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ABSTRACT

A-Sialon powder was synthesized hy the simultaneons reduction and nifridation of the mixed powder of
Hadong kaclin and Kimcheon quartzite, using graphile as a reducing agent. The synthesized §-Sizlon powder
{Z=1) was hot-pressed at 1750C, for 90min under 30 MPa in N, almosphere, after Yttria and YAG
composilion material were added as sintering agents. The elfects of grain-boundary crystallization on high
~temperature mechanical properties of £-Sialon ceramics were investigated.

Strength degradation was ohserved af above 1, 900°C for the A-Sizlon (Z=1) -8 wt% Y,0; compaosition, but
it was not ohserved up to 1, 200°C for the f-Sialon-8 wt% YAG composition which was annealed at 1, 400 for
4hours in N, atmoesphere. After the g-Sialon-§ wi% YAG composition was annealed, the decrease of fracture

toughness was abserved.

4 A

LM &2 A, 2haAs gol et AL s glo FAA
7l Ad ARAE gioh o] AL nadte] JA 72
Meeae F44 viasd 235, FJuF, zyg g, Hd Ag, B4 Az 35 F=F rll-ﬂ?";}

(407)

5[&



St Apede s, Ao
SHEA A E2F g o] Ao
of £AAde] $45% Hopfazl 43
4, 3 Ha4d Gl o] sz
Eal7loll s FEhfarcl frbet Algel et

AgHFA) Ao e 71§ 2o Eky
AR 9o A B4 EE d
Re adzAL Azt Erbd e ) 2} 2l A
A7t olshed AAE o] gAde] Faoz £
atedA zgAdel FA FHHA] dojubm Hel £
Aao|eh® HZol e 4l Mok alelo] BA}e
o} 28 alA A4 3 {grain-boundary crystallization) 4|

4 (
4 A

A dF7h Bl Agdn Y0
B oojgelds Tl A2d Aozl 1A
43} 5% ALele EFRes 1350C, No-Hp297)4]

A1 10 A7k Fob A g A EA AN g-Sialon 1 EE T
4atgon, o £7EF 1750T, ALEHA7]el4 90 F7k
0MPae shHez shglazg shenh. old Y.0.8)
YAG =4S AdzAE #Hrlsiel dAH=R7) B
~Sialon &} 71712 472ell =130 4 gl vhel ZAeg

2. Mg

2188

=

Table 1 3 Table 2 ¢ e z4< slzE 85 7124

Table 1. Chemical Composition of Hadong Pink

B A3 FAEYE 225 mesh o] 57t HEE B He,
Table 3¢ viehd 2 2ol QL, Q2, Q3, Q4 2A4<] ¥
% EdEed

A2 £ (Junsel Chemical Co, Ltd, )& A&}
olowm|, 2 ALFZ Table 4] vhehlgict,

2.2, A-Sialon M|EPUAS| H|Z=
Fhgela A e Bt g C/5I0,
57} 5|52 A@sle] ethanolL Hnl 2 15 )71
ol £45F £ 10074 24 4130
) 52k 1, 350°Cel A 10 A
& F47)elA AEbEAll 5, o] g
Slsted 70T, Fo1EeAA 547 Bk
wahs dzsledc). Aaxzs g-Sialon
AAsk7| 95k 28% HCLRAolA 90

Bgreake.

gL_
oft P
e lo ok
i

He e

e
e
]

dAel & 4£Az2AE 8wtly Yitria o} YAG=A L
Arlale] FAA Edsla draiZ 7} Feiql 27|
Z (Astro HP 20-3560)5 ~b&aba] A3271004] 30

\E‘nil k]

MPa 2 g8 eom 1, 750Col 4 90 F7Eat @7brtghad
L a4, 5, YAGEAE 24245 A8% A
AR B AR v AT AR A A Fe
1,400, AP oA 4zt dA &Gt 8
~Sialon A &tg)~ Alz9] AHul=lel 4y A5 E Fig.l

o vhep g

Table 3. Compositions of Starting Materials.

Kaolin. N .
Composition| $10; |ALO, |Fe,0| Ca0 | Mg0 | TiO, |1, L Composition] yehicted roe
omposition| S1 e a i0; [Ig, Loss _ -
Sl I # ’ Zovelue K.Quartzite H_Kaalin | Graphite
wt% 44 59(39.55| 1.48 | Tr. | Tr. | 0.17 14
Q1 g5 100 21 110
Table 2. Chemical Composition of Kimcheon Quartzite. Q2 10 100 51 124
Composition| Si0» | ALO, | Fe.0, | Cal | MgO |Ig loss Q3 15 100 103 141
wit% 899.7 | 0.1 | 0.04 | Tr b1 0.1 Q4 2.0 100 172 193
Table 4. Chemical Composition of the Graphite.
Compositionl € S Na Mg Al K Ca Fe S Cl
wt% 86 04 6.93 0.14 024 3.27 0.68 055 1.32 0 65 0.18
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Fig.1. Schematic diagram of beta-sialon ceramics

fabrication.
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Fig.2. X—ray diffraction patterns of the powders
sythesized from Hadong kaclin and Kimchecn
quartzite heated at 1, 350 for 10h in N,-H,
atmosphere.
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Fig.4. Part of isothermal section of the system Si
N,-AIN-5i0,-AL,0, at 1,750°C showing solid
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Fig.5. X-ray diffraction patterns of the specimens
heat-treated at 1,800C for 1h in Ny
atmosphere,

Table 5. Quantitative Analysis of Beta-Sialon Compo-
sitions.
S R Y I N S P
Q1) 87.15 | 11.14 0.61 1.11 0.75 070
Q2 82.15 | 16.12 0.64 0.88 1.4 1.02
Q3| 7778 | 20.77 0.54 0.90 1.4 1.45
Q4| 72.75 | 25.49 0 50 1.26 1.6 1.65
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Fig.6. X-ray diffraction patterns of g-Sialon
ceramics,
(a} g-sialon+8 wt% ¥,0,
YAG
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Fig.7. Flexural strengths of (a) g-sialon+8 wt% Y,0,
and (b) g-sialon+8 wt% YAG, amnealed at
1. 400°C for 4h in N, atmosphere.

Table 6. Mechanical Properties of g-Sialon Ceramics,

M.O R.| K, [Hardness| Remark
(R.T.) |(MN/m?-
(MPa) 12y (GPa)
£—Sialon+ 150 76 70
2. 14.
Swt% Y,04
A—Sialon+ A5 3 97 T
S 9t% YAG P
- sialont a0 | 2.8 | 12.10
i 2. A, *
8wi% YAG

¥ Annealing at [, 400°C for 4k in N, atmosphere.

S



#ea Aglywe $o g-Shlensf ¥4 o 2 FA

YAG 4o| o] AAgs 4 1,200T A s1A4 g AviA] g2 FHes Az
Habe] e 97 AT nleAe e #HEsh o A-Sialon 24 A2 #eislS &4 NaOH £alof4] of
A3 Eof Habe FAEel7] Adg Fig 8o veldgl

—Y‘—

L YAGZAL Arhsie] 4% o AGAAE B o
ARl V0% A7kl 24 74 (Fig.8@) % YAG
24g e ardngen AdADE FARE A

Fig 8o}y el Aol =15le] 2ol ALFdE 2 & ot

E

—

o] AFAsGet (2 ASE AdA Feof gl
AJE YAG 4] o35 ddel s AAHA goks] A
oz ARgek g, FAEAA AdL2zE f-Sialon
AR} YAG A 4& 877 olelfna” & dFel A
£ AAEAY gAZAA4E EDAX B 4 ¥45g5H
Fig.aeld o 4 9+ uhel 2¢) YAG£4E F 7l
£73% Fof A= Aug EDAX 2 41453

Fig.8. SEM photographs of fracture surface of 8
—sialen ceramics. ; - *
{2) f-sialon + &wi% Y,0, () g-sialon + 8 Fig.9. EDAX analysis of g-sialon ceramics added §

wt% YAG wt% YAG composition and annealed at
i¢) g-sialon + 8wil% YAG, anncaled at 1.400°C for 4h in N, atmosphere.
1,400 for 4h in N, atmosphere. (2) p-sialon grain () YAG grain

A 264 A3E (1989) {407)



444 -

5 o F-Sialon A0 alAe] YAG o] Agdsdga

Aao
2

3 A 2H F4e
7 ARgEled 1,350, =3
48447 g-Sialon £ 4%
: A7 § QPGS st 4T
Zrh.

AA BAE DEALEL F-Sialon 2
, %] 2-5i,N, 9} FeSi,%o| B2s]gct
1-8o] Yol o 9 4as|e] B4} tg

Az

AL EH7A 1425

2 Z ko] 1ol8tel M p-Sialon
1o]4el M= g-Sialon 7} 432 o -

2 HAEEE L8007,
dAzadE o BAE
4ol glon,
Sialon o] i c}.
FAEdE Zitel 19 24€ 93t Y.0.9 YAG
AAZAR Hobeed Eapstad e dgd
o5 A7 249 o 2 e JEY
=& Y008 718 24e] 1,000C of Aboll
%Zﬁ 4ot 44 vl el YAG 24 & Arlslo]
ARAE g AR 1, 00CAAE 28732 A5
#Hate] A9 ddejitz] gkt

1) BFAQALE Y0,
2 el AR YAG & iﬁix‘ﬂi

Fhehed ARaie g B—Sialon 3 YAG 27
8 & A ry A2 olsle] DA S ] A
g gl o] AL glgic,

5) YAG & 43zA2 #rlshel Aldxagd & A%E
f-Sialon % A &) ol Ao YAG #} 2R ss]o] 2489}

£

aD

o
T r’t

A2 2B7E B2 YAG

i

7.%
= ¥ fokas,
3 3ol

Hot

REFERENCE

1. ol&d,
{1986) .
2. K.H.Jack, “Nitrogen Ceramics,

“qaels daus", sEzaa, P2

" Trans. |. Brit.

(408

10,

11.

12.

. M.H.Lewis,

. D.Bonnel,

. A.G.Evans and E. A, Charles,

Ceram. Soc., T2, 376-384 (1973).

N.E.Cother and P.Hodgson, “The Development
of Sialon Ceramics and Their Engineering
Application”, Trans. J. Bril. Sec., 81,
141-144 (1982).

Ceram .

. C.Greskovich, “Preparation of High-Density SN,

by a Gas-Pressure Sintering Process”, J. Am.

Ceram. Soc., 64(2), 725-730 (1981}.

. F.F.Lange, “High Temperature Strength Behavi-

Evidence for Suberitical
b7, 84-47

or of Hot-Pressed Si,N, :
Crack Growth", /. Am. Ceram. Soc.,
{(1974) .

A.R.Bhatti, R.J Lumby and B.
Norch, “Microstructure of Sintered Si-Al-O-N
Ceramics”, J. Mater. Sci., 15, 103-113 {1980).
T.Y.Tien and M.Ruhel, “Controlled
Crystallization of the Amophous Phase in Silicon
Nitride Ceramics", J. Am. Ceram. Soc., T,
460-465 (1987).

. B.D . Cullity, “Elements of X-ray Diffraction”,

2nd Ed., p.501 (1978).

“Fracture Toughn-
ess Determination by Indentatien®, J. Am.
Ceram. Soc., 59, 371-372 {1976).

I.K.Najk, L.J.Gauckler and T.Y.Tien, “Solid
~Liquid Equilibria in the System Si,N,-AIN
-5i0,-ALOy", J. Am., Ceram. Soe., 61(7-8),
332-335 (1978).

H.Honke and T.Y.Tien, "Salid-Liquid Reactions
in Part of the System 33, Al, ¥, O, N", Proress
in Nitrogen Ceramics Edited by F.L.Riley,
p.101-109 (1933).

P.Greil, J.C.Bressiani and G.Petzow, “Crvstalli-
zation of Y-Al Garnet in Presureless Sintered g
—Sialon Materials”, p.228 in Proc. of Internation.
al Symposium  on  Ceramic Componeats for

Engine, 1983 Japan.

2]kl |



