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ABSTRACT

8-Sialon powder was prepared by the reduclion-nitridation reaction from the mixture of Wando
Pyrophyllite and carbon black at 1350°C in N stmosphere. 8-5iC powder was added to the prepared
fSialon powder to make §8ialon-8iC composite. The §-Sialon-SiC compoesites were sintered pressure-
lessly at 1750°C for 2h, using Y, 03 and ZrO, (monoclinic) as sintering aids. Comparatively higher
values of the fracture toughness (3.8 MN/msfz), M.OR. (470 MN/m?) and vickers microhardness
(13.7 MN/m?) were obiained when 10 wi% ¥, 04 was added as a sintering aid. The improved frac-
ture toughness and M.O.R are assumed tc be the resulis of erack deflection and crack branching bv the
second phase SiC particles.
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Fig. 1. X-ray diffraction patterns for sintered

A-Sialon added with {a) 10 wt % Y0,
and (b} 10 Wt % Zr(Q, (m).
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Fig. 2. Relatve densities of f-Sialon ceramics as
a function of 8-SiC content.
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4, Flexural strength and fraciure tonghness of
B -Sialon contaiming 10 wt % ZrQ, as a
function of g-SiC content.

soaf
8
aoaf 4s
4
3ool ,}’/—F‘L

Fracture Toughness (MN/m3/2

200
12
100} 11
Q 1 1 L 1 ] ] ] D
Q 5 10 15 20 25 30
5iC Content wt %
Fig. 5. Flexural sirength and [racture toughness of

F o} Aevia, w

8—Sialon containing 10 wt % Y,0; as a
fimcton of 2 -S5iC conlent .

=2 = sbz} b g4l A

£ SiCol o8 Bt Faloh deluxl ] elEe]
cb mE A-Sialon dlebe) g FlAA gl 2
@ Eke ujA|= X-Phase 2| 4 4el gl Aaal &
4] 7Fo) ] 5} ] qi) a1,

Fig. el Y.0. 5 AdzA 2 Mg 340
SiC 2] #lzhufe) Srlsl wleb Al dEet =l
o) 25 Zrylelgdcl o)l SiCe) p-Sialn 2| W= Ak

(2642

4

L

T T T T T T

141 ic) b

b

o (bl

E m
~

z ]
<9
"

w .
[ ]
[ =]

E !
o

T .

E 1 1 L J 1 1 Il

0 5 1n 15 20 25 10

5iC Contenl wt %

Fig. 6. Vicker’s hardness of 8- Sialon with and
without sintering aids as a function of
A~5SiC content ; {a) withou addigve,
(L) added with 10 wt % ZrQ,
(c) added with 10 wt % Y,0s.

and

0] o] (SICe] AW A 4.3~ 5.0 X1077C™,
§-Sialon 2] Fsl @< 3.0 % 107/°C @ 3ol 2] 3}
AR % Lgrl Al A AF-g o] W st T

S T
: |9ﬂﬂ Wl es 2Rk wmit A

=
- =

5iC 2]

= = =7] 7t 0.6 pm= Lange ** 7}
R e R o e E B
;LDQ_Q} —3»53]»0] 2“ it n]gﬂ—‘_ﬁi—ole

[REER=3 zla|l4 &

e ] 3

[ i

£5heq

Fig. 6 ¢l

Bu
o,
e
[=X

12 SiCe] & rhekl wiel

»%Ehﬂa}ul- ek ghe 2Agdol4e Sic

Aol wel 17 olm A A wrt 27

e P‘ OD% ZrU»—-_r Ao 2404 e 51{: 10 wt

%ol A7k SiCell o2 A=sl Frgbe

ZiINE Arsl & Aol o Ade ZrNd| o=
&4 a2 oal oz

Ams} Evhal Aow A vk

Yaa ol 2]8) 42
Wbk A 2ol pel ok A SiC 2
wi % ?’-X-ic]H -i—] 7 opdel SiC 20 wt % 2
475 72e0, 240| Ya0 5 RAT 24
%o} AL Ya0s % A7k Zool
ol Abkel] 2l SiCell 2373

1
=&t

Aol 41> SiC 2

7hak

A

5] %3 A



geggez e Az g-Smlon o itk SiC o) Lebs) mad

SIC7l AvEAl g Z4elel, (B SIC 7L 10wt
FEDENEE ! - (ool 41+
3l Aol o) »Ll-a-'r O @l 4 T

F'l\
[
[e=]
B
-
W
il
o
)
by
o
o
il

#Ee
ol A T2 ?ﬂfrl{— Aell A Bi A= Bell 4]
HaA4 Cek DE Aspdcl el st wlxjqly 5ol
H7H Row Az,
i LT
— v.o#3 =
Fig. 7. SEM photographs for the 8- Sialon ceramics sle gl L“L—I—H H2q f-Sialons] g SIC ¢

with and without §-SiC ; g-Sialon sintered
at 1750 °C for 2h wilh 10 wt % Y.0s

(a) 0wt % B-5iCand () 30 wt % g-SiC. dalel
L A3 F3AF AHEekA ﬁ!-% 3ol SiCel] 2
gl W Astz SiCe| 243 galst Jepdr i
=9] 27p7 el vebbal gares], ZiNe] A e,
A3 A Ae YAlell ] FAA] ZA A g7 oA 2. v Ze0, 5 3rkak 2l%el= g-Sialon 3}
2| SiCst ZrNe| 27k A xo) Zrivl vepde] o ZrQy 7 ul-2ghe] ZrNa|l X-Phase 7| 8459l &
& =z 7t wle]x] 7 wllel| FAErl ZhAd gl Apgell 4] edbel X-Phaseef] 2|5 x|d3}r} o] Fof
0 -4 =472 = x4l 4 SiC2] Eital gzl o2& ZAx, st
Fig, 7o 2 ==} #v|A4 o2 aargr speuld ot Hol-d W At FopEgl o, o3 SiCel At
el ghel, YaOsol &al 4 F8-8] 4omo] o] o4l & of BE Mo U= Hahz B3 aslsl 2
Aol 4] (@) SICE Hrpekal e 3 F-2l b=, A viEb] rsleh
b} SICE 30 wi % Azbak 202 ahwio] v (a) 3 Y055 AR A A YaOuof ffsl] BT
el A= shabdo] ulme] S0l SiCell oAl A Aol vl FAdell 4] Fel AR EFgler], 5E A el
TdA=te Walg kA g2 Aow weld,  (b) = SiColl 2[5l 4l gufzt Helyic)
SiC 7t kel 7ol Sebds] F2a) Ak Ao 4. f-Sialond) |5} SiC 2 ﬂ—a}g] gale T

Ho}l SiCel] ojal4 gedol Haksle] Fodstst we =1 5H crack deflection) 7| - 4 bR A { crack bran-

2
& w2 Ao® uglel Fig. §-2 Vickers A% 47 ching Joll 214t Alex A=, =ldidel 24
P

Az akeldl Fo| g ARE G| A=) se]He gt mys sk < gl
= FFERE ARAle vk Ya0: & AMEat 24dlA @ =

Fig. 8. SEM pholographs of the crack propagation path in - Sialon with and without §3-5iC ;
fi—Sialon sintered at 1750 °C for 2h with 10 wt % of Y20, ;(a) 0 wt % §-5iC,
o) 10wt % p-SiC and (c) 30 wt % B-SiC.

A 259 A 3% (1988) {2652



10.

11.

cofEE, wlAeld Aletls”, WA, gbws

ColEY, AguE, sataygde 25 Aa

°1 &4

REFERENCES

e

h

ShAF{ 1986 ).

. C. Greskovich and J. A. Palm, “Qbservations

of the Fracture Toughness of -3iz Ny-3-SiC
Composites,” J. Am. Ceram. Soc., 63(9-10)
597.99 (1980).

. T. Mah, M. G. Mendiratta and H. A. Lipsitt,

“Fracture Toughness and Strength of SizNy-
TiC Composites,” Ap. Ceram. Soc. Bull,
60(11) 1229-31, 1240 (1981).

. 8. Umebayashi, H, Nakamura, E. Tani, K.

Kishi and K. Kobayashi, “Some Mechanical

Properties of Hot-Pressed [-Sialon with
SiC,"  Yogvo-Kyokai-Shi, 93(3) 162-63
(1985).

. K. T. Faber and A. G. Evans, “Intergranular

Crack-Deflection Toughening in  Siicom
Carbide,” J. Am. Ceram. Sec., 66(8) C 94-
CO96{1983).

. T. Kohtoku, T. Yamada, H. Miyazaki and

T. Iwai, “The Developments of Ceramics
from Amorphous Silicon Nitride,” pp. 101-
08 in Ceramic Materials and Components
Ed. by W. Bunk and H.
Hausner, Verlag Deutsche
Gesellschaft, FRG, 1986.

for Engines,”
Keramische

Sialon ] 7|A1% 447 838, 28 4)
22(1986).
SEE] o) 8%, “ 7} %7l
F45 p-Sialan = @« A 4R,
24 (4) 349 -56 (1987 ).

o154, P

e

337

. B. D. Cullity, “Flements of X-Ray Diffrac-

tion,” 2nd Ed., Addison-Wesley Publishing
Compuny, pp.501, 1978,

L. J. Gauckler, J. Weiss, T. Y. Tien and G.
Petzog, “Insolubility of Mg in f-SigMN4
in the System Al-Mg-8i-O-N,” J. Am. Ceram.
Soc., 61(3-10) 397-98 (1978).

D. W. Richerson, “modern Ceramic En-

{2661

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

-7l Al s o] dl

gineering,” Marcel Dekker, Inc., pp. 87,
1982.

A G. Evans and E. A. Charles, “Farcture
Toughness Determination by Indentation,”
F Am. Ceram. Soc., 59(7) 371-72 (1976).

N Claussen and I. Jahn, “Mechanical Pro-
perties of Sintered and Hot-Pressed SizNa-
Zr0, Composites,” ibid., 61(1-2) 94-95(1978).
K. W. Rice and W. J. McDonough, “Hot-
Pressed SigNy Zr-Based Additions,” 7bid.,
58(5-6) 264 (1975).

J. Weiss, L. I. Gauckler, H. L. Lukas, G.
Peizow and T. Y. Tien, “Determination of
Fhase Bquilibria in the System Si-Al-Zr/N-O
by Experiment and Thermadynamic Caleula-
tion,” J. Mat. Sci., 16 2997-3003 (1981),

I. Weiss, L. J. Gauckler and T. Y. Tien,
“The Systemn SizNg-8i0,-ZrN-Z10,,”" J.
Am. Ceram. Soc., 62(11-12) 632-34 (1979).
Umebayashi, K. Kishi,
E. Tani and K. kobayashi, “The Effects of
Additives on Bending Strength of Hot-
Pressed f-Sialon with Z=1," Yogyo-Kyokai-
Shi, 93(4)y 175-81 (1983).

Y. G. Lee and [. B. Cutler, “high-Perfor-
14(1} 33-

H. Nakamura, s

mance Ceramics,”
49 (1977).

L. 1. Gauckler, H. L. Lukas and G. Petzow,
“Contribution to the Phase Diagram SizNa-
AIN-Al,05-8i10,,” J. Am. Ceram. Ser.,
58(7-8) 346-47 (1975).

M. Mitomo, N, Kuramoto, M, Tsutsumi and
H. Suzuki, ““The Formation of Single Phase
Si-Al-O-N Ceramics,” Yogyo-Kyokai-Shi, 86
(11) 526-31 (1978},

M. Mitomo, N. Kuramoto, Y. Inomata and

M. Tsutsumi, “The Sirength of Reaction

Sintered (-8ialon,” Ikid., B8B(8) 489-96
(1980).
R. R. Wills, R. W. Slewart and J. M.

Wimmer, “Effect of Composition and X-

Phase on the Intrinsic Properties of Reac

25398 A



23.

24,

25,

srgtdew 2y A2y g-Sialon o) A% SiC 8 2gsl w3

tion-Sintered Sialon,” Am. Ceram. Soc.
Bull, 36(2) 194-96, 200, 203 (1977).

R. R. Wills, R. W, Stewart and . M. Wim-
mer, ““Intrinsic Thermal and Mechanical
Properties of Reaction-Sintered Si; Al, Ng Q4
Sialon,” Ibid., 55(11) 975-78 (1976).

G, C. Wei and P. F. Becher, “Improvements
in Mechanical Properties in 8iC by the
Addition of TiC Particles,”™ J. Am. Ceram.
Soc., 67(8) 571-74 (1984).

A. Nakahira, K. Nihara and T. Hirai, “micto-

Al 2549 =1 3% (1088)

(2672

26,

structure and Mechanical Properties of
Al; 03-8iC Composites,” Yog yo-Kyokai-Shi,
94(8) 767-72 (1986).

F. F. Lange, *“Criteria for Crack Extention
and Arrest in Residual, Localized Stress
Fields Associated with Seconed Phase Par-
ticles,” Ed. by R. G. Bradt, D. P. H. Hass
elman and F. F. Lange, pp. 599-609 in
Fracture Mechanics of Ceramics vol. 2,

Prenum Press, New York, 1974.



