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C; 13 6 6 - 75 120,5 15,5 2,29 -
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GbGomo 4. bo®ggol Ygepgbommds s 1450°C-by a0dmdFgom0 60dndgdols
30b039M-g9db059M0 dobsliosmgdengdo.

6o@ggols dobobosmgdengdo
‘dgagb0@mds,d51%

R P 22, Falgalyd
AN $E8 8 Tcz|g B2

>3 = ~ g - o

Cs 13 12 - 75 - 90,2 16,3 2,28 -

Cs 13 6 6 75 92,8 16,1 2,27 -

Ce 13 12 - - 75 108.,8 15,7 2,31 -

C; 13 6 6 - 75 116,9 15,2 2,33 -

Omam0 ;3 3bMoggdosb hobl, 9dg3g@s@dydol do@gdolsl 1350-wsb
1450°C-3g 0bGEgds 60d9xTgdols Loddgocol begs@o 39ddz0Lsl Cs o Ce
bodydgdolomgol. sbggg o0bOEgds  LodggMogg, bowem  gGm@0sbmds
d300©gds. 5dobmob selsbodbogos, @md 939mgbo  Boboyy®-3gdsbogy®o
dobobosmgdergdo  doowgds 0d  bodydgdbolbomgol, @mIengdogs botggdo
OMamO@3  30Ogbool, slggg Logroioydol  go®dowol  dgdEggeemdolisls
(3b®2, 3, 4). gO0@OMY@s© dgo3ogl serydobl s Lognozoydl.

b0dydgool  Fobydo  dgggboemmdoll  @olswygbow  hogo@odgm
M963296mbEOYIB YO0 sbogrobo.

Gob. 4. 1400°C-bg 5dm3Fg060 6099Tg50L @9b@96ma@sIgdo:
DCs 2)C 3)C 4Gy
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Amam6 3 Csi-ol O9b@ygbma®sdowsb (bob. 4) hobl, doGomswo Robs
JOO96oos  dng- 3,45 5 2,555 ; 2,03 ; 2,09 ; 1,735 A, 5ol dugmo@ols
sdobslbosmgdgemo  og@sdaogeo dsbodydgdo: dnw- 5,37 ; 3,45 ; 2,695 ;
2,555 ; 2,195 A, j60bEmdsmo@o- 4,06 A, s@o@lgdmds Lbgs bo@Gormo
Bobgdols: SisNg-ol o AIN-ol 0dols dohggbgdgeros, @md AlOz-056 gHmsE
Fomdmoddbs X-Losgnmbols dgs®o blibodo, dgeodol LE®y]@ydom.

Cs- 603d9dol, Lowsi bodggdo sangdobol 3y9@sbmsb ghmsw s@ols
Si-g 6% , goAYbeol 30390056 gOMoE bsidom Gomgbmdomn dowgdygeos
Lognozoggdols bod@owo (bsb. 4,). dobo @sdsbobosmgdgero wog®dsJioyeo
3o JLod9dgd0: dna- 3,39 ; 2,695 ; 2,511A. 4gg@dm dosmo 06@g6Lomdomss,
300Mg dgodagdbms dobo dowgds 6 Isb. % Lognoigoydobogsb. gl bodbogls,
@md o3 gdmbgggsdo Losgombols (SIAION) dowgds brgds bo@®owygeno
bEOYJBO0om, 9. o. [o@dmodbs B- Losgombo dowgdyeos  jmebools
(393 bergsddang doloas Losamby®o dgdz3Mgerom.

Ce-b039dol  D96@9bma®sdoby  (bob. 43) doMomswo  3md3mbgbEo
Lognoioygdols go®dowos. 33069 Gomegbmdom @0l a-AlxOz-0(s.

Csoll  Sbogrmpoydo oo dowgdygmos  Igmodo  2oM 339900
oM gbmdom.  Logo@osygome  dobowgdo  bo@@owgdol  @sdsbobosmgdgeno
303900 oM  oMob. gLy 805b0dbgdl, M3  dowgdbyamo X-  Losgrmbo
Byeopol boGddgHonss.

C7-60d9dol  ®gbBHagbmy®sdaby  (bob.  44)  doGomoo  goboo
Lognogondols  goGdowo. g 2,625 ; 2,511 ; 2,353 ; 2,182 ; 2,004 A. slgg9
d60dgbgenmgobo  Mom@gbmdomss  Lognozoydol  mJbobog®owo —  Si;ONy.
dric- 4,67 ; 4,44 ; 3,36 ; 2,383 A.

O'-Losgmbo doogds Lomozogdols mlobog@opagmo bEGOHIEgGom,
@sloz swyomo 5Jgl C7- bodydols dgdmbgggsdo. sd@ogs, 30@dybools ©s
boaogondol  goGdowols 9993390 6039T9d0l  1400°C-bg  godm{g0lsls
‘d90603bgds dgdw g o:

1. Al,O3 s SIC 3m3d3mbgbBgobyg gomeob-senyydobols 3ygdols bomggols
©sdsBgoom  doowgds  3mEAYbwo  Losgrmbydo  dgdgg@gmom @
Logroiogdol  go®@dowo  Losgombydo dgdzg@gerom. m@ogg dgdmbgggsdo
doowgds X- Losenmbo.
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2. Al,O3 s  SIC 3md3mbgbBgdoby  gomaob-sgnydobol  3yo@o—
Lognozogdols ba®ggol ods@gdom sliggg doowgds 3md3mbo@dgdo: jmeAboo
Loosgomby®o  dgdzgzdgeom  ©s  Lognogoydol  go®dowo  Losgnmby®o
3933309200,

o> Losgrmbo 3m@ybomsb B- gm@dobss s Lognoizoydol 3o®dowmasb
O'-Losgnmbo oowgds.

GbBomo 5. 6otg3030l Fgopgbommdado

3™33mbo@dols LoFgolo 3md3mbgb@ol dgdiggmmds, ds.%
0bgJlo gomgobo | Al AlLO; | SiC Si 396 @odo | Y203 | MgO | 3mgmgols
(9305065) (bmdbgomo) mobo,
(1936>062)
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 | 1852 | 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

LosgmbPgd(33ge00 3mI3mbo@ol Jowgds @gsdiogeo
Jg3bmdol dgompon
hggbo  Lodydoml  gOm-gem  dobobl  dgopagbps @ godEoygmo
‘dgbmools  dgomwom Lboogrmbdgdiggero  3md3mbo@gdol  dowgds
Logroiogdol 3o@doobs o jo®ybool dsboby. gL dgmmwo Labyg@ggero

Bobydo g gbogrmdol dsbogool dowgdol Lodygoagdsls odanggs.
od  dgmmpomn  Losgombgdols  Jowgdolsl,  dgabmdol  B9d3g@s@ @
db0dgbganmgbo d300©9ds >JBog®o dobogngdols 3odmygbgdols
‘dgdobgggsdo.

R IOTERIS doamdo®gmdes  obigomo dobogngdols  dg@dhggsdo,
amdemgdoz  Ogojaogmo  Igsbmdol  dgmmwom  shens{emdmJdbogno
3033mbgbBgdol  2s5dmygbgdol  Lodygogmgdol  dmyggdws,  @oEyob
Losgombgdols dgs®o blbs®ol dowgdolsl a-AlOs ws  AIN-ol hobgmgygs B-
SisNg-do  goblsggm@gdomn  Jo@Bogegds, Gmpgbsi  dobo  3@HolFsa o
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dglgdo  xg® gowgg Fo®ImJdbols 30m3gLdos. LoFyolo dobengdols Lobom
2odmgoygbgo:  gomeobo, sagdobols  3Y@s, Logooigoydo,  Logoogoydols
35000, senydobols mJbowo, bmenem ©sbsds@gdols Lobom: dogboygdobs @
0®®oygdol  mJlowgdo, 3gO@odo s 3gabergsddamyg  mobs. ba®gggdols
g gbogrmds Fos@dmagbognos  3bGoando 3.

Bg30Loge g 1500°C-by 0dm3FgoG0 60d9Tgdols gobosa®d-Ggd6os9@0
mgolgdgdo (gbGogro 6). dosmo gobogy®-@g9dbogado  dohggbgdagdom
aodmodhggs Cg, d9dogy Cg o Cg @0 gm@osbmds  dgbsdsdobow
9o gbl 152, 150 oo 154 % —UL. 39ddgolsl Lod@gozol bwgs®o s@ols
258, 256 o 254 33>.  Goi 0doby Igdyggegdl, Gmd 1500°C o6 oGols
Logdo@olo  bageo  godggmoggdobomgol.  dogbgosgsm  sdobs,  Jodog@o
dggamos  [ymols o dgogol (H2SO4 p-1.84) dododm do0bi do@ognoo.
60399950l 393bergodda gmdos-17700C.

GbGogo 6. 1500°C-by 58035060 Godndgdol 5otbog@-Gadbognco

dobobosmgdegdo
3033mbodols QN Lod@d ool L0d 334039, P Jodoydo
0byJlo ROA05bMdS bwgo®o 6/1)83 dggamds, %
w,% 399dgolsls, 63,
d3s
CH-1 162 230 228 Fyoeo dgogs
CH-2 15.0 245 2.8 99,41 99.16
CH-3 16.0 240 32 99.36 99.15
CH-6 15.0 256 225 99.82 99.20
CH-7 152 258 2.31 99.79 99.25
CH-8 154 254 2.78 99.80 99.30

Losgnmbgdols domgdolsl dodwobsdg gobogy®d-Jodog@o 3@mi3gLgdols
Jgbobfogemo  bodydgdo  aodmofge 800-1500°C G939 O

063 gM3o@ o o 3gmggs ho@odws M96@3a9bmbEO ]G YO gm0 sbogobom
(bob.5)
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6ob. 5.CH-1 3m33mboEol X-RAY ( 800-1100°C)

800°C-ols 9633 9bmaM535by 2590 3ggmoEnos sgoadobols,
bogrogogdol > 335@EoL @odobobosmgdgmo  og@sjzogero
85JL0393930, dnk :oe9dobo- 2,338; 2,025; 1,62; 1432 A, Lomogondo- 3,53;
3,13; 2,45; 1817 A. 30030334, 425 2454, 1817 A ompmeg
dobogoebymo  ogo  gommobodol  ©sBarol  gegyee  yodmoge  SIO;
bognozogdo 3o Fo®dmoddbs  sanygdmmg®dools  3@mEgbol  dgogeoe
9990920 G95J300m: 3Si0+4Al—2A1,05+3Si .

900-1000°C G9339Mo@G O 0b@ g goedo d339mG 50
99300900 Sengdobols @s SiO2 -0l sdsbobosmgdgeo 303960, hbogds
sbogo gobgdo AIN s AION. dh :>aoedobo- 2,34; 2,025; 1,438 A, 330030
3,34; 4,25, 2.454; 1,817 A . AIN — 2,714 A. AION- 1,985; 1,397 A. 1000°C dp :
SiO, — 4,25; 3,34; 2,280; 2,546 A . Si — 3,13 ; 3,53; 1,817 A . AIN- 2,714; 2,437,
1,402 ; 1,397 A . AION- 2,383; 1,985; 1,385 A.

1100-1200°C 0b@g@gomBo  J@gds s@udobols s 0b@ogds AIN ©s
AION-0l  06@96L0omds. Agggm@se 993300 g0gmos SO, . 1200°C- by o6
>®@ol Si s SiO; -0l 3039d0. gohbs Fgeo@ols wsdsbolbosmgdgeo 3039d0.
1100°C dp - sgoegdobo- 2,38 A; SiO, — 4,25, 3,335, 1,824 A. Si - 3,13 ; 1,824 A.
AION- 1,983; 1,39 A. AIN- 2,704; 2,48; 2,39 ; 1,56; 1,406; 1,411; 1,32 A . 3-9an0@0
- 5,33; 3,44; 3,395 A, 1200°C dp . AIN-2,734; 2,700; 2,46; 2,383; 1,548; 1,435;
1,418; 1,334 A. 3mo@o- 545 343; 3,395 2,885 2,546; 2,295; 2,208; 1,899,
1,990; 1,824; 1,705 ; 1,530 A; AION-1,993 A;
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6ob. 6. CH-1 3033mbo@ol X-RAY ( 1200-1500°C)

1300-1400°C- by doGomsewo Bobs dgao@os. ggomol Lobon @Bgds
AIN ©s AION ©s o® hobl SizsNg-ol  @sdsbobosmgdgero  3030. 03039
bgdomos  15000C- by, @oi 06036935, G0 13000C-by Fo@dm0dbs X-
bosgombo dgmo@ols bEGHIEa@om. 13000C du: dnmo@o - 5,38; 3,395; 2.,89;
2,704; 2,555; 243; 2.29; 2,125; 184; 1,700; 1,600; 1,520; 144 A; AIN-2,70 A.
J0O9600-3,476; 2,09 A; j@0bEmdsgool jgomo 4,09 A; ALN-1,98 A; 1400°C
dhid & 39E0B0  3oR0IdYEO 303950, gmEOUbEo  jgomols Laboo -3.476;
2,09 A; AIN -2,70 A; Si3N,-6,88A.

6ob. 7. CH-2 3033mbo@olols X-RAY  ( 800-1100°C)

CH-2-01s 9g02960@m30ls (3bGogo 5) 60d9Pg30l Gg6Ga6ma @53y
800-15000C-3pg  100°C-0ls  06@g@gomom  35dmdFgo® 603993 P0, 3obdPo
dggasbogro  Logogoygdol  goddoo  @hgds  gEgmgmo g
®993905¢9M5bg. Amam® i CH-1-0l b0dydgdowsb hobl, oo 800-900°C-
by oMol sanggdobol,  Lognozoydol s SiO—ol  @sdobslosmgdgano
og®sJcogo dsJlodydgdo.
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6ob.8.  CH-2 3m33mbo@ol X-RAY ( 1200-1500°C)

1000-1100°C- by §o®dm0ddbs sbogmo gjobgdo: AIN s AION. 1100°C-
by Iymo@o. yzgms @obs®@hgb  {9d3g@mo@GPsby  @obgdoli  Fo®ImJdbs
d0dobo@gmdl ogogg ULJgdom @mam@i CH-1-0l dgdmbgggsdo, dog@sd
dgoo®gdom  bogemgbo  0bBgblomdom, dglsdsdolow  Igygboermdolss.
>dM0g o0, dowgdgeos bogooogdols 3oMdowols 3™3d3mbo@o X-
Losgomby®o dgdgg0gerom.

6ob. 9. CH-3 3033mbodols X-RAY ( 800-1100°C)

CH-1 o CH-2-0l  3dbgogbo  Jodoydo  3GmEglgdbo o9
g gbogrmdols (3bdogo 5) 60dydgddo oyogg ULjgdoo dodwobsdgmdl. a-
AlO3 gigengeo @hgds dmemdg s doowmgds 3md3mbodo jm@dyboo X-
Losgomby®o dgd g0 gerom.
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6ob. 10.  CH-3 jm33mbo@ol X-RAY ( 1200-1500°C)

dogdgmo  dggagooesh  godmdwobotyg, SIC s  a-AlOz-ols
‘499339200 Losgombydo 3033mbo@ols dobomgdog, 3obdols
dgygboermdsdo  dgygobognos  ©odsFgdom  Ig@ogy®o  Lognozoydo,
993009090 GomEgbmdon Loanoizoydol go®dowo s a-AL,03 (gb®ogno
5). dowgdyemo  3mI3mbodgdoll  Bobogy®-Ggdbogydo  Isbslosmgdangdo
Jo®dmpa gbognos b®oendo 6.

agb®ogndo 5 dmygobogro Lsdo Jgoagbogrmdols (CH-6, CH-7, CH-8)

1500°C- by 258m3F 3560 60d9Tgdols GgbRagbma®sdgdo FomImwygbogmos
bobobbyg 11, 12, 13.

CH-6 3033mbo@o do@omswsm dgoygds B-Losgmbolsgsb. ds1do
sg0JboAEs Jo®dowol s gm@Ybols sdsbslosmgdgemo oR®siogero
doJLodydgdo.

g
o~

6ob. 11. CH-6 3m33mbo@ol X-RAY  (1500°C)
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CH-7 ®96@29bma®sdsbg dodomswo gobs B-Losgrmbos. jmddmbo@o
g03o8L  B-Losermbmsb  ghmse  Lognoizoydol  jo@doel;  9360dgbgem
Go5mEgbmdom dgoizegh X Losembls(s.

1500

b6ob. 13. CH-8 jmd3mbo@ols X-RAY  (1500°C)

CH-8 3md3mbo@o, dbgoglbop bgdmmsmbodbyano  3md3mbo@gdols
90905 B-Losgnmbolispsb ws dgygobogno a-Al03-Logysb.

d0g@mbEOYIA YO Yo sbogmobols (bob. 14) Jgogagdo swoli@y®gdls
M963296mbEOYIB YOm0 3gerggol Imbozgdgdl. CH-1 30m3d3mbo@ols
d0g@m-LEHOYJH YOS obggg Foddmwygbognos do@omswsm X- Losgrmbols
gobom, Mmdgendoi hofob§ e gemos SisNs do® g0 gdo0.

CH-6, CH-7 s CH-8 jmd3mbo@dgdol dog@mlbE®ydd g gero
33930l dmboggdgdo  mobbggrdsdos  GgbiagbobEglH G gmo
sbogrobol  Ygegagdmeb,  Loowsbsi  Hobl, @md o3 3md3mbo@gdols
doB@ozol [omdmswagbls B-Losgrmbo.

CH-6 3m3d3mbo@oll  dos@@oisdo  aobofoangdygaos  Logooioydols
goMdowols o  gm@ybpol  dodzgmgdo. CH-73m033mboGol  ds@d@osdo
aodm3ggmognos  Logroigogdol  go@dool  dod3gergdo, @mdgems  bmds
50gdoBgds  sbo@o®mdmJdbogro  Logroizoydol  bo@®owol  do@(33a0gdols
bmdsl. CH-8 3m3d3mbo@ddo 0p03g B-Losgrmboliogob dgdwasmdo ds@@oes,
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amdgandoz o®ol a-AL203 —ols g@olEsagdo. o3 byg@ombg hobls gm@gdo,
AmImgdoi 53 3md3mbo@Gdo dgBo dosmegbmdomss.

CH-1 X-200

CH-7 X-200 CH-8 X-500
bob. 14.  3m33mboRgdol dog@mbEO g9 gdo

CH-6 3mdmbo@ol LEOJH YO0l ggamggs gogoa®dgergom JEOL gom@dols
90 9JBOMbye-Asl® Yo dog@mlzm3dol YSM 650LW-I Lodygsagdon ©s
dogOmMgbBagbmldgdd@ygemo  sbogrobom. gl 9goboligbgemo  ho@oMws
OXFORD instrumentals ©g@g@mabg X-max, ol Lodygsmgdomsi gowgdm
3033mbo@ol dgdgger g gdgbBms bmpsw dgdowagbamdsl. sbogrobols
998900 dmgdgeos bobobby 15. wo 16.

bobobbg 15 a0dmgggmomos  doGomswo  Bobol  Losenmbols
>0 gdmds, GmIganog3 do@®oiols Aoy SOy gdl. doli'do
aobofoggdyganos  Lognozoygdol jo®dowols ©s 3mAYbol  j3@olEsegdo,
o3 2@alHYOIOL  AgbRHIbOLHGYIH IO Yo ©> FogOmbHHYIG YO Yo
sbogrobols dmbs39dgob.

b6ob. 15.CH-6 3033mbo@ol gangdd@mbaya-30360L3m307mo sbsgnobo (1500°C)
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Loprn

bob. 16. CH-6  4mB3cbo@ol Bogdmdabiagbobigld@nmo sbamobols goaagdo
bob. 16-%g Jo®dmwa gbognos dogOmA bR 9bmL3gd@ @ yeno
sbogrobo, dmbsyzggnby L3gdp®yd 1 o  dgdoagbger gangdgb@ms Lgds
©> domo 3MMm39bR o d9dggemds,  Loosbs bom@sw  hobl, ™I
3M33mbo@ols  gdzggero  dobgdoengdol:  Losgombol,  Lognogoydols
35000l s gm@ybools  dgdzggeo  gegdgb@gdos  Si, Al O, N o
dgbododolo@  domo  3OME9bRYo  @omEgbmds, Go@  gOhmbgm  Jowaa
bomgeorls beoli 3033mbo@do smbodbyao dJobg@omgdol s@OLgdmdsl.
Mgodaogeo dgabmdom dowgdgeo 3mddmbodol Fo®dmgdol
Hadbm@myogdo bjgds.

o g[ Al,O3 SiC Si Y,03 MgO
N ) c = —_~
E52 | |28 2 £ ESNE
T ey S £2 2
RN (SIEe U= IR
e | ¥ =E] 5 8
Z W)
v v v v
\\: Q(Y’QOO({);]?)Q “///
v
‘dg@930
v
s(bgbgs, Jo®agemogy®o {bgbo
v
JOmdo
v
OQO(Y)(?)O —_ 6‘580{)%]3‘5
v
dbs  boggmmds
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Sbgeo ©sFbgbgol Ignmwon 3mI3mbodgdols Boggds iR-
Losaombols ds@@o3oby
4330030  boggmmdols  dobowgdo  bgmo  ws(bgbgol  dgmmeom
Agodaogeo  dgsbmdobs s bo@@mogydmmg@dygmo  dgomegdom
dJogdygeo 3mdbmbo@gdo CH-6 ws CH-8 (ob. Jodoydo dgoagbogrmds 3.
2050830 dyg@myegbosh Folgoado 8 Losmols gobdsgermdso.
gbgeo  ©s(bgbgolols sdsgr  {9d3g@o@ymgdbby  Mg300LFAs@mobs300l
o>JBogdo 3maglbo g.o. dggbmodswo bogmogdgdols dodgangdols bmdols
YOS xgO gowgg 5@ ofygds, go. dgogase dggbmdoan  bsggmmdsls

9J69d>  {3®omdo@zganmgsbo  LEA®YJH YOS s  Joogo  BoOEMS0MO
L0d 330039

3@939Gbmdo  dmdbses  mg@dobispPo  150°C  —bg,  Gogew
©s0(6gbs 12-15 835-bg o 20-25 83s-bg. ©o0{bgbs 3baow 1600°C- by 30
33> §6930L  J399, 5049990 Dgopgbes 1033s-l, ©sgmghgds  Lsdmgnmm
09939050 905bg 10-12 §o. godofg0l @g9080 ogm: 20-5009C-dpg 7°C /o,
500-1400°C-30g 1509C/§m, 1400-1600°C-3g go 109C/Fo. gogoggds 100C/Fo.
aodmfgol  ®g9g0d0 (o®dmeygboanos bobobbyg 17.

TC
1800

1600
1400
1200
1000
800
600

T T T T T T T T I

200

1 1 '}
360 420 480 540

bob. 17. gbanse ©s{bgbogro 60dydgdol aodmfgol Ggd3g@s@dgmo Mg9g0do

gLYogmog  ofbs  1600°C-by  bmo  wsfbgbogmo  6odnTgdols
30bogy®-3 94604590 dobolosmgodgngdo. dogdyao ‘dg 98900
Fo®dmpygboanos  bdoando 7. @baop  o(bgboano  bodydgools  @oo
Bo@0sbmods  Ygopagbls 0,5%(CH-6) s 0,7% (CH-8 ), bomeom Loddgozol
bpgo®o 3yddgolols -1940 33> o 1614 33s, Lobogng - HV:11.40. hggbls
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dog® 3b®oado [o@dmwagbo-gro dmbso39dgdoesb dgagodamos ©ogsljgbom,
Amd 1600°C s 3ds@0los 6039 dgdol LOgeo aodggmoggdolsmgols.

gboogo 7. gbase wsfbgbogro CH-6 6039dol gobosy®-Ggdbogyco

dobolosmgdangdo
3™33mbodols oS Log@mm LodjgM0g9 {6y Lod@goiob Lod@goiob
0bpgdbo QOO05bMdS ROMA05bMds, p, /L& bgols brgo®o b@goto
w,% I, % ¥6g30, 38ddz0lsl, ©bgolsl,
N 643,030 o, I3
CH-6 (16000) 0,5 395 2,97 30 1940 490
CH-8 (16000) 0,7 2,49 3,17 30 1614 456

dJowgdygeo doboagdol  obsdoydo dog@mbobogyg s ©®gzo0Mbols
dJoymo  asbolobmg®s mobsdgodmgg  I1SO-14577  Log®msdm@olie
LEAObEs®GolL dmmbmgbgdols dgbodsdol @obsdoy® g @s dog@mbobagnrols
A9bBgeby DUH-211S, @mdgawoi  dgs®o  Lbgyawgdol  bgosso®gdols
49560390  dobobosmgdegdol  (Jog@mbobsgng, @ gzomdol  dmwyeno)
oboagboe 25dmoygbgds. dgogagdo [o®Imeygboanos bdoando 8.
GbGomo 8. Babipol debazgdgdo -CHE-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
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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ab®ogo 9. Bglol dmbsigdgdo -CHE-1600(SiC)

Test mode Load-unload Sample No CH6-1600
Sample name CH6-1600 Minimum force 1.96[mN]
Test force 100 [or] 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
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

=<"""  Force-Depth graph ***>»
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Logroiogdol  jo@dowoll  dod(33amgdbg  owgdymo  sbadgkols
Lobwgmgdo  d3gg9m@os  (bob2l),  dbsdo, @mdgmoi  [o@dmodggds
dodEgomby  0brgbHm@ol  Eopgodmgol  Ygegaor o FOEIREYES
dodzgaol  Lobegdol  odom,  dod®ogs  gbgdaools  wobodsiools
boggydggenbg sbdmol dbo@ol gog@gamgdsl ©s 3mddmbo@ols Loddgoayg
065@h7bgdl msgols 360dgbgermdsls.

bob. 21. SIC-U doM3gom o s@gdyemo 5bsdgkoo 100 y@. osGg0Mmmgsby

agb®ogoo 10. BglEol dmbsigdgdo -CHB-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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bob. 32. CH-8 gmd3mbo@ol X-ray (16509C)
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303300bo@ols  doGomswo gobgdos Losgombo, Loanooydol go®dowo @
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3o000ols o 3m@Ybool  gBoLEASEgdom. JogOm@9bBgbmb3gdd® Yo
sbognobo ohggbgdl Losenmboli dgdzgge ga0gdgb@gdmsb gomswe @o@sbols
©> (3003mboygdol wodm@owagbols dgd3390mdsL.
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Al, N,C, ZrTi 36m3gbdyeo 99d3Eggemds  ssb@yg®gol o3 dmbsiggmn by
do@B@oizol Loboom dg@s Losgnmbol, dsldo obsfoggdyao Loanogoydols
3oMd0ol, 3mOYbool s Go@obols o 30@3mboydol  odm@owgdols
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JoA0mo© Robgdmsb gOms—EFo@obols o 3003mboydol wodm@ogdos.

90 9JBOmbyeno  dog@mlbimdoolbs  ©s  dogMm@gbBagbmldgd®®yeno
sbognobgdo CH-8 3md3mbo@ols [oddmwygboenos bob. 35. dgoomgds 0dsgg
3®33mbodol 1600°C  950m3Fgo6 6039 dgdmab, Gmam@G sbogobgdowsb
hobl 230hg9690L 50°C 3mBs@gdom  doGomowo Gobgdo gEgmo @hgds.
03039 Ly@omos domgdbyamo doi@mm®gb@ygbmldg]d®ymo sbogobom (bob.
36).
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bob. 36. CH-8 3m33mbo@ol 3036m09b39bmU3g]@d®gao sbognobo

g gdBOambyao  dJog@mlbgmdoolbs  ©s  dogOmAgbRgbmlidg]@®yeno
sbogrobom  domgdbyamo  Yggagdo  ®@0gg  3md3mbo@ol  dgdmbgggedo

SR YOl AgbBgbmLEYIB YO Yo sbsgobols dmbs39dgdl.
aobolobwgds bamow ws{bgbom  3mI3mbo@gdols CH-6 D- 1750°C s> CH-8

1650°C-bg  Bopgdumo  60d9T9d0l  ©obsdonmo  Jogdmbobogyg s
M g3o0mdol Jnpygamo. dgogagdo [o®Imeagboaos bobsbbg 37,38 s 39.
CH-6 D 1750°C —bg HV-12.78 35, CH- 8 16500C-°03 HV-11.61 a3s (gb®. 13
s> 3ba. 14).

agb®ogoo 13. Bgb@ols dmbszgdgdo CHE-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  3[sec] Parameter 20

Comment 24.11.15.

Poisson's ratio 0.250

SEQ Fmax | hmax | DHV-1 Eit Length HV Data name

[mMN] [um] GPa [um] GPa

1 1908.38| 3.5481| 755.667 167 18.205| 10.88 | CHG6-1750(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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bob. 38. Si-Al-O-N 3s8@0@0d0 swgdnmo sbsdgkoo
(CH-6 1750°C, CH-8 1650°C)
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do@®o3oby , oModg JoM(33e09dbg3. dbos@gbdo 5@ Dg0bodbgds, Go3
d05603bgdls, @mI Jowgdya 3md3mbo@l goohbos gbos®o Fobsswdogymds
2ogFoml dbosdgools Fo®dmJdbols dgdmbgggsdo dol  gog@dzgergdsb.

agb®ogoo 14. BglBol dmbsigdgdo 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 24.11.15.

Poisson's ratio 0.250

Indenter type
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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 CHB8-1650(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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Abstract

The goal of the research is development of innovative technologies for obtaining
SiAION-containing composites with high exploitation properties. Innovation is
obtaining of target phase composition SIAION 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-Al,Os
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 SIAIONs are nano- or microcrystalline materials, Their
phase composition (SisN4 ,AIN, Al,O3, SiC, Si,ON,) and high energy of binding
determine high strength, thermal resistance, anti-corrosion and other best exploitation
properties. These composites don’t melt up to 3200°C. They are attributed great
significance because they can be in composite materials composition as SiAION
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-Al,O3 and AIN in B-SigNy- 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 SiAIONs 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
SiAIONs by carbo- and alumothermal methods at heating in nitrogen medium.

- Investigations were carried out to obtain silicium carbide and corundum

refractory composite by SIAION binder. SiC-X with SIAION binder and
Al,03-X with SiAION binder were obtained;
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- by adding elemental silicium together with aluminum powder to SiC and
Al,O3- at sintering at 1400°C in nitrogen medium the composites with Al,O3
— B sialon binder and SiC - O* 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 800-1500°C . 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 1600-1650°C 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 -
SIAION. 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.
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