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INFLUENCE OF BORON ON FORMATION OF SUPERCONDUCTING PHASES IN Bi-Sr-Ca-
Cu-O SYSTEM WITHOUT Pb STABILIZATION
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Resume: Objective. Objective of the study is investigation of Boron influence on superconductor of
Bi2Sr2Ca2Cu30x (2223) composition, without stabilizing by Lead (Pb).

Method. Samples were prepared by traditional solid phase ceramic method: by means of repeated intermediate
grindings in agate mortar and prolonged heat treatment on alundum plate. Reaction mixture was annealed at 850°C
for 40 hours and obtained material was pressed into pellets under 900 MPa pressure; these pellets were sintered
additionally at 840°C for 30 hours. Pellets were cooled in two modes: 1) by inertial cooling in furnace and 2) by
transition from hot furnace to cold nitrogen, i.e. by tempering. Electro-physical properties of samples were
measured by standard four-point probe method. X-ray phase analysis was carried out on diffractometer DRON-3M
and thermal analysis was conducted on Derivatograph Q-1500D with sample heating speed of 10°C/min.

Result. Certain influence of Boron on Bi-Sr-Ca-Cu-O (2223) superconductor was shown. Particularly, phase-
formation speed increases significantly and composition of superconducting phases is changed. Mainly, low-
temperature 2212 superconducting phase is formed. Moreover, there is no meaningful influence of Boron on
temperature dependence of resistance, especially in case of tempered samples. In case of samples, cooled with
furnace, improvement by 2°C is seen with concentration of 3 atomic moles of Boron. It also should be noted, that
after annealing of pellets, sample cooling character has significant effect on electro-physical properties of
superconductor: in case of inertial cooling with furnace, zero-state temperature of resistance is TK=680K, while in
case of tempering (transition from hot furnace to cold nitrogen) TK increases up to 750K.

Conclusion. Boron has certain influence on Bismuth-based superconductor; particularly it significantly
increases formation of low-temperature 2212 superconducting phase. However, without stabilization by Lead,

high-temperature 2223 superconducting phase is not formed.

Key words: Bi-Sr-Ca-Cu-O system, Boron dopant, Alundum plate, inertial cooling of samples, tempering, 2212

lo-temperature superconducting phase, phase-formation acceleration, resistance, thermal analysis, XDR image.



953 666.1/2

3996ma9bmeo dsbsengdol Lsxgwydzgu by B0MgdIEo 530¢EbMdIO dobgdols

oboliosmgdgemo m30L90gd0L oYbs
J. 85535830¢00-30365d9

Lodo®mggeml gdbozwdo wbogzg®lodg@do, Jodonmo s dommmaow®mo &gdbmemyogdol ©g3stEsdgbdo,

Lodomomggem, 0160, mdowolo, 3mb@egols 69

E-mail: keti.baakashvili@gmail.com

69bomadg: doBsbo. mGo Lsbob (BHydbmygbm®o
Bo6hgbols — dobols ergfjolis s dgerol bog®mob, bmenm
doM0MH© FoOMOO® BsBMomdol 39@EHedmModol
9993339 193m33MbgbBH0sE LobGgdsdo domgdwo
906535b5¢g80L doMHomso dobsbosmgdgwo mgzolyg-
0900l s F0BbMdMO350 godmygbgdols 3gMLdgd@o-
MEmMdOL ©oY9bo.

Ggoomgo. 1593083mbgbEosbo ,,00b0L gfo —
dgol Bsgs®o — NaBO0," LobEgdsdo 8oadwywo
dobol bmMdSMBOL, bod3zMO30L, MVOYOHO ASRIG-
0MmgdoL 3m9303096GH0L s Jodowdo IyMomdOL
50965 dobols s 30656JMm9d0L Mz0Lgdsms 45BLs-
B3M0ol 9900mEYdoL godmygbgdoo.

d9c980. 1530 LyMoob (10, 20 s 30 85.% dzeol
Bog@ol 999339 mdom) 890a9bomdols dobols bm-
05M™d0L OEPIBoM A5TM0339ms MdEgbody dgco-
3960@Mmdol dobs, HMdgwoms asMdowgds 600°C-0g
bgds. dgbfageol Logmdzgawbyg dgg3ebos Fomysb
5030w ©bMds©o  F0bgdol/dobsbdMmgdol  dowgdols
396L39JGH0MYE™MdS s 38myghgdol glsderm Lg3g-
9d0.

@sli3365. LObMgHOMYOMEo Fobgdo bsbosmEgds
09MHIMWO  25RBMMNMIOoL §OR0Z0 3m95303090GL
35000 5 EIBMOT>300L 3Hga3gMsGMOOL dSWO
3600369 mdom,  ©353059yMmBogdgwo  Jodow®o
00350, domo  dobol  bofodol
B93060H0L  ©Y3MOHO0MYDST0, Sdobols s dobo

9aM5MB00.

996006mdgd0l  Bgs30®molb  3gdbozMM-g3mms@o-

Jo
dmombmgll m30l9d900L s, TgLsdsdolo, Fowgdey-

©oxM30L5m30L  JoBbMdMOz0  49dmYygbgds

o 306900l dgp9bomdsms JoBbmdMOZ 3:meMgd-
G0MgdL.

bs2356d2 bodgz960: 3060l gaabowmds, bm-
05@MdS, MYMTMWO QORMMNMGdS, J0dowOO TEYMS-
QM.

1. 8gbsgogo

5Q30EbMdso  dobgdo s  boagsdgdo  (do-
BobdMgd0) godmombgzs 08om, MMI wbs o305ym-
R0wIdEIL 9O M3oMMmdm  Inmbmazbsl - dsmo
2396000 gdoL 39d3gMo@ s 600°C-b o6 Mbs s®g-
05390MmEL. 50bodbMwo BoJBHMOO 2oblobL3zMogL
Lobols (00bo,
30600035, @ommbo) dgMfiydol, ©g3mMOMIdsl 56

Lbgoolibgs 9oboEoly/bs39nmdol
D953060l 35b035(300, 55390MBMS IRMOT5300L
2456909 [1,2].

23905 50b0dbyeols,  96083bgemds  gboFgds
50030EbMds©0  J0obgdoL/LOBIMGOOL  MIMMO  go-
RBoOMMIO0L HOHB030 30953030063H0L 360369 mdsl
(39BLsBO3M3L FgMPoE30L O OBIMZOL baGOLbL
M50833039L) ©d JoBoe FEYHMIEMBL (JOMHOMSPI®
3GHIMLGBYOHMEo goMgdml dodobm), MmIgems do-
0560 dmmbM3bs ©s3Mm30©YdwI0s 3:33mBoEowGO
653900md0L LogdL3WYsEsEOMm 30MHMdIODBY [3].

oboo Lobol 93mEMma0MMHo© MLOgOHMbM  ©s
930b6m303mMo doloegdo s©E30EbmMdso  do-
Bgdol dowgdol dobBbom, 33wg30l Lofyol 9&o3by
d930L(Hogwgm s 9939835900 MO0 BH9gdbmaqbm®o
boowgmwol 999339 Lsd3MI3MBYBEH0E  Lob-
390sdo (8obol agfio — dgwol bsgsto — bo@GMo-
mdol  9@OdMMoG0)
doegds o om0  dmbogmbgwo  ™30L9dMH030
05P3969d¢mgdo [4].

530 Ebmdso  dobgdol



©500b©s, MMI 1v33e930 Lod3MA3MbybE0sbo
LobEGgdob FggbowMmdsms bsd LgMosdo (10, 20 s
30 950.% dgeol Bogoto) 30 8sL.% dgerol bog®ol
3993390030 bobMdGdO godMbbIoLsl 3GOLE -
©g0s. 59539 OML, 10 s 20 3sb.% dzerol bog®ol
999339 md0b dgdmbggzsdo gMmy35mH™M3560 Bobm-
3900 800Egds B  BHYI3gHeGMsby (1100°C),
MOEabsg dgagbocmdgddo 40-80 9sL.% NaBO,
6ol HoMdm@aqbowo. 59qwsb, Ls33wg3s0 dgocBs
mMo Lyhool (10 o 20 sL.% dgzeol bogeob
d99339e0) gb6Ms dgagbomds (sbGogro 1). Lo-
3300350 9gMbgmar B06gdL  AobaLaHmzms  goMdo-
©gd0L 399396M5@Ms (FoLMdMO30 3MOLEGdOL
3900Mm0), Jodowmo dEMomds (gbgbowol dg-
0OMPO) ©S IYEOY0BES MBIMOHO  FoRIMMMYdOL
653030 399830309630 (OELEHMIYEH0MEo dgmm-
©0), MHMIgems Bo@oMgdol 99om@ogs Homdmeo-
39bogos [5]-0o.

2. Jo6H0mso bsfioero
1593m330mb696F056  LobBgdsdo ,,d0b60L wgfio -
dgwobl bsgo®o — NaB0,” 8goths ©s 030Lgdgdo

©y9aobs ®mMo (D s E) UbgMoolb dobgdl,
O3,y 99ygbomds  FoMdmoygbowos 1-ge»
3b®owdo.

Lo33eg30 d0bgdol §odygzsbo Bobsliosmgderol —
239000 gd0L  $H9I3gMeGHWIMOL  Loygbs b0dv-
3990 (83b3b0wgdo) MgMIMWs© ©sdMdsgws 450-
650°C (39939Mo¢ e 0b@ghzowdo. @gddgMod-
Momo (330l doxo 50°C-U F9o00pqbs. Lbgoalibgs
3993905@ MDY 08539090 LobmgHoMmgdMOo
906700l go0oddbs Fgx3sLs G9x355900L ,,30HMBOMO
0owom*, MGMIgwms >©fgMs FoMdmpgbowos dg-2
3b®owdo.

33€g30b  99@0pgdob
300093 9O®O 53069 YMHYdS — oImMBbEs, GMI

365¢00BolOL  450mBbs

093N ©s3MTs3905L dgmdwos dobols bodwdgdols
3geol 9gi33ws. 58 dbOHOZ x0dloMdWMWo (33¢00-
90900 939 98BS Lsdo FEAMBsMIMBOM (R96-
M5 (339), MMIgdog dmygsbowos 99-3 gbMHowdo
(89608360 Lobom). L3I 50dwo 9 4sblL-
b35390o dgagbocmdol dobol mgmdwmo ©o-
005390000 250039 250M©oddbsms bolosmo o
mbg fomdmygboros 89-3 sbGowdo.

gbcowo 1
15331930 dobgdol gagboErmds
899339 mdo, 899339 mdy,
D lgeools as. % E bg6ools asb. %
89039600900 | 5ol dgeols 89p9bowmdgdo dobol dgols
wafjo Bogoto NaBO: wgfjo Bogoto NaBO;
D-4 50 10 40 E-4 40 20 40
D-5 40 10 50 E-5 30 20 50
D-6 30 10 60 E-6 20 20 60
D-7 20 10 70 E-7 10 20 70
D-8 10 10 80




gbMowo 2

609¢18900L Mo FMBs390000 3odmf39mEo
LobyE3EoEgdsms g53sbgdol do¢rgdo

30600Md0M0 3060l 60313700l (FsO3E3Ergdols)
03¢0 LabgEgmomads

0 9563300900 (33005 S 0bsMBMBIOL K3b30gMGdAL

1 393990 oM 33gd0 dg3bgs (boformd®mog i3bzogMo)

2 JoM(33c0g00 F9gbgo (5655330900 Tobis)

3 oM (330900 935 (5M09M0350MMZ560 Tobss)

4 oM (330900 250065 (9Ma35M™3560 BobmdO)

3b®og0o 3
D s E bgMoob dobols 3bgbogrgdols
993905 MOHW@Oo BHOIBLBMO T30
603 3ol 09)MIM0 5399853900l $Hgd39MmoEMs s 990500l Tga3olgds*®

N obeadbe Tsguc T 000 550 °C 600 °C 650 °C
1 D-4 1 (3993.) 2 (903.) 3 (3903.) 3 (3993.) 3 (3993.)
2 D-5 1 (3593.) 2 (3503.) 3 (3993.) 4 (3593.) 4 (3593.)
3 D-6 1 (3993.) 2 (903.) 3 (3903.) 4 (3503.) 4 (35093.)
4 D-7 1 (3593.) 2 (3503.) 2 (gm®0o) 2 (sbd.) 2 (sbd.)
5 D-8 1 (3903.) 2 (3983.) 3 (09M0) 3 (009oh0) 2 (sbd.)
6 E-4 0 (p593.) 0 (3993.) 1 (3903.) 2 (3903.) 3 (3993.)
7 E-5 1 (3503.) 2 (3503.) 3 (3993.) 3 (3993.) 4 (3593.)
8 E-6 1(3903.) | 3 (0gomto) 3 (obad.) 3 (obad.) 3 (obad.)
9 E-7 1 (3593.) 3 (00gm®0) 3 (sbd.) 3 (obd.) 3 (sbd.)

*F9608365: (3593.) — 859330935¢m9 #9939602 Tobs;

(0290060) — 065535023560/ d0bRIHO dsbs;

(©sb3.) — (Hers640s630¢7m3560 HIOLZGGO dsbos.

o 650°C-000g 3905 @S ,,LNYBm” bobmdL
§o0dmgdbols Ibmerme Lsdo (D =5, D -6 ©s E - 5)

39003960Mds, OHMIWgdoE 30 Ebmdoo doby-
0oL JoLoYd LodsbM FgAgboWMdYd5© doohbg3s;

domgdo 9909390006 408mBbs, ™I Lsf-
gobo dobgdol  Igaqboermdgdo 3609369 mgboc
296L5BE3MgL  dobol  Bb3zbowgdol  J3gzoL  Lbgs-
slb3s 3Hgd39mo@MoBY sd8s3980LsL. ogoduo-
900 0530L90MdIO0ESL Asdm3gmam T90©IY e 550-650°C-bg 06> GHGBLGMOo300L gobos-
2396980qd90U: ©ob D -7, D -8 s sbgzg E — 6, E — 7 990099-

11



Boermdgdo, HGmIwgdo 0930005 358069305396
(¢339 500°C-%Bg), g0 M@Gm Fomoe GH9a3gMo-
GOOJBY 0630l LAONIHNON (3OLAHIWEYD?).
0060860 ob 3o9mdobaty, dmdgzbm 33wg-
3900  (09MBMWO  AORBIOMMIGOS QO
9aMoMdsy) Homodomms Lsdo Lodsbdm ©@s 3go-

Jodomeo

300 1
250 1
200+
150

100+

504

1393Go 89gb0wMdgdMsb doRbymwmo D-5, D-6
s E-5 890029600mdols obols 356390m.

dobgdol dMMO  QoRIMMMYdOL  igoz0  Jmg-
1303096GHOL 3600369 Mdsms  ILOEYGBs©  godm-

9496999 ogbs DKB — 4a &odol 335030l oo-
G™MIgEHGo.

l(D—E)—Tf=54OUC
|“ (D-6)-Tr=5050C
,“ (E-6)-T;=510°C
1l

l”
l|'|

Al

0

0 50 100 150200 250 300 350 40U 450 500 550 600 OC

D -5, D -6 s E -5 8g960c0mdols
9060l os@mdg@®omeo dMvygdo

bsdogg Logzwggo bodwdol ,, Al — At“ sdm3-
0g0gds FoMmEygbowos LmEomby, LBooabss
003303
OO 2oboagdmos D-5 s D-6 dgy9bo-
3ol 36wEgdL JmMol, begrem dobols GHEMeblgmm-
85300l 967y Ty ($H9939Mod®gdo, 50bodbrwo dg-

Mmd E-5 00obolb  @owo@dmdg@®momwo

©960™d0L  30bgdoLomz0l, O  oF  gobl-
b393w90s o 500-540°C  #gd39Gmo¢O e 0bdgh-
3530 gobaroggds.

OWsGHMIGGHMOoMo IOl LOMWo sboo-
bolb o OTMMZOWO  MBNMMO  RORIOMMIOOL
068030 30953030963 0L (o) 36083690Mdgd0 dmygs-
Bogos 99-4 sbGowdo. gbMHowdo §s@dmpaqbowo

12

9mb53999000b BbL, HMI yggasbyg Towowo -
BoONMYOOL 3M9803090GH0m () O BIWO GHMOBL-
BmOo300L  (FoMdowwgdol ©sfiygdol) Tr Ggd3go-
&0 bobosmEgds D-6 dgpqbomdols dobe.
15330930 806900l 300093 9OPO FoboliosMYdJo
®30L90s5 JoBoMo IEYMOEMDS, MmIgeog dbod-
36903650 2obloBE3Mogl dobo godmygbgdols 36rad-
A03M JgLodergdEmdsl. Bmyssw dookbrzbab,
O™ 306020  LogdudegoGom  m30Lgdgdol  dJmbg
530w EbMdso  dobol  JodomGo
9LMY FYomsb 30850090530 (g3bgbognols fmbols

900aM5MdS

5bs35M0L  dobggom) 1%-L o6 wbos omgds-
390maL.



gbMowo 4

OEHEMIgEHMovIEo IHvyoEsb dowgdmmo dmbssgdgdo,
906900L a-b ST f-0bs 3603369cmds

- OsEHMIYGEHM0E IOHDBY 50900 dmbsgdgdo

c

2 < s a-b 3608369 mdgd0

%‘ = 053Mdgegdol 60dx3dol 2107, 9C-1 GMBLBRMOT>300L sfiygdol
L:% ué& 3d600369¢mds, 930 LogMdg ’ G9939M0@ Mo (tr), °C

&

& 20°C-%g (lp) | 400°C-%g (14) I, (09)

D-5 282 52,1 141,8 540

D-6 304 52,5 152,4 505

E-5 291 52,3 146,4 510

D-5, D-6 s E-5 890039b0wmdol d0bgdL
(0500  gHOoGHIO0Eb  FMIbogdMEr  B3bgzbowgdl)
9Myobs Jodom®mo dEAMsEMds §gsomsb do-

om0 g05d0. GgLodsdobo 3oL Ro@oMgdol 306HMdYdO
5 533930 80bob LobxgdOL JodoMO BEYMSOMDS
Pomdmepgbogros 89-5 gbMHowdo.

gbcowo 5
D -5, D -6 @5 E -5 dgggbommdols dobgdols
Jodom®o BoyMsmds
BOOEOL 30U Bo@s900L 3060MdJd0 | gMoE0L BsOE3E9dOL
dobol §goado dsbols
956 33gdoL 50493539900 §™bs (©sdmdsggdols
obwgdbo 953960 5653560900, %
bafjgobo fjebo, o bsba®d., Lo 899©02), »

D-5 2,205 by 1 2,148 2,51

(98 + 2°C)
-5 2,313 » 1 2,253 2,63
E- 2,276 » 1 2,217 2,60

JodoMo  BEaMoEMmdolL  4oblabMzmom  s-
3065,  Mmd  dobgdol  Jodowmo
5330090 0s 306980L 89ygbowmdsby. sliby

2393gbols fo6dme-
39600 NaB0,-0b s dgerol bsg®olb 899339 mds —

90aM5MdS
obgblb  dgp9b0cmdgddo

®mM039 3M33mbgbEHOL Mom@gbmdol bMs ofj3q3L
Jodommo daMm5MdoL dgd30MgdL, Mo wdwswm
393806305 0bsdalisengddo fysemblbs Na,0, B,0;
5 P, 05-0b 30mb396&HMo3000m5 BOoLmsb.

3. ©sl33bs
d9bFogeoe 0d6s 1100°C-bg 9gledsdolo 35Hdgdols
bo®3dz00 domgdwyero ,,d0b0L wgfio — dzerol bogs®o

— Bs@®omdol  gBedm®edo”  LobEgdol dobgdol
oboboomgdgwo m30L909d0. IY0b®s, HMI G-
00gds-bmdol (500-600°C 06¢gM3zsedo) Mbstom
23000m06Bg35 1sd0gg d9gbowMmds, GMIgewms Lof-
gob 0bMmg09bGHms 899339mdss (dsb. %): 30-40
dobob egfo, 10-20 dzerobl bogs®o s 40-50 NaBO ,.
00bodbmwo  9gagbomdol dobgdo  baoliosmgds
®30Lgdsms 9900 d5B39b90gdom: MdIMGO 4o-
RFoOMHMGOoL §OHR030 3mgxn03096¢ 0L 960936g0Mmds
(o107, °C™1) Bgoa9bL 141-152, beewm Jodowm®o
90aM5Mds (Fsbol fmbomo sbs3sMy0, %) 2,1-sb
2,5-8©9 033wds. d00gdrero 99gagdol 8gx969-
0000 9900¢gds 3533650, GMI Lsdogg Lozzwgzo

13



dobs oBbgmos LodsBm dgygbowmdgds®, ®m- 3. IlaBaymxur H.M. Kypaenes A.K. Jlerkomnmaskue

dgmos bogwydzgabg dgLadegdgEros JoBEMIMOZo® crexya. M., Dreprus, 1970

299099690990 (5., RFobxMOL LogodMogg dobol 4. J. 05535030¢0-3036539, . Fgodzowo. LodGmgf-

3mbsG39-00930MM0MYds, 5¢wdobols Bsfo®ol dsbogs- 39m  BoMBgbgdol  Lowmdzgwby  s30w-

305> — dbo@3Oo dmdobsbdmgds o Lbgs) dobo- Bmdso d0bsbdMgdol dowgdol dglsdargdanmdols

L5gMOOL Bogds. dgxgolgds.  3gMsdozs s dmfjobsgg  Ggdbmerm-

20900, ¢.23, N1(45), 2021, a3. 3-9.

@OoBIMGNOS 5. Masnymxun H.M., Cenrtopun I.T., XomakoBckas

1. Bparuma JLJI. u zp. Texoorns sMatu  3auUTHEIX P.A. TIpakTiKyM IIO TEXHOJOIUH CTEKJIA ¥ CUTAJIIOB.
moKpeITHi. Xapekos, usz. X111, 2003 M., Crpoitnszar, 1970.

2. OmanupoBaHWe MeTayuindeckux usgenuii. [lox pen.

Bapruna B.B., JI., MamusocTpoenue, 1972

UDC 666.1/2

DETERMINATION OF CHARACTERISTIC PROPERTIES OF LOW-MELTING GLASSES
OBTAINED ON THE BASIS OF TECHNOGENIC MATERIALS
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Georgian Technical University, Department of Chemical and Biological Technologies. Str Costava 69.
0160 Thilisi. Georgia

E-mail: keti.baakashvili@gmail.com

Resume: Goal Determination of main characteristic properties of glass materials obtained in the three-
component system containing two kinds of technogenic waste — crushed glass and bone ash, and sodium
metaborate as a main flux and establishment of prospects of their targeted use.

Method. Determination of fusibility, density, thermal expansion coefficient and chemical resistance of glasses
obtained in three-component “crushed glass — bone ash — [NaBO] _2“ system using glass and enamel properties
definition methods.

Result. Glasses of several composition which are softened up to 600°C have been singled out through
determination of fusibility of low-fusible glasses of three series of composition (with 10, 20 and 30 mass % content
of bone ash). Prospects of low-fusible glasses/enamels receipt from them and possible areas of application have
been evaluated based on the study.

Conclusion. Synthesized glasses are characterized by high values of linear thermal expansion coefficient and
low magnitudes of deformation temperature, acceptable chemical resistance. However, their targeted use for
decoration of the surfaces of glass wares and for technical-decorative coating of surfaces of aluminum and its alloys

requires targeted adjustment of properties and respectively compositions of obtained glasses.

Key words: glass composition, fusibility, thermal expansion, chemical resistance.
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<<Testcondition-SiAlon-100 >>
Testmode Load-unload
Samplename SiAlon-zv SampleNo. #1
Testforce 100.000[gf] Minimumforce 0.200[gf]
Loadingspeed 1.0(7.1448[gf/sec]) Holdtimeatload 5[sec]
Holdtimeatunload 3[sec] Testcount 23
Parametername Temp Parameter 20
Comment 20.06.17-SiAlon-zv-100;DHV5-3
Poisson'sratio 0.190
Cf-Ap,AsCorrection  ON Indentertype Vickers
Readtimes 2 Objectivelens 50

Indenterelastic

1.140e+006[N/mm2]
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<Testresult>

% Fmax | hmax | hp hr DHV-1 DHV-2 Eit Length | HV Dataname
[off  [um] [um] [um] [N/mm2]  [um]
1 100.753 2.0927 1.0353 [1.3623 [1124.606 4595.143 2.023e+005(12.133 [1269.108|SiAlon-
100(1)
2 100.862 2.1408 1.1973 [1.4454 [1075.849 3439.729 2.028e+005(10.673 [1641.878|SiAlon-
100(2)
3 100.954 2.1185 [1.0085 [1.3472 [1099.608 4852.203 |1.911e+005(11.989 [1302.427 SiAlon-
100(3)
4 100.844 2.1300 [0.9980 [1.3526 [1086.598 1©4949.256 |1.881e+005(11.623 [1384.295[SiAlon-
100(4)
5 100.935 2.1822 1.1183 [1.4290 [1036.181 3945.265 |1.855e+005(12.721 1156.721[SiAlon-
100(5)
6 100.624 2.0945 1.0240 [1.3135 [1121.301 4691.482 |1.921e+005(11.843 [1330.428SiAlon-
100(6)
7 100.551 22.1229 1.0193 [1.3350 [1090.715 4731.042 |1.868e+005(11.551 [1397.624SiAlon-
100(7)
8 100.826 2.1357 1.0016 [1.3362 [1080.626 4912.610 |1.834e+005(11.550 [1401.679(SiAlon-
100(8)
9 100.826 2.1173 0.9846 |1.2881 1099.473 |5084.458 [1.815e+005(11.404 [1437.730 SiAlon-
100(9)
10 100.825 2.1761 (1.0974 1.4160 1040.858 4092.733 [1.848e+005(11.697 [1366.620 SiAlon-
100(10)
11 100.807 2.1566 [1.0491 [1.3859 [1059.580 4477.130 1.857e+005}----- - SiAlon-
100(11)
Average [100.801 2.1334 1.0485 |1.3646 1083.218 4524.641 [1.895e+005(11.718 |1368.851
Std.Dev.|0.120  0.029 0.064 0.049 [28.966 502.835 [7155.469 0.529 125.730
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W spectrum 4

L. 4. CH-7 6034930l HgbE9bmL3gddHweo LyyGomgdo.
99dBHOMbmeo 0doxo 1. s65¢r0Bolsmzol smgdmeos 4 ad@owo

3b®oo 3
0wgd9b@ms 8g00960emds
Result Type Atomic %
Spectrum Label Spectrum 4 Spectrum 1 Spectrum 2 Spectrum 3
C 17.99 18.17 18.01 18.02
N 26.34 25.91 26.01 26.16
(0] 25.52 25.34 25.50 25.46
Na 0.18 0.18 0.21 0.19
Mg 0.28 0.28 0.29 0.28
Al 12.19 12.35 12.32 12.26
Si 16.88 17.19 17.07 17.04
cl 0.04 0.02 0.04 0.03
K 0.03 0.03 0.02 0.01
Ca 0.11 0.10 0.12 0.12
Ti 0.05 0.04 0.04 0.04
Fe 0.39 0.40 0.38 0.38
Total 100.00 100.00 100.00 100.00
Statistics C N 0 Na Mg Al Si cl K Ca Ti Fe
Max 18.17 26.34 25,52 0.21 0.29 1235 17.19 0.04 0.03 0.12 0.05 0.40
Min 1799 2591 2534 0.18 0.28 1219 16.88 0.02 0.01 0.10 0.04 0.38

Average 18.05 26.10 25.46 0.19 0.28 12.28 17.05 0.03 0.02 0.11 0.04 0.39
Standard 0.08 0.19 0.08 0.01 0.00 0.07 0.13 0.01 0.01 0.01 0.00 0.01
Deviation
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Result Type

Spectrum
Label

2

Na
Mg
Al
Si
Cl

Ca
Ti

Fe
Zr
Total

Statistics

Max

Min
Average
Standard
Deviation

33.47
12.44
20.68

B spectrum 30

by, 5. CH-7 bodwdol Mgb@agbmlidgd@mwmamo byyGomgdo.
99d@O@bmeo 0doxo 5. sbsgroBolivmzol smgdymos 6 fahGowo

Weight %

Spectrum 30

12.87
21.89
23.80

0.26

0.42
16.29
23.91

0.31

0.26

100.00

N 0]

21.89
17.91

23.80
12.53
18.01

4.57

Q5 3bMoo 4 gegdgbGms 990960 mdoc

99996¢ms 8gag60mmds

Spectrum 25

28.31

17.17

7.11
22.68
0.15
0.14
0.13
0.52
0.23
21.91
1.66
100.00

Na Mg

192 042
0.26 0.25

Spectrum 26

21.58

13.37

12.93
27.21

0.57
0.31
21.99
2.04
100.00

Al Si

35.01
16.58
25.06

6.04

21.49
7.11
15.32
4.94

27

Spectrum 27

33.47
12.53
0.27

18.46
35.01

0.26

100.00

Cl K

542 395 031 057 031
0.15 0.14 0.13 0.52 0.23

Spectrum 28

12.44
20.99
18.95

0.42

21.49
25.00

0.26

0.46

100.00

Ca Ti Mn

3b®oo 4

Spectrum 29

15.39
17.91
22.22
1.92
0.25
15.66
16.58
5.42
3.95

0.69

100.00

Fe Zr

21.99
0.26
7.59

11.12

2.04
1.66
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B spectrum 36
Wik o
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by, 6. CH-7 bodwdol Mgb@agbmUlidgd@mwmamo yyGoomgdo.
99d@Ombrmeo 0doxo 6. sbsgroBolvm3z0L s®YdYMmos 6 faMGHowo

gbcowo 5
9wg996@ms 89009600 Mds
Result Type Weight %
Spectrum
Label Spectrum 36 Spectrum 31 Spectrum 32 Spectrum 33 Spectrum 34 Spectrum 35
B 15.23
C 3.42 4.88 5.25 5.28 3.08 3.32
N 25.03 24.44 20.59 21.66 24.79 21.45
0] 25.39 18.15 27.82 22.82 23.04 26.19
Na 0.09 0.14 0.34 0.20
Mg 0.35 0.35 0.43 0.36 0.44 0.54
Al 20.50 13.43 12.97 14.87 21.27 20.18
Si 23.99 17.09 31.32 34.20 24.67 23.38
Ca 0.24 0.51 0.29
Ti 0.23 0.20
Fe 1.23 5.49 0.76 0.80 2.71 4.25
Zr 0.34 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00
Statistics B C N (0] Na Mg Al Si Ca Ti Fe Zr
Max 15.23 528 2503 27.82 034 054 2127 3420 051 023 549 0.34
Min 15.23 3.08 2059 1815 0.09 035 1297 17.09 0.24 0.20 0.76 0.00
Average 420 2299 23.90 041 17.20 25.78 2.54
Standard 1.04 1.97 3.40 0.07 3.84 6.12 1.98
Deviation

29
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Result Type Atomic %

Spectrum Label Spectrum 48 Spectrum 49 Spectrum 50 Spectrum 51
C 8.07 8.13 8.30 8.30
N 27.26 27.02 27.03 27.14
(0] 26.69 26.64 26.55 26.63
Mg 0.34 0.36 0.35 0.34
Al 15.78 15.96 15.93 15.84
Si 21.31 21.34 21.28 21.21
Fe 0.56 0.55 0.55 0.55
Zr 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00

Statistics C N 0] Mg Al Si Fe Zr
Max 8.30 27.26 26.69 0.36 15.96 21.34 0.56 0.00
Min 8.07 27.02 26.55 0.34 15.78 21.21 0.55 0.00
Average 8.20 27.11 26.63 0.35 15.88 21.28 0.55 0.00
Standard 0.12 0.11 0.06 0.01 0.08 0.06 0.00 0.00
Deviation
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0wgd9b@ms 8g0a960wmds
Result Weight
Type %
Spectru  Spectru  Spectru = Spectru = Spectru  Spectru  Spectru
m Label m 83 m 74 m 75 m 76 m 77 m 78
C 5.98 9.90 3.82 26.19 39.64
N 20.48 10.75 28.59
0] 15.80 14.24 30.18 13.70 1.58
Mg 0.32 0.28
Al 20.59 7.01 15.53 7.09 0.86 1.15
Si 36.83 28.03 21.17 35.15 71.37 58.92
Ti 0.94 1.54
Mn 0.35
Fe 26.32 0.44 38.09 0.29
Y
Zr 2.45 4.43
Total 100.00 100.00 100.00 100.00 100.00 100.00

Statistics C N (0] Mg Al Si

Max 39.64 28.59 30.18 0.54 24.00 71.37
Min 3.77 10.75 1.58 0.28 0.86 21.17
Average 12.44 40.21
Standard 8.80 18.33
Deviation

34

Spectru  Spectru  Spectru
m 79 m 80 m 81

24.60 4.76 3.77

21.79 23.44

1.64 23.18 22.76

0.51 0.54

7.13 18.53 22.56

66.63 30.15 25.31

0.28

1.08 1.33

100.00 100.00 100.00

Ti Mn Fe Y
1.54 0.35 38.09
0.28 0.35 0.28

1.33
1.08

gbMowo 7

Spectru
m 82

4.09
19.87
16.81
0.34
24.00
28.60
0.28

6.00

100.00

Zr

4.43
2.45
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Result Type

Spectrum
Label
C
N
0]
Na
Mg
Al
Si
K
Ca
Fe
Total

Statistics
Max
Min
Average
Standard
Deviation

Atomic %

Spectrum
110
23.99
24.58
16.44

0.35
17.17
16.90

0.23
0.33
100.00

C

55.21
23.34
39.15
13.58

Spectrum

N

24.58
12.97

51.17

48.83

100.00

0wgd9b@ms 8g0a960wmds
Spectrum Spectrum Spectrum

105 106 107
55.21 48.04 44.16
44.79 51.96 55.84
100.00 100.00 100.00

0] Na Mg Al Si
19.72 0.22 0.51 18.86 55.84
11.28 0.21 0.35 17.09 16.71
37.38
16.84

37

gbMowo 8

Spectrum Spectrum
108 109
28.17 23.34
12.97 21.72
11.28 19.72
0.21 0.22
0.51 0.39
18.86 17.09
26.66 16.71
0.14 0.13
0.59 0.25
0.60 0.43
100.00 100.00
K Ca Fe

0.14 0.59 0.60
0.13 0.23 0.33
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B Spectrum 116
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Result Type Atomic %

Spectrum Spectrum 116  Spectrum 111 Spectrum 112 Spectrum 113  Spectrum 114  Spectrum 115
Label

C 10.55 52.90 11.58 53.22 11.22 24.45

N 30.82 25.41 21.21 10.17

0] 25.10 2.98 21.54 4.97 21.81 21.76

Na 0.24

Mg 0.32 0.57 0.30

Al 16.68 0.71 19.15 3.22 20.80 14.82

Si 16.53 43.41 21.07 38.59 20.52 26.34

Ca 0.43

Ti 0.24

Fe 3.90 2.47

Total 100.00 100.00 100.00 100.00 100.00 100.00
Statistics C N 0 Na Mg Al Si Ca Ti Fe

Max 53.22 30.82 25.10 0.24 0.57 20.80 43.41 0.43 0.24 3.90

Min 10.55 10.17 2.98 0.24 0.30 0.71 16.53 0.43 0.24 2.47

Average 27.32 16.36 12.56 27.74

Standard 20.60 9.70 8.50 10.84

Deviation

39
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Ew=m .acp.
Lboog Ew-energy of tension of decomposition -
590l 5353EMdOL gbgM0s, 3X; m-mass - dobo,
o5 acp-speed of crack propagation 0BotolL
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PREPARATION AND RESEARCH OF A HIGH-TEMPERATURE COMPOSITE IN THE
SiC-SiAION-Al0s SYSTEM

Z. Kovziridze!, N. Nizharadze!, G. Tabatadze!, N. Darakhvelidze!-2, Z. Mestvirishvili-2,

N. Jalaghonia?, N. Jalabadze!, M. Balakhashvili!

! Republican Center for Structural Research, Institute of Bionanoceramics and Nanocomposite
Technologies. Georgian Technical University. Georgia. 0160, Thbilisi, st. Kostava, 69

2 Ilia Vekua Sukhumi Institute of Physics and Technology (SIPT) , Tbilisi, 0186, Mindeli 7

E-mail: kowsiri@gtu.ge

Resume: The goal. Obtaining of a high-power heteromodular sialon composite in the SiC-SiAION-ALOs system:
for armored vehicles, aviation and rocketry, for parts of jet engines and high-temperature gas turbines. Method. A
composite with an open porosity of 15% was obtained by a metal-thermal process in technical nitrogen media, by
raction clinkering method. The material was processed in a ball mill for 10 hours, then for 10 minutes in the atrium
until a dispersion of 1-3 pm, a hot-pressed product with high density and performance properties was synthesized at
1620°C. Result .The formation of B-SiAION by reactive sintering at such low temperatures (instead of 1800°C) is
facilitated by the composition of both the starting material - aluminum, silicon, SiC, geopolymer and perlite, as well
as, instead of 860°C for dehydration and deaeration of water and gases from glassy perlite, recorded on the perlite
thermogram, the transition to relatively high temperatures -1000-1050°C, which bocemes the structure crubmly and
activates the diffusion process.As a result, the formation of sialon at 1250-1300°C is already more intense due to the
processes developing in the geopolymer-perlite composition at 1000-1050°C.The formation of sialons is such a
powerful physical and chemical process, which is promoted by the relatively high pressure of nitriding and
metallothermy in this temperature range, that the resulting sialon consumes Multiple oxides formed as a result of
internal molecular transformations of the geopolymerand synthesized at high temperatures at 1620°C;mullite is no
longer found in the phase composition.Sialon becomes the predominant phase in the structure - 57% by weight.
Conclusion. The development of the process is facilitated by the use of glassy perlite Dopant-Aragats, which, together
with a geopolymer with eutectic at low temperatures, creates a good prerequisite for intensive processing of diffusion
processes with other components. The paper presents the results of electron microscopic, X-ray diffraction and X-
ray spectral analyzes, mathematical calculations of physical and chemical processes, which confirmed our theoretical

conclusions based on practical experiments.

Keywords: composite; hot pressure; Structure; Phase composition.

47



o3 543.3; 553.6.

LobaMg doL BLIOHBY sgdow s GHdOL BYEs306BY dbYdMOZ35® 5M3IMOLE MDY
3560gddo bo@®odol Lyyeas@ol 3903390 mdol dglfjogers

. Bsbmsdgzowo

Lodo®mggeml gdbozwdo wbogzg®lodg@do, Jodonmo s dommmaow®mo &gdbmemyogdol ©g3stEsdgbdo,

Lododomggerem 0160, cmdorobo 3. 3mb@oegsl 69

E-mail: tamara2903@gmail.com

Mgbomdy: dobsbo. Jodowre
Bo@Momdol bwgs@o ghm-ghomo 360336gcmgsbo

0bnlE®0s8o

30MMEMJBHos s by LsdMfzgem dmmbmgbo-
ads EPOMO Y 0BOIYds, MMIzs Homdmgdol

&9939%0
Boegdsb.

3600d369mgboe  Bsdm®mBgds  dmombmg-

LodoMmm3zgemdo sMbYdMEo bs@®momdol Lyyanggs-
Aob 99933900 Gd9d0sb, Bo@HoMIol LryEgs@Eol
36m396¢wo  9g8339wmdols s GHdol BLZIMHDY
Q©O9doo  FoMOgdol  FoMoggdol M35l B-
Gobom, 86009369¢rm3s60s  Lagobgxml  dmboiods-
@oGHBTo SMLYOMO BHdYO0, MmIgwois 3bmdowos
3H593M0L XaBoL GHdJOoL Lobgwom s Mmdwg-
2406003bgdgemo.
5H583M0L X330l GHdJOo FotdmEygbowos 3 Gdolb

003 80M300woEol  Lsdosmbgs

Loboo, gbgbos: Lobstg Gds, doMgxXgs o JoBogn
Gds. 3050000l 560l 035wLsbMoLom, 3b0d-
369035600 LoboMg BHds s JoMgX IS, HMIEgddog
0MLYOMEO  FoMOEIgdOL Y5O0 Foo0 LogoMovy-
©m 1 000 000 Embsly swfggl [1-4].

33¢930L 80Bsbos LodsmL BL3IYOHDY owgdow
©5 GB0L Bgs30MBY 4o8Mm3MOLEHIWGdME  FoGro-
9030 Bo@momdol s bLyERsEol ombgdol dq8339-
@Mdol oygbo.

dgooemagogbo. 2019, 2020 s 2021 Fangdol ©9390-
60l 1399000 LoboMy GHd0b s0gdw 0dbs GHdob
B9s306HBg dbgdM0350 Fodmergdowo FoMmowgdol
Lobxgdo, bmwmmn  FGHdolb gLIGMOoH Lbgoaolbgs
090GH0Ls s bgsslibgs Lo®dgdo — LoMMImEo
Boargdgool  Lobxgdo s BosGo®s oo  {goun-
blboMgdolL Jodow®mo dgpgboermdol 3g3arg3s.

d90@0980. 356:0@gd0L 339350 583965, M Loboty

3006 50gdMEo FoMroEwgdol yzgers b0dwddo bo®-

48

60w9dob s L gsEob 0mbgdol Momogbmds 360dg-
Bgermgbo 50gds@gds Lbgs 0mbgdol Homgbmdsl
5 LodoMml 3853999, G9dbozm®m-93mbmdozmemo
0350bOBOOLOM, 45T5OHMEIGOIYOS.

@sbi3365. 0oL  Asm35¢0LHobIdOM, MMD SBSO-
0MOL LadoEML sdTsg9d0L Lagombo Iy 6
560b 35©sfg39BOwo, BbMOEoYLIRdYWo 33wg3s
3600369¢m396 {izerowl dgo@Eebl do®msdowo@owab

Mfigerm bo@®omdol bryers@ol domgdol Ggdbm-
@060 Lidgdob 99gabs-sdwdaggdsdo.

153396dm Lodyzgdo: Miigwm Bo@®mowmdol beye-
BG0; LoboMg Gds; JoMIVOWOEGE0; sDsddMOOL Xywm-

3oL $0900; 3M0LEIWIdO.

1. 8gbsgogmo

Bo®M0dol bEas@o, GMyMOE LwRGOl JsGo-
@ob 5 3MP0MEI935L MO0 OHIIgEYdoL bodmo,
1658 gl 306M39mwo@ s©fgMo asvgdgmds s dob
1535303390 MO ,,AWsMBIOHOL ToM0wo” gfims.
9mp30069000, Bo@M0omdol megs@o  sdmsbobgls
3560 qdol  dbgdMog  obowgdgddo s  sLYgg
0bgdM0g JoMo-39:mqddo [5-8].

dbmgmoml ol Jd39969d0, Lowsg bBoGMmonmdols
Lesdol dbgdcmogo  GglOLgdos, Tob dbgd-
6030 O9LOLYBOL FM3MZJOI0 O 9T T53900m
25039096, beagne obs 93996900, LoESE 56 SOLYOMDL
Bo@Mondol byes@ol dmbadMogo fgsmmgdo, dobo
§o63mgdol Jodow® Lodroegdgdl dodo®Mmagzgb s
360mEdHo  bLywgs@ol 999339 bo®BgbgdlL
0ygb9096 [9-11].

Bo®Momdol Lyyegs@olb 8993390 d496936M030
MH9LOLYdO IM535¢3MI3MBY6EH0s60 LobEgdss s 53



LobiEgdol goBozM®-JodorMo m3z30Lgdgd0, 3K0ds-
GO0 300MdJO0L Qog3wgbom (Bga3gMoGIOs, G-
8mbggO o borgdgdo), 033wgds.

0690030 FoMHOEbLBIMYOOL s FoM0EgdoL Lo-
05Mgd0L 339350 oh39bs [5], MM Fomyob dowg-
0o ddGoE0 Bogngdol ssbemadoom 93%-U mmbo
doM0Ms©0  FoMHoEro Jgo9bL, HMIgEms OO
9JOMYM5d3bs 259molsbs d98qabsotaco:

2NaCl + MgSO4 ¢ Na2SOs4+ MgCL

Bo®Momdol  Lywags@o dmbgdsdo  o3MEwy-
dmos  Bbgoolibgs  80bgMorol  Labom, glgboo:
A9650MH0E0, F0MBOOE0, SLEGHMBIBOGEHO, dewswgdg-
0G0, 3WsHIO0GH0, B9Mm370G0 s bbgs. 493M39-
qdol dJobgzom, 36MdOW0s BHYBsMOEME-BoMs-
00@0EMMH0  LoboMAgdwm Fosolgmwo s Gdob
G030L Lsdsmgdo [12].

BMPoI© by 500bodbml, G™mI Gdol GHodol
L5d5EMJO0 J0MBOOAFHOL, FHYbsMPOEOL, sLEHMsbo-
BoGol s geomdymodol dmdogo gLYHMEo -
Bongdgdos, GMIwgdos FoMmdmoygbowos Gmymds
39NMA0MOHO  3gbgdol  Lobom, olg GHdol gL3g-
Mo Esbsegdgdom. JoMsdowo@olb Lsdsmgdol
M39G9LMdS Fomdmpqboos byegs@ol dstowg-
B0l bot93900L Loboom. bLMERsEHWIMHO FHdJdOL JoMogn-
3950, OMIgEoE 939 FOXIOIOWos boEmomdol
JwmGoom, 8903536 bLYas@-0mbgdol 960dzbg-
M350 ®5mEgbmdsls. ymgzqgwherom®se, 8g0mym-
0sbd s BodMsMmdo, 0°C B 3Hgd3gMs@ Moy,
bgds oMsd0o@obL godmzmol@owgds [13-15].

05600560 GHd9d0L Fywgdl s T gLIYOHWE

Bongdgdl, oo 3MsdEozmwo 360d36gwmds gbo-
F905 bo@Momdol LryERsBolb Im3m3zqdol ;mzs-

LobEoLom.

2. o600 bsfloero
60093900L sdbo©gds

1hym 6sGmomdol Lyergs@ol dogdol dob-
Boom, 2019 ferol bmgddmosb 2021 ferol 399360l

Boogaom, §omdmgds Lbobstg Gdob fywol, Gdob
1L3gODBY sOLYdMO Bogngdgdols s Gdob bgwe-
306%g BYHBMbMOHO© Q9FMIOHOLEHIWGOMEO ToMOEg-
0 3393

49

Bg0msmbodbyero 33¢935 0mM35¢oLHobgdL M-
d™OG HdOL figewol 33ergasl, ol Gdol Bu3gHbY
©5gdowo 35Mm0orgdol, desdol s bsdmMol 3g-
©0mEdo 3969860035 25dMIGMOLEIWIdIMEO ToM0-
@9d0b 89003960 ™mdoL JodM® sbseoBL.

HMOE 36Md0E0s, sHFdMMOL XaMBoL Gd-
B0b ML MY0IMO 3335 XM 3093 1955 fjerowsb
©50{igm s 99093990 IEYI0s b3 foswols ghma-
Bwyamo Lo gbBHML g3mbgddo [4].

Llo3 foowol gmm3zbme LosggbGmdo oo
39MMQ0MOHO 56gsMH0Tol dobgzom, 33¢g30L BoM-
319080, GdoL BLIGMOIB S0dME odbs 125 oo
396bmwo Lbobxo. 98sbmsb, FodMBOoEWdl TmMol
0s6dogro 100 @ oym. Lobxgdol gm@gdbozmeo
33w930L  dobgzom, GdoMo boewgdqdol  doguo-
oo boddeegzmy (Low®dg) 16 IgEHMsdYs. GdO-
60 65¢rgdgdo doMmomss FoMdmagbowos Gwbo
©5 9O R® Mobo-0wobgdMo [omdmbogddbgdoom.
H™IgdoE d06500w0EH0L obboligdwe Lbgmergdl
(Bobotrngdl) dgo3egl, Mdm3gems bLoddwsgdy 0,1-6,5
39BHM0L  BMAWqdT0s. Bsgdgddo, BsBsmgdOL
Loboom, sMLYGdMEo FoMmsd0oEHOL B96gd0 dJozMMmL-
3M379o©  ghm35mM35b0  dgrygbocmdoliss s
00305050 9903536 obol 95 96ggdL [2].

Aol gL3gODBY 9OLYdIME bsEgdgddo, b3y
Aol bgs3omHby bsdm®mol 3gMomdo dbgdMo-
390  290m3MoLEIPRM oMo do, bos@®momdol
LmEga@Bol s dobatgzgdol Lsbom, Lbgs dsoeng-
00l ©5mEgbmdol oy bol JobBbom, Bo@sms

@OBMOSEGHMMOMO 33¢939.

L5333 Foboero@ 08m30ygbgon GHdol xgLgMo,
Ubgoolbgs §9M@0wosb s0gdmwo bosggdgdol 3
Lobyxo, dwsdol 1 bodwmdo s 2019, 2020 s 2021
Jagdol  ©9399096H30  BHdol  Bgs3omdy  dmbgd-
60350  2o9m3MOLENYGOMo  FsMOWGdOL  MOMM
LObX0; WOBMOSEHMMOMWO 331g30Lm30L L33wg30
356H0qdol 60dmdgdo, 5+0,0001 g m©gbmdom, Gm-
903 250bLbs godmbow fgsedo. doMowdo sGlg-
0o MbLBsMO Folol 2sdmygmzgol doBbom, sdBs-
©900 blbsMo googow@®ms (obsliffs® dmdBswg-
0 ab@gd0sbo MMM FowGHMOL Jowswrby.
RBoWAHMOL Jowo ol Fobsbffot dmdbowgdsdo oyvy-

@obbdgds BowEHMOL Jomswrol obmdgms, gduo-



3oG™Odo  dmdog [mbsdg godmmds s ofjmbs
+0,0001 g ULoBMLGHom. ULsfgolo bLBsGOL  F@HI-
@oEsb fgoamdo wblbodo ool GowGHOOL  Jo-
©obg LOWWIE AsIMAEBOL dobbom, Fym-
Fowo ©sdgbxg®dg  godmoMgsbs  BowEHMIGOm,
b omEGMmoL Jomowbg sbgbowo Mblibsto
by, Hyowdo blbso bogmoghgdgdol bLBsOTO
29005943560l dobBbom, Ms8gbxgMHdg as06MgiEbs -
QIOYO, QOLBHOWONIRNO fjyrrom. GowHMsHho
200@bo  0dbs  dMGEHYgedots, 500 g IBmI
300500 s OLEOWOoMYRdWwo fywoom dgogbm
300999. 965 My0Mo@ dMmIBIEs 4Y39ws Lob)o.

6038900l JodomMo 3zerg3s

53DsgdY blibs®nddo sbolsbrats pH, Nat,
SO+, Cl, Ca*, Mg*, HCOs, COs* s Krombgdo.
603193930L  JodomMo 3330l 99gpgd0  BmEg-
dmwos 1-gew gbGowdo. mommgewo bobxowsb
2399mymgzowo  »blbs®o  bsdmol  Mom@gbmds ()
dm399mwos d9-2 sbGowdo, bmwmm bszgagg bubs-
69ddo  5MLYdIMYo  0mbgool  3mb39bGHME0gd0 s
MblbsMo  Bsdmol  Momgbmdol  MGMogmmdgos-
Mool sbseobo  fomdmpgboos 1-3  ©osyMo-
d90%bY.

3bMowo 1
Lobag GO0l Bgs30MH0sb s BLgMosL swgdrmo
3o60gdols Jodowmo 33¢g30L 89009900
56D 60879
OBOPRIVITE 1 4 sBlisbog®ol | 6odwgBo | BodwyBo | BodwgBo | O | 6odnBo | Godmdo | Godmdo
35658930900, N4~
8900 N1* N2* N3* N5* N6* N7*
9OMIO (9c2>90)
pH obm
7,65 7,55 7,45 7,65 7,55 7,55 7,45
10523-2008
5 80, 8 L
geeegio. f/w | 3obo N.D N.D N.D N.D N.D N.D N.D
23268.5-1978
500900, 8 b
oo, dy/e oo N.D N.D N.D N.D N.D N.D N.D
9964-3-1993
8560790, 8 b
abogydo, dy/e ™80 2,8 3,22 2,304 3,29 2,8 2,18 2,78
23268.5-1978
Bo¢®0v)do, 8 b
OGoglo, Byyw | obe 2075 | 26,624 | 27,743 | 23,624 | 1806 | 1638 | 17,79
9964-3-1993
30MH™M5MDdMBSE0, ()
0QMM3MOMbsG0, | gmbd <05 <05 0,6 <0,5 <0,5 <0,5 <0,5
B/ 23268.3-78
SMHBdMbSE)0, 0 s
3 ™ (8)0 ‘6/@ o™ @ <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 <0,5
23268.3-78
s 530, 0 ol
0000 Ry @ 548 | 52,479 | 44,966 | 45305 | 3448 | 3172 34,28
9280-1990
$0©g00, 8 b
Jmm0goo, I/ | ambd 18 231 1,531 1,71 1,72 0,96 1,44
23268,17-78

6oddo N1-N4 - (500l 3U39600b ©sbsengdo, bod=do N5-N7 - H60b bgos3o600s6 5¢98-9¢00 60d~G960

50




3b®oo 2

LobaMg GO0l Bgsdo®bs s BLZYM0EE s0gdwmo FsMogrgddo sMLYd o Mblbsto 658mo

6033 Bodend 6003 bodydo 6033 Bodend
N o9 09990 o900 N4* BodrgBo N5* | O 09990
NI* N2* N3* N6* N7*
(8¢mo00)
MblbsMO
9.83 12,36 15,63 25,46 42,59 51,24 4327
Bodmo, %

6oddo NI-N4 — 900l 3li3960l ©0sbs¢ngdo, 60530 N5-N7 — H60b bg0s30600056 50989¢70 60398900

Q©05aMds 1
LabsMg GO0l bogngdgddo dsabowydols, bs@omadol,
bmeEggs@ol s Jerm®ool ombgdols 99d339emds
OcHoBHoOW OcHoBHOW OCHOBHOI
OcHoBHOW OcHoBHoOW OcHoBHoOW
OcHoBHOW
OcHOBH
OcHoBHOW OctosH OcrosH OcHoBH
OcHOBHoOW
OCHOBHOM  OcpogH HosHou OCHOBH HOBHOM OCHOBH HosHop OCHOBH
OCHOBHOWA | — | [ -— — |
60dw9do N1 60dwgdo N2 60dx93do N3 60dwdo N4
B dspbomdo dp/ecr  MbsGGomdo dp/er Bl ggs@o dy/ce B JanmGoo g/
Q0530505 2

Labog GO0l Bgs30®bg LeHmbyMoE godmBGOLEIEYOME JoMowwgddo
35360m30L, bsBHBoMTol, Lvyees@ol s Jarm®ool ombgdol 899(33gwmds

60dwgdo N5 60dwdo N6 60dwdo N7

OcHoBHoOW
OcHoBHoOW
OcHoBHOM
OcHoBHOM
OcHoBHOM
OcHOBHOM
OcHOBHOM
OcHOBHOM
OcHOBHOM

H 3560030 dp/c0  BMByGHO®0MA0 Jp/c0 BB I/ B Joom@oo dp/w

51



QO05yM5d5 N3

Lobog GO0l Bgsd00wsb s boegdgdowsb smgdwyem dstoggddo

Mbbso Bo8mol 3G m396EMEo 90339 mdS

OcHoBHoOM
OcHoBHoOW
OcHoBHoOW
OcHoBHoOW
OcHoBHoOW
OcHOBHoOW
OcHoBHoOW

609m8o N1 603980 N2 60dmdo N3 60dm3do N4 b60dwdo N5 60odmdo N6 60dwgdo N7

(8qsdo)

B 1bLboo Bsdmol Momgbmds %

3. ©sl33bs

M3 5bswoBol 89009390006 BBL, yzgws
Lbobxo 89ogogl fgocdo wblbse Tobstglzgdl s
0©0b0dbo dobstgzgdol MomEabmds Lbgswolbgs
Lobxdo Lbgsslibgss. wmblbsto dobstgzqdol oo
Mom©gbmds 8906086905 BHOOL BL3IIMOED >OGdME
©5  BOoL  Bgs3omBy  39693MH 0350
3990300LEHomgdME JoMm0E9dTo.

deoddo

GO0l BgEs30M0©b s0gde 600wdgddo wbl-
Bo6o 8065693900l MomMm@©gbmds 0900 s0bLBGdS, MM

Lobxgdol  5©0gdOLIL BHBOL BYEs30M0  ASfyYwmgzs-
Bgdmwo ogm s 3HobGowgdo dgodhs Gdol bg-
©53060Dg sMLYdIME d96g0M03 M6GHT0 (esdo)
5 8500 gob3oew 393905 RBogdBHmdMogzo  dgdwng-
090 35bs (0b. Ly@smo 1-3).

53 dggbgds  BHOoL gBLIYOOWIB  SPIOME .-
Bogngdgdl, domdo fgoendo wmblbsdo dobstmgzgdols
399(33900MB5  2O(30¢09O0M VIS O BEM-
9000 9-15 %-0b g gddo 0(33¢gds.

LBom0o 1. boboMyg GHdoL Bgpsdomo
2019 fiemols cog39ddg®do

52

LMBH00 2. LboMg GHBOL BYI30MO
2020 ferols og39dd9®3do



bGomo 3. Lobstyg GHd0L BYsdo®mo
2021 fiemols cog3gddg®do

3bse0Bgdol 990092980l dobgzom, GHdOL ©sbs-
999080 @5 BY30MHDBY MY FoM0egddo bod)-
H030b s LYERSEOL 0MbgdOL MoMmEgbmds 360d3-
Byarmgbs 50qdo@gds B396 doge gs0m3zegwyen Lbgs
006900L Mom©gbmdsl s osbermgdom 85-90%-ob
RBoMawgddos.  doMmowrgddo 396 0dbs  sdmbgboeo
390E0MdoLs s 3oeowgdol 0mbgdo, dsco bodgoMol
390m, bowm 35Mdmbs@ols s 3000MHMIMHIMbsGHOL
3B396¢M305 yzges Lobxdo 0,5 Ty/-Byg dSEOS.
5060360 sb 2s3mBEobsmyg, JoMmdOOEHOL dm3m-
3900L ®35¢LsBOOLOm, Tobgsb Mficwm bs@Momdol
doegdol dobbom, 960d3bgarmgzsbo  MHglvyOLos 56
dbmem bobstg GdobL yswo, s0sdgo dob glizghby
5MLYOMO B 9d0G.

33w930L 9930y 9G93,
Py Bo@G®momdol Lwyegs@ol dowgdol dobboom,

906500¢03H0SH

©5393900s, Fomgds@ognemo abom, 9Judgeodgb-
AME0 3300939000 BoBoMgds, Moms 4odmomgsemly
30039608 MYMOOOo  TMbOZIWo s GHYdbem-
3099600 Bggds ©sdMTs3IL.

@OoGIOGIOS

. M. Mchedlishvili, T. Nasuashvili. “Investigation of
the Azamburi Mirabilite mine and lake water to
obtain anhydrous sodium sulfate”, Mineralogical
Society of Georgia. G. Tsulukidze Mining Institute
Georgian Technical University, book of abstracts,
6th International Scientific-Practical Conference on

Up-to-date Problems of Geology, 2020.

53

2. 3. 358509, 3. sbsmosbo. ,Logagmenmyos”, 1957-
1962 §.

0. Bobedgowo, 9. 839wodzowo. sHeddMol
306500¢0EHOL LodsEMLS s GdOL fgwwolb asdm-

331935 Mhyem bs@momdol Lyyengs@ol domgdols
dobboom.  Lodo®omgzggwml  Ggdbogzmeo  wbo-

3960LoGIGHOL dOHmIgdo, N2(520), 2021 §. 33. 95.
©. 960bM30, b. 3mIgMb(3939, @. Powobys®8-

30qo. b. 3. 3oMmzol Lsbgwidfonm 3meodgd-

60360 0bbGoEwEHOL dOmagdo, 1956 §. N5. Llod

foowol gMm3gbome Looggb@mdo sEwwo gmb-

©9000b.

IMozdun M, E , TexHonoruss MUHEpaJbHBIX COJEH

(ynoOpeHnn, NECTHUIMIOB, MPOMBIIUICHHBIX COJEH,

OKUCJIOB M KHCIOT,, 4, | usn,-e, ucnp. Jl., u3g-so

,, Xumus,, 1974,

Hluxeesa JI. B. 3wipsnos B, B, Cynsdar natpus

CgoiicTBa U mpou3BOACTBO, V3maTensCcTBO ,, XUMUSL,,

Jlenunrpanckoe otnenenue — 1978.

JI. H. MatyceBuy, ,,Kpuctammzamus u3 PactBopos B

Xumnueckol  IIpOMBINIIEHHOCTH,  M31aTENBCTBO

L, XuMus, Mocksa 1968 r.

3nanoBckuit A.b., Tanyprus. — JI. : Xumus 1972.

C.528

Kooi C. F. The steady state salt gradient solar pond.

1979. 37-41

10. G. Lesino, L. Saravia, J. Mangussi, and R. Ca.so.
Operation of a 400 m? sodium sulfate solar pond in
Salta. Argentina. International Solar Ponds Letters

1,12 (1982).



11.F. Zangrando, A simple method to establish salt gra-  14. CensBunckuit C. H., Hosuk B. ®. ,MccrenoBanue

dient solar ponds, Solar Energy 25(5), 467-470 (1980). IpOIlECcCa PACTBOPEHMS MHUpaOWinTa B pame o3epa
12.]. Mangussi and L. Saravia, Disolueirn de sales en el Kyuyk“. Hosocubupck: Usnarenscrso CO AH CCCP,
1968. C. 179.

fondo de una poza solar, Actas del 111 Congreso 1bd-

rico de Energfa Solar, Madrid, Espa a, 1, 249 (1987). 15.B. B. 3anenun6 E. B. Jlo6anoBa. ['umpoxuMudeckuit
pexxum o3epa Kyuyk. UsmatensctBo ITOJIYHOBC-

13. @ponosckoro E.E. [IpomsBoxacTBo cynbhata HATpHA N
KNI BECTHUK Ne4. 2004.

3 pacconoB o3epa Kyuyk. M3matensctBoBo CaHKT
[Terep6. 2001. C. 444.
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STUDY OF SODIUM SULFATE CONTENT IN SALTS DEPOSITED ON THE BOTTOM

OF THE GOSPEL LAKE AND NATURALLY CRYSTALLIZED ON THE LAKE SURFACE

T. Nasuashvili
Georgian Technical University, Department of Chemical and Biological Technologies, Str Costava 69.
0175 Thilisi. Georgia.

E-mail: tamara2903@gmail.com

Resume: Purpose. Sodium sulfate is one of the most important products in the chemical industry and the
industrial demand for it is growing day by day, however, the production rates are significantly lower than the
demand.

In Georgia, among the lakes, in terms of the percentage of sodium sulfate in it and the reserve of salts deposited
on the bottom are important lakes of Azamburi group, which are placed in Sagarejo Municipality and they are
located at the Mirabilite deposit. Lakes of Azamburi Group are presented of 3 lakes, named: Sakhre-Lake, Garejela
and Kachaal-Lake. Only the Sakhre-Lake and Garejela are important in terms of Mirabilite stock. The total reserves
of Mirabilite in the Azamburi field exceed 1 000 000 tons [1-2].

The aim of the study was to determine the content of sodium and sulfate ions in the salts deposited on the
bottom of the deposit and crystallized on the surface of the lake.

Method: From the Sakhare Lake, in December 2019, 2020 and 2021, samples of naturally occurring salts were
taken from the surface of the lake, In addition, samples of deep sediments were taken from the bottom of the lake,
at different points and at different depths, and a study of the chemical composition of their aqueous solutions was
conducted.

Results. The study of salts showed that in all samples of salts taken from the lake, the amount of sodium and
sulfate ions was significantly higher than the number of other ions and deposit processing, by technically-
economically is justified.

Conclusion: Considering that the issue of obtaining anhydrous sodium sulphate from a brackish lake in the
form of salt-water at the Mirabilite deposit and its surface has not been resolved yet, the conducted research will
make a significant contribution to the creation and development of a technological scheme for obtaining

anhydrous sodium sulphate from mirabilite.
Keywords: Anhydrous sodium sulfate; Sakhare Lake; mirabilite; lakes of Azamburi group; crystals.
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UDC 666.952

STUDY OF THE POZZOLANIC ACTIVITY OF THERMALLY MODIFIED CLAY ROCKS

T. Petriashvili

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

E-mail: tamo.petriashvili.92@mail.ru

Resume: Goal Obtaining a new highly active pozzolanic additive based on local raw materials.

Method. Heat treatment of clay rocks was carried out in a laboratory muffle furnace.

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

For thermogravimetric analysis, a NETZSCH derivatograph with STA-2500 REGULUS thermogravimetric and
differential thermal analyzer (TG / DTA) was used. Samples were heated to 1000 °C, in a ceramic crucible, heating
rate 10 °C / min. Reference substance a-Al2Os.

Pozzolanic activity was determined according to the GOST R 56593 method.

Results. The optimal mode of heat treatment of clayrocks was established, which made it possible to increase
their pozzolanic activity.

Conclusion. Based on the studies, local clay rocks were identified, which, after heat treatment - thermal
modification according to a certain regime, can be used as a highly active pozzolanic additive to cement, which
will reduce the proportion of clinker in cement without decline the mechanical strength of the latter. As such, we
can consider: shale from the Durudzhi River modified at a temperature of 800 °C, mudstone from Teleti, clays from

Metekhi, Miriani and Gardabani - modified at a temperature of 700 °C.
Key words: clay rock, pozzolanic activity, thermal modification.

This work was supported by the Shota Rustaveli National Science Foundation of Georgia (SRNSFG)
[grant NeAR-18-343].
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LOW-FUSIBLE GLASS SYNTHESIS IN THE COMPOSITION, CONTAINING TECHNOGENIC
RAW MATERIAL

T. Cheishvili, K. Baakashvili-Kiknadze

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

E-mail: t.cheishvili@gtu.ge

Resume: Goal Establishment of opportunity and conditions of low-fusible glass synthesis in the three-
component system containing two kinds of technogenic raw materials: “crushed glass” and “bone ash”, and sodium
metaborate.

Method. Preparation, weighing of components (crushed glass, bone ash and sodium metaborate which is
generated from boric acid and soda ash), batch (furnace charge) preparation. Getting of fluxes from a burden via
high-temperature synthesis, and their samples through casting into molds or fritting.

Result. Based on appraisal of results of three series different composition furnace charges melting in the three-
component system under study the glass melting schedule has been elaborated. Purification degree and external
view of fluxes of different composition has been established, while characteristic temperature section has been
singled out in concentration triangle appropriate to the system under study.

Conclusion. It has been established that the ability of investigated three-component system compositions to
form homogenous flux and purified homogenous glass is determined by composition of ingredients presented in
the furnace charge and by synthesis temperature. High concentrations of crushed glass in the compositions
stipulate formation of viscous fluxes, while increase in bone ash composition (20 and 30 mass %) causes receipt of

opacified glasses of different degrees.

Key words: crushed glass; bone ash; sodium metaborate; furnace charge; melting; glass materials.
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