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naSromis zogadi daxasiaTeba 

Temis aqtualuroba 

 

    Tanamedrove teqnikis swrafi ganviTareba moiTxovs maRali 

saeqsploatacio Tvisebebis mqone masalebis Seqmnis 

aucileblobas. aseT masalebs miekuTvnebian maRali cecxlgamZle 

oqsidebisa da ZnelRobadi uJangbado naerTebis bazaze miRebuli 

kompozitebi. 

   miuxedavad maRalcecxlgamZle oqsidebisagan miRebuli 

masalebis didi upiratesobisa (maRali simkvrive da simtkice, maT 

Soris gaxurebisas, mgdradoba damJangavi garemos zemoqmedebis 

mimarT) is ZiriTadad gamoirCeva maRali Termuli gafarToebis 

koeficientiT da Sedegad dabali Termuli medegobiT. 

uJangbado ZnelRobadi naerTebis keramika, kerZod, 

siliciumis karbidis, piriqiT, xasiaTdeba dabali Termuli 

medegobiT maRali simtkicisa da sisalis pirobebSi, magram 

advilad iJangebian dawyebuli 12000C-dan. Ggarda amisa, uJangbado 

naerTebi (karbidebi, nitridebi, silicidebi, boridebi) cudad 

Secxvebian. 

   amitom iseTi kompozitis miReba, romelic gaaerTianebda, 

rogorc oqsiduri, aseve uJangbado naerTebis yvela upiratesobas 

(Rirsebas) da gamoricxavda maT nakls Tanamedrove 

masalaTmcodneobis aqtualuri amocanaa. aseT masalebs 

miekuTvnebian sialonebi. 

   sialonebi warmoadgenen metalTan oqsidebis myar xsnars 

nitridebSi, Sedgebian siliciumis, aluminis Jangbadis da 

azotisagan da iwodebian sialonebad. isini xasiaTdebian 

unikaluri Tvisebebis SexamebiT. simtkice maRal temperaturebze 

( 1500-18000C), maRali cecxlgamZleobiT, koroziuli cveTa da 

Termuli medegoba, sisale da iTvlebian iseT masalebad, 

romelTac amJamad aqvT teqnologiuri da komerciuli 

perspeqtivebi. 
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sialonebis miReba sxvadasxva meTodiT xdeba: plazmoqomiuri, 

zol-gel teqnologiiT, qimiuri, reaqciuli Secxobis, cxeli 

dawnexvis, maRaltemperaturuli TviTgavrcelebadi sinTezis da 

sxva. 

aRniSnuli meTodebiT sialonebis miRebisas winaswar cxeli 

dawnexvis meTodiT miRebuli Si3N4, AlN da Al2O3-is gamoyeneba 

sakmaod zrdis kompoziciuri masalebis Rirebulebas.  

teqnologia mniSvnelovnad martivdeba da TviTRirebuleba 

mcirdeba, Tu mis dasamzadeblad iqneba gamoyenebuli nedleuli, 

romelic ar saWiroebs seriozul qimiur gasufTavebas an 

gadamuSavebas. magaliTad alumosilikaturi nedleuli–kaolini. 

kaolinze aluminis pudris da elementaruli siliciumis 

damatebiT alumoTermuli da azotirebis procesebiT Cvens mier 

miRebulia kompoziciuri masalebi β-sialonuri matriciT, 

romlebic xasiaTdebian maRali fizikur-teqnikuri TvisebebiT, 

romelsac kidev ufro aumjobesebs siliciumis karbidisa da 

korundis damateba. 

 

                      samuSaos mizani 

 

    samuSaos mizans Seadgens inovaciuri maRali teqnologiis 

Seqmna kompleqsurad maRali saeqsploatacio Tvisebebis 

sialonSemcveli kompozitis misaRebad. inovacias warmoadgens 

aluminTermiuli da azotirebis kompleqsur procesSi, 

reaqciuli Secxobisa da SemdgomSi cxeli wnexvis meTodiT 

sasurveli fazuri Sedgenilobis sialonis miReba. 

 

                 kvlevis obieqti da meTodebi 

 

     kvlevis obieqts Seadgenda gamoyenebuli nedleuli da maT 

bazaze miRebuli kompozitebi SiC da Al2O3 sialonuri SemkvreliT 
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da reaqciuli Secxobisa da Semdgomi cxeli dawnexvis meTodiT 

miRebuli kompozitebi CH-6, CH-7, CH-8. 

  samuSaos Sesasruleblad gamoyenebul iqna kvlevis 

Tanamedrove meTodebi. fizikur-meqanikuri maxasiaTeblebis 

gansazRvrisaTvis saxelmwifo standartebiT dadgenili meTodebi 

da xelsawyo-danadgarebi: 

 cecxlgamZleoba. maRaltemperaturuli silitis Rumeli. 

 Termuli medegoba. maRaltemperaturuli silitis Rumeli. 

 simtkicis zRvari kumSvisas. Hhidravlikuri wnexi. 

 forianoba da simkvrive. vakuumuri aparati. 

 rentgenostruqturuli analizi. difraqtometri “Дрон-3”. 

 eleqrtonuli mikroskopia. rastruli eleqtronuli   

mikroskopi. 

 cxeli dawnexvis meTodi, maRaltemperaturuli vakuumuri     

Rumeli  OXY-GON(Model  № FR210-30T-A-200-EVC) 

 dinamiuri mikrosisalisa da indentirebis modulis 

gansazRvris meTodi. dinamiur ultra mikrosisalis 

testerze DUH-211S. 

 mikrorentgenospeqtruli analizi. OXFORD instrumentals   

deteqtorze X-max. 

 

naSromis ZiriTadi Sedegebi da mecnieruli siaxle 

 

 dadgenilia, rom SedarebiT martivi teqnologiiT da iafi 

nedleuliT miRebulia maRali saeqsploatacio Tvisebebis 

kompozitebi sialonuri matriciT.  

 dadgenilia sialonuri kompozitis misaRebad 

alumoTermuli procesis upiratesoba karboTermulTan 

SedarebiT. 

 dadgenilia, rom nitroalumoTermuli meTodiT pirvelad 

miiReba aluminis nitridi,paralelurad mimdinareobs 
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alumoTermuli procesi SiO2-is aRdgeniT Si-mde,Semdeg Si3N4 

da sabolood xdeba sialonis myari xsnaris miReba. 

 dadgenilia, rom kompozitis CH-6 miiReba samfaziani. erTi 

aris β-sialoni, meore siliciumis karbidi, mesame-korundi.  

      CH-7-korundi da sialoni. 

      CH-8- siliciumis karbidi da sialoni. 

 

              Sedegebis gamoyenebis sfero 

 

     miRebuli kompozitebis gamoyeneba SesaZlebelia raketul-

kosmiur teqnikaSi, maRaltemperaturuli nakeTobebis 

kompoziciuri damfaravebis saxiT, maRaltemperaturuli Rumelis 

amonagis, Termowyvilis damcavi garsacmebis dasamzadeblad, 

liTonsaWreli instrumentebis saxiT, liTonisa da qvis 

dasamuSaveblad, kbilis saburR mowyobilobebSi, sakisrebSi da 

sxva. 

 

disertaciis moculoba da struqtura 

 

naSromi Sedgeba Sesavlis, literaturuli mimoxilvis, sami 

Tavisa da daskvnisagan, warmodgenilia nabeWd gverdze, Seicavs 27 

cxrils,  48 naxazs da erTvis citirebuli literaturis nusxa 

 (147 dasaxeleba). 

 

naSromis Sedegebi 

 

 kvleva Catarebulia sialonis misaRebi meTodis SerCevis 

mizniT.  

 miRebulia C1, C2, C3 Sedgenilobis nimuSebi azotis garemoSi 

gamowvisas, warmoiqmna X-sialoni mulitis struqturiT. 
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 siliciumis karbidisa da korundis aluminis pudrasTan 

narevis azotis garemoSi gamowviT miRebulia kompozitebi 

SiC–sialonuri SemkvreliT da Al2O3–sialonuri SemkvreliT. 

 Seswavlilia reaqciuli Secxobis meTodiT miRebuli 

kompozitebi CH-1, CH-2, CH-3 da mimdinare fizikur-qimiuri 

procesebi. 

 reaciuli SecxobiT miRebuli kompozitebis CH-6, CH-7, CH-8 

cxlad dawnexvis Semdeg dadginda maTi fizikur-teqnikuri 

Tvisebebi da fazuri Sedgeniloba. 

 kvlevebi Catarebulia rentgenostruqturuli, 

eleqtronuli mikroskopiis da mikrorentgenospeqtruli 

analizebiT.  

 miRebuli masalebis dinamiuri mikrosisale da drekadobis 

moduli ganisazRvra Tanamedrove ISO-14577 saerTaSoriso 

standartis moTxovnebis Sesabamis dinamiur ultra 

mikrosisalis testerze DUH211S. 

     

kaolinis bazaze azotis garemoSi mimdinare karbo da 

alumoTermuli procesebi 

SevadgineT narevebi  kaolinze  naxSirbadis damatebiT (C1), 

kaolinze aluminis pudris damatebiT (C2) da naxSirbadisa da 

aluminis pudris narevis (C3) damatebiT, narevebis Sedgeniloba 

warmodgenilia  cxrilSi 1.                                                                                    

cxrili 1.Nnarevis Sedgeniloba da miRebuli nimuSebis fizikur-

teqnikuri maxasiaTeblebi   

indeqsi Nnarevis 
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      nimuSebi damzadda cilindruli formis, zomiT d-15mm, 

naxevradmSrali meTodiT, dayalibebis wneva iyo 20 mpa. Srobis 

Semdeg gamoiwva RumelSi 14000C temperaturaze. bolo 

temperaturaze erTsaaTiani dayovnebiT. nimuSebis gamosawvavi 

danadgari Sedgeba Rumelisagan-1 siliciumis karbidis 

gamaxureblebiT, marka TK 30/200. azoti Rumels miewodeba 

balonidan-2,rezinis milis saSualebiT, romelzec onkania-3 

moTavsebuli. Rumelis SesasvlelSi dreqselis-4 gavliT 

regulirdeba balonidan gamosuli azotis siCqare. ris Semdegac 

azoti Sedis cecxlgamZle korundis milSi -5, romelic orive 

mxridan germetulad aris daxuruli. mils erTi bolodan 

miewodeba azoti,xolo meore bolodan  gamosasvlelze 

CarTulia wyliani dreqseli-6. igi aregulirebs wnevas RumelSi. 

Rumelis temperatura regulirdeba  transformatorisa-7 da 

masTan mierTebuli voltmetris-8 saSualebiT. temperaturis 

awevis siCqarea 2500C  saaTSi.  

 

 

 

 

 

 

 

nax. 1. nitroalumoTermuli procesebiT nimuSebis  gamosawvavi 

danadgari 
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nax. 2. reaqciuli Secxobis meTodiT nimuSebis gamowvis 

temperaturuli reJimi 
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rogorc grafikidan (nax. 2.) Cans 0-dan 14000C-mde temperaturis 

matebis siCqare sxvadasxvaa.  

    800-10000C temperaturul intervalSi mimdinareobs aluminiT 

siliciumis aRdgenis  egzoTermuli procesi Semdegi reaqciiT:   

3SiO2+4Al=3Si+2Al2O3 

 10000C-dan 12000C-mde warmoiqmneba AlN Semdegi reaqciiT : 

2Al+N2→ 2AlN 

da iwyeba siliciumis nitridis warmoiqmna: 3Si+2N2→Si3N4  

romelic intensiurad mimdinareobs 12000C-dan. 1200-dan 14000C-mde 

midis ZiriTadad azotirebis procesi, 14000C-ze vayovnebT 1 saaTs. 

nimuSebi civdeba RumelTan erTad. 

SeviswavleT gamomwvari nimuSebis fizikur-teqnikuri Tvisebebi  

cxrili 1. rogorc cxrili 1-dan Cans, maRali fizikur-teqnikuri 

maxasiaTeblebiT gamoirCeva C2, Semdeg C1 da C3.  

    miRebuli nimuSebis fazuri Sedgenilobis dasadgenad kvleva 

Catarda rentgenostruqturuli analiziT (nax. 3). 

kaolinis (sur.31) ZiriTadi fazaa muliti: dhkl- 5,37; 3,41; 3,385; 

2,886; 2,695; 2,547; 2,43; 2,29; 2,175; 1,866 Å.Seicavs kristobalits dhkl–

4,06Å da aris agreTve rentgenoamorfuli faza. 

 

nax. 3. nimuSebis rentgenogramebi 

1)kaolinis ; 2) C1 ;  3) C2  4) C3 

nimuSi C1–is rentgenogramaze (sur. 32) mulitis 

damaxasiaTebeli difraqciuli maqsimumebi kaolinTan SedarebiT 

ufro maRali intensiobiTaa dhkl – 5,38 ; 3,41-3,335 ; 2,908 ; 2,635 ; 2,546 ; 

2,435 ; 2,29 ; 2,210 ; 
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kristobalits Seicavs ufro mcire raodenobiT. 

SesaZlebelia, rom naxSirbadi  advilad aRadgens  kaolinis 

daSlis Sedegad warmoqmnil SiO2-s elementarul siliciumamde 

romelsac nitrirebis gziT unda warmoeqmna siliciumis nitridi 

an oqsinitridi, magram rentgenogramaze, kvalis saxiTac, ar 

SeiniSneba maTi damaxasiaTebeli difraqciuli maqsimumebi. 

rentgenogramaze gamosaxulia mulitis gazrdili pikebi. ras 

SeiZleboda gamoewvia kaolinTan SedarebiT mulitis gazrda da 

ratom ar Cans rentgenogramaze siliciumis nitridi an 

oqsinitridi? 

rogorc zemoT avRniSneT, karboTermuli azotirebis 

Sedegad warmoiqmna muliti, kaJmiwa da Tavisufali siliciumi, 

romelic azotis garemoSi savaraudod azotTan qimiuri reaqciis 

Sedegad mogvcemda siliciumis nitrids an oqsinitrids. kaolinis 

daSlis Sedegad narevSi iqneboda Al2O3-c. 

rentgenogramaze gamosaxuli mniSvnelovnad gazrdili 

mulitis piki mimaniSnebelia imisa, rom warmoiqmna X sialoni-

SiAlON mulitis struqturiT. 

C2 -nimuSis rentgenogramaze (sur. 33) kaolinTan SedarebiT 

ufro gazrdili pikia, misi damaxasiaTebeli dhkl –5,37; 3,41-3,385; 

2,886; 2,695;  2,546 ; 2,285 ; 2,208 Å .  

C1-Tan SedarebiT ufro naklebi raodenobiTaa warmoqmnili 

muliti. Nnarevi kaolin-aluminisaa (cxr.1).Mmosalodneli iyo SiO2-

is aRdgena aluminiT da Semdeg aluminis an siliciumis 

nitridebis warmoqmna. aSkarad SeiniSneba mulitis ufro naklebi 

intensiuroba C1-Tan SedarebiT. es gamowveuli SeiZleba iyos 

imiT, rom rentgenogramaze aris a-Al2O3-is damaxasiaTebeli 

difraqciuli maqsimumebi: dhkl – 3,41 ; 2,546 ; 2,376 ; 2,09 . C3 - nimuSebis 

rentgenogramaze (sur.34) kaolinTan naxSirbadisa da aluminis 

pudris erTnairi Tanafardobaa aRebuli. igive mulitis 

damaxasiaTebeli pikebia ufro maRali intensiobiT, vidre 

kaolinSi da naklebi C1-Tan SedarebiT.  
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Catarebuli eqsperimentis Sedegebis analiziT Cans, rom C1 , 

C2 , C3  Sedgenilobis  narevebis azotis garemoSi gamowvisas 1400
0C-

ze miiReba X –sialoni, mulitis struqturiT. 

miRebuli Sedegebidan Cans, samive SemTxvevaSi ganxorcielda 

kaJmiwis aRdgenisa da Sesabamisad siliciumis nitridis 

warmoqmnis da Sedegad X-sialonis miRebis procesebi Semdegi 

reaqciebis mixedviT:   

 

Al2O3•2SiO2•2H2O → Al2O3 •2SiO2 + 2H2O ↑ 

Al2O3•2SiO2 → Al2O3•SiO2 + SiO2 

Al2O3•SiO2 + SiO2 + 2Al2O3 → 3Al2O3•2SiO2 

3SiO2 + 4Al → 3Si +2Al2O3 

3Si +2N2 → Si3N4 

2 Al + N2 → 2 AlN 

Semdegi kvlevisaTvis Cven SevarCieT sialonebis miRebis 

alumoTer-muli meTodi, vinaidan warmoqmnili kompoziti C2  

xasiaTdeba ufro maRali fizikur-teqnikuri maCveneblebiT 

(cxrili 1). 

      

siliciumis karbidisa da korundis bazaze 

cecxlgamZle kompozitis miReba sialonSemcveli 

SemkvreliT 

 

kvlevisaTvis SevadgineT narevebi: 

1. korundi-kaolini-aluminis pudra. 

2. korundi-kaolini-aluminis pudra-siliciumi. 

3. siliciumis karbidi-kaolini-aluminis pudra. 

4. siliciumis karbidi-kaolini-aluminis pudra-siliciumi. 

narevebis Sedgenilobebi warmodgenilia cxrilSi 2. 

nimuSebi gamoiwva RumelSi-azotis garemoSi 1350, 1400 da 

14500C temperaturaze. bolo temperaturaze erTsaaTiani 
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dayovnebiT. gamomwvari nimuSebis fizikur-teqnikuri 

maxasiaTeblebi warmodgenilia cxrilebSi 2, 3, 4.  

                                                            

cxrili 2.Nnarevis Sedgenilob da 13500C-ze gamomwvari nimuSebis 

fizikur-teqnikuri maxasiaTeblebi. 

 

  

cxrili 3.Nnarevis Sedgeniloba da 14000C-ze gamomwvari nimuSebis 

fizikur-teqnikuri maxasiaTeblebi. 
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cxrili 4. narevis Sedgeniloba da 14500C-ze gamomwvari nimuSebis 

fizikur-teqnikuri maxasiaTeblebi. 

 

     rogorc cxrilebidan Cans, temeperaturis matebisas 1350-dan 

14500C-mde izrdeba nimuSebis simtkicis zRvari kumSvisas C4 da C6 

nimuSebisaTvis. aseve izrdeba simkvrive, xolo forianoba 

mcirdeba. amasTan aRsaniSnavia, rom ukeTesi fizikur-meqanikuri 

maxasiaTeblebi miiReba im nimuSebisaTvis, romlebic  narevSi 

rogorc korundis, aseve siliciumis karbidis Semcvelobisas 

(cxr.2, 3, 4). erTdroulad Seicavs alumins da siliciums. 

 nimuSebis fazuri Sedgenilobis dasadgenad CavatareT 

rentgenostruqturuli analizi. 

 
nax. 4. 14000C-ze gamomwvari nimuSebis rentgenogramebi: 

1) C4   2) C5    3) C6     4) C7 
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rogorc C4-is rentgenogramidan (nax. 4) Cans, ZiriTadi faza 

korundia dhkl- 3,45 ; 2,555 ; 2,03 ; 2,09 ; 1,735 Å.  aris mulitis 

damaxasiaTebeli  difraqciuli maqsimumebi: dhkl- 5,37 ; 3,45 ; 2,695 ; 

2,555 ; 2,195 Å. Kkristobaliti- 4,06 Å. Aararseboba sxva nitriduli 

fazebisa: Si3N4-is da AlN-is imis maCvenebelia, rom  Al2O3-Tan erTad 

warmoiqmna X-sialonis myari xsnari, mulitis struqturiT. 

C5- nimuSis, sadac narevSi aluminis pudrasTan erTad aris 

Si-c 6% , korundis pikebTan erTad sakmao raodenobiT miRebulia 

siliciumis nitridi (nax. 42). misi damaxasiaTebeli difraqciuli 

maqsimumebi: dhkl- 3,39 ; 2,695 ; 2,511Å. ufro maRali intensiobiTaa, 

vidre SeiZleboda misi miReba 6 mas. % siliciumisagan. es niSnavs, 

rom am SemTxvevaSi sialonis (SiAlON) miReba xdeba nitriduli 

struqturiT, e. i. warmoiqmna β- sialoni miRebulia korundis 

cecxlgamZle masala sialonuri SemkvreliT.  

C6-nimuSis rentgenogramaze (nax. 43) ZiriTadi komponenti 

siliciumis karbidia. mcire raodenobiT aris a-Al2O3-ic.  

C4-is analogiurad aqac miRebulia muliti garkveuli 

raodenobiT. savaraudod misaRebi nitridebis damaxasiaTebeli 

pikebi ar aris. esec mianiSnebs, rom miRebuli X- sialoni 

mulitis struqturiTaa. 

C7-nimuSis rentgenogramaze (nax. 44) ZiriTadi fazaa 

siliciumis karbidi. dhkl- 2,625 ; 2,511 ; 2,353 ; 2,182 ; 2,004 Å. aseve 

mniSvnelovani raodenobiTaa siliciumis oqsinitridi – Si2ON2. 

dhkl- 4,67 ; 4,44 ; 3,36 ; 2,383 Å.   

O1-sialoni miiReba siliciumis oqsinitriduli struqturiT, 

rasac adgili aqvs C7- nimuSis SemTxvevaSi. amrigad, korundisa da 

siliciumis karbidis Semcveli nimuSebis 14000C-ze gamowvisas 

SeiniSneba Semdegi:  

1. Al2O3  da  SiC komponentebze kaolin-aluminis pudris narevis 

damatebiT miiReba korundi sialonuri SemkvreliT da 

siliciumis karbidi sialonuri SemkvreliT. orive SemTxvevaSi 

miiReba X- sialoni. 
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2. Al2O3  da  SiC komponentebze kaolin-aluminis pudra–

siliciumis narevis damatebiT aseve miiReba kompozitebi: korundi 

sialonuri SemkvreliT da siliciumis karbidi sialonuri 

SemkvreliT. 

aq sialoni korundTan β- formisaa da siliciumis karbidTan 

O1-sialoni miiReba. 

cxrili 5.  narevebis Sedgenilobebi 

 

 

sialonSemcveli kompozitis miReba reaqciuli 

Secxobis meTodiT 

Cveni samuSaos erT-erT mizans Seadgenda reaqciuli 

Secxobis meTodiT  sialonSemcveli kompozitebis miReba 

siliciumis karbidisa da korundis bazaze.  es meTodi sasurveli  

 

fazuri Sedgenilobis masalis miRebis saSualebas iZleva. 

am meTodiT sialonebis miRebisas, Secxobis temperatura 

mniSvnelovnad mcirdeba aqtiuri masalebis gamoyenebis 

SemTxvevaSi. 

amocana mdgomareobda iseTi masalebis SerCevaSi, 

romlebic reaqciuli Secxobis meTodiT axladwarmoqmnili 

komponentebis gamoyenebis saSualebas mogvcemda, radgan 

sialonebis myari xsnaris miRebisas a-Al2O3 da  AlN-is Canergva  β-

Si3N4-Si gansakuTrebiT martivdeba, rodesac misi kristaluri 

kompozitis 

indeqsi 

sawyisi komponentis Semcveloba, mas.% 

Kkaolini 

(ukraina) 

Al Al2O3 SiC Si perliti 

(somxeTi) 

Y2O3 MgO pologis 

Tixa, 

(ukraina) 

CH-1 80,00 20.00        

CH-2 20.00 10.00  70.00      

CH-3 20.00 10.00 70.00       

CH-6 18.52 18.52 18.52 18.52 20.37 2.78 1.85 0.92  

CH-7 13.89 23.15  27.78 25.00 2.78 1.85 0.92 4.63 

CH-8 13,89 23,15 27,78  25,00 2,78 1,85 0,92 4,63 
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meseri  jer kidev warmoqmnis procesSia. sawyisi maslebis saxiT 

gamoviyeneT: kaolini, aluminis pudra, siliciumi, siliciumis 

karbidi, aluminis oqsidi, xolo danamatebis saxiT: magniumisa da 

itriumis oqsidebi, perliti da cecxlgamZle Tixa. narevebis 

Sedgeniloba warmodgenilia  cxrilSi 5.   

      SeviswavleT 15000C-ze gamomwvari nimuSebis fizikur-teqnikuri 

Tvisebebi (cxrili 6). maRali fizikur-teqnikuri maCveneblebiT 

gamoirCeva C7, Semdeg C6 da C8. Ria forianoba Sesabamisad 

Seadgens 15,2, 15,0 da 15,4 % –s. kumSvisas simtkicis zRvari aris 

258, 256  da 254 mpa.  rac imaze metyvelebs, rom 15000C  ar aris 

sakmarisi sruli gamkvrivebisaTvis. miuxedavad amisa, qimiuri 

medegoba wylisa da mJavas (H2SO4 ρ-1.84) mimarT mainc maRalia. 

nimuSebis cecxlgamZleobaa-17700C.        

cxrili 6. 15000C-ze gamomwvari nimuSebis fizikur-teqnikuri 

maxasiaTeblebi 

Kkompozitis 

indeqsi 

Ria 

forianoba 

w,% 

simtkicis 

zRvari 

kumSvisas, σk, 
mpa 

simkvrive, ρ, 
g/sm3 

Qqimiuri 

medegoba, % 

CH-1 16.2 230 2.28 wyali mJava 

CH-2 15.0 245 2.8 99,41 99.16 

CH-3 16.0 240 3.2 99.36 99.15 

CH-6 15.0 256 2.25 99.82 99.20 

CH-7 15.2 258 2.31 99.79 99.25 

CH-8 15.4 254 2.78 99.80 99.30 

   

      sialonebis miRebisas mimdinare fizikur-qimiuri procesebis 

Sesaswavlad nimuSebi gamoiwva  800-15000C  temperaturul 

intervalSi da kvleva Catarda rentgenostruqturuli analiziT 

(nax.5) 
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nax. 5. CH-1 kompozitis X-RAY  ( 800-11000C) 

8000C-is rentgenogramaze gamokveTilia aluminis, 

siliciumis da kvarcis damaxasiaTebeli difraqciuli 

maqsimumebi,  dhkl :alumini- 2,338; 2,025; 1,62; 1,432 Å. siliciumi- 3,53; 

3,13; 2,45; 1,817 Å. kvarci-3,34; 4,25; 2,454; 1,817 Å .rogorc 

mosalodneli iyo kaolinitis daSlis Sedegad gamoiyo SiO2 , 

siliciumi ki warmoiqmna alumoTermiis procesis Sedegad  

Semdegi reaqciiT: 3SiO2+4Al→2Al2O3+3Si  . 

 900-10000C temperaturul intervalSi mkveTrad 

Semcirebulia aluminis da SiO2 –is damaxasiaTebeli pikebi, Cndeba 

axali fazebi AlN da  AlON. dhkl :alumini- 2,34; 2,025; 1,438 Å. kvarci- 

3,34; 4,25; 2,454; 1,817 Å . AlN – 2,714 Å. AlON- 1,985; 1,397 Å. 10000C dhkl :  

SiO2 – 4,25; 3,34; 2,280; 2,546 Å . Si – 3,13 ; 3,53; 1,817 Å . AlN- 2,714;  2,437; 

1,402 ; 1,397 Å . AlON- 2,383; 1,985; 1,385 Å.  

1100-12000C intervalSi qreba aluminis da izrdeba AlN da  

AlON-is intensioba. mkveTrad Semcirebulia SiO2 . 12000C- ze ar 

aris Si da SiO2 –is pikebi. gaCnda mulitis damaxasiaTebeli pikebi. 

11000C dhkl :  alumini- 2,38 Å; SiO2 – 4,25; 3,335; 1,824 Å. Si – 3,13 ; 1,824 Å. 

AlON- 1,983; 1,39 Å. AlN- 2,704;  2,48;  2,39 ; 1,56; 1,406; 1,411; 1,32 Å . muliti 

- 5,33; 3,44; 3,395 Å.  12000C dhkl :  AlN-2,734; 2,700; 2,46; 2,383; 1,548; 1,435; 

1,418; 1,334 Å. muliti- 5,45; 3,43; 3,395; 2,885; 2,546; 2,295; 2,208; 1,899; 

1,990; 1,824; 1,705 ; 1,530 Å; AlON-1,993 Å;  
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                              nax. 6.   CH-1 kompozitis X-RAY  ( 1200-15000C)  

 

  1300-14000C- ze ZiriTadi faza mulitia. kvalis saxiT rCeba 

AlN da  AlON da ar Cans Si3N4-is damaxasiaTebeli piki. igive 

suraTia 15000C- ze, rac mianiSnebs, rom 13000C–ze warmoiqmna X-

sialoni mulitis struqturiT. 13000C dhkl : muliti - 5,38; 3,395; 2,89; 

2,704; 2,555; 2,43; 2,29; 2,125; 1,84; 1,700; 1,600; 1,520; 1,44 Å; AlN-2,70 Å. 

korundi-3,476; 2,09 Å; kristobalitis kvali 4,09 Å; ALN-1,98 Å; 14000C 

dhkl : muliti gadidebuli pikebiT. Kkorundi kvalis saxiT -3,476; 

2,09 Å; AlN -2,70 Å;  Si3N4-6,88Å.   

 
nax. 7.   CH-2 kompozitisis X-RAY  ( 800-11000C) 

 

          CH-2-is Sedgenilobis (cxrili 5) nimuSebis rentgenogramebze 

800-15000C-mde 1000C-is intervaliT gamomwvar nimuSebSi, kazmSi 

Seyvanili siliciumis karbidi rCeba ucvleli yvela 

temperaturaze. rogorc CH-1-is nimuSebidan Cans, aqac 800-9000C- 

ze aris aluminis, siliciumis da SiO2–is damaxasiaTebeli 

difraqciuli maqsimumebi.   
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nax. 8.   CH-2 kompozitis X-RAY  ( 1200-15000C) 

 

1000-11000C- ze warmoiqmna axali fazebi: AlN da AlON. 11000C- 

ze muliti. yvela danarCen temperaturaze fazebis warmoqmna 

mimdinareobs igive sqemiT rogorc CH-1-is SemTxvevaSi, magram 

SedarebiT naklebi intensiobiT, Sesabamisad Sedgenilobisa. 

amrigad, miRebulia siliciumis karbidis kompoziti X- 

sialonuri SemkvreliT. 

                   

nax. 9.  CH-3 kompozitis X-RAY ( 800-11000C) 

 

CH-1 da CH-2-is msgavsad qimiuri procesebi am 

Sedgenilobis (cxrili 5) nimuSebSi igive sqemiT mimdinareobs. a-

Al2O3  ucvleli rCeba bolomde da miiReba kompoziti korundi X- 

sialonuri SemkvreliT. 
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nax. 10.   CH-3 kompozitis X-RAY  ( 1200-15000C) 

 

miRebuli Sedegebidan gamomdinare, SiC da a-Al2O3-is 

Semcveli sialonuri kompozitis misaRebad, kazmis 

SedgenilobaSi Seyvanilia damatebiT metaluri siliciumi, 

Semcirebuli raodenobiT siliciumis karbidi da a-AL2O3 (cxrili 

5). miRebuli kompozitebis fizikur-teqnikuri maxasiaTeblebi 

warmodgenilia cxrilSi 6. 

   cxrilSi 5 moyvanili sami Sedgenilobis (CH-6, CH-7, CH-8) 

15000C- ze gamomwvari nimuSebis rentgenogramebi warmodgenilia 

naxazze 11, 12, 13. 

CH-6 kompoziti ZiriTadad Sedgeba ß-sialonisagan. masSi 

dafiqsirda karbidis da korundis damaxasiaTebeli difraqciuli 

maqsimumebi. 

 

nax. 11.  CH-6 kompozitis X-RAY  (15000C) 
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CH-7 rentgenogramaze ZiriTadi faza ß-sialonia.Kkompoziti 

Seicavs ß-sialonTan erTad siliciumis karbids; umniSvnelo 

raodenobiT Seicavs X sialonsac. 

 
nax. 12.  CH-7 kompozitis X-RAY  (15000C) 

 

nax. 13. CH-8  kompozitis X-RAY  (15000C)   

 

CH-8 kompoziti, msgavsad zemoTaRniSnuli kompozitebisa 

Sedgeba ß-sialonisagan da Seyvanili a-Al2O3-sagan. 

      mikrostruqturuli analizis (nax. 14) Sedegebi adasturebs 

rentgenostruqturuli kvlevis monacemebs. CH-1 kompozitis 

mikro-struqtura aseve warmodgenilia ZiriTadad X- sialonis 

faziT, romelSic Cawinwklulia Si3N4 marcvlebi. 

 CH-6, CH-7 da CH-8 kompozitebis mikrostruqturuli 

kvlevis monacemebi TanxvedraSia rentgenostruqturuli 

analizis SedegebTan, saidanac Cans, rom am kompozitebis 

matricas warmoadgens ß-sialoni. 

CH-6 kompozitis matricaSi ganawilebulia siliciumis 

karbidisa da korundis marcvlebi. CH-7kompozitis matricaSi 

gamokveTilia siliciumis karbidis marcvlebi, romelTa zoma 

aRemateba axalwarmoqmnili siliciumis nitridis marcvlebis 

zomas. CH-8 kompozitSi igive ß-sialonisagan Semdgari matricaa, 
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romelSic aris a-AL2O3 –is kristalebi. am suraTze Cans forebi, 

romlebic am kompozitSi meti raodenobiTaa. 

                                                     
     CH-1   X-200                                                                       CH-6   X-500             

              
                  CH-7  X-200                                                        CH-8    X-500 

nax.@14.  kompozitebis mikrostruqturebi     

                    

        CH-6 komozitis struqturis kvleva gavagrZeleT JEOL firmis 

eleqtronul-rastruli mikroskopis YSM 650LW-s saSualebiT da 

mikrorentgenospeqtruli analiziT. es ukanaskneli Catarda 

OXFORD instrumentals  deteqtorze X-max, ris saSualebiTac viRebT 

kompozitis Semcvel elementTa zogad Semadgenlobas. analizis 

Sedegebi mocemulia naxazze 15. da 16.       

naxazze 15 gamokveTilia ZiriTadi fazis sialonis 

arseboba, romelic matricis rols asrulebs. masSi 

ganawilebulia siliciumis karbidisa da korundis kristalebi, 

rac adasturebs rentgenostruqturuli da mikrostruqturuli  

analizis monacemebs. 

 

 

nax. 15. CH-6 kompozitis eleqtronul-mikroskopiuli analizi (15000C) 
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nax. 16. CH-6   kompozitis mikrorentgenospeqtruli analizis Sedegebi 

nax. 16-ze warmodgenilia mikrorentgenospeqtruli 

analizi, monakveTze speqtrum 1 da  Semadgenel elementTa sqema 

da maTi procentuli Semcveloba, saidanac naTlad Cans, rom 

kompozitis Semcveli mineralebis: sialonis, siliciumis 

karbidis da korundis Semcveli elementebia Si, Al, O, N da 

Sesabamisad maTi procentuli raodenoba, rac erTxel kidev 

naTels xdis kompozitSi aRniSnuli mineralebis arsebobas. 

reaqciuli SecxobiT miRebuli kompozitis warmoebis  

teqnologiuri sqema. 
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cxeli dawnexvis meTodiT kompozitebis miReba ß-

sialonis matricaze 

    mkvrivi nakeTobis misaRebad cxeli dawnexvis meTodiT 

reaqciuli Secxobisa da nitroalumoTermuli meTodebiT 

miRebuli komzozitebi CH-6  da  CH-8 (ix. qimiuri Sedgeniloba gv.) 

gadaifqva burTulebian wisqvilSi 8 saaTis ganmavlobaSi.  

  cxeli dawnexvisas dabal temperaturebze rekristalizaciis 

aqtiuri procesi e.i. Secxobadi nivTierebis marcvlebis zomis 

zrda jer kidev ar iwyeba, e.i. Sedegad Secxobil nakeTobas 

eqneba wvrilmarcvlovani struqtura da maRali fardobiTi 

simkvrive.  

prekursori momzadda TermostatSi 1500C –ze, civad 

daiwnexa 12-15 mpa-ze da 20-25 mpa-ze. daiwnexa cxlad 16000C- ze 30 

mpa wnevis qveS, vakuumi Seadgenda 10-3pa-s, dayovneba saboloo 

temperaturaze 10-12 wT. gamowvis reJimi iyo: 20-5000C-mde 70C /wT, 

500-14000C-mde 1500C/wT, 1400-16000C–mde ki 100C/wT. gaciveba 100C/wT. 

gamowvis  reJimi warmodgenilia naxazze 17. 

 
nax. 17. cxlad dawnexili nimuSebis gamowvis temperaturuli reJimi 

    Seswavlil iqna 16000C-ze cxlad dawnexili nimuSebis 

fizikur-teqnikuri maxasiaTeblebi. miRebuli Sedegebi 

warmodgenilia cxrilSi 7. cxlad dawnexili nimuSebis Ria 

forianoba Seadgens 0,5%(CH-6) da 0,7% (CH-8 ), xolo simtkicis 

zRvari kumSvisas -1940 mpa da 1614 mpa,…sisale - HV:11.40. Cvens 
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mier cxrilSi warmodgeni-li monacemebidan SegviZlia davaskvnaT, 

rom 16000C sakmarisia     nimuSebis sruli gamkvrivebisaTvis. 

 

cxrili 7. cxlad dawnexili CH-6 nimuSis fizikur-teqnikuri 

maxasiaTeblebi 

 

miRebuli masalebis  dinamiuri mikrosisale da drekadobis 

moduli ganisazRvra Tanamedrove ISO-14577 saerTaSoriso 

standartis moTxovnebis Sesabamis dinamiur ultra mikrosisalis 

testerze DUH-211S, romelic myari sxeulebis zedapirebis 

meqanikuri maxasiaTeblebis (mikrosisale, drekadobis moduli) 

dasadgenad gamoiyeneba. Sedegebi warmodgenilia cxrilSi 8.    

                cxrili 8.   testis monacemebi -CH6-1600(200gr.)  

 

Test mode Load-unload           Sample No.            CH6-1600  
Sample name CH6-1600 Minimum force 1.96[mN] 
Test force 200.[gr] Hold time at load 5[sec] 
Loading speed 1.0(70.0670[mN/sec]) Test count 9 
Hold time at 

 

3[sec] Parameter 20 
Comment 20.11.15. .CH6-1600-

 

  
Poisson's ratio 0.250   
Indenter type    Vickers   
  

 

 

  
                                     

kompozitis 

indeqsi 

Ria 

forianoba 

w,% 

saerTo 

forianoba,     

∏, % 

simkvrive    

ρ, g/sm3 

dawne

xvis 

wneva, 

mpa 

 

simtkicis 

zRvari 

kumSvisas, 

σk ,mpa 

simtkicis 

zRvari 

Runvisas, 

σR, mpa 

CH-6 (16000) 0,5 3,95 2,97 30 1940  490 

CH-8  (16000) 0,7 2,49 3,17 30 1614  456 

SEQ Fmax hmax DHV-1 Eit Lengt

 

      HV Data name 
 [mN] [um]      GPa 

 

[um] GPa 

 

 
1 1908.95 3.0142 1047.406 209 17.39

 

11.92 CH6-1600(1900)(1) 
2 1908.23 3.0219 1041.627 200 17.69

 

11.52 CH6-1600(1900)(4) 
3 1907.52 3.0035 1054.060 201 16.81

 

12.75 CH6-1600(1900)(7) 
4 1908.23 3.1456 961.333 191 18.93

 

10.06 CH6-1600(1900)(8) 
5 1908.95 3.0214 1042.405 195 18.34

 

10.72 CH6-1600(1900)(9) 
Average 1908.38 3.0413 1029.366 199 17.83

 

11.40  
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cxrilSi 8 mocemuli gvaqvs CH-6 16000C-ze cxlad dawnexil 

nimuSze Catarebuli testis Sedegebi, anabeWdi aRebulia 

matricaSi, anabeWdis aReba moxda ramodenimejer, Sedegebi ki 

mocemulia cxrilSi, sadac saSualo simagre aris HV: 11,40gpa. 

dinamiuri mikrosisale (DH) ganisazRvreba testirebis 

procesSi indentorze modebuli datvirTvis sididisa da misi 

masalaSi SeRwevis siRrmiT, misi mniSvneloba iangariSeba 

formuliT: DH=a x F/h2; a mudmivi sididea da damokidebulia 

indentoris formaze, igi vikersis indentorisTvis tolia: 

a=3,8584. 

meTodis upiratesoba Cveulebriv statikuri, anu anabeWdis 

wrfivi zomebis (diagonali) gazomvebTan SedarebiT, mdgomareobs 

imaSi, rom is Seicavs rogorc plastikur, ise drekad mdgenelebs. 

gazomvebis Sedegebi ar aris damokidebuli anabeWdis zomebze, 

datvirTvebze da drekadi aRdgenis araerTgvarovnebaze. 

dinamiuri sisale ganisazRvra datvirTva-gantvirTvis 

reJimSi, TiToeul konkretul datvirTvaze Svidi anaTvalis 

aRebiT, ori ukiduresi mniSvnelobis ugulvebelyofiT da 

darCenili xuTi sididis gasaSualebiT. mikrosisalis Sesabamisi 

mniSvneloba ganisazRvreboda avtomaturad. dayovnebis dro 

datvirTvis maqsimumze Seadgenda 5 wm-s, gantvirTvis bolos -3 wm-

s (nax. 18 a,b). 

indentireba moxda nimuSis matricaSi, romelic Sedgeba β-

sialonisagan. gamocdis Sedegad misi saSualo dinamiuri sisale 

Seadgens DHV=10,29gpa-s, rac sakmaod maRali maCvenebelia. 

datvirTva-gantvirTvis damokidebulebis grafikidan (nax. 18) 

ganisazRvreba drekadobis modulis sidide sixistis S=(dF/dh)h-

hmax.-is dadgeniT. is warmoadgens datvirTva-gantvirTvis grafikis  

mxebs gantvirTvis sawyis wertilSi. xelsawyo gansazRvravs 

sakvlevi masalis drekadobis moduls, romlis sididec Cveni 

nimuSis SemTxvevaSi tolia E=199gpa. 
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             a .                                       b. 
nax. 18.  datvirTva-gantvirTvis mrudi: a. indentorze datvirTvis Zala 

b. indentoris masalaSi SeRwevis siRrme    

naxazze 19 naCvenebia SiAlON  matricaSi aRebuli anabeWdi, 

saidanac Cans, rom anabeWdis forma mkveTria, gamokveTili 

wiboebiT. wiboebis gaswvriv SeiniSneba Tanabari zomis bzarebi, 

rac metyvelebs matricis erTgvarovnobaze da maRal fardobiT 

simkvriveze. 

    

nax. 19. SiAlON  matricaSi aRebuli anabeWdi, datvirTva a)200gr.; b.)100gr 

 

cxril 9-Si  mocemulia kompozit CH-6-16000C –is 

mikrostruqturaSi Semcveli SiC marcvlebis testirebis Sedegebi. 

indentireba xdeboda SiC marcvlebze 100 grami datvirTvisas. 

saSualo sisalis maCvenebeli HV siliciumis karbidisTvis 

Seadgens 22.6 gpa, dinamiuri sisale  DH-15.2gpa, drekadobis 

moduli E-289gpa, rac sakmaod maRali maCveneblebia.  
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cxrili 9.  testis monacemebi -CH6-1600(SiC)  

 

Test mode Load-unload                              Sample No          CH6-1600  
Sample name CH6-1600 Minimum force 1.96[mN] 
Test force 100   [gr] Hold time at 

 

5[sec] 
Loading speed 1.0(70.0670[mN/sec]) Test count 5 
Hold time at unload 3[sec] Parameter 20 
Comment 20.11.15. CH6-1600-

 

  
Poisson's ratio 0.190   
Indenter type Vickers 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

     

  
    

 

 

 

 

 a.                                       

 b. 

nax. 20.  indentoris masalaSi SeRwevis siRrmis datvirTva-gantvirTvis 

mrudebi: a) indentorze daTvirTvis Zala Bb) indentoris masalaSi 

SeRwevis siRrme 

SEQ Fmax hmax DHV-1 Eit Length HV Data name 

 [mN] [um]  GPa [um] GPa  

1 1007.08 2.0103 1242.166 248 10.162 18.44 CH6-1600(SiC)1(1) 

2 1006.75 1.6322 1883.813 363 8.406 26.94 CH6-1600(SiC)1(2) 

3 1006.72 2.0353 1211.497 210 9.577 20.78 CH6-1600(SiC)1(3) 

4 1007.82 1.7741 1596.132 293 9.575 20.78 CH6-1600(SiC)1(4) 

5 1008.72 1.7322 1675.821 330 8.553 26.07 CH6-1600(SiC)1(5) 

Average 1007.42 1.8368 1521.886 289 9.255 22.60  
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     siliciumis karbidis marcvlebze aRebuli anabeWdis 

sazRvrebi mkveTria (nax.21), bzari, romelic warmoiSveba 

marcvalze indentoris datvirTvis Sedegad ar vrceldeba 

marcvlis sazRvris iqiT, matrica energiis disipaciis 

safuZvelze axSobs bzaris gavrcelebas da kompozitis simtkice 

inarCunebs Tavis mniSvnelobas. 

    

a.                                b. 

nax. 21. SiC-s marcvalSi aRebuli anabeWdi 100 gr. datvirTvaze 

                                

                 

cxrili 10. testis monacemebi -CH8-1600 

 

Test mode Load-unload Sample No            CH8-1600  
Sample name CH8-1600 Minimum force 1.96[mN] 
Test force 200.00gr Hold time at load 5[sec] 
Loading speed 1.0(70.0670[mN/sec]) Test count 3 
Hold time atunload  3[sec] Parameter 20 

   Poisson's ratio        0.250 

   Comment               24.11.15 

   Indenter type            Vickers 

 

SEQ Fmax hmax DHV-1 Eit Length      HV Data  

name 
 [mN] [um]      GPa [um]     GPa  

1 1508.56 2.6073 1106.197 211 13.989   14.60 CH8-1600(1) 

2 1507.66 2.6574 1064.210 200 13.989   14.60 CH8-1600(2) 

3 1508.56 2.6283 1088.609 210 13.698   15.20 CH8-1600(3) 

Average 1508.26 2.6310 1086.339 210 13.892   14.80  
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 a.                                               

b. 

nax. 22. datvirTva-gantvirTvis mrudebi: a ) indentorze datvirTvis 

ZalaBb) indentoris masalaSi SeRwevis siRrme 

 

 

nax. 23. Si-Al-O-N  matricaSi aRebuli anabeWdi  

 

    cxlad dawnexiT 16000C-ze miRebuli kompozitebis fazuri 

Sedgenilobis Sesaswavlad kvleva Catarda rentgeno-

struqturuli da eleqtronuli mikroskopiis meTodebiT. 

 

nax. 24. CH-6 kompozitis X-ray (16000 C)  
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   kompozitis rentgenogramaze gamokveTilia sialonis 

damaxasiaTebeli difraqciuli maqsimumebi dhkl : 7,95; 5,63; 3,85; 3,65; 

2,520;  2,19;  siliciumis karbidi- dhkl: 2,63; 2,370; 2,19;  2,014;  korundi- 

dhkl:3,49; 2,52; 2,36; 2,090. 

    rentgenogramidan Cans, rom CH-6 kompoziti ZiriTadad 

Sedgeba β- sialonisagan. β- sialonTan  erTad Seicavs aseve 

siliciumis karbids da korunds, romlebic Tavidan Seiyvaneba 

narevSi. orive SemTxvevaSi kompozitis matrica β- sialonia da 

igi ganmtkicebulia korundisa da siliciumis karbidis 

kristalebiT. 

 

 

 

 

 

 

nax. 25.    CH-8 kompozitis X-ray (16000 C) 

         CH-8 kompozitis rentgenogramaze gamokveTilia sialonis 

damaxasiaTebeli difraqciuli maqsimumebi dhkl : 6,68; 5,63; 3,85; 3,65; 

2,520;  2,21; korundi- dhkl :3,49; 2,52; 2,36; 2,09 

      CH-6 kompozitis eleqtronuli mikroskopiis suraTebze 

naCvenebia kargad Semcxvari nimuSis zedapiri, romelzec 

gamokveTilia kristalebi im ZiriTadi fazebisa, romlebsac 

Seicavs 16000C-ze cxlad dawnexili kompoziti, konkretulad 

matricis saxiT sialons, SiC-s da korunds. arc erT nimuSSi ar 

SeiniSneba forebi. 

   

            a) X 270                              b) X 1000 
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          g)  X 2200                               d) X 2700   

nax. 26. CH-6 kompozitis eleqtronul-mikroskopuli suraTebi sxvadasxva 

gadidebisas:  a) X270 b) X1000 g) X 2200 d) X 2700 

   am nimuSebis rentgenostruqturuli  analizis monacemebi 

TanxvedraSia eleqtronuli mikroskopiis suraTebTan. 

       

               a) X 270                          b) X 1000  

    

              g) X 2700                           d) X 10000  

nax. 27.  CH-8 kompozitis eleqtronul-mikroskopuli suraTebi 

sxvadasxva gadidebisas:  a) X270 b) X1000 g) X 2700 d) X 10000 

aq naTelia, rom cxeli dawnexvisas mineralogiuri Sedgeniloba 

ar Seicvala, reaqciuli SecxobiT miRebul nimuSebTan 

SedarebiT, rac ufro mkafiod Cans didi gadidebis SemTxvevaSi.  

   mikrorentgenospeqtruli analizi Catarda OXFORD 

INSTURMENTALS  deteqtorze  X-max , risi saSualebiTac miviReT 
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kompozitis Semcvel elementTa zogadi Sedgeniloba. analizis 

Sedegebi   mocemulia naxazze 28. 

 

nax. 28. CH-6 kompozitis mikrorentgenospeqtruli analizi monakveTze 

spectrum 1 

               naxazze warmodgenilia CH-6 kompozitis 

mikrorentgenospeqtruli  analizi spectrum1 monakveTze da 

Semadgenel elementTa sqema, maTi procentuli Semcveloba, 

saidanac Cans, rom kompozitis ZiriTadi Semadgenelia sialoni. 

es kidev erTxel adasturebs rentgenostruqturul analizis 

Sedegebs, sadac mTavari Semadgeneli faza aris sialoni. naxazze 

28 sialonis Semcveli elementebis: siliciumis, aluminis, 

Jangbadis da azotis procentuli Semcvelobaa mocemuli. aseve 

dafiqsirebulia elementi naxSirbadi, romelic SiC-s 

Semcvelobaze mianiSnebs. Jangbadis gazrdili raodenoba da 

element aluminis Semcveloba asaxavs, rogorc sialonis, aseve 

korundis arsebobas kompozitSi. 

        
nax. 29.  CH-6 kompozitis mikrorentgenospeqtruli analizi 

   warmodgenilia elementTa Semcvelobis amsaxveli sqemebi 

SedarebiT mokle ubnebze spectrum 2, 3. naxazidan Cans ZiriTadi 

fazebis sialonis, siliciumis karbidis da korundis 

Semadgeneli elementebis procentuli Semcveloba. yvela ubanze 
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procentuli Tanafardoba TiTqmis erTnairia, rac mianiSnebs 

miRebuli kompozitis CH-6-is erTgvarovan struqturaze.  

 

    
nax. 30. CH-8 kompozitis mikrorentgenospeqtruli analizi 

           naxazze warmodgenili wertilebis mikrorentgeno-

sturqturuli analizi TvalsaCino suraTs iZleva swored im 

wertilebSi arsebuli fazis Semadgeneli elementebis 

Semcvelobis Sesaxeb, saidanac Cans, rom CH-8 kompozitis 

ZiriTadi Semadgeneli fazebia: sialoni da korundi. 

cxlad dawnexili nimuSebis warmoebis teqnologiuri sqema 

 

 

 

 

 

 

 

 

 

 

 

 

Reaqciuli SecxobiT miRebuli nimuSebi 

uxeSi damsxvreva (ybebiani msxvrevana) 

wmindad dafqva, burTulebiani wisqvili 

gacra, vibrosaceri 

civad dawnexa orjeradad 

cxlad dawnexa 

mkvrivi nakeToba 
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CavatareT eqsperimenti cxeli dawnexvis meTodiT CH-8 da  CH-6 D  

kompozitebis misaRebad 1650 da  17500C-ze Sesabamisad. sawyis 

komponentebs daemata titanisa da cirkoniumis diboridebi. (cxr. 

11) 

SeviswavleT aRniSnuli kompozitebis fizikur-teqnikuri 

Tvisebebi, romelTa maxasiaTeblebi warmodgenilia cxrilSi 12, 

cxrilis monacemebidan Cans, rom CH6-D-simtkicis zRvari 

kumSvisas 1517 σk, mpa,   CH-8-1614 σk,mpa .  

 

cxrili 11. narevis Sedgeniloba 

 

 

cxrili 12. cxlad dawnexili nimuSebis fizikur-teqnikuri 

maxasiaTeblebi 

 

fazuri Sedgenilobis dasadgenad CavatareT kompozitebis CH-6 da  

CH-8 –is kvleva rentgenostruqturuli, eleqtronuli 

                 sawyisi komponentis Semcveloba, mas.%  
kompozitis 

 indeqsi 

Kaolini 

prosianai

a 

(ukraina) 

Al Al2O3 SiC Si perliti 

aragacis 

(somxeTi) 

Y2O3 M

gO 

polog

is 

Tixa 

(ukrain

a) 

TiB2 ZrB2 

CH-8 15 25 30 - 27 3 2 1 5 - - 

CH-6 D 15 20 20 20 22 3 2 1 5    3 3 

kompozitis 

indeqsi 

Ria 

forianoba 

w,% 

saerTo 

forianoba,     

∏, % 

simkvrive,    

ρ, g/sm3 

dawn-

exvis 

wneva, 

mpa 

 

simtkicis 

zRvari 

kumSvisas,  

σk, mpa 

simtkicis 

zRvari 

Runvisas, 

σR, mpa 

CH6+TiB2, ZrB2    

(17500) 

0,08 0,27 3.11 30 1517 515 

CH-8  (16500) 0,00 0,02 3,21 30 1614 456 
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mikroskoopisa da mikrorentgenospeqtruli analizebis 

meTodebiT.  

 

nax. 31.    CH-6 kompozitis X-ray (17500C) 

 

nax. 32 .   CH-8 kompozitis X-ray (16500C) 

      rentgenostruqturuli analizis (nax. 31, 32) SedegebiT CH-6 

kompozitis ZiriTadi fazebia sialoni, siliciumis karbidi da 

korundi, xolo CH8-is –sialoni da korundi. 

     naxazebze 33 da 34 warmodgenilia  eleqtronuli 

mikroskoopisa da mikrorentgenospeqtruli analizebis Sedegebi 

siadanac Cans, rom kompozitebis ZiriTadi fazebi ucvlelia 

16000C-ze dawnexil nimuSebTan SedarebiT.  CH-6 D-is-matricas 

warmoadgens β sialoni, romelic ganmtkicebulia siliciumis 

karbidisa da korundis kristalebiT. mikrorentgenospeqtruli 

analizi aCvenebs sialonis Semcvel elementebTan erTad titanisa 

da cirkoniumis diboridebis Semcvelobas. 
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nax. 33. CH-6 D kompozitis eleqtronul-mikroskopuli suraTi X 5500 

   

    

nax. 34. CH6-D kompozitis mikrorentgenospeqtruli analizi 

     naxazze warmodgenilia monakveTi spectrum 1 da am monakveTis 

mikrorentgenospeqtruli analizis monacemebi. elementebis Si, O, 

Al, N,C, Zr,Ti procentuli Semcveloba adasturebs am monakveTze 

matricis saxiT beta sialonis, masSi ganawilebuli siliciumis 

karbidis, korundis da titanisa da cirkoniumis diboridebis 

arsebobas. amave naxazze mocemulia monakveTi spectrum 1- is mokle 

ubnebis (wertilebis) 5 Semadgeneli elementebis sqema,  sadac 

ZiriTad fazebTan erTad–titanisa da cirkoniumis diboridebia.  

   eleqtronuli mikroskopiisa da mikrorentgenospeqtruli 

analizebi CH-8 kompozitis warmodgenilia nax. 35. Sedareba imave 

kompozitis 16000C gamomwvar nimuSebTan, rogorc analizebidan 

Cans gviCvenebs 500C momatebiT  ZiriTadi fazebi ucvleli rCeba. 

igive suraTia miRebuli mikrorentgenospeqtruli analiziT (nax. 

36). 

 



38 
 

 

 

 

nax. 35.  CH-8 kompozitis eleqtronul-mikroskopuli suraTi, X 5500 

     

nax. 36. CH- 8 kompozitis mikrorentgenospeqtruli analizi 

     eleqtronuli mikroskopiisa da mikrorentgenospeqtruli 

analiziT miRebuli Sedegebi orive kompozitis SemTxvevaSi 

adasturebs rentgenostuqturuli analizis monacemebs. 

 ganisazRvra cxlad dawnexiT  kompozitebis CH-6 D- 17500C da CH-8  

16500C-ze miRebuli nimuSebis dinamiuri mikrosisale da 

drekadobis moduli. Sedegebi warmodgenilia naxazze 37,38 da 39. 

CH-6 D 17500C –ze HV-12.78 gpa, CH- 8 16500C-ze HV-11.61 gpa (cxr. 13 

da cxr. 14).                                          

   cxrili 13. testis monacemebi CH6-1750 

Test mode Load-unload  Sample No           CH6-1750  
Sample name CH6-1750 Minimum force 1.96[mN] 
Test force 200 [gr] Hold time at load 5[sec] 
Loading speed 1.0(70.0670[mN/sec]) Test count 3 
Hold time at unload 

Comment 

Poisson's ratio 

  

3[sec] 

24.11.15.  

0.250 

 

Parameter 20 

    
SEQ Fmax hmax DHV-1 Eit Length HV Data name 

 [mN] [um]  GPa [um] GPa  

1 1908.38 3.5481 755.667 167 18.205 10.88 CH6-1750(1) 

2 1908.22 3.2285 912.574 177 16.248 13.66 CH6-1750(2) 

3 1907.15 3.2201 916.834 171 16.175 13.78 CH6-1750(3) 

Average 1907.92 3.3322 861.692 172 16.876 12.78  
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                                 a.                                b. 

nax. 37. datvirTva-gantvirTvis mrudebi: a ) indentorze datvirTvis 

Zala Bb) indentoris masalaSi SeRwevis siRrme 

  

nax. 38. Si-Al-O-N matricaSi aRebuli anabeWdi 

 (CH-6 17500C, CH-8 16500C) 

anabeWdebis sazRvrebi mkveTria, anabeWdi vrceldeba ara marto 

matricaze , aramed marcvlebzec. bzarebi ar SeiniSneba, rac 

mianiSnebs, rom miRebulkompozits gaaCnia unari winaaRmdegoba 

gauwios bzarebis warmoqmnis SemTxvevaSi mis  gavrcelebas. 

 

cxrili 14. testis monacemebi CH-8-1650 

Test mode Load-unload                       Sample No.           CH8-1650 

Sample name CH8-1650 Minimum force 1.96[mN] 
Test force 200 [gr] Hold time at load 5[sec] 
Loading speed 1.0(70.0670[mN/sec]) Test count 3 
Hold time at unload 3[sec] Parameter 20 
Comment       

Poisson's ratio                  

Indenter type                 

 

    24.11.15.  

0.250 
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a.                               b. 

nax. 39. datvirTva-gantvirTvis mrudebi: a ) indentorze datTvirTvis 

ZalaBb) indentoris masalaSi SeRwevis siRrme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SEQ Fmax hmax DHV-1 Eit Length HV Data name 
 [mN] [um]  GPa [um] GPa  

1 1007.44 5.1000 193.077 256 12.937 11.38 CH8-1650(1) 

2 1007.63 5.0202 199.302 257 12.969 11.32 CH8-1650(2) 

3 1007.46 4.8733 211.462 268 12.532 12.13 CH8-1650(3) 

Average 1007.51 4.9978 201.280 260 12.813 11.61  
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daskvna 

 

_ sialonis misaRebi meTodis SerCevis mizniT Catarebulia 

kvleva karbo da alumoTermuli meTodebiT. Seswavlilia:  

1. kaolinis; 2. kaolin- grafitis narevis (C1) ;3. kaolin-aluminis 

pudris (C2)  da 4. kaolin-grafiti-aluminis pudris narevebis 

14000C-ze azotis garemoSi gamowvis Sedegad miRebuli nimuSebis 

fizikur-teqnikuri Tvisebebi, xolo  rentgenostruqturuli 

analiziT nimuSebis fazuri Sedgeniloba.  

_ dadgenilia, rom C1;  C2;  C3 Sedgenilobis nimuSebis azotis 

garemoSi gamowvisas, 14000C-ze miiReba X-sialoni mulitis 

struqturiT. Semdgomi kvlevebisaTvis SerCeulia alumoTermuli 

meTodi. 

_ siliciumis karbidisa da korundis aluminis pudrasTan 

narevis(C4; C6;) azotis areSi gamowviT 1350, 1400 da 14500C-ze 

miRebulia nimuSebi maRali saeqsploatacio fizikur-teqnikuri 

TvisebebiT. C4-is fazuri Sedgenilobaa Al2O3 – X sialonuri 

SemkvreliT; C6   -is SiC  X sialonuri SemkvreliT. 

_ SiC da  Al2O3-ze aluminis pudrasTan erTad  elementaruli 

siliciumis nareviT 14000C-ze  gamowviT azotis garemoSi, 

miRebulia C5 da C7 kompozitebi Al2O3- sialonuri SemkvreliT da 

SiC- sialonuri SemkvreliT.  

C5 – nimuSebSi SiAlON-i miiReba nitriduli struqturiT e. i. 

warmoiqmna β- sialoni da C7 - O1-sialoni- oqsinitriduli 

struqturiT 

_ reaqciuli Secxobis meTodiT miRebulia kompozitebi CH-1,CH-2, 

CH-3. Seswavlilia maTi miRebisas mimdinare fizikur-qimiuri 

procesebi rentgenostruqturuli analiziT 800-15000C-ze 1000C 

intervaliT, saidanac gamoCnda Tu romel temperaturaze 

warmoiqmneba fazebi, romlebic sialonis sabolood 

CamoyalibebaSi monawileoben. qimiuri procesebi samive 

kompozitis SemTxvevaSi erTidaigive sqemiT mimdinareobs. 
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_ reaqciuli Secxobis meTodiT miRebulia CH- 6, CH- 7 da CH-8 

kompozitebi. maRali fizikur-teqnikuri TvisebebiT.  

_ CH- 6, CH- 7 da CH-8 kompozitebis fazuri Sedgeniloba 

Seswavlilia rentgenostruqturuli, eleqtronuli mikroskopiis 

da mikrorentgenospeqtruli analizebiT. samive kompozitSi 

matrica β- sialonia, CH- 6-is matricaSi ganawilebulia 

siliciumis karbidisa da korundis; CH-7-Si – siliciumis 

karbidis da CH-8-Si–korundis kristalebi.  

_ reaqciuli Secxobis meTodiT miRebuli nimuSebi (CH-6, CH-8) 

gadaifqva, Semdeg dayalibda 16000C temperaturaze cxlad 

dawnexvis meTodiT 30 mpa wnevis qveS. 

_ Seswavlilia cxlad dawnexili nimuSebis fizikur-teqnikuri 

maxasiaTeblebi da fazuri Sedgeniloba. 

_ miRebuli masalebis dinamiuri mikrosisale da drekadobis 

moduli ganisazRvra Tanamedrove ISO-14577 saerTaSoriso 

standartis moTxovnebis Sesabamis dinamiur ultra mikrosisalis 

testerze DUH211S. 

_ moyvanili grafikebidan Cans, rom miuxedavad, orive kompozitis 

mravalfazianobisa, damokidebuleba “Zala-CaRrmaveba” msgavsia, 

kerZod, sxvadasxva adgilas aRebuli anabeWdis pikebi erTmaneTs 

emTxveva. es niSnavs am Tvisebis erTgvarovnobas masalebis mTel 

moculobaSi.  

_ miRebuli kompozitebi xasiaTdebian maRali sisaliT, 

simkvriviTa da simtkiciT. CH-6 –saTvis sisale Seadgens : HV -

11.39 GPa ; simkvirive ρ: 2,97 g/sm3; simtkice kumSvisas, σk- 1940 mpa; 

simtkice Runvisas, σR- 490 mpa. CH-8–saTvis Sesabamisad : HV-14.80 

GPa; 3,17 ρ, g/sm3;  σ k-1614mpa;  σR-356 mpa.  

_ Catarebulia mikrorentgenospeqtruli analizi orive 

kompozitisaTvis monakveTze Spectrum 1 da mokle ubnebze 2,3 (CH- 

6), CH- 8-saTvis Spectrum 1 mokle ubnebze 1,7. 
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_ rentgenostruqturuli, eleqtronuli mikroskopiis da 

mikrorentgenospeqtruli analizebis safuZvelze dadginda, rom 

fazuri Sedgeniloba cxlad dawnexil nimuSebSi ar Seicvala. 

_ Seswavlilia, CH-6 17500C-ze diboridebis Semcveli(¿TiB2 ; ZrB2)  

da CH-8 16500C-ze miRebuli kompozitebis fazuri Sedgeniloba da 

fizikur-teqnikuri Tvisebebi. miRebulia  orive kompoziti 

nulovani Ria forianobiT da maRali simkvriviT. 
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Abstract 
The goal of the research is development of innovative technologies for obtaining 

SiAlON-containing composites with high exploitation properties. Innovation is 

obtaining of target phase composition SiAlON in aluminum thermal and nitriding 

complex process by the method of reactive sintering and further hot pressing. 

In recent decades intense works are in progress for obtaining ceramic composites 

which would possess both high exploitation properties of oxide as well as oxygen-free 

compounds. 

Ability of silicium nitride to dissolve in its crystalline matrix up to 60 mass%  a-Al2O3,  

results in obtaining new composite materials, which are metal oxides solid solutions in 

nitrides and according to their composition they were given the name Sialon – Si-Al-

O-N. 

According to their structure SiAlONs are nano- or microcrystalline materials, Their 

phase composition (Si3N4 ,AlN, Al2O3, SiC, Si2ON2) and high energy of binding 

determine high strength, thermal resistance, anti-corrosion and other best exploitation 

properties. These composites don’t melt up to 32000C. They are attributed great 

significance because they can be in composite materials composition as SiAlON 

binders. Due to their high exploitation properties they are often called super ceramics. 

The objective was to select raw material, which would enable us to use components 

newly formed by the method of reactive sintering, since in the process of obtaining of 

solid sialon solution, inculcation of a-Al2O3 and AlN   in  β-Si3N4- is significantly 

simplified, when its crystalline skeleton is in the process of formation yet. This is why 

silica-alumina material – kaolin, technical carbon, aluminum powder and elemental 

silicium were selected. 

We have studied: mixes for obtaining SiAlONs by carbo- and alumothermal methods: 

a) kaolin-aluminum powder; b) kaolin aluminum powder-elemental silicium; c) 

kaolin-carbon and physical-chemical processes going on in the process of obtaining 

SiAlONs by carbo- and alumothermal methods at heating in nitrogen medium. 

- Investigations were carried out to obtain silicium carbide and corundum 

refractory composite by SiAlON binder. SiC-X with SiAlON binder and 

Al2O3-X with  SiAlON binder were obtained; 
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- by adding elemental silicium together with aluminum powder to SiC and 

Al2O3-  at sintering at 14000C in nitrogen medium the composites  with Al2O3 

– β sialon binder and SiC - O1  with sialon binder were obtained 

- At the next stage  composites   CH-1, CH-2 and CH-3   were obtained by the 

method of reactive sintering; physical-chemical processes going on at their 

obtaining were studied in temperature interval 800-15000C .  Processes run by 

the same scheme in all three composites. 

- Specimens obtained by reactive sintering (CH-6, CH-7, CH-8) were milled and 

molded at 1600-16500C temperature by hot pressing under 30 MPa. Phase 

composition of the obtained composites were studied by X-ray diffraction 

method,  electric microscope and micro X-Ray diffraction analysis. 

- Obtained results proved that matrix of CH-6, CH-7 and CH-8 composite is β- 

SiAlON. CH-6 matrix contains silicium carbide and corundum, CH-7 – 

silicium  carbide and CH-8  -corundum crystals. Composites are characterized 

by high tightness/density and strength. 

- Technological schemes were developed for reactive sintering and hotly 

pressed composites   production 

The obtained composites can be used in rocket-spatial technology, as composites 

coatings for high-temperature aggregates, as bedding for high-temperature furnaces, 

for jackets of thermocouples, metal cutting tools, metal and stone processing, in dental 

drills, bearings et al. 

 


