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naSromis zogadi daxasiaTeba
Temis aqtualuroba

Tanamedrove teqnikis swrafi ganviTareba moiTxovs

metalurgiis sferoSi maRali simtkicisa da xarisxis foladis

warmoebas. es saWiroebs maRali saeqsploatacio Tvisebebis mqone

maRalcecxlgamZle masalebis miRebas.

metalurgiis Tburi agregatebis da cementis gamosawvavi

mbrunavi Rumelebis maRaltemperaturul Secxobis zonaSi

magnezituri cecxlgamZleebi gamoiyeneba. magnezituri masalebi

xasiaTdebian maRali cecxlgamZleobiT >19000C-ze (periklazis

28000C) da mdgradobiT fuZe Tvisebebisa da rkinaSemcveli

nalRobebis mimarT.

magnezituri cecxlgamZleebis: magnezitur-qromituli,

qrommagnezituri, periklaz-Spineliduri, periklazuri

nedleulia magneziti, romlis maragis Semcirebam mTels

msoflioSi mecnierTa winaSe mkacrad daayena amocana arsebulis

Tvisebebis gaumjobesebis da maTi Secvlis SesaZleblobis

Ziebisa sxva romelime fuZe Sedgenilobis cecxlgamZleebiT.

pirveli mimarTulebiT aRsaniSnavia srulyofa da fizikur-

teqnikuri Tvisebebis gaumjobeseba naxSirbad-periklazuri

cecxlgamZleebisa, rogorc naxSirbadSemcveli danamatis, aseve

organuli Semkvrelebis SerCevis gziT da warmoebis teqnologiis

damuSavebiT.

meore mimarTulebiT ganviTarebul qveynebSi  ukve daiwyes

magnezituri cecxlgamZleebis Secvla sxva fuZe Sedgenilobis

masalebiT sadac nedleulis saxiT iyeneben dolomitebs

es problema gansakuTrebiT aqtualuria saqarTvelosaTvis,

sadac tradiciuli cecxlgamZle nedleuli ar moipoveba da

Sesabamisad ar aris ganviTarebuli es dargi. aris metalurgiuli

da cementis gamosawvavi warmoebebi maRaltemperaturuli

procesebiT, romelTa saWiroebisaTvis Sesabamisi

ZviradRirebuli nakeTobebi sazRvargareTidan Semoitaneba.
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saqarTveloSi aris dolomitebis da serpentinitis

sabadoebi, romelTa gamoyeneba SesaZlebelia fuZe Sedgenilobis

maRalcecxlgamZle masalis misaRebad. dolomitebis gamoyeneba

SezRudulia misi daSlis Sedegad miRebuli aqtiuri kalciumis

oqsidis maRali hidrataciis gamo. dolomit-serpentinitis

narevis gamowvisas ki SesaZlebelia kalciumis oqsidis

SekavSireba serpentinitis SiO2-Tan kalciumis silikatebis

warmoqmniT, romlebic maRalcecxlgamZle komponentebia.

erTdroulad serpentinitis Semcveli magniumis oqsidi gazrdis

dolomitis MgO–s, rac aseve mniSvnelovania.

samuSaos mizani

Cveni samuSaos mizania saqarTvelos dolomitis da

serpentinitis yvela sabados Seswavla, maTi vargisobis dadgena

dolomitis da serpertinitis narevis gamowviT maRalcecx-

lgamZle klinkeris misaRebad. Semdeg miRebuli klinkeris bazaze

torkret- betonisa da maRalcecxlgamZle kompozitis warmoebis

teqnologiis damuSaveba sxvadasxva danamatisa da Semkvrelis

gamoyenebiT, metalurgiis Tburi agregatebis da cementis

gamosawvavi mbrunavi Rumelis Secxobis zonis amonagisaTvis

magnezituri cecxlgamZleebis Sesacvlelad.

kvlevis obieqti da meTodebi

kvlevis obieqti iyo saqarTvelos dolomitebisa da

serpentinitebis sabadoebi, maTi Seswavla da vargisobis dadgena

dolomit-serpentinituri klinkeris misaRebad. klinkeris bazaze

maRalcecxlgamZle naxSirbadSemcveli kompozitis miReba da

kvleva.

samuSaos Sesasruleblad gamoyenebul iqna kvlevis

Tanamedrove meTodebi. fizikur-meqanikuri maxasiaTeblebis

gansazRvrisaTvis saxelmwifo standartebiT dadgenili meTodebi

da xelsawyo-danadgarebi:
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 cecxlgamZleoba. maRaltemperaturuli silitis Rumeli.

 Termuli medegoba. maRaltemperaturuli silitis Rumeli.

 simtkicis zRvari kumSvisas. Hhidravlikuri wnexi.

 forianoba da simkvrive. vakuumuri aparati.

 rentgenostruqturuli analizi. difraqtometri “Дрон-3”.

 Termografiuli analizi. derivatografze G-1500D.

 eleqrtonuli mikroskopia. rastruli eleqtronuli

mikroskopi.

 mikrorentgenospeqtruli analizi. OXFORD instrumentals

deteqtorze X-max.

naSromis ZiriTadi Sedegebi da mecnieruli siaxle

samuSaoSi Seswavlilia saqarTveloSi arsebuli

dolomitebis (abano, skuri, muxuri) da serpentinitebis

(wnelisis, saCxeris) sabadoebi, dadgenilia maTi vargisoba

dolomit-serpentinituri klinkeris misaRebad.

sawyis etapze (wnexfxvnilebis momzadeba) dadginda

dolomitisa da serpentinitis dafqvis optimaluri reJimi

sasurveli zomis fxvnilebis da dolomit-serpentinitis narevis

optimaluri Tanafardobis misaRebad. Teoriulad iqna gaTvlili

klinkeris sasurveli mineralogiuri Sedgeniloba.

pirvelad iqna Seswavlili dolomitisa da serpentinirtis

3:1 da 4:1 TanafardobiT miRebuli nimuSebis Secxobisa da

mineralebis warmoqmnis procesebi gamowvis temperaturisagan

damokidebulebiT. dadgenilia klinkeris optimaluri

Sedgeniloba da gamowvis reJimi.

dadginda, rom orive SemTxvevaSi dolomitisa da

serpentinitis qimiuri urTierTqmedebisas xdeba axali fazebis:

periklazis, alitis da belitis warmoqmna, romelTa Semcveloba

maT Tanafardobazea damokidebuli.
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Seswavlili iqna Semkvrelebis gavlena dolomit-

serpentinituri klinkeris fizikur-teqnikur Tvisebebze da

dadginda Semkvrelis saxeoba da danamatis raodenoba.

dolomit-serpentinituri klinkeris bazaze miRebul iqna

optimaluri torkret-betoni..

naxSirbadSemcveli dolomit-serpentinituri maRalcecxl-

gamZle kompozitis misarebad Seswavlil iqna sxvadasxva naxSir-

badSemcveli danamati. dadginda danamatis saxeoba da

optimaluri raodenoba, nimuSebis dasayalibebeli optimaluri

wnevis sidide.

naxSirbadSemcveli danamatis daJangvis Tavidan

asacileblad kompozitis SemadgenlobaSi damatebul iqna

antidamJangavi-siliciumi.

samuSaos mecnierul siaxles warmoadgens dolomit-

serpentinituri klinkeris miReba mis bazaze naxSirbadSemcveli

dolomit-serpentinituri kompozitis miReba belitis

Semcvelobis gareSe. misi arseboba arasasurvelia, polimorfuli

gardaqmnis Sedegad ganicdis moculobis cvlilebas da iwvevs

nakeTobis dabzarvas.

rentgenostruqturuli, petrografiuli, eleqtronuli

mikroskopiis da eleqtronulspeqtruli analiziT dadginda

klinkerisa da kompozitis fazuri Sedgeniloba. ZiriTadi

mineralebia: periklazi da aliti. mcire raodenobiT warmoiqmneba

C4AF, C2F da C3A , romlebic qmnian Sualedur nivTierebas d axels

uwyoben Secxobis process.

pirvelad miRebul iqna naxSirbadSemcveli dolomit-

serpentinituri kompoziti. naxSirbadiani masalebi asruleben

klinkeris Semkvrelis rols dayalibebisas, dayalibebis Semdeg,

gamowvis dros da gamomwvari nakeTobisaTvis. gamomwvar masalaSi

naxSirbadis nawilakebi erTmaneTTan kontaqtisas warmoqmnis

agregatebs da mTeli nakeTobis moculobaSi qmnis uwyvet jaWvebs

da zrdis mis saeqspluatacio Tvisebebs.
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siaxlea is, rom naxSirbadSemcveli dolomit-

serpentinituri kompozitis bazaze miRebuli nakeTobebi

gamoirCevian ufro maRali Termuli medegobiT (13000C-wyali) 7-8

Tbocvla, arsebul monofazur periklaznaxSirbadovan

cecxlgamZleebTan SedarebiT, romelTa Termuli medegoba 3-4

Tbocvlaa. es gansakuTrebiT mniSvnelovania cementis gamosawvavi

mbrunavi Rumelebis Secxobis zonis amonagisaTvis, romelsac

muSaoba uwevs swrafi temperaturis cvlilebis pirobebSi.

Seswavlili iqna miRebuli masalebis Tvisebebi da gansazRvrul

iqna maTi gamoyenebis sferoebi.

Sedegebis gamoyenebis sfero

damuSavebuli dolomit-serpentinituri klinkeris

gamoyeneba SesaZlebelia torkret-betonis dasamzadeblad.

torkret-masis ziriTadi komponentebi: mWida masala, msxvili da

wvrili Semavsebeli SeiZleba damzadebuli iqnas dolomit-

serpentinituri klinkeris bazaze saTanado fraqciuli da

raodenobrivi SedgenilobiT, romelic iqneba damuSavebuli Cvens

mier.

torkret-betonis gamoyeneba SesaZlebelia metalurgiuli

Rumelebis amonagis Sesasruleblad da cxeli remontis

Casatareblad.

naxSirbadSemcveli dolomit-serpentinituri kompoziti-

sagan  damzadebuli nakeTobebi (aguris saxiT) SeiZleba iqnas

gamoyenebuli metalurgiuli Tburi dannadgarebis da cementis

gamosawvavi mbrunavi Rumelebis Secxobis zonis amonagisaTvis.

dolomit-serpentinituri klinkeris bazaze SesaZlebelia

satkepni masis momzadeba induqciuri Rumelebis amonagisaTvis.

damuSavebuli teqnologia Cainergeba Zirulis “cecxlgamZle

nakeTobaTa kombinatSi”, romelic cecxlgamZle nedleulia

ararsebobis gamo ar muSaobs day vela ubani mowesrigebulia.
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disertaciis moculoba da struqtura

naSromi Sedgeba Sesavlis, sami Tavisa da daskvnisagan,

warmodgenilia 148 nabeWd gverdze, Seicavs 19 cxrils, 29 naxazs

da erTvis citirebuli literaturis nusxa (119 dasaxeleba).

naSromis Sedegebi

eqsperimentisaTvis gamoyenebul iqna dolomitebi (abanos,

skuris, muxuris), serpentinitebi (wnelisis, saCxeris), grafiti,

teqnikuri naxSirbadi, tyibulis qvanaxSiris gamdidrebis

narCenebi, cecxlgamZle Tixa, siliciumi, naxSirbadis boWko da

plastifikatorebi.

dolomiti aris kalciumisa da magniumis ormagi marili

(CaCO3•MgCO3). saqarTvelos dolomitis sabadoebidan yvelaze

metad Seswavlili da gamoyenebulia abanos adgilmdebareobis

dolomiti,garegnulad dolomiti natexebis saxiTaa, Ria

moyviTalo nacrisferidan  vardisferamde.

serpentinitebi mTis qanebia, romlebic mTlianad mineral

serpentinisagan (3MgO.2SiO2 .2H2O)Sedgebian da iTvlebian magniumis

hidrosilikatebis jgufis warmomadgenlad.

grafiti - naxSirbadis erT-erTi polimorfuli

modifikaciaa. struqtura Sreebrivia. SreebSi naxSirbadis

atomebi ganlagebulia wesieri eqvskuTxedis wveroebSi. mezobel

atomebs Soris manZilia 1,42Å, xolo SreTa Soris -3,55 Å. yoveli

Sris farglebSi kavSiri atomebs Soris mtkicea, kovalenturi.

teqnikuri naxSirbadi arasruli wvis an naxSirwyalbadis

Termuli daSlis dispersiuli naxSirbadiani produqtia. Sedgeba

Savi feris sferuli nawilakebisagan. nawilakTa saSualo zomaa

100-3500 Å. moCvenebiTi simkvrive 50-500 kg/m3. nawilakebi

warmoiqmneba naxSirbadis atomebisagan Semdgari fenebisagan.

tyibulis qvanaxSiris narCenebi ZiriTadad agebulia

sxvadasxva Semadgenlobis qanis natexebisagan, romelTagan

ZiriTadad unda aRiniSnos sxvadasxva marcvlovani alevritebi,



9

humus da naxSirSemcveli argilitebi.

Tixebi danaleqi mTis qanebia, Tavisi SedgenilobiT

miekuTvnebian wylian alumosilikatebs. ZiriTadi Semadgeneli

oqsidebia: Al2O3, SiO2 da H2O.

siliciumi muqi nacrisferi kristaluri nivTierebaa

metalisebri elvarebiT, romelsac aqvs kuburi formis

kristaluri   meseri. siliciumis miReba xdeba aRdgeniT

kaJmiwisagan eleqtrul rkalSi grafitis eleqtrodebs Soris.

kompoziciur masalebs, romlebic armirebulia

naxSirbadovani boWkoebiT, axasiaTebT maRali drekad-simtkicuri

maxasiaTeblebi, agresiuli garemos mimarT qimiuri mdgradoba,

gazrdili cveTamedegoba, Tbo- da eleqtrogamtarebloba, dabali

Termiuli gafarToebis koeficienti, mdgradoba Termiuli da

radiaciuli dartymebis mimarT.

plastifikatorebi organuli nivTierebebia, romlebic

SehyavT masalebSi maTTvis plastiurobis misacemad (unari

Seuqcevadi deformaciebis) da maRalplastiuri mdgomareobis

gafarToebisaTvis.plastifikatorebis Seyvana amcirebs wyalgamta-

robas, zrdis simtkices.

saqarTvelos dolomitebisa da serpentinitebis
Seswavla da  maTi vargisobis dadgena dolomit -

serpentinituri  klinkeris misaRebad

saqarTveloSi dolomitis sabadoebia: abanos, skuris da

muxuris.

serpentinitis ori sabadoa: wnelisisa da saCxeris, sakmaod

didi maragiT.

Seswavlil iqna saqarTvelos dolomitisa da serpentinitis

yvela sabado da Catarda maTi SedarebiTi kvleva.

qimiuri Sedgeniloba abanos, skurisa da muxuris sabados

dolomitebis mocemulia cxrilSi 1.

dolomitebis Semadgeneli ZiriTadi oqsidebia CaO da MgO.

am oqsidebis Semcveloba  samive sabados dolomitSi TiTqmis
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erTnairia (cxrili1). Mminarevebis saxiT Seicaven mcire

raodenobiT SiO2, Al2O3- s da tute oqsidebs.

cxrili 1. dolomitebis qimiuri Sedgeniloba

sabados
dasaxe-
leba

oqsidebis Semcveloba, mas.%.

Fe2O3 Al2

O3

MgO SiO
2

CaO SO
3

Mn
O

R2O5 TiO2 K2

O
Na2

O
R2O sine

s-
te

x.
d.

Aabano 0,88 2,62 18,23 4,5
0

32,01 0,3
8

0,7 - - - - 0,13 0.21 40,7
7

skuri 0,08 2,04 19,93 - 32,25 0,1
4

0,02 0,12 0,03 0,1 1,3 - - 45,8

muxuri 0,1 0,06 20,65 1,26 31,29 - - - - - - - 0,12 46,5
2

maT SedgenilobaSi miuxedavad mcire gansxvavebisa,isini

erTmaneTis identuri arian.Ees dasturdeba Termografiuli da

rentgenostruqturuli analizis SedegebiT..

samive sabados dolomitis Termograma warmodgenilia nax.1-ze.

a) b)

g)

nax. 1. Ddolomitebis Termogramebi: a) abanos; b) skuris; g) muxuris

samive Termogramaze dafiqsirebulia dolomitisaTvis

damaxasiaTebeli endoefeqtebi: abanos 760 da 8100C, skuris 810 da

8700C,xolo muxuris 790da 8100C.samive SemTxvevaSi TiTqmis

erTnair temperaturul intervalSi, kerZod 7600C-dan iwyeba

CaMg(CO3)2–is daSla karbonatebad, MgCO3–is daSlis endopikia

760, 790 da 8100C-ia, xolo CaCO3–is 860, 870 da 810
0C-ze.

nax.2-ze warmodgenilia abanos, skuris da muxuris

sabadoebis dolomitis rentgenogramebi.

samive rentgenogramaze dafiqsirebulia maTi ZiriTadi

mineralis CaMg(CO3)2 difraqciuli maqsimumebi dhkl-4,02; 3,71;

3,026; 2,656; 2,520; 2,190; 2,063; 2,010; 1,803; 1,786 A0, romelTa intensivoba

samive SemTxvevaSi TiTqmis erTnairia.
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a)

b)

g)

nax. 2. dolomitis difraqtogramebi: a) abanos, b) skuris; g) muxuris.

qimiuri, Termuli da rentgenostruqturuli analizis Sede-

gebi naTlad metyveleben samive sabados dolomitis

identurobaze.

aseve CavatareT wnelisis da saCxeris serpentinitis

sabadoebis SedarebiTi kvleva qimiuri, Termuli da rentgenos-

truqturuli analizis saSualebiT. Qqimiuri analizis Sedegebi

warmodgenilia cxrilSi 2, Termogramebi da rentgenogramebi

Sesabamisad nax. 3 da 4-ze.

cxrili 2. serpentinitebis qimiuri Sedgeniloba

sabados
dasaxeleba

oqsidebis Semcveloba, mas.%

Fe2O3 Al2O3 MgO SiO2 CaO SO3 R2O sineste x.d.

wnelisis 8,20 1,70 39,36 37,22 0,56 0,3 0,13 0,32 12,20

saCxeris 6,45 2,57 33,69 39,92 1,47 - - - 15,90

serpentinitis Oorive sabados (cxrili 2) ZiriTadi kompo-

nentebia SiO2 da MgO,romelTa Semcveloba Sesabamisad 37,22 da

39,36 mas.% (wnelisis sabado) da 39,92 da 33,69 mas. % (saCxeris).

serpentinitebis Termogramaze (nax.3) sami endoTermuli efeqtia,

maqsimumebiT: 900C, 6500C da 7900C da erTi egzoTermuli efeqti

maqsimumiT 8100C, romelic damaxasiaTebelia serpentinitebisaTvis.
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a)                              b)

nax. 3.serpentinitebis Termogramebi:Aa) wnelisis; b) saCxeris

serpentinitebis rentgenogramebi warmodgenilia nax. 4-ze,

romelzec gamokveTilia ZiriTadi Semadgeneli komponenti

minerali serpentini Mg3Si2O5(OH)4. misi difraqciuli maqsimumebia:

dhkl- 7,30; 4,55; 3,65; 2,646; 2,495;   2,145 Å .

a)

b)

nax.4. serpentinitis rentgenograma: a) wnelisis; b)saCxeris.

orive sabados serpentinitis SedarebiTi kvlevis

Sedegebidan Cans, rom qanebi ZiriTadad Sedgebian mineral

serpentinisagan, romelic serpentinitSi saerTo masis 80%-mdea.

dolomitebisa da serpentinitebis Seswavlis Sedegad

naTelia maTi vargisoba maRalcecxlgamZle klinkeris misaRebad

da Semdgomi kvlevebisaTvisSeiZleba orive sabados serpentinitis

da samive adgilmdebareobis dolomitis gamoyenebiT.

dolomitisa da serpentinitis bazaze
maRalcecxlgamZle klinkeris miReba da kvleva

cecxlgamZleebis warmoebaSi dolomitebis gamoyeneba

SezRudulia masSi Tavisufali CaO–s arsebobis gamo, amitom am
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nedleulis gamoyeneba SesaZlebelia kalciumis oqsidis

gadayvaniT maRalcecxlgamZle kalciumis silikatebad.

cecxlgamZle klinkeris misaRebad avirCieT mimarTuleba:

kalciumis silikatebis sinTezi dolomitze magniumis

bunebrivi hidrosilikatis (serpentinitis) damatebiT, romelic

mimdinareobs Semdegi reaqciiT:

6(CaCO3•MgCO3)+3MgO•2SiO2•2H2O=2(3CaO•SiO2)+9MgO+12CO2+2H2O

rogorc reaqciidan Cans, serpentinitis Semadgeneli SiO2

SeiZleba daukavSirdes dolomitis kalciumis oqsids da

warmoiqmnas kalciumis silikatebi, rac xels Seuwyobs

dolomitis CaO–s Semcirebas. erTdroulad klinkeris Sedgeni-

loba serpentinitidan gamdidrdeba magniumis oqsidiT, romelic

miiReba mineral periklazis saxiT. miRebuli klinkeris

ZiriTadi fazebi iqneba 3CaO∙SiO2, 2CaO∙SiO2, MgO da Sualeduri

nivTiereba, romelic SeiZleba Sedgebodes C4AF, C3A da sxva

nivTierebebisagan. ZiriTadi komponentebi maRalcecxlgamZlea,

amis gamo miRebuliKklinkeris bazaze SesaZlebeli iqneba

cecxlgamZle nakeTobis miReba.

klinkeris misaRebad dolomitisa da serpentinitis narevis

Tanafardoba gamovTvaleT am masalebis qimiuri Sedgenilobis

mixedviT. kvlevisaTvis gamoviyeneT muxuris sabados dolomiti

da saCxeris adgilmdebareobis serpentiniti. cxrilSi 1-2 moce-

mulia maTi qimiuri Sedgenilobebi. Cveulebrivad klinkeris

Sedgeniloba ganisazRvreba gajerebis koeficientis, silikaturi

da Tixamiwovani modulebis daxmarebiT.Cven SevarCieT gajerebis

koeficientis KH–is mniSvnelobebi 0,85 da 0,95. maTi daxmarebiT

movaxdineT dolomit-serpentinitis Tanafardobisa da  Teoriu-

lad sasurveli mineralogiuri Sedgenilobis gaTvla.

KH=0,85 da KH=0,95 mniSvnelobebisaTvis miviReT nedleulis

narevis komponentebs (dolomiti, serpentiniti) Soris

Tanafardobaa 3:1 da 4:1 Sesabamisad. miRebuli orive Tanafardo-

bisaTvis (3/1 da 4/1) nedleuli masalebis qimiuri Sedgeniloba

mocemulia cxrilSi 3 gadaTvlili 100%-ze.
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cxrili 3. nedleuli masalebis qimiuri Sedgeniloba

gadaTvlili 100%-ze.
nedleulis

dasaxeleba

oqsidebis Semcveloba, %

Fe2O3 Al2O3 MgO SiO2 CaO sineste x.d.

3/1

dolomiti 0.08 0.04 15.49 0.94 23.47 0.09 34.89

serpentiniti 1.61 0.64 8.42 9.98 0.37 - 3.97

4/1

dolomiti 0.08 0.05 16.52 1.01 25.03 0.10 37.22

serpentiniti 1.29 0.51 6.74 7.98 0.29 - 3.18

cxrilSi 4 mocemulia Teoriulad gaTvlili rogorc

kazmis, aseve klinkeris qimiuri Sedgenilobebi, dolomit-

serpentinitis gajerebis koeficientis KH=0,85 da KH=0,95

mniSvnelobebisas, romlebis mixedviT Catarda Semdegi kvleva.

dolomit-serpentinitis 3/1 Tanafardobisas  kalciumis

silikatebis Semcveloba aRwevs 53,8, periklazis 39,16.%-s, 4/1

Tanafardobisas  Sesabamisad 49,58 da 41.80 %-ia (cxrili 5).

dolomitisa da serpentinitis narevis gamowvisasAigi

ganicdis mTel rig fizikur-qimiur cvlilebas.

cxrili 4. kazmisa da klinkeris qimiuri Sedgenilobebi

nedleulis
dasaxeleba

Tanafar-
doba

oqsidebis Semcveloba,mas. %

SiO2 Al2O3 MgO CaO Fe2O3 sineste x.d. jami
dolomit-
serpentini-
tis narevi

3/1

4/1

10,92

8,99

0,68

0,56

23,91

23,26

23,84

25,32

1,69

1,37

0,09

0,10

38,86

40,4

100

100

dolomit-
serpentini-

tis
klinkeri

3/1

4/1

17,89

15,11

1,11

0,94

39,16

39,10

39,05

42,55

2,77

2,30

-

-

-

-

100

100

klinkeris mineralogiuri Sedgenilobis gaangari-

Sebuli maxasiaTeblebi, KH=0,85 da KH=0,95 mniSvnelobisas

mocemulia cxrilSi 5.

cxrili 5. mineralogiuri Sedgenilobebis gaangariSebuli
maxasiaTeblebi

klinkeri
KH Mmineralebis Semcveloba, mas.%

C3S C2S C4AF C2F MgO

1 0,85 37,97 15,83 5,29 1,75 39,16

2 0,95 49,58 - 6,78 1,84 41,80
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KH-is sxvadasxva mniSvnelobisas icvleba Tavisufali CaO–s

Semcveloba, amitom klinkeris miRebis reJimis proeqtirebisaTvis

aucilebelia imis mcdeloba, rom igi Seicavdes minimaluri

raodenobiT Tavisufal kalciumis oqsids. SeviswavleT

dolomit-serpentinitis narevis gamowvisas Secxobisa da

mineralebis warmoqmnis procesebi gamowvis temperaturisagan

damokidebulebiT.

davayalibeT nimuSebi, romlebic gamoiwva silitis RumelSi

900,1000,1100,1200,1300,1400,1450,15000 C-ze.

0-10000 C –mde temperaturis awevis siCqare iyo 100 C/wT. 1000-

14000 C-mde 60 C/wT.bolo temperaturaze dayovneba Seadgenda 1 da 4

saaTs.masalebis შecxobisა da mineralebis warmoqmnis procesis

Sefaseba  moxda forianobis, simkvrivis da kumSvaze simtkicis

zRvaris gansazRvriT, agreTve diferencialur-Termuli, rentge-

nostruqturuli, petrografiuli da eleqtronuli mikroskopiis

meTodebiT. Sedegebi warmodgenilia naxazebze 5,6. cxrilSi 6.

nax. 5.dolomit-serpentinitis 3/1 TanafardobiT miRebuli nimuSebis

wyalSTanTqma, forianoba, simkvrive da simtkicis zRvari kumSvisas.

Savi xazi 1saaTi, wiTeli xazi 4saaTi

nax. 6. dolomit-serpentinitis 4/1 TanafardobiT miRebuli nimuSebis

wyalSTanTqma,forianoba, simkvrive da simtkicis zRvari kumSvisas Savi

xazi 1saaTi, wiTeli xazi 4saaTi.
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cxrili 6. klinkeris fizikur-teqnikuri maxasiaTeblebi

Kkomponentebis
Tanafardoba, mas.%

gamowv
temp.,0

C

dayovneba,
bolo
temp., sT

Ffizikur-teqnikuri maxasiaTeblebi

dolomiti serpenti
-niti

simtkicis
zRvari
kumSvisas,

σ k., mpa

wyalSTan-

Tqma,w ,%
fori-
anoba,

∏, %

simkv-
rive,

p,g/sm3

3 1

1350

1400

1450

1500

1
4

1
4

1
4

1
4

228
282

333
352

368
372

408
454

2.50
2.00

1,29
1,12

0,92
0,78

0,82
0,67

6,10
5,40

4,00
2,30

2,44
2,40

1,93
1,88

2,40
2,69

3,09
3,29

3,42
3,58

3,70
3,72

4 1

1350

1400

1450

1500

1
4

1
4

1
4

1
4

318
296

355
377

400
480

492
517

2,10
1,98

1,30
0,99

0,77
0,70

0,70
0,62

5,80
5,10

3,63
2,50

2,08
1,85

1,85
1,82

2,52
2,74

3,45
3,62

3,64
3,69

3,76
3,78

dolomit- serpentinitis narevis Termograma mocemilia nax.7-ze.

nax. 7.Ddolomitis da
serpentinitis

narevis Termograma

rentgenostruqturuli analizis Sedegebi warmodgenilia

naxazze 8,9.

nax. 8.  klinkeri 1-is rentgenograma,1-900, 2 -1000 , 3-14500 C
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nax. 9. klinkeri 2-is rentgenograma,1-900, 2 -1000 , 3-1100, 4 -1200,

5-1300,6-1400, 7- 14500 C

rentgenogramaze naxazi 8, 9 dafiqsirebulia MgO-s

damaxasiaTebeli difraqciuli maqsimumebi dhkl2,109; 1,48 A0, CaO – dhkl

2,406; 1,705A0, Ca(OH)2 -dhkl 2,627; 2,47 A0 და CaCO3- dhkl3,04; 1,80 A0.

10000C gamomwvari nimuSebis rentgenogramaze igive suraTia,  rac

9000C-ze, mxolod Semcirebulia intensiobiT CaCO3 da Ca(OH)2-is

damaxasiaTebeli pikebi, orive SemTxvevaSi - 3:1 da 4:1 Tanafardo-

bebisas. 10000 C-mde gamowvis Semdeg nimuSebi haerze ibzarebian,

igi gamowveulia 8000-is zeviT karbonatebis daSliT miRebuli

MgO da CaO-s hidratirebiT. 11000C-ze ar aris CaCO3 da CaO.es

ukanaskneli Cndeba kalciumis silikatebis saxiT. 1200 da 13000C -

ze gamomwvari Seicavs kristaluri periklazisa da kalciumis

silikatebis garkveul raodenobas, maT Soris orkalciumian

silikatsac, romelic 1400 da 14500C –ze TandaTan mcirdeba.

beliti (C2S) da pirveladi mineralebi ixsnebian Txevad fazaSi,

romelic am temperaturebze Cndeba. C2SurTierTqmedebs Tavisu-

fal CaO-sTan, romlis pikebi hqrebian da warmoiqmneba aliti.

ZnelRobadi orkalciumiani silikati, romlis lRobis

temperatura 21000C-ia, ganicdis alotropiul saxecvlilebas, rac

iwvevs klinkeris daSlas fxvnilis saxiT.

es dasturdeba Catarebuli petrografiuli (nax. 10, 11) da

eleqtronuli mikroskopiis (nax. 12, 13) kvleviTi analiziT.
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Nnax. 10.   14500 C –ze gamomwvari klinkeri 1-is mikrostruqtura,X200

nax. 11. 14500 C –ze gamomwvari klinkeri 2-is mikrostruqtura, X200

a) X1000 b)X2000

g) X3000                                    d) X3500

nax. 12. 14500 C –ze gamomwvari klinkeri 1-is eleqtronulmikroskopuli

suraTebi sxvadasxva gadidebisas: a) X1000, b) X2000, g) X3000, d) X3500

naxazidan 11 Cans, rom 14500 C gamomwvari klinkeri 2 ZiriTadad
Sedgeba MgO-sa da C3S–is kristalebisagan. kristaluri fazis
sruli identifikacia warmodgenilia eleqtronuli mikroskopiis

suraTebze (nax. 12, 13).klinkeri 1-is SemTxvevaSi ZiriTadi fazebia:
periklazi, aliti da  beliti. Kklinkeri 2-is suraTze ar Cans
belitis kristalebi.

amrigad, dolomit-serpentinitis gamowvisas qimiuri urTi-
erTqmedebis Sedegad xdeba axali fazebis: periklazis, alitis
da belitis warmoqmna. axalwarmoqmnili mineralebis Sedgeni-
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loba, maTi Semcveloba ganisazRvreba aRebuli narevis Tanafar-
dobiT da gamowvis temperaturiT.

a)X1000 g)X3000

b)X2000 d) X3500

nax. 13. 14500 C–ze gamomwvari klinkeri 2-is eleqtronulmikroskopiuli
suraTebi sxvadasxva gadidebisas:a) X1000, b) X2000, g) X3000, d) X3500

narevis Tanafardobisas 4:1 mimdinareobs kalciumis oqsidis

sruli SekavSireba kalciumis orTosilikatTan da 1450-15000 C – ze

gamowviT miiReba sasurveli fazuri Sedgenilobis maRalxa-

risxovani kargad Semcxvari  dolomit-serpentinitis klinkeri.

Semkvrelebis gavlena dolomit-serpentinituri
klinkeris fizikur-teqnikur Tvisebebze

Semkvrelebis daniSnulebaa–misces masas sayalibo Tvisebebi

da iseTi meqanikuri simtkice, romelic sakmarisi iqneba dayali-

bebuli nakeTobis Semdgomi operaciebisaTvis.

eqsperimentisaTvis Cven SevarCieT Semdegi Semkvrelebi:

magniumis sulfatis 25%-iani xsnari, teqnikuri lignosul-

fonatebis wyalxsnari, meTilceluloza da polivinilis spirti.

eqsperimentiT miRebuli Sedegebis Sesadareblad Semkvreli

nivTierebis saxiT gamoviyeneT wyali. gamomwvari nimuSebis

fizikur-teqnikuri Tvisebebi warmodgenilia cxrilSi 7.

cxrili 7-dan Cans,rom yvelaze kargi fizikur-teqnikuri maxasi-
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aTeblebiT gamoirCeva nimuSi C3, romelic momzadda  klinkerze

meTilcelulozas wyalxsnaris (10%) damatebiT.

cxrili 7.klinkeris fizikur-teqnikuri  Tvisebebi

amrigad, wyalTan SedarebiT Semkvrelis yvela saxeobis

gamoyenebisas gaumjobesda dolomit-serpentinituri klinkeris

fizikur-teqnikuri maCveneblebi Semdegi TanmimdevrobiT: wyali,

magniumis sulfatis xsnari, polivinilis spirti, teqnikuri

lignosulfonatebi, meTilcelulozas xsnari.

dolomit-serpentinituri klinkeris gamoyeneba
metalurgiuli Tburi agregatebis amonagis
torkretirebisaTvis

torkret – betonis narevis Semadgenelia mWida masala,

msxvili da wvrili Semavsebeli, wmindad dafquli danamati-

plastifikatori, gamagrebis damaCqareblebi da wyali.

torkret-masis mosamzadeblad ZiriTadi komponentis saxiT

gamoviyeneT  laboratoriaSi Cvens mier miRebuli klinkeri,

romlis qimiuri da mineralogiuri Sedgenilobidan Cans, rom

kalciumis silikatebis Semcveloba aRwevs 53,8, xolo periklazis

39,16 %-s. klinkeris fizikur- teqnikuri maxasiaTeblebi

mocemulia cxrilSi 6. klinkerisagan movamzadeT fraqciebi 3-5 mm

da 1-3 mm da mWida masala<0,063mm-ze,TanafardobiT:mas.%:3-5mm–30%;1-

3mm_35%;<0,063 _30%.

#

Semkvrelis saxeoba

kl
in

ke
r
i

d
am
at

eb
u
l
i

x
s
na
r
i
s

r
ao

d
en
o
b
a,
 
ma
s
. 
%

fizikur-teqnikuri maCveneblebi

s
i
mk
vr

iv
i
s
 z

R
va
r
i

ku
mS

vi
s
as

,σ
k.
, 
mp
a

w
ya
l
S
T
an
T
qm
a,

w
,%

foria
noba,

∏, %

mo
Cv
en
eb

iT
is

im
kv
r
iv

e,
ρ,
g
/s
m3

Ca
j
d
o
mi
s

s
i
d
id

e,

,%

C1 magniumis sulfati 100 10 269.9 5.86 16.2 2.92 10.06
C2 teqnikuri

lignosulfo nati 100
10 335.9 2.01 9.20 3.25 12.17

C3 meTilceluloza 100 10 453.6 1.15 5.03 3.34 12.34
C4 polivinilis spirti 100 10 331.2 2.30 6.78 3.26 12.20
C5 wyali 100 10 192.0 7.80 18.56 2.92 8.38



21

wmindad dafquli danamati, rogorc plastifikatori emateba

torkret-masas mis nawilakebs Soris xaxunis Sesamcireblad,

Zvradobisa da simkvrivis gasazrdelad. wmindad  dafquli

danamatis saxiT gamoviyeneT Casov-iaris sabados cecxlgamZle

Tixa. SeviswavleT klinkeris cecxlgamZleobis damokidebuleba

cecxlgamZle Tixis danamatisagan. avirCieT 5-10%-is odenobiT.

SevarCieT torkret-masis optimaluri Sedgeniloba da

SeviswavleT torkret-betonis Tvisebebi.

maRalcecxlgamZle naxSirbadSemcveli kompoziti

dolomit-serpentinituri klinkeris bazaze maRali

xarisxis maRalcecxlgamZle kompozitis misaRebad SevarCieT

sxvadasxva naxSirbadSemcveli danamati da SeviswavleT maTi

gavlena kompozitis fizikur-teqnikur Tvisebebze, agreTve am

Tvisebebze danamatebis raodenobis cvlilebis gavlena.

danamatis saxiT gamoviyeneT tyibulis qvanaxSiris

gamdidrebis narCenebi, grafiti, teqnikuri naxSirbadi da

naxSirbadis boWko.

Ggamomwvar masalaSi naxSirbadis nawilakebi erTmaneTTan

kontaqtisas warmoqmnis agregatebs da mTeli nakeTobis moculo-

baSi qmnis uwyvet jaWvebs. davayalibeT nimuSebi klinkerze

sxvadasxva danamatiT da SeviswavleT misi Tvisebebi (cxrili 8).

naxSirbadSemcveli danamatis saxiT SerCeulia teqnikuri

naxSirbadi. qimiuri procesebis Sesaswavlad gamoviyeneT diferen-

cialur Termuli meTodi.Sedegebidan Cans, rom miRebulia nax-

SirbadSemcveli kompoziti garkveuli fazuri SedgenilobiT,

romelic ar Seicvleba gaxurebisas. ესmigvaniSnebs mis Semadgen-

lobaSi stabiluri kalciumis silikatebis arsebobaze.
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cxrili 8. narevis Semadgenloba da ZiriTadi Tvisebebi

ni
mu

S
is

s
 n

o
me
r
i

narevis Sedgeniloba, mas. % fizikur-qimiuri maCveneblebi

kl
in

ke
r
i

g
r
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it
i

T
ix

a

t
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s
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S
ir

i
s

n
ar

Ce
ne
b
i

t
eq
ni

ku
r
i

n
ax
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n
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 m
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R
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f
o
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b
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%
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iT
i

s
i
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e,
g
/s
m3

c
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x
l
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Z-

l
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a,
0 C

T
er
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l
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d
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o
b
a

(1
30
00

C
-w
ya
l
i)

T
b
o
c
vl

a

1 90 10 _ _ _ _ 10 98,80 18,20 2,31 1770 6
2 85 15 _ _ _ _ 10 58,30 20,05 2,08 1770 6
3 85 _ 7,5 7.5 _ _ 12 110,30 11,60 2,60 1580 6
4 80 _ 10 10 _ _ 12 121,10 15,00 2,58 1550 6
5 70 _ 15 15 _ _ 12 _ _ _ <1500 _
6 90 _ _ _ 10 _ 10 162,80 13,90 2,41 1770 6
7 95 _ _ _ _ 5 10 107,50 18,70 2,22 1770 7
8 94 _ _ _ _ 6 10 85,00 20,20 2,16 1770 7
9 85 _ _ 15 _ _ 11 126,90 14,02 2,67 1770 7

nax.14. derivatogramebi: 1. teqnikuri naxSirbadis; 2. teqnikuri naxSirbadisa

da klinkeris narevis; 3. klinkerisa daQqvanaxSiris narCenis narevis

gamomwvari nimuSi;  4.klinkerisa da tyibulis qvanaxSiris narCenebis narevis. 5.

klinkerisa da tyibulis qvanaxSiris narCenebis narevis gamomwvari nimuSi.
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grafitis nanofxvnilis gavlena dolomit-
serpentinituri kompozitis Tvisebebze

danamatis saxiT gamoviyeneT grafitis nanofxvnili,

markiTTIMREX KS 6, romlis kuTri zedapiria 20m2/g. saintereso iyo

grafitis nanofxvnilis danamatis raodenobis da dawnexvis wne-

vis cvlilebis gavlena miRebuli kompozitis Tvisebebze. kvleva

CavatareT MgSO4–is 20%-iani xsnarisa da wylis gamoyenebiT

(cxrili 9).

cxrili 9. nimuSebis fizikur-meqanikuri maCveneblebi

NN

Dd
o
l
o
mi
t
-

s
er
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nt
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it

.
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af

ar
d
o
b
a Semadgenl

oba, %

d
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i-
b
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is
w
n
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a,
 m
pa

Semkvrelis
saxeoba da
raodenoba,

g
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o
w
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s

t
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r
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u
r
a,

T
0 C

,
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l
S
T
an
T
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w
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%

f
o
r
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b
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Π
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%
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,


mp
a

kl
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w
ya
l
i MgSO4

D1 4/1 90 10 80 10 - 1450 6,28 14.50 2.93 180.70

D2 4/1 90 10 100 10 - 1450 5,72 13.80 3.05 192.60

D3 4/1 85 15 80 10 - 1450 5,35 13.00 3.00 198.30

D4 4/1 85 15 100 10 - 1450 5,20 13.00 3.26 209.70

D5 4/1 90 10 80 - 10 1450 6.12 14.10 3.26 187.30

D6 4/1 90 10 100 - 10 1450 5.00 12.90 2.98 200.8

D7 4/1 85 15 80 - 10 1450 4.40 12.40 3.09 206.50

D8 4/1 85 15 100 - 10 1450 4.31 12.10 3.53 181.20

am monacemebiT optimaluria dawnexvis wneva 100mpa,

grafitis nanofxvnili 15% da Semkvreli SeiZleba iyos magniumis

sulfatis xsnaric da wyali, radgan wyalis gamoyenebis

SemTxvevaSic miRebulia damakmayofilebeli Sedegi.

nimuSebis gamowvis dros SesaZlebelia naxSirbadis daJangva,

rac  gavlenas axdens cecxlgamZle nakeTobebis cveTaze da maTi

ZiriTadi naklia. amitom antidamJangavis saxiT SevarCieT sili-

ciumi. saintereso iyo agreTve kompozitis Tvisebebze kompleq-

suri moqmedebis plastifikatoris gavlenis Seswavlac. amisaTvis

CavatareT erTi seria eqsperimentisa, sadac Semkvrelis saxiT

gamoviyeneT meTilcelulozas xsnari. SevarCieT gamowvis reJimi:
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1000oC -mde temperaturis awevis siCqare iyo 10oC/wT, Semdeg 1420oC

- mde -5oC /wT.

cxrili10. nimuSebis fizikur- teqnikuri maxasiaTeblebi
ni

mu
S
is

s
 n

o
me
r
i

narevis Sedgeniloba,
mas. %

fizikur-teqnikuri maCveneblebi
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Ddn1 100 - _ 8 0,8 312,70 13,20 3,05 >1770 7

dn2 88,5 10 1,5 10 - 67,00 14,20 2,45 >1770 7

dn3 82,7 15 2,0 10 - 101,40 13,80 2,99 >1770 7

dn4 82,5 15 3,0 10 0,8 345,00 10,10 3,25 >1770 7

saukeTeso Sedegebia miRebuli kompleqsuri moqmedebis

plastifikatoris damatebis SemTxvevaSi, simtkicis zRvari

kumSvisas aris 312mpa. yvela Sedgenilobis nimuSis cecxl-

gamZleoba aRemateba17700C. sabolood optimaluri Sedgenilobaa:

klinkeri-Semkvreli-grafiti-siliciumi plastifikatori (dn4).

CavatareT nimuSebis dn8 (cxr.9) fazuri analizi rentgenos-

truqturuli da eleqtronuli mikroskopiis meTodebiT.saidanac

Cans, rom kompozitis ZiriTadi Semadgeneli mineralebia MgO-

periklazis saxiT da samkalciumiani silikati-aliti.

eleqtronul mikroskopuli kvleva Catarda JEOL firmis

eleqtronul-rastruli(maskanirebeli) mikroskopiT YSM 65 OLW–s

saSualebiT. meTodi efuZneba arekvlili eleqtronebis da meora-

di eleqtronebis-amotyorcnili eleqtronebis asaxvas. arekvlili

eleqtronebis saSualebiT kompozitis fazuri analizis Sedegi

warmodgenilia naxazze 24, X950 da X1000 gadidebisas da naxazze

25 X130, X1000, X1900, X2700, X5000.

kompozitis dn8 nimuSis eleqtronuli mikroskopiis

naxazebze (15,16) naCvenebia kargad Semcxvari zedapiri, romelzec

gamokveTilia kristalebi periklazisa da alitis. mcire raode-

nobiT SeimCneva belitis CanarTebic. suraTi ufro naTeli xdeba



25

didi gadidebis SemTxvevaSi. Sualeduri nivTierebebi: C3A, C2F, da

C4AF kompozitSi ganawilebulia araTanabrad.

a) X950     B b)X1000

nax. 15. dolomit-serpentinituri kompozitis dn8–is eleqtronul-

mikroskopuli suraTebi sxvadasxva gadidebisas a) X950,Bb)X1000

a) X130 b) X1000

g) X1900                                d) X2700

e)X5000
nax.16. dolomit-serpentinituri kompozitis dn8–is  eleqtronul-

mikroskopuli suraTebi sxvadasxva gadidebisas a) X130, b)X1000    b)X1900,
d)X2700,   e)X5000.

aliti warmodgenilia araswori formis erTmaneTTan

Sezrdili kristalebiT. adgilebSi aris msxvili tabletebis

formis kristalebis saxiT, romelic gadaWrelebulia

periklaziT. Sualeduri nivTiereba ganawilebulia am mineralebs

Soris araTanabrad. igive nimuSis mikrorentgenospeqtruli ana-

lizi Catarda OXFORD instrumentals deteqtorze X-max, ris saSua-

lebiTac viRebT kompozitis Semcvel elementTa zogad

Semadgenlobas. analizis Sedegebi mocemulia naxazze 17.



26

nax. 17. dolomit-serpentinituri kompozitis dn8-is
mikrorentgenospeqtruli analizi.

naxazze 17 warmodgenilia dn8 kompozitis mikrorentgenos-

peqtruli analizi monakveTze spectrum 2, Semadgenel elementTa

sqema da maTi procentuli Semcveloba, saidanac Cans, rom kompo-

zitis Semadgeneli ZiriTadi mineralebis periklazis da alitis

Semcveli elementebia Jangbadi, kalciumi, magniumi da siliciumi.

maTi procentuli Semcvelobaa Sesabamisad 40,3; 26,9; 19,3 da 6,1%.

es monacemebi emTxveva Teoriulad gaTvlil Sedegebs. sqemaze

naxSirbadi 1,2%-is odenobiTaa. Cveni azriT, es mcirea kompozitSi

Semcvel naxSirbadTan SedarebiT. SesaZlebelia ar dafiqsirda

nanofxvnili an kidev sakvlev ubanze  (nax.17) igi Sesabamisi Semc-

velobisaa. rkina da alumini uTuod Sualeduri nivTierebebis:

C3A, C2F da C4AF arsebobiT aris ganpirobebuli kompozitSi.

nax.18-ze warmodgenili mikrorentgenospeqtruli analizi

monakveTze spectrum3 analogiuria nax.17-is spectrum2, aqve mocemu-

lia elementTa amsaxveli sqemebi SedarebiT mokle ubnebze spect-

rum4-8. Cven ganvixilavT spectrum4,5da 8-s. rac TvalsaCino suraTs

iZleva im ubanze arsebuli fazis Semadgeneli elementebis

Semcvelobis Sesaxeb. magaliTad: spectrum 4 da 5 gviCvenebs

periklazis Semcveli elementebis Mg-isada O –s procentul

Semcvelobas. naxSirbadis raodenoba aq 2,6%-ia, rac adasturebs

Cvens mier zemoT gamoTqmul mosazrebas. spectrum8 ki alitis

Semcveli elementebis procentul Semcvelobas, rac am ubanze

alitis arsebobas adasturebs. kompozitisa da klinkeris

Eeleqtronulmikroskopiuli   A suraTebi erTmaneTis identuria.
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nax.18. dolomit-serpentinituri kompozitis dn8-is
mikrorentgenospeqtruli analizi.

naxSirbadSemcveli kompozitis warmoebis teqnologiuri sqema

mocemuli teqnologiuri sqemis mixedviT dolomitis

bazaze maRalcecxlgamZle naxSirbadSemcveli kompozitis

misaRebad winaswar damuSavdeba sawyisi komponentebi: dolomiti

da serpentiniti. isini ybebian msxvrevanaSi damsxvrevis Semdeg

wmindad daifqveba burTulebian wisqvilSi da sacerSi gatarebis

Semdeg moTavsdeba bunkerSi.

garkveuliTanafardobiT aRebuli dolomiti da

serpentiniti dozirebis Semdeg moTavsdeba amrevSi, sadac

danestiandeba wyliT, romelic dolomit-serpentinitis narevs

daemateba 10 %-is odenobiT.
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danestianebuli narevisagan daiwnexeba nimuSebi briketebi

hidravlikur wnexze. erTi dReRamis Semdeg gamoSreba saSrobSi

da Semdeg gamoiwveba RumelSi 1400-14500C temperaturaze.

miRebuli klinkeri daimsxvreva ybebian msxvrevanaSi da

Semdeg wmindad daifqveba foladis burTulebian wisqvilSi.

fxvnili moTavsdeba dozatorSi, Semdeg amrevSi, sadac garkveuli

raodenobiT daemateba grafitis fxvnili da danestiandeba

meTilcelulozas xsnariT. danestianebuli narevi dayalibdeba

hidravlikur wnexze da dayalibebuli nakeToba gaSreba

haerzeerTi dReRamis ganmavlobaSi da Semdeg saSrobSi 1100C

temperaturaze. gamoiwveba RumelSi. gamowvis temperatura unda

iyos 1400-14500C, bolo temperaturaze dayovneba 1 saaTi.

nakeTobebi Rumelis gamorTvis Semdeg gacivdeba RumelTan erTad

Tavisufali reJimiT.

serpentiniti,(bunkeri)dolomiti, bunkeri)
uxeSi damsxvreva,   ybebiani
msxvrevana

uxeSi damsxvreva,
(ybebiani mxvrevana)

uxeSi damsxvreva,
(ybebiani msxvrevana) dafqva, burTulebiani

wisqvili

wmindad dafqva,(burTu-
lebiani wisqvili) gacra, vibrosaceri

wmindad dafqva,(bur-
Tulebiani wisqvili)

dozireba
gacra, (vibrosaceri) gacra, (vibrosaceri)

Serevabunkeribunkeri

naxSi-
ris
fxvni-
li

MgSO4

xsnari
kompleq-
suri
moqmedebis
plastifi-
katori

dozireba

wyali(burTule
biani wisqvili)

Sereva, Semrevi

dawnexva
dawnexva, hidravlikuri wnexi

Sroba
Sroba

gamowva
gamowva

mza nakeToba

mza klinkeri
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daskvna:

1. Seswavlilia saqarTvelos dolomitebis (abanos, skuris,

muxuris) da serpentinitis sabadoebi (wnelisis, saCxeris) da

dadgenilia, rom samive sabados dolomitisa da ori sabados

serpentinitis vargisoba maRalcecxlgamZle dolomit-serpen-

tinituri klinkeris misaRebad.

2. gajerebis koeficientis КН –is mniSvnelobisaTvis (КН=0,85

daКН=0,95) SerCeulia dolomitisa da serpentinitis

Tanafardoba 3:1 da 4:1 da Seswavlilia miRebuli nimuSebis

gamowvisas Secxobisa da mineralebis warmoqmnis procesebi

damokidebulebiT.

3. Seswavlilia miRebuli nimuSebis fizikur-teqnikuri Tvisebebi

da dadgenilia, rom dolomit-serpentinitis Tanafardobisas

4:1 ukeTesi fizikur-teqnikuri maCveneblebi miiReba.

rentgenostruqturuli analiziT Seswavlilia 3:1 (klinkeri1)

da 4:1 (klinkeri2)  TanafardobiT  miRebuli nimuSebis 900-

14500C-ze gamowvisas mimdinare qimiuri procesebi.

4. narevis Tanafardobisas 4:1 xdeba sruli SekavSireba

dolomitis daSlis Sedegad miRebuli CaO-si serpentinitis

SiO2–Tan C3S–is warmoqmniT da narevis gamowviT 1400-1450
0C–ze

miiReba sasurveli fazuri Sedgenilobis maRalxarisxovani

klinkeri.

5. Seswavlilia Semkvrelis gavlena dolomit-serpentinituri

klinkeris fizikur-teqnikur Tvisebebze, gansakuTrebiT maRali

maCvenebeli miiReba meTilcelulozas damatebiT.

6. Seswavlilia  dolomit-serpentinituri klinkeri torkret-

masis misaRebad metalurgiuli Tburi danadgarebis amonagis

torkretirebisaTvis. miRebulia maRali fizikur- teqnikuri

Tvisebebis torkret-betoni da dadgenilia klinkeris

vargisoba torkret-betonis misaRebad.

7. SerCeulia dolomit-serpentinituri klinkeris bazaze

maRalcecxlgamZle naxSirbadSemcveli kompozitis misaRebad

naxSirbadSemcveli danamatebi: tyibulis qvanaxSiris
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gamdidrebis narCenebi, grafiti, teqnikuri naxSirbadi,

naxSirbadis boWko da Seswavlilia maTi gavlena kompozitis

fizikur-teqnikur Tvisebebze. am Tvisebebze danamatebis

raodenobis cvlilebis gavlena.kompozitis rentgenostruq-

turuli analizis Sedegebi iZleva naxSirbadSemcveli

kompozitis fazuri Sedgenilobis naTel suraTs.

8. Catarebulia kvleva dayalibebul wnevasa da damatebuli

grafitis nanofxvnilis raodenobis cvlilebis gavlenis

dasadgenad kompozitis fizikur-teqnikur Tvisebebze.

optimaluria dayalibebis wneva 100mpa, grafitis nanofxvnilis

danamatis raodenoba 15% da Semkvrelis saxiT SerCeulia

meTilcelulozas xsnari. kompozitis Semcveli naxSirbadis

daJangvis Tavidan acilebis mizniT kazmSi Seyvanilia

antidamJangavis saxiT siliciumi da SerCeulia gamowvis

reJimi. amasTanave kazmSi Seyvanilia kompleqsuri moqmedebis

plastifikatori, romelTa safuZvelze dadgenilia, rom

dolomit-serpentinituri klinkeris bazaze SesaZlebelia

maRalcecxlgamZle naxSirbadSemcveli kompozitis miReba.

9. kompozitis fazuri analizi Catarebulia  rentgenostruq-

turuli da eleqtronuli mikroskopiis meTodebiT. sabolood

optimaluri Sedgenilobaa: klinkeri-Semkvreli-grafiti-

siliciumi-plastifikatori.
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Abstract

In production practice of ferrous metallurgy field of highly developed countries
a necessity of high and super-high quality steel production was created, relative to this
in order to increase the quality of fireproofs it is necessary to make next new leap.
Together with other factorsone of the important things is perfection of carbon
containing magnesium fireproofs because they are considered as main materials for
metallurgic thermal aggregates and fettling of caking zone of rotatory furnaces for
cement burning.

Periclase-carbonfireproofs imbibition is done with organic bindings and adding
hard carbon containing components causing drastic improvement of exploitation
properties. Due to magnesite raw materials deficit looking for new materials is going
on parallel. For this purpose using dolomites is started in many countries.

In Georgia there is no fireproofs production due to non-existence of raw
materials. Demands on such products are satisfied with imported expensive materials
but in Georgia there are dolomite and serpentine mines. In order to receive their high
fireproof bricks a starting condition was reaction between magnesium hydrosilicate
and calcium oxide received by dolomite destruction, in the result of which it was
possible to receive magnesium oxide as periclase and calcium silicates.

Technology of dolomite-serpentine bricks and basing on it high
fireproofproducts using bindings and supplements is discussed in the work.

Mines of dolomites (Abano, Skuri, Mukhuri) and serpentines (Tsnelisi,
Sachkhere) of Georgia and their reserves are studied. The research is done with
chemical, thermographic and X-ray structure analysis. In the result of study suitability
ofdolomite ofall three mines and serpentines of two mines is determined for receiving
brick.

For meaning of saturationcoefficient КН (КН=0,85andКН=0,95) dolomite and
serpentine ratio (3:1 and 4:1) is chosenand theoretically desirable mineralogic
composition is supposed. Processes of burning dolomite-serpentine mixture and
mineral production depending on burning temperature and physical and chemical
properties of received samples are learnt. It is determined thatat 4:1 dolomite-
serpentine ratio better physical and technical data are received. Burning temperature is
optimal 14500Candat last temperature delay is 4 hours.

In both casesat dolomite-serpentine mixture burning (brick 1 and 2) in the result
of chemical interaction new phases are created: periclase, alite and belite –
composition of which is determined by the ratio of taken mixture and burning
temperature. At mixture ratio4:1 complete binding ofCaO received after dolomite
destruction with SiO2receiving C3S. That is provedby the results of petrographic and
electron-microscope analysis.

Dolomite-serpentine brick for receiving castable-refractory mass is learnt for
gunite work of metallurgic thermal aggregate fettling.Main componentsfor
receivingcastable-refractory masses:tight material, larg and smaal fillers,
plasticiserand bindingaccelerators. A castable-refractory concrete of high physical
and technical properties, suitability of castable-refractory concrete is determined.

For receiving high fireproof composite containing carbon on next level various
carbon containing supplements and their influence on composite physical and
technical properties are learnt.

The studyfor determination of influence of graphyte nanopowder  amount
alteration plus molded pressure and binder type a trial is done. On composite physical
and technicalproperties. Optimal molded pressure100mpa, for determination of
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influence of graphyte nanopowder  amount alteration and binder type on composite
physical and chemical properties. Moldede pressure is optimal 100 mpa, amount of
graphyte nanopowder supplement is 15% andmethilcelulose solution is chosen asa
binder.

To avoid composite containing carbone oxydation mixture includes antioxidant
silicon and burning regimen is chosen. In the same time mixture contains plasticizer,
phase analysis of optimal composition samples by the methods of X-ray structure and
electron microscope, optimal compositionis: brick- graphyte – silicon – plasticiser-
binder.


