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yAaneHna MOHOB mapraHua u3 sogbl. [Monakos B.E.,
OcraneHko B.T., MNonsakosa W.l., Tapacesuy HO.U.,
Wosrai A.C., KynuweHko A.E. 27.09.1975.

. 0.1, Tapacesunu, B.E.Monskos, 3.I. MeaHoBa, [.A.

KpbiceHKo. MNMonyyeHne n cBOCTBA KAMHOMNTUIOANTA,
MOAMPUUMPOBAHHOIO AMOKCUAOM MapraHua. Xmmua
n TexHonorma soasbl, T.30,N22, 2008.
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C.E.benunkosa, M., Aksa-Tepm, 2007.

Removing Mn? and Iron Ions from Drinking Water by Water Aeration

G. Galogre

Georgian Technical University, Department of Chemical and Biological Technologies, Str Costava 69.

0160 Thilisi. Georgia

E-mail: guramigalogre@gmail.com

Resume: Purpose. Improving the efficiency of filtration material -MnO2-modified zeolite containing Fe®* ions

in the process of removing Mn?*and iron ions from drinking water by water aeration.

Method. The concentrations of Mn? * and iron ions in purified water are determined by inductively coupled

plasma atomic emission spectroscopy (ICP-OES).

Result. Drinking water aeration improves the efficiency of filtration material -MnO2-modified zeolite

containing Fe3*ions in the process of removing Mn?* and iron ions from drinking water. The specific capacity of

the filtration material increases by 1.16 and 1.14 times, respectively.

Conclusion. The filtration material -MnO>-modified zeolite containing Fe® * ions, serves as a catalyst in the

water purification process and accelerates the oxidation of drinking water contaminants (Mn?* and Fe? ions)

by converting them into insoluble compounds. The catalytic efficiency of the filtration material is improved by

water aeration.

Keywords. Modified zeolite; manganese dioxide; water purification; water aeration; catalyst.
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39000 965333 gdL X6 MdOLS s Q9MGIMU-
®30L  Bs8od  JOHmBosh  ©oboxgstgdl.  bozgugml-
360560 9bsbmdo godmoygbgds gangd@®mbogzado,

3939990-39d603580, Losg0s300 3MgH39EMdsTo, 3mb-

Il 39db03s80, ggdGHO™bM ©s doMZen
36903900580, LobmgbmEmo Tobogrgdol Fomdmg-

0500, 35abo@e BsdfgH dmfiymdowmdgddo, bogomm-
00ls o gobol AMYP3gwMdsTo, OMYMOG JNOM-
0599090 ©sbsgsmgdo [1-3].

99dBHOMLobmgbom Jomgdywo Ni-P @obogs-
60, 603900l BRIMMB FgsMgdom, bolosmgds
245999x Md9gLYdYo 8949603960, FHOMOdMEMY0OHO
@5 99JdBAM™JodoMHo 30L9d9d00m. 5Fobmsb, olobo
boliosmgds, om0 35EH9oDWOHO 5dGH03MO0MNOS
9saboBHmo  ™M30L9dgd0m.  dgdamdo  0gMHIMEo



599985390000 Ni-P ©sbogo®ol  LodGHzosg «yob-
WM3Jd s BMyXIO 509853 gds Cr-om @obogs-

oL LodBIoEgL. 9EgdBHOHMmJodomGs dgbodegdg-
@05 56y FbMWwmE MmEM3MI3MmbgbE0sb0, 90Ty
36530 3m33MmbgbE0560 IbsgsMol Jowgds [1,2].
56553560l M30L909d0L 25X MdILGdS YYEOEIL
399mf39300 ®Bgds. Ni-P 99bobmddo  dgbsdeng-
0905 bbgosbbgs crommbmMo, sGogommbmmo s
3m0dgmHyeo  3m33mb636@gd0L PoMmgs, MMIgLms
9903900000 dgLsdrgdgE0s Mobsdg®mgg Loobgob-
MM ©bsxsMgdoLado 594969090 dmmbmgbydol
©53054z30¢gds.
396500390 @ 300dgMeo Bsbs®mgdo, Hmym-
Moggoss: SiC, B«C, WC, ALOs, SiO2, TiO2, CeOs, bob-
FoMd50L bobmdowszgdo, MoS2, WS, TiN, 3gduo-
3mbmMo  dmMol  Bo@Moo,

doon  dmGob  d60dzbgermgzebos

3Mm0GIGHOIBNME-
900wgbo s Fomo 3m3dobsE0s. ©obIBIML gobls-
30050 3090908 560F9dL dMOOLS s SEYY-
dobol mgbool sbsda@gdo. 3bmdowro 3gMsdozvy-
wo
MMMOHE 05050 LodBHIoEom, oby 35MHp0 0o3LY-

doboes  semdobol  mJboo  bsliosmgds
05MB0m  FoBHMOELMB. WBdM Jomowo Lod@zo-
GO QS (3390790900930 000 bolinsm©gds 30d3mbo-
3000 b5bmsbsgzstmgdo. 656m3ma3mbodE e ©sbs-

53oMb 5J3L RO oo LodBH3osy, bobmbolsdo

9aM5MdY, (339075090 JRMdS S JNOMB0s0Y©Y-
3™, 300009 B399 gdM03 253566 ©obsRaMgOL
[3-10].

2. Jo6H0ms0o bsfioero

6039¢n-80bgmmob dgbsbmdol gergddmemo-
o960 850935

@ommbol  b53gmmdgdol  ©s33d  dgodengdo
296bmM 309 @gl bbgoolbgs #Hgdbmamaool godm-
94969%00m. dmbo3gewgds 58558500 9M0-gMm0 439Dy
3039900 O BIMNMO J93MEILYOME0s. i
303990005 396306MdgdMos bozgwol Jodowdo
30090900m. 00 30OMHBOsE 5By BEYMOOS
Dgoemblbsdgddo. bozgwol mdboo byl Mdgol
@wommboll  9g0amd  ©o9ba35L.  goMs  SToby,
60390y LbEs BmgdgEgdl doMorgdo, 353900
5 BB9900, 399mbs3zwolos sDm@dgs30.

6039-x3mbgm®ol  89650bmdol  gwrgd@®mmdo-

390megd3s  boggwols o
JOOOOMNEO 096534580 9d3000 bgds. boggwobs

doweo 33bgmOOl
©5 BMLBMOOL 39530060 2odMIMOLE G5
bg0s, 5d0@GHMI 3s50mODY godmegdoo s8mMOHBro

d96500b6md0  Ni-P  mg3dhm  bogergdo  ©gngddgdom
bolioosmgds.  2oegsbmeo  dgomom  Fgodengds
Lo305m© Ldgaro (osbermgdom 1 33) obsga®ol
doegdo.

6039w-gmbgm®ol 99bsbmdol Jodowm®mo 89wy9-
(393965 sbgbl BB  Fgygbo-
@MdsDBY), 3O0LEAEHIWYOOL DBmds, M3oGadglo MmEo-

9535305 (BaJuEHMMs) o Bobogsbo  ©TdMYOMdS
29b6LsbO3MsgL  ogboGe  m30LgdIRL, JMOHMDBOoO-
Lodo IEYMOEMBL, 9B s dgdsbozmem
®30LgdgoL [11].

50b0dbmwo m30L98900@6 A9dMIEObseY, bo-

Bogrmds

300x3mbRMmOm0560  ©bsxgsMo  FoMds@gdom  sbs33-

@gdl  bozggu-demal. 00  asdmoygbgds  dMgF39-
@mdol olgo bEygOMgdo, OHMIMOOES 15530530M,

99JOOMbYro > 369f30mds,
&9db039, 9sboergdol
§o63mgds, 353999-3 946035 o Lbgs [12-14].

996500bmdOL

00MHMZME0
30LIMbGHo Lobomgbw®o

6039w-g3mbgm®ol

3990ggbgd o y3gws  JLIIOOMLOGHO  JoMOMs-

©© MMALOL GHO30Lss, OHMIGELHE ©TSFGHJOMWO
53l BMbymOmol 99o33gwo  3mI3mbgbEgdo. gmb-

doLowgds©

30OHOL EMbMMOL Lobom 8moygbgds gmbnmeo (I)
©s (III), 396MdmE  303m8mLBMOM3s60 Tgozs b6
RbgmOM3zobo 975935 © Tomo gLodsdolbo blbswo
0560900 (303mBmLB0GId0, FnbioGId0) [15-24].
6039-3mbgm®ol  99bsbmdols  gangdEemys-
0mrgd3zs Moo 36MmEgLos, HMIgEoE Msdgbody
LBoO0LYB Tgagds s Tolibg dmddggdl IHogswo
BoJOMO0 — 3IMIIGOOYWO  FoJHMOYoo:  JLIIG-
EJdoL MO s DMy, Fom0 obenogagds ghm-
0obgools s FMMFeol 3gegdol Bodstm; gengd-
&Moo Bogd@mMmgdo: 3smmol 3m@gbgoswol
(33%0Egds ©gbol Lod3zMO30L (33WOEgdSBY BM-
3090 gdom,  ommbol  ©gboo  Asdmbisgwrol
©3303009d7)@gds bl Lod3zMOZzIbY, JwIHO™-
2399GHoMMds,  9Egd@BMmeoEol  dgagbomds o



Lbgs; “G9000b393000” God@mMmgd0: ILIGIMO WOoM-
Bols 0bgds, Bolo BgEs3oMol JEYMTscMgMds, Fobsl-
o0 ©9ds390s s bbgs.

0@ JMGHWOHSdo 45bboeos 99bsbmdol do-
©900L mMo d9dsbobdo — 3063060 s 0M0dO.
396500bmdol  gargdGHOMysdmegd3ol  30MHE306M0
99dob0Bdo 8yMmTsmgmdl bogguols s g3mbgm®mol
0mb700L 3065306 50YJbsd0.

2393569960 ©sbsxgsMOL Ni-P gsdmengd3zs doMo-
055  §9oeblbsmol 535D bgds.  9dsBsbs
390303 Ni*?2 0mbgdl boggarol §gsmml Lobom s
303mx3mbx0EOL 355356 96 dob BsGrogdL GmbiGmOOL
09goOHmb Lobom. gargd@®mgsdmergdgs d990d030 ©9-
Boo 80dobotgmdl. bozgwols o
503960L LEHBIOEHMEO 3mEHIbE05Wgd0 sbermbss
(Ni (-0.25 3), P (-0,28 3)) > 3>©30WIOYIOd
05653000930 [12].

53bBMOOL

99dHOMEobol MMl b03gwr0sd ©sbsgs®do
RbgmOOL BsbgMags sblbowros m®o dgdsbobdoo:
30653000 5 5M30MI30M0. 30603000 Tgds-
BoBIoL msbobdo, boggwols s 303mzmbngs@ol
00b300 50©Agds  SGHMBMG boggwsdy (Ni) o
BObEmGLdg (P), Gmdgwog 0990wgy NixP dyse
bLbsOL Fodmgadbols [15-19].

306530600 997oboHdo Tgdmy3m035%s d6gbgMds,
Mol bggzom, gmbgm®o Ggodegds  godmo-
@gdmlb dbmemo 630606 XaBoL WomMbgdmb
9OM5©. 306390 99JdoboBdo IymIscmgmdl 303m-
2bRoE 0606 BMbgmEsdwg, 60o3gwol ombol

6039ws90g @5 §Yoedool ombol  §ysdssdyg

50 9bsdo:
HoPO2™+2H*+2e—P+2H20;

NiZ*4+2e— Ni;
2H+2e—Ho>.

6039ols o Gmligm®ol gMommdEog s50yqbsl
396530000908 50960l  3mEHgbE0swgdol  Losb-
wmgq [10-14].

365306530600 89ds60Bdo  30MH3gws Fgdmag-
003515 Bgom@™M3ds, MMIol  msbobds, fyoswr-
050l 0mbgdol  sOLYdIMOOL  godm  FoMdmoddbgds
d90wgeo  bogMomo  gmbgobo PHs, 6Gmdgwog
dgooll  Jodow®  Ggsdgosdo  6o3geol  0mbgdmsb,

07563900 o  Go6Bmogddbgds  boggwr-gmbgmmols
d965006mdo:
6H*+6e—6H?;
HsPOs+6H—PH3+3H20;

2PH3+3Ni?*—3Ni+2P+6H".

bmyogemo  9Ju3gMH0dgb@mwo dmbszgdo ssL-
AOHIOL  5H330MH3000 89Jsb0BTols s Fwgoemg-
60 BgHMYGOOL Foedmgabsls, 9gbobmdol gwgd®-
MHMyodmengdaolisl.

6039w-53mbgm®ol dgbsbmdol gumgd@®masdm-
qd30L 89d960Dddo gobbocrmmos 303m@gbs, GH™A
3030m0300530EOL 560MbL 5J3L L3xEOBOIMOO LEBHOYYI-
AMOS, Gob 2o0m3 ol BMLBMOOL EMbMMOs
bol0smMYOs BYOIS0MHMESE 5dEH0MHO M30L7dGdOM
[20-25].

JC99H ool dmdbswgds

Ni, NiP-bs s NiPALO3 3w @onwbdsow®o 3mad-
3DoGHMOO ©bsxIMOL Fobormgds 04gbgdgb IMo-
353033696306  gagdBHOHMWo@gdL, MmIgwdos
399mygbgdvye0s Lbgaalibgs bgwedomma sd@o-
Mo 603moghgds — dMx39Mado, bozgwol  Jwm-
600700 5 LY GBEJO0, beagre BMbGBMOOL FgoGml
Loboo — 303mx8mMLRsEId0, BMLBMOTH35 ©s bbgs
[26-29].

5658356900l Jolowgdo  godmyqbgd s 3md-
00b0MHgdMo gangdEMmeo@o (gbeMowo 1). bogzgwol
beoggsdol dmdbogdol dgdgy bLbsOL  qds@gds
©3bsMBgbo  3mA3MbgbEgoo:  Bozguwol  Jarmogo,
Bo@®momdol MYEowLvEss@o, bo@®momdol 303m-
LRG0, dMOOL 35539, Joembols 85535 s 1-¢o®-
60560 LoBmbo 3mwds Fwgdwg 03bgds. pH-ob s-
LoMgaYE0MdWs© ©s Lofiyolbo 8593056mdol (PH-2)
3oLs©GOS® JgIBHOMEOGHL FMA0MT535 90sEHGDS.

JC99AOdodorit0 36Gmpgbo
©5bogx3omOL  J0Mgdsdg oMol  bBgadoMo

(350mEo© 25dmygbgdmwos gmwsob (99,19 % Fe,
0,75 % Mn; 0,053 % Cu) go®Hxgo@s, bemds 40x25x2 3d).

LYBMO3EYOS 99dOOJodoy®o
23953b00930m, B8xsMOL  Joswrom, dmffadzeom,

JodowmGo o

239594B0OIOOm, F9M93H30M s JOTOMBO.



396562006 Mx©gdo o3LYds MMO bmo s FgIM930 MHBOHMB3gEYMAL JEgdEBHOMmEoEol -
9600 Mo (byesmo 1), GmIwmgdog doghomg-  dog dmMazsl, bowwm mgMdmbEsGo — MxMgdo
)05 3mdog0 ©bol [ysmmliorsh. dspbodmMo  Ggad3gmo@cmol 329d03mdsb.

gbcowo 1
Ni-Us s NiP 396500bmdols gergd@®mdodon®o
bobmgbol doMmomsEo 3565dgGMYd0
e 9ddOaodob Bydepgbywo 3mdsmbybdgdo, M (/)
s | 2 | 2 ‘, : " -
o T 3 Q & S t,0C /82
R 3 2 = g 2
2 S = S c e
z z ) B
1 | 05(140) | 0,06(15) 0,05(14) - - 0,5(31) |2,0-2,5 2-10
50+10C
2 0,5 (140) 0,06(15) 0,05 0,1 - -
3 0,5 (140) 0,06(15) 0,05 - 0,1 0,5(31)
4 | 05(140) | 0,06(15) 0,05 0,1 0,1 -
5 | 0385 | 0,06(15) 0,05 0,1-0,3 0,1-0,4 -
(10,4-31,2) (10,4-41,6)
6 0,8(230) | 0,06 (15) 0,05 0,1-0,3 0,1-0,4 -
(10,4-31,2) (10,4-41,6)

3900m©ol mM03g Mgl 0965030 6ROl JoLsMYdSE sbMEIOLS s JsomEL FmMol dsbdogro 20
00-05. 99dBHOMWOBOL  3Hgd3gMsEHMs 50+10°C. Bozgwrols ©s b03gum-gmbLBm®mOl ©sbsgs@ol ©gboom
2990b5350 256LsBPIMME0s 4653089GMOWO FgMMOOm.

b, 1. 6039e0s60 s 3m33mbogorm®o obsgsmol
993 BOHMLobmgBol sbsys®o
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dgLHogemoos  3md3mbgbEgdols s  gugdEBHem-
ool 350509 BHMIOOL  (3snm©NMMo ©gbol Lodzz-
6039, pH) 493965 ©0sbsg3560L 009600 50mogseby.
I@JOOOoBob  3OmEgbdo  033wgds  JEwIJHOM-
@o@ob 990960mds. 603geol 0mbgdoo dgaLgds
bogds blbso 9bm@oll sbdomgdom, bmwm bod-
0130l 303m8mLRoGO  0bsMxgds  gwgd@Hmdodo-
MO 5 bLBsMOL Im3Emdsdo J0d0bsdg Jodo®o
695J300000m.  ©BsRGTo B0

30m39bGwo  999i339wmds  bger-bgams 93060900,
39000306 569do 0753006000l 9306070y G100y~

RebBmOOL

@g0L 303m8MLROGHOL 0mbgdol FobaMbEZ, dogwo-

@O 99dBHOMIOL  MomEgbmdsg  MHBOHMBlgmymals
ROLBMOOL 3mb396GH®E00L Fgd;306MHdL.

60390560 ©s B03geambgm®mosbo dgbsbmdols
300900LsL (9e9dGHMME0BOL bobymdwogmds 0,5Lm)
Jowoo ©gbol Lod33M039Dg bsRIMYdTo ©oxg0d-
Lo 30EH0bAJO0 s 30EMHMHBYIBOL LoFoMdY, Mo
396306003005 gEgdBHOMWoGHol 9GBS~
Bgdoom.

25/@3* ©gbol 10d33M039Dg FoMgdMEo ©IBs-
3900 99005070000 00bdM0s s TbMEME 30Y-
909 boliosmgds 303 0bygdom, 5 9/ ©s 7 5/d?
©960bL bLod33M030L5L JowqdmEo bozgw-gmbgmmol

©BsBIM0  5MImMbdIM00YM, 9039300 ©gbMO-
A90L, bowem 105/08%-0b EGML Mbzs Foedmogdbs
30MM3563900 (L. 2).

bm. 2. Ni-0560 ©@sbsgstro:
5) i=2 5/c00% B) i=5 5/00% @) 7 5/ ©) 10 5/0?

L. 3. Ni-P @sbsgoto:
5) 2 5/0% ®) 5 5/ 9) 7 5/03% ) 10 5/
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HMAMOHE BOs00980sb Bobl, bozgwrol, gobls-
3065000 6039w -gmligm®ol 99bsbmdols dowy-
doLob ©9bol 1Lod3zm0Z30L FoHBOEOLLL IBsgsMOL
boMolbo  MoMgbiogds, Moysb dmMol dgo3sL dv9-
1396w 03090900 15305MOLO SGIMBbS.

J9900memobols  hmol, %gbol bolgfobs s
@0mmbols 9600 358mbszerol sb6356G0do

603geols s boggu-gmbgmemol gboom asdm-
15350 2oblEBOZHME0s JM53089G Moo dgomm-
om. 603900l ©gbom 2s0mbogswo Asdmomzegds

ROHIMEom:
7= My x100,
mw(y(')ﬁ
ool My,  asdmengdoero Boggwol Gom@gbmdss

(3500mol Hmbol Lbbgsmds gugd@BH®Hmeobedog s
99 HOMoBOb YY), 3 M,,)0s — PINOOTLOE
6595000900 b0 390l Momgbmds:

Mg = 17 Qi
O~ Boggeol gwgd-
G®MJodoOmo §33035gbGHo, Qi =1,0959/(s.bm); T —
999 BHOMEoDoL bobymderogzmds,fjo.

IIHOO@obom  Boegdwo  bogger-gmbegm-
oL sbsgaMol godmbowo fywoom otmgsbgzol,
2906Mdobs o
99600bmdoL  300dBH03mwro

Loog I gbol  does,s;

ofjmbgol 9909y odmomzacs
3600  359mlogoeo.
60dmdol  sBmEH8793580 goblboo  3mwmEmodgEHEMo-
Mo 39O 2o60LsbEzMe Bmlinmmol 999339~
@wmds §965006mdTo. 6039wols s BMbBMOOL 36HM-
39590 89003960Mdol IYHIBom 2560LSBOIMS
3965006md0b gemgdBHMmdodom®mo 933035¢gbGo:

qNix
qNiP =—— ip , /o.bo
%Nixqn; +%PXqp
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Looi Ni % s P % 6o3geols s gmbiggmeol 36m-
39510 8903390 mdss dgbsbdo; qNi, qP — bogzg-
@obs s FbBMOHOL  gargEGmdodon®o  933030-
@9b&0, 3/(o-bo); (qNi=1,0959/(5.bo), qP=1,153/(5.bm)).

999 BHOMEoBol  bobymdewogmds,  @obsgs®ol
Lolgobs o @gbom  odmbsgErols  dsm3seolfjo-
B9d0m, 398Mm0m3wgds BMMHIMEOo:

T=5Nip Xppip X60
ANipXlgX1

Lo@oE Oyip 3oAMBaengdo dgbscbols Loldgs, 9309; pNip
— 99b500bols bod33M03g, @/LI%; gNip — Igbobols
I9IGOMJodon®o  933035@gbGo, @/ (>bo); i -
35000MMH0 ©Ybol bod3z3M039, /% 17 — Egbom
298mbagowo, %.

Bo39wol ©gbom gsdmlisgerols  sbsgrmaomMo
05620008905 6039w -g3mlggm®ol  ©gboom  gsdmbs-

3sqwo [1].

Fsarmbols Ggsg5l 8-989(«9am0  030698980Ls5 s
IBIIOGOB0b 0303965

99dBHOMEoBol  3OMEguBy  Bogrmbol  dzogoL
2393gbol abaagbo dgfagerowos dobo 3mbagb-
AO5300L 3531965 G9bobmdol gbom AsTMbogsen-
9. 99dGHOMoGEHOL 39539HE0 M30L9dJIOL Qolis-
MAxmdLgdWs©, BLbsGT0 ©oTsEJdMEo Togrmbols
05535, 0,1 dmo/w 3mb3gbdMsgoom, bsdmswm
10%-000 BGEOL d9bsbmdol gboom sdmLsgswls
(Lye. 1).

9960@bmdol  dsoeo Yoo  AsTMbegEom
doboegdo©  1s3doMOLos  dogrmbol  dgogol 0,1-0,2
d0/@3mb3gbBHMsgos (L. 2). dosmow  ©gbols
1003360039B9 0553006Mds  FgbsOBMbIdME0s  BM-
AMO3E  3ommEOoL3oMs  sMgdo, olg dogew  dmEwy-
©mdsdo.
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~
6]

9boom godmbsgsero, n,%
(9] (o)) [e)] ~
w o (%] o

(%)
o

0 2 4 6 8 10 12
960l Lod33M039, 5/d2

L. 1. d9650bmdol gboom godmbsgaro:
1 - 3mM0oL3g535L (0,5 Bmeo/ew) @sBoEId0m, 2 - Boewmbol
055350 (0,10mgm0o/¢m) 59537000

Yo
o

o]
(6]

——0,1 M/

o{: 80
[
. 7
<75 0,2 M/
gm
o —e—0,3 M/
@ 65 <
3
& 60
8
S 55
[ep)
& 50

45

40

1 3 11

5 7
@960l bod3zM0gY, 5/d?

L. 2. NiP 8960006md0l gboo 358mbogerols
©530300090gds Jogrebols 37035 3mbEgbGHMmoE0sBY
(NiSO4+7H200,8 3mawo (2309/¢))

999 BHOMEOGEHOL dRgOHYo M30Lgdgd0L aols- - 0,2M s NiSO4+7H20-0,8M, NiCl-7H20-0,06M,
MAxmdLYOIWOE, BdMOOLTe35L  Fogrmbols dgogom  C3Hs04-0,2M, NaH:PO2-H20-0,1M  gegd&emenodg-

Bobogargdol 8999y, dgufogarowos NiSO4+7H20 - 30l 3993960900 $9350mds.
0,8M, NiCl>-7H20 - 0,06M, H3BOs3-0,5M, NaH2PO2-H20
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MMM boewoHds  9b39gbs,  Foembols  Fzgogol
0MBIOM0  BHIZ90OMBS 2930000 oIS OO
5003 ™3 300MMs62900L Fo@dmddbsg »BOM Jowoqw
0503006mdbBg gogboMEgds (3bO. 2; L. 3).

dgbfogeomos  sbggg  bozgwol  LyEis@ol
3Mb396GH®o300L  4ogwgbs  Boggols s Boggan-

3bBMOOL  99650bmdol  ©gbom  AsdMbogowby.
3M6396@®s300L  BOILMID  gHMI©  0BMHOYdS
6039w0l ©gboom godmbisgseno, omdizs 0,5-s6 0,8-
99 363963300l 2B gbom godmbagswbyg

3600369036500 5ot 8mgdggdl (bve.4).

3bMoo 2
dMBIMMEO $939™dOL gx3sligds
BIBIOYO HIZORMO
093960L - B, doo/w
p
, H
30066003600, | PH |y e, pH-0b 0B&6gs@o
dmo/@
2,0-3,0 2,5-3,5 3,0-4,0 3,5-4,5 4,0-5,0
HsBO3-0,5 1,71 | 54 0,088 0,029 0,007 0,005 0,008
CsH404-0,2 1,7 | 61 0,146 0,132 0,128 0,111 0,084
7
o

6
5
4
3
2
1

0 KOH, 8m».933/1¢» gemgdHemeoddo

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

L6, 3 9EgdGOMEOGOL dBBIOHXO GYZIEMDS:
9) dMol 97930m; d) Bogrmbols dgs300
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100

80

n, %

60

40

—0—0,3M
—e—0,5M

——0,8M

ik, 5/0d?

8 10

by, 4. bozggeol bergs@ol 3mbggb@d®magool gogamgbs
6039 -g3mbgm®ol 99bsbmdol gboo as8mliagswmby

60390l beags@ol 3mbEgbd®Msgool d9dgoMy-
dobsb (0,5 9meosb 0,3 dmmsdEy) @Yoo godm-
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UDC 666.762.93

ELECTROCHEMICAL SYNTHESIS OF CORROSION-RESISTANCE COMPOSITE COATING
(VI PAL:05)

M. Donadze, M. Mshvildadze, Sh. Zurabishvili, N. Makhaldiani, V. Tediashvili

Georgian Technical University, Department of Chemical and Biological Technologies,Str Costava 69.
0160 Thilisi. Georgia

E-mail: m.donadze@gtu.ge

Resume: Purpose. The aim of the study is to determine the optimal composition of the electrolyte, acidity, as
well as the optimal electrochemical parameters of the electrochemical synthesis of the anticorrosive alloy - NiP
and the composite material-Ni PAL:Os.

Method. The electrochemical coating method is used to obtain nickel, nickel-phosphorus alloy and composite
material. Boric acid was originally used as a buffer. When measuring the alloy and composite material at 5 A/ dm? -
10 A/dm?, boric acid was not enough (there were many hydroxides in the coating), to obtain a dense coating at a
high current density, as a buffer woth used malonic acid.

results. Dependence of the current efficiency of nickel, Ni-P and composite material - NiPA2Os on the
concentration of nickel sulfate, sodium hypophosphite, sodium dodecyl sulfate and aluminum oxide, as well as the
percentage of phosphorus in the alloy depending on the concentration of hypophosphate and current density.

Conclusion. The conditions for obtaining a nickel-phosphorus alloy from a sulfate-chloride electrolyte
containing malonic acid have been established. X-ray analysis of electrochemically obtained Ni, NiP-NiPALOs
confirms the presence of nickel and composite alloys. The grain size is quite small: the average particle diameter in

the freshly obtained shell is 40-50 nm, and the processing field at a temperature of 350°C is 50-80 nm.

Keywords: Electrolysis; composite coating; nickel; phosphorus; alloy; aluminum oxide.
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UDC 669.1

PHYSICO-CHEMICAL STUDY OF INDUSTRIAL WASTES OF CHIATURA
MINING-ENRICHMENT ENTERPRISE

T. Lezhava, G. Tsurtsumia, J. Shengelia, N. Koiava, V. Chagelishvili, D. Gogoli, G. Gorelishvili,
L. Beriashvili

Ivane Javakhishvili Thbilisi State University, R. Agladze Institute of Inorganic Chemistry and Electrochemistry
11 Mindeli Str. Tbilisi 0186, Georgia

E-mail: Tinatin.lezhava@tsu.ge

Resume: Objective. Development of novel technologies of processing of current and potential industrial wastes
of Chiatura Mining area based on study of chemical, mineralogical and granulometric content of these wastes.

Method. The elemental composition of the research object (tails and sludge) will be determined applying X-ray
fluorescence spectroscopy (SKYRY, EDX3600H) and chemical quantitative analysis (I'OCT 25823-83).
Mineralogical composition will be determined by X-ray diffraction (DRON-3M) and thermal analysis (NETZSCH,
STA 2500). The study of granulometric characteristics will be performed using sieve method (ALTAIR PLUS,
CJIM-200).

Results. Based on results it was found that manganese in wastes (tails and sludge) is presented as phases of
minerals: psilomelane, manganate, rhodochrosite. Silicon is presented mainly as quartz and as small amount of
calcium, manganese, aluminium silicates. The enrichment of the total manganese (10-20%) and manganese dioxide
(40-90%) in wastes depends on composition of the ore and depth of flushing. Fractions of tails are much larger
compare to sludge regardless of different conditions of formation. The content of manganese is slightly changed
with change of particle size.

Conclusion. The waste (tails and sludge) of Chiatura mining enrichment enterprise is valuable (XMn 10- 20%;
Mn** 4-18%) technological material. It is necessary to select safe, effective, relatively eco-friendly reducing agent
for the transformation of insoluble MnO: to soluble form of Mn?* and complete utilization of manganese
(Mn**/Mn = 0,4) from waste materials using chemical methods.

In the processing of tails, to avoid energy demanding and non-eco-friendly stages such as fractioning,
grinding and high temperature roasting it is better to use either the utilization method which does not exploit

small fractioned materials or alternatively, to establish the optimal, rough grinding limit.

Key words: Technogenic materials; Ore wastes enrichment; Tails and Sludge.
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11B4C AND "B4C-ZR!''B2 SELF-LUBRICATING CERAMICS FOR DRY FRICTION KNOTS OF
NUCLEAR REACTOR

Z. Mestvirishvili 2, D. Gventsadze3, V. Kvatchadze*, A. Mikeladze>, Ir. Bairamashvili*> ,

Z. Kovziridze!

1Georgian Technical University, 77 Kostava St., Tbilisi, 0160, Georgia

2Sokhumi Silvecu-Physics-Technical Institute, Mindeli st. 7, Tbilisi, 0186, Georgia

SRafiel Agladze Institute of Electrochemistry and Inorganic Chemistry, Mindeli st. 11, Tbilisi, 0186, Georgia

“Elefther Andronikashvili Institute of Physics, Tamarashvili st. 6, Tbilisi, 0186, Georgia
SFerdinand Tavadze Metallurgy and Materials Science Institute, MindeliSt. 8b, Tbilisi, 0186, Georgia

E-mail: zviad. mst@gmail.com

Resume: Goal The goal of the study was to investigate tribological characteristics of isotope ''B-enriched boron
carbide and composites based on it.

Method. Tubular samples were prepared by hot pressing of boron carbide powders at 2000-2140°C under pressure
of 22-39 MPa. Tribological characteristics were determined with the help of friction machine of the IM58 type. X-
ray diffraction, optical and electron-microscopic studies of the samples were performed.

Results. "B4«C and"'B4C-Zr!'B2 high density ceramics were obtained to investigate their tribological characteristics.
Ceramics of all three composition showed low friction coefficients at 0.1 MPa pressure and at 1000-1500 rpm.
Among those composites was distinguished a sample composed of 11B4CZr5, which showed high wear resistance
and low friction coefficient of 0.13 under the long-term test conditions, at the distance of 30 km, at the pressure of
0.1 MPa and 2500 rpm. The 11B4CZr5 composite was also distinguished for its highpressure resistance (0.15 MPa),
where it showed the best friction coefficient of 0.11 at 1500 rpm.

Conclusion. Low friction coefficient of the developed ceramic materials at 0.1 MPa pressure and 1000-1500 rpm is
caused due to the tribochemical reaction forming a thin tribo-layer of boric acid - solid oil (third body), while the
stability of 11B4CZr5 composite is due to the refinement of boron carbide microstructure and the increase in
elasticity. According to the results, 'B4C, enriched with isotope !B, as well as the composites based on it - 'BsC-

Zr!B: are competitive ceramic materials for use in dry friction nodes of nuclear reactors e.g. as slip bearings.

Keywords: Boron carbide; friction coefficient; wear resistance; nuclear reactor.
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©oggbowasboobo  (DPG) s  @Moxggboer-
a9600bo (TPG). Lsdmdom 103 M blbsto dBs-
©909m©s  dgbsdsdobo  shmbowro  Fmbszgdol  Fyswn-
9056meol Batggzdo goblboom. yzgums 4o8myqbgdyamo
69539030 oym ,4.m.a. 335080353000, bswo@o-
39960 bomobbob. boFoMm 8553056mdol dgloddbgwms
39903099gbgo 539H9H-990530L dMBgmo blbomg-
00 (pH 3 -11) cos HCL (pH 0 - 2).

blbsgool  m3EH03mMo
Lambda-40 b3gd@mmnm@mdg@®dg 3mddom@gHmeo

100330039  A°0BMIs

36OHMAM5dMwo MbBOHMB3gwymaom (Perhiu-Elmer) o
KFK-2 9wgd@emamemm®odg@®dg (I-cm); bbbstol
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pPH 08g53006m0s — pH 093®bg, PHS-2S 956300
398my9bgdom, bmwm blibsmgdol bggoMomo gwgd-
GOM50GHOMdS — KEL-1 3y 300b0d@mdgde®y.

990092990 s 3s00 3oBlixs

B35 30g® Mg 1339 Fgbfjagrow ogm FoM3m-
60m3oL(IV) 333¢gduo@dmddbs 2,3,4-GMo3oMmd-
LOgYBOE-5BM-5"-bERMbIRMIWOBME (R). 50Tm-
Bbs, ®m3 ©95396¢0L Lobsmerols dmsbmdds 0sd-
LodsemEos 382 63-bBg, dobo dobstrymo  3md3-
@adbob 430 63-bg 3608369cmd0LSL.

2490330905 3065 30m33egdubg dgbadg
3003mbgbBol gogwrgbs. G, DPG s TPG-ol 0osbo-
™m30oLOL  FowgdMwo 3m33¢gdubol dglfogensd, pH-ob
RBoMNM  ©0535BMmbTo, 9B39bs, Mmd gLsdg JMI3m-
BabBHOL gogrgbom o®Bmoddbgds dgMgmerroysb-
©0560 3m33egdubsgmo Zr(IV) - R - G, 9sgbods-
@60 dmgddosboddom A=452 63-b, Zr(IV) - R — DPG
A=461 63-b, beagrm Zr (IV) — R — TPG =470 69-U
(L. 1).

9969710056060 3m33¢gdliol Fmsboddol 13g-
J@®o dgbfogwoe 0dbs R - PG, R - DPG s R - TPG
Lozmb@mmmm 300l Logwdzguby. dgbsdg 3madm-
6963 gd0L  go3egbom, ygzgas FoMdmddbowo dgég-
a0 960560 3mI3egdubogmomol m3Eozmemo bo-
9336039, 00656 30m33cgdlmsb dgsmgdom, 0%b-
0090s. 5939 50IMABES, M dgbsdg 3MI3mbgbEoL
0565md0Lsl  Gg0bodbgds  do@oedMmdmwo  9x39JAG0,
53 396306MmddMos 0dom, MHMI Igbsdg 3MI3m-
696@0L MOH0gOH™mId70gd0L 909390 50O 5J3L
699396¢0L  T-g9egdBO™bMo bobEGgdol ©gEm3s-
@oHs30sL.  d0bsGIen  3mI3gdbmsb  dgsMgdoom
3969e0gsbosbo  3m33gdbol  Mm3GHoTsEmeo
PH 56 oggargds (L. 2).



650
A, nm

Bob.1. 30MH3mbowd(IV) - ob dosbmddol L3gdE®o: 1. R, 2. Zx(IV) - R,
3. Zr(IV)-R-PG, 4.Zr(IV)-R - DPG, 5. Zr(IV) - R - TPG

by, 2. pH-0b g93e965 goM3mbomd(IV)-ol 3md3emgdlgdol 8omsbomddsby
3900569000 By3MbGHMHME™ goom: 1. Zr(IV) - R, 2. Zr(IV) - R,
3. Zx(IV) - R - TG, 4. Zr(IV) - R - DPG, 5. Zr(IV) - R -TPG
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330050 306:tm3930L EsLYIMYOsE Tqb-
fogarow 0dbs BmMgeaomg 6ogmoghHhgdgdols 3mbizgb-
GM5300L,  3Hgd39MoGHMMOLs ©s ©MMOL  gogzwgbs
0065610 s IgM9MEoysbosbo 3md3wmgdlgdol
§om3mgdbs®y. gdudg®0dgbBHo  PodoMs pHess-bY),
Amax-Bg 0000MgMo 3nd3mgdbobomgol. domgdywo

9mb5399900L Loggrydgzganbyg ©oR0bws, M Zr(IV) -
R 3m033¢gdbol 258mbogerosbmds dogdbodsqrwy®os 8 -
10°M R-%g; Zr(IV) -R-G 8+ 10° - g M R oo 8 - 10
M PG, Zr(IV) - R- DPG 8 - 10° M R -%bgqs 6 * 104 M
DPG, Zr(IV) - R-TPG 8- 10° M s 5.2 - 104 M TPG.

gbcowo 1
30M3m60mI(IV) -ob BmEHMIGEHM0mo 96LsBM3MGOL Fghhgzommds
9ls0g 3m33B76E 0L 0sbsMBOLLL
3003gdbo pHesg Awace, AN, E-.10* M: R:T,K 09M0b 3obmbby
63 60 0593999056905
Zr (IV)-R1 1,0 430 48 1,4 1:2 0,73-4,37
Zr (IV)-R-GU 1,0 452 70 1,65 1:2:2 0,36-3,65
Zr (IV)-R- DPG 1,0 461 79 2,0 1:2:2 0,18-3,65
Zr (IV)-R -TPG 1,0 470 88 2,2 1:2:2 0,18-3,65

blbotgdol  dgMgzolb  d90gy  HoMdmoddbgds
3m0mag6mMo s gMHgmeoysbosbo  3md3wngd-
Ugdo;  595Lmobs3g  oY0bs,
3003wgdbo Fo@dmoddbgds 2 Lssmol gs6dsgemdsdo

60d  dobstrmwo

50°C-00g 20000mdobOL, F5dob MmEgbsg Bgemgre-
096060  3m33agdubogPmgdo — ™Mo OOl
3990992 80°C-3¢0g 2500Md0LL.

d00gdvo 3md3egdlgdol d9agbowrmdsdo 3ma-
36963900l 30bsBMEMdS  ©oEA0bEs  0BMIM-
3o bYHOoL FGOMPOM, LGHIMOZ - BsMBIBYOL

BIOMOONO bsbfeaHmdol

239056533 gd0m [16].

LBoM03-d5Md6gwol Igmmo Lsdmowgdsls od-
@3> BYLAHIQ FIBLEIL LAHMJoMTYHOOYWO 3g-
1303096300 s 2odmygbgdme 0dbgl BgdolidogH
LE9JomdgEH@moM M9gsd30sdo, dombgsgzs dmegs-
230609 6030009690900l 3:mb396GHME00L  LEsdoYy-
MHMdOLS.

50 9900mOoL A53mygbgdom, 3md3¢rgduol dgyg-

2350mbogom o

Boemdol sboyqbo, Ibogdmps bLbsmgdol
bgMos Cme — const M95396GHOL  3mbEgbG®s300L

33Oooom. 898y  ©RPPMES  QITMIOWYDY)-
@900l 3460583030 A/Cr-A/Amax (Cme-const) 300mM©O-
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Bo®90d0. y39es 9900m©o0 Jomqdeo dmbsigdgdol
L53MA39Dg IYIBOE0s, BT B0bsGWME 3MI3-
@9db9gddo 3m33mbybEJdOL Msbsg3sMmEMdss 1:1:1.

fobo BsdmMIqddo IHEgdOL 3933900l dgorm-
00 3560LsBO3MS BobsOEo 3md3amgduol Zr(IV) —
R-ob ULEgdgmdg@®os s 9yMomdol dwdogs.
300000900 FgmmEgdom Jorgdwo 99gaqd0
23060b5BEZMS LEBHIJoMmIgBHM00m s 5©0IMBbEs, MH™MI
logf=6,8+0,1. 506>, GMI dgbsdy 3mI3mbgbEol
0965000bsL 3n33¢gdlgdol IPMoEMBS/ LEsd0wy-
HmdS 0bMgds 1gf (Zr (IV) — R- GU) = 7,7 + 0,14;
lgB (Zr (IV) — R-DFG) = 8,8 + 0,17; logB (Zr (IV) -R-
TFG) =9.0 + 0.18.

2b939, AgLfHogaroe 0dbs MEbm ombgdol s 890-
B0wds30 6030009Mxdgd0L Asg3wgbs F0MIMbomA(IV)-
ol 3033¢gduHo®dmddbsBg Igbsdg 3mB3mbgbEolL o6
3OBYOMBOLIL 5 MBsMBOLSL. 5TMmPBs, HMI dgls-
09 3M33mbgbEHol  sMLYDdMOOLLL  Mgodzool  bgwgd-
BOMOIMBd/dgMB3000Mds 0BMPd (bGowo 2).

390918539090 dgomEgdo  dgodegds  4odmyg-
690 0dbgl dmbgdcog s LEdMYH3gEm MmdogdEdo
3ol sbvgbs.




gbMowo 2

300M3mbomd(IV) - ol BmEHMIgEHOHoMEo dgommooom 3sblobungmol
396B300mMds dgbody 3m33mbg6E 0L 0sbsmdolsl

P Zr (IV) — Me 5533900 0565356H:0Md
ombydo R | R-GU | R-DFG | R-TFG 0f0mg6e0 dogob =
3300563030600 dgmabo
AN 99Bowgdo 3000 4000 4500 4500 17
Ca (II) 44 480 670 720 500
Mg (II) 80 220 660 730 500
Ba (II) 340 200 660 710 500
Cu (II) 7 80 120 120 12
Co (II) 194 380 700 710 -
Ni (II) 323 405 760 810 20
Mn (II) 180 395 740 785 200
Zn (1) 256 325 650 675 500
Cd (1) 616 830 1060 1140 -
Pb (II) 23 80 110 110 -
Sn (II) 0,3 8,0 12 15 50
Al (IIT) 1,0 16 29 31 100
Ga (III) 77 145 310 335 -
Yu (III) 63 110 350 350 -
Fe (III) 13 24 53 50 10
Cr (III) 200 310 720 750 -
Bi (I1I) 3 9 17 21 50
Ti (IV) 5 20 35 50 -
Hf (IV) 1,0 7 18 25 -
Tu (IV) 255 310 490 670 2
Mo (VI) 0,5 8 267 29 20
W (VI) 2 9 35 40 -
U (VD) 297 460 620 680 -
F 2 4 7 9 -
CrO«* 7 4 12 12 -
HPO+# 78 120 195 190 -
A&®owb - 5 83 160 240 320 -
03060b 35530 490 510 590 620 -
00dmbdgog3s 210 360 425 480 -
00m35MM3z565 84 200 260 260 -
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3. dsli336s

g0y 3m33MmbgbEHdOL M5bsMdOLAL JomgdEos
39690 0ysbosbo  3m33egdubsgdmgdo Zr(IV) —
R -G, Zr(IV) - R - DPG, Zr(IV) — R — TPG, 0sbsgst-
©md0m 1:1:1. y39ws Fo@dmgdbowo 3ma3egdubsg-
00l 9yMs©Mds d0bsME 3083w gduimsb Ggscg-
300 0BMEYds. Fgufogowos 4oty 0mbgdol s
3996000530 6030009090900l gogengbs 306 3Mbowmd
(IV)-0b 3m33qduHo®dmddbsBy dgliody 3md3mbgbEol
56 5MLYIMBOLOL 5 MBOMBOLLL. 50TMBbEs, MM
d9Lsdg 3MmI3MbBIBEHOL SMLYdMDOLLL Mgsgizool gMbg-
3000005 0DMHYds. 93853900 BgoMmEYdo dod-
@ads 2o0mynbgdme 0dbgl ¥bgdMOg o LdMgf3g-
@ md0gdEdo dob aboygbo.
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UDC 543.42

COMPLEXOFORMATION AND SPECTROPHOTOMETRIC STUDYOF ZIRKONIUM (IV)
WITH 2,3,4-TRIHYDROXYPHENYL-AZO-5'-SULFONAPHTHALENE IN THE PRESENCE
OF THIRD COMPONENTS

TS. Panchvidze-Tsignadze!, M.Tintsadze!, N.Imnadze!, F.Chiragov?
! Georgian Technical University, Department of Chemistry, Str Costava 69. 0175, Tbilisi. Georgia
2 Baku State University, str. Academic Zahid Khalilov 23. 1148, Baku. Azerbaijan

E-mail: w.tsintsadze@gtu.ge

Resume: GoalThe aim of this study was to investigate the formation of the Zr (IV) complex in the presence of
2,3,4-trihydroxyphenyl-azo-5'-sulfonaphthalene (R) in the presence of guanidine (G), diphenylguanidine (DFG)
and triphenylguanidine (TFG) and Development of a selective photometric method.

Method The optical density of the solution was measured on a Lambda-40 spectrophotometer with computer
software (Perhiu-Elmer) and on a KFK-2 electrocolorimeter (I-cm); The pH acidity of the solution was measured in
pH meters using the mark PHS-2S. pH meter. The specific conductivity of the solution was measured on a KEL-
1mg conductometer.

Result. Zirconium (IV) complex formation was studied by spectrophotometric method in the presence of
guanidine, diphenylguanidine and triphenylguanidine with 2,3,4-trihydroxyphenylazo-5'-sulfonaphthalene.
Optimal conditions for the formation of mixed ligand complexes have been established. Subject to the monk's law
is revealed. The ratio of reactive components is determined by different methods. Subject to the monk's law is
revealed. The influence of foreign ions and disguises on the formation of zirconium (IV) complex has also been
studied.

Conclusion. In the presence of the third component, mixed ligand complexes Zr (IV) - R - G, Zr (IV) - R - DPG,
Zr (IV) - R - TPG are obtained in the ratio 1: 1: 1. The stability of all generated complexes increases compared to
the binary complex. The effect of external ions and disguises on the complex formation of zirconium (IV) in the
absence and presence of the third component is studied. It was found that in the presence of the third component
the selectivity of the reaction increases. The developed methods can be used to determine it in a natural and

industrial facility.

Key Words: Zirconium(IV); Complex formation; Spectrophotometric method; Mixed ligand complex;

Guanidine; Diphenylguanidine; Triphenylguanidine.
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PRODUCTION OF POROUS THERMAL INSULATION MATERIALS USING LOCAL RAW
MATERIALS

E. Shapakidze, L. Gabunia, I. Kamushadze, I. Gejadze, T. Petriashvili

Ivane Javakhishvili Tbilisi State University. Caucasian Alexandre Tvalchrelidze Institute of Mineral
Resources. Mindeli 11. 0186 Tbilisi. Georgia

E-mail: elena.shapakidze@tsu.ge

Resume: Goal Development of compositions of inorganic silicate thermal insulation materials based on local
cheap raw materials.

Method. The samples were prepared by semi-dry pressing. The firing was carried out in a muffle laboratory
electric furnace.

The mineral composition of clay materials was determined using an Optika B-383POL polarization microscope
(Italy). Thermal conductivity was measured on an TII-MI'4 «100» device.

Results. New compositions of porous thermal insulation materials based on a complex of natural and man-made
materials have been developed. Optimal compositions have been selected that ensure a decrease in the temperature
of the pyroplastic state during sintering of mixtures; the formation of homogeneous, evenly distributed pores in
space.

Conclusion. On the basis of the conducted studies, the possibility of obtaining porous thermal insulation

materials by self- swelling of the raw mixture without the use of foaming agents was established.

Key words: Porous thermal insulation material; Energy efficiency; Self-swelling; Clay shale.
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OBTAINING BUILDING CERAMIC PRODUCTS BASED ON CLAY SHALE
E. Shapakidze!, I. Kamushadze!, L. Gabunial, I. Gejadze!, R. Skhvitaridze?, T. Cheishvili?,

T. Petriashvili!, M. Makadze!, N. Gagniashvili!
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Resume: Goal Development of innovative technologies for producing building bricks and clinker bricks based

on Kvareli shale.

Method. The mineral composition of clay materials was determined using an Optika B-383POL polarization

microscope (Italy).



The X-ray phase analysis were carried out using a Dron-4.0 diffractometer (“Burevestnik”, St. Petersburg, Rus-
sia) with a Cu-anode and a Ni-filter. U=35kv. I=20mA. Intensity - 2 degrees / min. A=1.54178 A.

The morphology of samples was characterized by Scanning Electron Microscope (SEM) TESCAN VEGA-3 XMU
(LaBs source, 30 kV accelerating voltage) equipped with Energy Dispersive Spectrometer (EDS-Oxford Instru-
ments) operating at 20keV.

Thermal conductivity was measured on an 'TTI-MTI'4 «100» device.

Results. The technologies for producing building bricks and clinker bricks on the basis of Kvareli shale with
various corrective additives have been developed.

Conclusion. Studies have shown that the use of Kvareli shale in the production of ceramic building materials:
building bricks and clinker bricks improve the quality of ceramic products under the same manufacturing condi-

tions.

Key words: Building brick; Clinker brick; Clay shale.
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OBTAINING AND TESTING OF MANGANESE DIOXIDE-MODIFIED ZEOLITE WITH HIGH
CHEMICAL RESISTANCE FOR DRINKING WATER PURIFICATION

J. Shengelia, G. Galogre

Department of Chemical and Biological Technologies, Georgian Technical University, 69 Kostava St.,
Thilisi, 0160, Georgia
E-mail: jshengelia@gtu.ge

Resume: Purpose. Development and testing of a method for obtaining a novel filtration material with similar
efficiency of foreign filters made on the basis of MnO2-modified zeolite for removal of Mn? * and iron ions from
drinking water.

Method. Iron ions doping method is used to solve the problem of increasing the chemical resistance of MnO:
deposited on the surface of zeolite. Natural zeolite clinoptilolite from the Georgian deposit Dzegvi was taken for
the study. Indirect electrochemical oxidation method is used for oxidation of Mn?*and Fe?*ions deposited in the
zeolite structure by ion exchange, and the NaCl - NaClO system is chosen as the intermediary. The NSF / ANSI 53-
2002 test, developed by the US National Sanitation Foundation and the National Standards Institute, is used to
determine the chemical stability or water solubility of MnO2. The concentrations of Mn?*and iron ions in purified
water are determined by inductively coupled plasma atomic emission spectroscopy (ICP-OES).

Result. Doping of Fe3*ions reduces the solubility of MnO2- deposited on zeolite. This effect is most pronounced
when the molar ratio of precursors - Fe?*and Mn?*ions in solution is 0.077. The mass fraction of MnO2 and Fe3*
ions in the modified zeolite under these conditions is 0.43 and 0.03%, respectively, and in MnO: the mass fraction
of Fe®+ions is 7.0%. Compared to non-ferrous MnO, the water solubility of MnO2 containing 7% Fe® * ions is
reduced by almost 94 times. MnO2-modified zeolite with high chemical resistance, containing Fe? * ions, exhibits
high efficiency in the process of removing Mn?*and iron ions from water. Its specific capacity is 1.9 times higher
than that of a foreign filtration material in the process of removing Mn?*ions from water. The specific capacity of
the filtration material is also high in the process of removing iron ions from water and, most importantly, at this
time the water is not contaminated with Mn?*ions.

Conclusion. The novel filtration material - MnO2-modified zeolite with high chemical resistance, containing
Fe®+ions, is characterized by high efficiency in the process of removing Mn?*and iron ions (Fe2 + and Fe3 +) from

drinking water.

Keywords. Modified zeolite; manganese dioxide; water purification; indirect electrochemical oxidation.
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UDC 546
THE ROLE AND PURPOSE OF BIOLOGICALLY ACTIVE SUBSTANCES OF PLANT ORIGIN

IN ANTICANCER FOODS
T. Tsivtsivadze!, N. Chigogidze!, V. Tsivtsivadze?, N. Bregadze?, I. Didbaridze?

IResearch Center for Biologically Active Substances of GTU. Georgia, 0160, Tbilisi, Costava str.69
2Caucasus International University. Georgia, Tbilisi, 0159, Chargali str. 74
3Akaki Tsereteli State University of c.Kutaisi. Department of Chemistry, Georgia, Kutaisi, Qeen Tamar str. 59

E-mail: tsivtsiv@dzegtu.ge

Resume: Goal. Herbal medicines are natural complex compounds of microelements. There are is in human
organs and tissues, among them are the most essential: iron, copper, zinc, iodine, cobalt, manganese and others.
Practical all metabolic processes are completed with their participation. Their concentration in the human organs
is related to their biological role.

Method. The secret of the treatment and prevention of cancer is associated with specially selected menu.

Pesults. In which an important role is played by foods containing many vitamins and antioxidants.

Conclusion. First of all, these are fresh vegetables, fruits, berries and green-stuff in general.

Key words: oncological disease; metastases; radical methods; tumor cells; optically active; fibrin; adhesion;

endothelium; thrombus; plasma cells; pumpkin; berries; green tea; alcoholic beverage.
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ESTABLISHMENT OF PORE TYPES IN THE POROUS STRUCTURE OF EXPANDED
KVARELI CLAY-SLATE

T. Cheishvili!, R. Skhvitaridze !, M. Abazadze?, M. Turdzeladze?, G. Loladze!

! Georgian Technical University, Department of Chemical and Biological Technologies, Str Costava 69.
0160 Thilisi. Georgia

2 Levan Samkharauli National Forensics Bureau, Kiriak Zavriev Department of Conctruction mechanics,
Seismic stability and Forensics Engineering, Str N. Bokhua 23. 0159 Thilisi. Georgia

E-mail: t.cheishvili@gtu.ge

Resume: Goal. The research goal is to establish number and types of pores of porous material (keramzit)
obtained from natural and artificial expanded Kvareli slate.

Method. Real densities and open porosity has been determined for natural and artificially expanded slate
samples, and pore types and number in expanded materials has been established on this basis.

Results. The dependence of open porosity values of initial natural and thermally expanded clay-slates on their
grain sizes and number of pore types in materials under study has been established.

Conclusion. Averaged values of true and apparent densities have been determined for natural Kvareli slate, and
keramzit obtained through its high-temperature expansion. It was established, that the expanded Kvareli slate is
characterized by 80% porosity, while the ratio of closed and open pores is approximately presented in 7:1

proportion.
Key words: slate; expansion; keramzit; density; porosity.
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