIa B OTXOJSIIMX TazaX. JTO MOTpeboBaiio
MPOBENICHH Ipoliecca KapOOHU3AIMH C TPEMs peakTopaMH, PaOOTAIOIMMHU IO MPHHIIUIY TPOTHBOTOKA.
[Tpon3BOAUTENBHOCTh YCTAHOBKU 10 KapOOHATy Oapus cocTaBiseT 2,65 kr/gac. MaKCHMalIbHBIH BBIXO]
kapOoHaTa OapusB MPENbIAYIINX SKCIEPUMEHTaX JOCTUTHYT NPU HCIONB30BaHUM pabodyero pacTBopa
cynbuaa Oapusi — 40r/71 B codyeTaHWHM € TOAOOPAaHHBIMH YPOBHSIMH JIPYTHX TMEpeMEHHBIX (HaKTOpPOB
mporecca [2].

OnHako, ¢ UENbI0 NPUONIDKEHHS K MPAKTUYSCKUM 3aBOJCKHM YCIOBHSM MPHILIOCH HAadaIbHYIO
KOHIIEHTpaluio cynbduaa Oapusi B pabodeM pacTBOpEe CKOPPEKTHPOBATH B CTOPOHY ITOBBINICHUS H
MPUOIIKEHHUS K 3aBOACKUM ycioBusaM — 120 — 130 /1. Takke npHIILIOCh KOPPEKTHPOBATH KOHIICHTPAIUIO
COZICpP’KaHUS B JIyThe YIIIEKUCIIOTO ra3a, U B PEalli30BAaHHBIX SKCIIEPUMEHTAX KOHIICHTPAIHSI YTIIEKHCIIOTO
raza B nytbe coctaBisieT 20%. VYTIIEKHCTBIM ra3 Takod KOHIIEHTpAIlMd HUMEETCS B OTXOIAIIUX Ta3ax
BOCCTaHOBHUTEIBHBIX TIeUeH OapuTa 3aBoja.

PeakTophl MEHHOTO CIIOSI W3TOTOBJICHBI M3 HEP)KABEIOMIEH CTAIM M XapaKTEPU3YIOTCS CISIYIOIIMMHU
TEXHOJIOTHYECKUMH mapameTpamu: auamerp 0,15m, Beicora 0,65M, TUTOIanb moaa 0,020M?, KHBOE CeUeHHE
nona 1%, o6beM ayThs 1,5M /uac, ckopocTs ayThs 1,38M/c, naBienue mox pemnTKoi 19-20 Ma.

PeakTophl cHaOXEHBI ANEKTPUYECKAM OOOTrpeBaTeNeM C aBTOMATHYECKOW  PEeryJupoBKOH
TeMIIepaTyphl B TIEHHOM CJIO€, KOTOpbIl I103BOJSET MOICPXKMBAThH TEMIEpaTypy ¢ Tounocthio +3°C.
3arpy3ka pacTBOpa OCYILECTBIISCTCS M3 HamopHOro Oaka eMkocThio 100 1 yepe3 poTOMETp, MOCIEeIHUMN
MO3BOJISIET H3MEPHTH CKOPOCTh TIO1a4uu pactBopa B nHTepBaie 0,05-31/mMuH.

PacTBOp momaercsa HENOCPENCTBEHHO B MEHHBIN Ciiod. PeakTop MMeEET YeThlpe CIMBHBIX MOpOra, ¢
MOMOIIBIO KOTOPBIX MOXXHO MEHSATH BBICOTY MEHHOrO ciiosi. LIeHTpanbHbBIN MyNbT MO3BOJISIET CIEANUTH 32
TEeMIIepaTypol B MEHHOM CJIOE€, CKOPOCTBIO IMOJaYd PacTBOpPa, CKOPOCTBHIO TMOJAYM Ta3a W JIABICHHEM B
cHCTEME.

C yuerom pe3yibTaToB, MPOBEIEHHBIX Ha JIAOOPATOPHOW yCTAHOBKE MCCIIE/IOBAHUH, OB COCTaBJIECH
OPTOrOHAIBHBIN IJIaH HepBOro nopsaka (Tadmn.1), rae & — KOHIIGHTpall|s pacTBOpa CEPHUCTOro Oapus, &,
— BBICOTA KHITAMIETO cJ0si, &3 — CKOPOCTh 3arpy3KH pacTBopa, &4 KOTMUECTBO PEAKTHBA.

Jnist ycTaHOBJIGHUS] MHTEpBalia BpeMEHH 0TOOpa IENeBOro MPOAyKTa ¢ Y4eTOM U3MEHEHUS OJTHOTO U3
MEpEMEHHBIX TapaMeTpoB IMpollecca MPOBEAEH JKCIEPHMEHT, B KOTOpOM depe3 Kaxable 10 MHHYT
otoupanuck mpoosl. M3 Tadi. 2 (onbITh 1-5) BUAHO, YTO CTAllMOHAPHBINA PEKUM yCTaHaBIHBaeTcs yepes 20
MUHYT ¥ B IOCTIETYIOIIEM TEPUOJIe CTeNeHb KapOOHN3aIllMK U KOHIIEHTPAIIUSI CEPOBOAOPOIa HE MEHSETCS.
[IpoBepky BOCIPOM3BOAMMOCTH, CTAIIMOHAPHOCTH TMpollecca W ONpelelieHHe OIMMOKH dKCIepHMEHTa
MIPOU3BENH C MOMOIIBIO TIOCTABIEHHBIX B HYJIEBOI TOUYKE IBYX CEpHil 3KCHEepUMEHTOB (OmbITHl 6-11) mo
TPH SKCIIEPUMEHTA B KAXKJIOH M BEIYUCIICHBI CPEHNE 3HAUYCHHS BBIXO/IOB 110 CEPUH.
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Ta6auua 1. Marpuna miaHupoBaHus T ONITHMHU3AIMHK TIpoliecca KapOOHU3aIMK PacTBOPa
cynbduaa dapus

Harypanbusie &1, T/m &, cM &;, MII/MHH &, T OnTuMu3sNpyomue

BEJIMYHHBI (HaKTOPOB BEITUYUHBI

OCHOBHO YpOBEHb 110 30 350 2

WnTepBan BapbUpOB. 20 15 50 1

Bepxuuit ypoBeHb 130 45 400 3

HwxHuit ypoBeHb 90 15 300 1 % %

Konosoe o00o03HaueHne X X X3 X4 Vi v,

Xo (hakTopoB

Nesker. ITopsinok
peasus.

12 12 - - - - 69,6 9,42
13 18 + - - - 45,81 9,27
14 21 - + - - 71,8 10,07
15 13 + + - - 46,93 9,51
16 15 - - + - 61,34 11,35
17 20 + - + - 39,46 10,44
18 14 - + + - 64,71 13,03
19 24 + + + - 42,22 11,14
20 17 - - - + 99,31 13,86
21 26 + - - + 96,12 18,85
22 19 - + - + 99,85 14,10
23 16 + + - + 97,58 19,52
24 22 - - + + 93,81 17,23
25 25 + - + + 72,54 18,35
26 27 - + + + 95,66 17,35
27 23 + + + + 73,33 19,02

Tadauna 2. Pe3ynbTaThl CTATUCTHYECKAX BBIYUCICHUAN JIJISI IPOBEPKHU Tpoliecca KapOOHU3aINH

dakroper | &, &, &, &s OnTuMH3NpYIOIKEe TapaMeTpsl
/1 | ¢M | MI/MHUH | T

Y]I | Y]H | Y]IH | Y]IV Y2] | YZH | YZIH | YZIV
Kog. X X, X3 X4 Brixon kapOonata Gapus, % ConeprxkaHue cepoBOA0pOaa
00603. B OTXOIMIIMX rasax, %
¢dakTopos
1 - - - - 71,5 69,51 | 69,31 | 69,6 | 871 | 9,52 | 9,37 | 9,42
2 + - - - 47,71 | 4521 | 45,55 | 45,81 | 7,92 | 9,38 | 9,57 | 9,27
3 - + - - 70,54 | 71,32 | 71,8 | 71,8 | 8,98 | 10,27 | 10,19 | 10,07
4 - - + - 59,73 | 60,81 | 61,81 | 61,34 | 12,24 | 11,56 | 11,35 | 11,35
5 - - - + 100,23 | 99,61 | 99,16 | 99,31 | 12,33 | 13,81 | 14,02 | 13,89
6 0 0 0 0 - 84,51 - - - 16,51 - -
7 0 0 0 0 - 84,71 - - - 15,82 - -
8 0 0 0 0 - 85,82 - - - 14,27 - -
9 0 0 0 0 - 85,23 - - - 16,21 - -
10 0 0 0 0 - 85,75 - - - 16,79 - -
11 0 0 0 0 - 84,67 - - - 15,49 - -
1, =852; ;' =854; [1,=15,7; [1,' = 16,29

CpenHekBaapaTuyHbie OTKIOHEHUS Ui Kaxaon cepuu: (Sy2)1 = 0.499; (Sy2)2 = 0.7585; (Sy?)i! = 0.3;
(Sy2)2! = 0.209; S22 = 0.968; 512 = 0.8.

Ommbka skcrepuMenta (S,)); = 0.4; (S,’), = 0,48. BeluncieHHble 3HAaueHHs Kputepues Koxmepa
oOKazalich MeHbie TabnuuHbix (Grad. = 0,88), 4yTo yKas3pIBaeT Ha BOCIPOU3BOJAUMOCTD M CTAIIHOHAPHOCTD
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nporecca. [locie 3Toro ObIT cOCTAaBICH M PeANTM30BaH OPTOrOHAIBHBIN IIJIaH IEPBOTO Mopsiaka Buga N =
2*. DKCIIEPUMEHTBI PaHIOMU3HPOBAIMCH BO BPEMEHH C TIOMOIIBIO TAGIUIIB! CITY4aifHBIX YHCEI.

Ha OCHOBe peanM3allui OPTOrOHAJIBHOrO IUIAHA ITIEPBOTO MOpSAKAa Thma 2°, YCIOBHSA KOTOPOrO
npuBogstest B a0 1. (VY u Y, — Beixoa kapOoHaTa O6apusi 1 KOHIICHTPAIHs CEPOBOIOPOa B OTXOJSIINX
raszax), BEIYMCIIEHbI KO3 PHITUEHTBI perpeccu:

(bo)1 = 73.13, (b1)1 = -8.88, (b2)1 = 0.88, (b3)1 = -5,25, (bs)1 = 17.89,

(bo)2 = 13.93, (b1)2 = 0.57, (b2)2 = 0.35, (bs)2 = 0.87, (b4)2 = 3.4.

Ommbka B onpenencaun koaddurmentos S*{bi} = 0.025, S*{bi} = 0.03. Kpurepuii CTbroneHTa 1s
creneneit cBoooasl f=5 u st 95% - HOro ypoBHS 3HaYUMOCTH t = 2,57,

Bce xoaddurmentsl perpeccuu, kpome (bz)2 , 3SHaYMMBI, TaK KaK 3HAYEHUS KOKJOTO U3 HUX OOJIbIIe,
yeM BeJTMINHA:

t- S{bi} =2,57+0.158 =0.41; t-S{bi}=2.57-0.173=0.45

[Nony4yenHoe ypaBHEHHE perpeccuu IS BbIXoJa kKapOoHaTta Oapusi HMeeT BUJIL:

Y, =73,13 - 8,88X, +0,88X, —5,25X;5 + 17,89X,

a JUTsl KOHIIEHTPAIMK CEPOBOJIOPO/Ia B OTXOSIINX ra3ax:

Y2 = 13, 93 + 0,57X]+ 0,35X2 + 0,87X3 + 3,4X4

Kak BugHO M3 Tabm. 1, B Touke (paKTOPHOrO MPOCTPAHCTBA (COOTBETCTBYIOMIMH JKCIIEpUMEHT 23)
BBIXOJ KapOoHaTa Oapusi 97,85%, a KOHIIEHTpallus CepoBOJOpoOJa B OTXOoAmmx razax 19,52%, urto u
cooTBeTCTBYeT 99%-HOMY NpEBpAIlCHUIO YIJIEKUCIOro rasa B KapOoHaT Oapus. Tak kak CTeleHb
KapOoHM3alMK Oapusi W KOHIIGHTPAIMS CEPOBOJIOPOJA BBICOKH, YCIOBHS YKa3aHHOTO JKCIIEPUMEHTa
MOKHO CYMTATh ONITHUMAJIbHBIMH.
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OPTIMIZATION OF THE PROCESS OF BARIUM CARBONATE DEPOSITION ON LARGE-
LABORATORY FACILITY IN A CONTINUOUS FOAM LAYER
V.Rukhadze, I. Kamushadze, M.Kukhalashvili
Akaki Tsereteli Kutaisi State University
SUMMARY

In a large continuous laboratory device with a productivity of 2,65 kg/h have been studied the optimal
conditions of the process of precipitation of barium carbonate in a foam layer (FL). We obtained the
following: concentration of barium sulfide 130g/l, the skimming weir height 45 sm, flow rate of barium
sulfide solution is 300 ml/min, in this technological process three MS reactors are sequently connected.
Barium carbonate yield is 97,58%. Barium sulfide and carbon dioxide in the process scheme are involved
with a counterflow principle.
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CONGRATULATION

The scientific community of Georgia congratulates outstanding scientist-pharmacochemist,
academician of the Georgian National Academy of Sciences Ether P. Kemertelidze with glorious
90™ anniversary

MNHO31PABJIEHUE

Hayunas oOmiectBeHHOCTh ['py3um IMO3IpaBiisieT BBINAIOMIETOCS Y4eHOro-papMakoXHMMHKa, akKaJIeMHKa
HAH I'pysuun Otepu [lerpony Kemeprenunze co cnaBHbIM ro0mneeM 90-netusi.
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INFORMATION for AUTHORS

The journal “Proceedings of the Georgian National Academy of Sciences. Chemical series” is
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 (font Times New Roman for English and Russian, Sylfaen for Georgian) of articles in a form of
Microsoft Word files (*.doc or *.docx), figures and pictures — as monochrome 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 techical service and 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 Board publishing expences are to be paid at the Liberty Bank on the account of
the Georgian National Academy of Sciences No GES0LBO0121115150495000, identification code
203851536.

HUHOOPMALUSA AJISA ABTOPOB

Kypuan "H3Bectust HannonanbHoii Akanemun Hayk I'py3un. Cepusi xumuueckas" myOJIHKyeT cTaTbH
W KpaTkue cOoOOIICHUS B 00NACTH XMMHYECKUX HAyK Ha TPY3HMHCKOM, aHTJIMHCKOM H PYCCKOM SI3BIKax;
0030pHBIE CTaThH M MaTepUaslbl MH(POPMALMOHHOTO XapakTepa MyOIIMKYIOTCS MO MPeIBAPUTEIHEHOMY
COTJIACOBAHHIO C PENAKIMOHHON Kosuterneil. O0beM, GopMaT M YCIIOBHS MPEACTABICHUS MaTepHuaia Juis
MyOJIMKAIUK CIEAYET COTNIAaCOBAaTh C OTBETCTBEHHBIM CEKpPETApeM; aBTOPHI JOIKHBI IPEACTABUTH TEKCTHI
(pout Times New Roman st pycckoro u anriuiickoro, Sylfaen niau LitNusx 1st rpy3HHCKOTO SI36IKOB)
B BHJie (paiinoB Microsoft Word (*.doc mim *.docx), a pucyHKH, 4epTeKd U GOTOCHUMKH — B BHJIC YEPHO-
Oenbix rpaduueckux (*.jpg, *.gif u nmp.) ¢ainor. [[ng okasaHus MOMOIIM aBTOpaM HAydHBIX CTaTeH,
penakius mperycMaTpuBacT CTaHIapTHBIC JIEKTPOHHBIE (JOPMBI Ha BCEX TPEX S3BIKAX, a TAKKe JPYryio
TeXHUYECKYI0 mojuepkky. s pedepupoanus cratbu B Chemical Abstracts (Ha aHIVIMHACKOM SI3BIKE) U
I'py3unckoM pedepaTHBHOM JKypHaje (Ha aHTJIMICKOM W TPY3MHCKOM S3bIKax) aBTOpaM CIIAyeT
MPEAYCMOTPETh CoJiep KaTellbHbIC pe3loMe Ha 000MX SI3bIKAX.

OmnnaTa pacxo;oB MO MyOTUKAIMK TPOU3BOUTCS MIEPEUHCICHIEM COTJIACOBAHHON C KOJUIErneil CyMMbI Ha
cuér HammonanpHoit Axamemun Hayk [pysum B Oanke «JIubGeprm» Ne GESOLB0121115150495000,
uaeHTuuKaMoHHbIN Ko 203851536.
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