Wo® SR w17

TjolMEllAR SiC W SIN, FE 2y

b ) = 3
BRET® BRI

2 oferbxo] FHigel #teb £ Ak BEE Alxshe glov ese iz
AaH FREAS SigNy 2 SiC el dete] s A 9
7tel —ie MEAskEAl gt

SigNy ¥ SiC+ engineering ceramics 24 A HE 32 Y= Asete A2 2 dHA gl
T ARl ool Wi Akl B2 iEEEE, AR E DO vy KRB A AR
T BEEE EA BREe] dEEH 2 Y ' dAlel o oy pEbE AE Ax mEE 2
ohx] ZA] Feph e gElo R o KME Aletus Rl #ES BARoR  4Ag
5uF, ol Y SREME RHE e Qs &ele o7l HES e msr B
rigel EokE A EobAx ok RIFAEY dAdA & A E 53 HaEe 7k Alet
g Aasks del FAE FA A5 ool wEAke wA R e s Eige o
AT #loe WAl A= ol TAlel A& ghgetal Xobul el Ml o7 o
R olHe AL FHel meetd TEMKBEA Qe ol Sl ol Wik B

of x=#s fkeb 2w AFFE SigNg gl st AHMCE A9ste 1 g
2 SiCHHgel st <zt BRI =

At es A og FRE BF B BRINTS AXA stEdARz 2 BiSR
5 b7 AdAde £ BEHE AMEshe Aol LR A 44 ol 4 Aok SigN,
At e Aol A FE g el SigNg Mg BEE A7 AEol FR A=e o
A& A Alebe A 2o BES TS Rkl 2 A A A Aok

AT Frpise] F57F Folvial e o Aeie o) Emiefbel A3 7= AT
AT AL 2R B8P Ad e wmEMC] FRME L on BEEMAY FHEA oug
S 2 BVt T2 TR B BEel 4 WIS FEsle 2 s do] whobA

Table 12 3CERC 2 HE BIMSE Zlelm o7l viebd SigNg o BpREME BakbH: ikt
el Pithe A W HREEES WHEARY —#elz glv Aoletn Qzdo) g



178 wi)l RkE

Table.1 Evaluation of the influence of powder characteristics
on sintering mechanisms and mechanical properties

Powder characteristics ;;::;ggmnifmgl_%n_SR@ M;’;fm toa! DrODSTE’(;S
High specific surface area + ++ ++
Spherical particle morphology + 0 +
High O-content ++ ++ + —
High C-content — — ——

High impurity content ++ ++ + _
High a-SizN; content 0 ++ ++
High amorphous constituents — + +

(®S-D-R : solution—diffusion-reprecipitation
+ : positive effect /promotion

0 : indifferent /unknown effect

— : negative ieffect

o HEEME 2A (2ol wek KUES FA ) sk Astol BLoke AE SigN, ¥ of
Yeb me Azt el BT Aol th BEMTS Bikel Rivdl dn = 2 Bt
BEIY HESHE AT o7 Foillko) T2 RS M ( green density ) F
% gomz olE Fakl Yold Foothm @ 4 gloh 2elv SigN, & EHHKE 7
FETol A BakEE) = A B0 D2 BT ot Bbe EME S Lk SRS R
BRI SigN, Bigel MRS SBAMYel TR WA Hol moldm = o] #
Mol EFHEE s AU AT el WS L SEEe FEe ko) meb ¥
D2 WEES THMES MR KT £ HRE Yo FHoR: @A
BES ETAYE EE0) ok K¥EE RRES BOAAA SRS vud s —
E SIiCE ARANGE B Yol HED RAolDm B¢ F Yok a—SigN, Hhi
Cagdol ¥ AX EHohh 2 WAL a—SioN, & BB A—Si;,N 2 WY
o ool #E@el KHRO. 2 Bt flol vlolA BB Folsl = Fol ok BB B
24 SioN, BBS ERY A% Ll AL 3 M@ ohgel AFshe glol EE.
e SigN, /b THARl BME AEAT e HECRE Table 20 vhebd vhsh ol
Si Zfb RAAREEE SiOp BEE(biE olPhel = (imide ) BpMo] dek o s ik
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Table.2 Processing of SisN, —m dhol Al $8l= SiZ{bEho s KIS
i t t
ders by different me ot ek SiZbEe AU BAY B
B

Nitridation ~ 3Si+2Np  —SiaN, £ o) JFikel 7 st o R AFIsH
Vapor phase 3S5iCl4+  —SigNy+ T agE gy wgoln, dHozE o W
deposition  ANHy {2HCI Wol o e g TRe B
Carbo-thermal ~ 3Si0,+6C+ —SigNg+6CO . B L ]
iction Ny e £ 4 B9 BE ¢ Gohe A TR
Diimide pre-  SiCl,+6NH; —Si (NH),+ | C processing )& A-Fopd el 49
cipitation INHCT | o)zl ol %ol SoE BHIBE &
381(1\11_1)2 _’SlaN4+ -
2NH,q ®e % sk Azkels] W Folk Si e
e 2 SREH ohEA SR BE

TAel LEslA g o] TRolA K& KBS FAMste LB A4 FTEES =2 57}
gheh, 22 G o2 HFETHE JlelA Bl Al EmsiE ol #Riel slobz 374"
ok, ftig Hal A= FREA fERste SiE AW E(LamEe) LERE Bie 1
EAAE RS 4 v EAlelH A BEZA T & SBTYWES 19 300ppm7tA (K
TAZ Bt Si&MtEe® #EY 4 A =ASch o TR ook = ( imide ) &
GiRECZ ol A= Hiel AEd] FEehe Aok

zei AgFH Sidsbjor ézfnﬁ st oWl A AY AEE HLOE A

Table.3 Properties of Si;N; powders

Impurities (wt%) Specific | Average Density ( &,/¢h)
a —Phase Surfase | particle -
%) Fe Al Ca {O C area size appar— | powder
(mt/9) | Cem) | ent P |compact

NU-10 | 9t 0.36 | 0.15 [0.04 ]1.9 |0.07 10.0 1.25 0.3 | 0.72 ] 1.72
NU-11 | &7 0.36 { 0.17 {0.04 (1.8 [0.09 8.5 1.42 0.41 0.75 | 1.7
NU-12 | 77 0.37 | 0.20 | 0.04 |1.7 [0.08 6.8 1.67 044 ; 0.81 | 1.8
NU-20 | 93 0.08 | 0.09 ]10.004 1.8 |0.07 9.8 1.23 034 | 0.1 | 1.70
Nu-21 | 87 0.10 | 0.10 | 0.003 [1.8 [ 0.08 8.7 1.45 0.38 | 0.74 | 1.73
NU-30 | 95 0.04 [ 0.03 10.004 (1.6 |0.25 124 0.97 0.60 | 1.12{ 1.90

D % 0.17 1 0.23 |0.23 {1.8 [0.39 6.2 1.45 041 | 083 | 1.8
9% 0.04 | 0.17 | 0.16 |1.1 [0.27 10.5 0.79 089 | 1.10 | L.87
96 0.03 { 0.08 |0.07 0.9 |0.08 10.1 0.76 0.93 | 1.31 | 1.8
96 0.06 | 0.06 10.03 [1.6 |0.17 11.5 0.9 0.28 1 061 | 1.75
A 0.01 | 0.02 |0.01 |1.8 |0.29 17.1 0.81 0.56 1.01 | 1.92

T oOomm
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Fig.1 Processing of sintered SiN,
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Talbe.4 Characteristics of Si;N, -powders, processed by different
preparation methods

Nitridation ~ Chemical Vapour ~ Carbothermal  Diimide

Technique of Si Deposition Reduction Precipitation
E L B G F K M
Spec. Surface
Area mg™t 23 11 4 10 10 11 13
0] wt. % 1.4 1.0 1.0 3.0 2.0 1.4 1.5
C wt. % 0.2 0.25 - - 0.9 0.1 0.1
Y, Fe,Al,
Ca wt. % 0.07 0.4 0.005 0.005 0.22 0.01  0.015
Other Cl : 0.02 C1:0.1  0.005
Impurities  wt. % Mo+Ti : 0.02
Crystallinity % 100 100 60 0 100 98 R
(a+8) % % 92 95 - R 86 9
Morphology equiaxed equiaxed + equiaxed equi axed
roc¢t-like +rod-like
Chemical Vapour Carbotherm|
Nitridation Deposition ((VD) JReduztion Diimid Precipitation
3.38 |3 L | 8 G l F i K M
£100% oI B -
3.2 " [} i 1 -1
gem ; - =
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26 : f O:1780°C.20
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Fig.5 Green and sintering densities of Si;N, samples made from powders
produced by dif ferent preparation methods.for two sintering conditions.
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Table.5 Preparation methods of

SiC powder
BRI & K B X
a—SiC| Adeson # | Si0;+3C—
SiC+2CO
B—SiC| A7t #&®F | Si0,+3C—
BICE: SiC+2C0O
Mol EEIE | Si+C—SiC
-3
R SiCl4+CHy—
SiC+4HClI
RARBS MR | CH3 SiClz—
SiC+3HCI
3 ——— SICRRAEIE 3.218°C e e e — e ]
L [} .m‘_;gjlz -\
2.8 mMisia 1 2070°C
I B¥0 1 20min
Argon
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Fig.6 Effect of specific surface area
on density of SiC-1200
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1) G.Wotting, G. Ziegler ; Powder Metal. Intern, 18, 25, 1986.
2) W. Bodeer et al. ; Powder Metal. Intern. 13, 37, 1981.



