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ABSTRACT

Symmetric three layer composites have been prepared by freeze casting and then pressureless sintered at 1700-1800°C in N, gas

atmosphere. The relative sintered density of multilayer composites having microstructural characteristics of later intermediate-stage
densification increased with sintering temperature and reached about 95% theoretical value at 1800°C.
Although the indentation strength of the multilayer composites was generally reduced with increasing Vickers indentation load up to
294N, the damage resistance of multilayer composites was superior compared to monolithic layer 95AL/5SN material. The three-point
bend strength of the layered materials remained at the values 266-298 MPa after indentation with a load of 49N, while that of the
monolithic 95AL/5SN material was 219 MPa. The fracture toughness of the multilayer material was 5.4-6.6 MPa+m 2

Key words : Symmetric three layer composites, Freeze casting, Indentation strength, Fracture tougness
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E2EZ =2 ALO; (AES-11, Sumitomo Chemical, ‘AL’)
% SiC nano-powder (MTIL, ‘SN’), SiC whisker (SCW,
Tateho Chemical, ‘SW)E AH&-3I31th ALO= Hd U7
0.5um, B XA 91 m%gd! a-phase® TFAHIA U
o™, SiC nanopowder= Y7d°] <30nm, B]EHZA 109
m*/g¢l PB-phase, SiC whiskers Zo] 20-200 pm, ==
0.05-1.5 pmo] A th. E4HA 2 ammonium polymethacrylate
(Darvan-C, R.T. Vanderbilt), AIHEAAZ ethoxylated
acetylenic diol (Dynol 604, Air Products and Chemi-
cals), SAWAIAZ glyceol (Fisher Scientific), ¢ =
= 1500, ¥AF 60,0009] polyvinyl alcohol (PVA,
Junsei Chemicals)2 AHE-315 T

gol2 ZFFE SulZ A3l 20 wi% glycerolS
sk S8 A7lmek Fo=A SANAT. DAY

o

Aot FARZAY] A E glycerolE £3AZ &/
Foll AR ARGAAAE H7ete A7 2t 819,
AFA PVAT 429 B &F &7 wjio] 80°CE
FEet] 10wt S90 2 A x3te] ALg3iunt. FEF
o8 IFAMY FFTd T3] SAHES M7 F
QF A7k ST

Azd &AL ALFHoEZ A7agt A7EA Sic
nanopowder, Al,O; powder, SiC whisker®] <=2 F%]5k
F 54% 229 T7A|(Sonifier 450, Branson)S AHE-
atod 3087E, olojA 12417 AP mnt Ao 2R FUst
sttt o]FA 3t ARG LEEE BEEo FYs
A B4 239 G E o] g3l 3087 tA] Bab
S5, 52 S AFHeIA 71EE AASAT 55 vol%
solid loading® ZH= 95AL/ASN (Ol3F ‘A'E} %73 ©
90AL/5SN/5SW (vol%) (‘B’) €38 & ol FAl &= (30
mmx60mmx25mm 2ty 2 XE 25mm F)] A—B
—A 3 B—A—BY $AZ F T/ A 350 H
AF FUFig. sty AALALE ol &3l F&3HA &
ANZY. 548 NEe 9% T dgd s FAAzx
(Labconco 77540, Western Medics)ol] ¥ SZ27A% A
o FAAXRE S A7) o 70°ColAM o olie]
AMEE S wj7kA] 7T o2 R SRS A
skt

#71E8& AAs] st AFAE 600°C, 547+ sk
3 &, 97 24 Z(Elatec Inc)S ©]&3to] N, 597
BllA F2E&E 5°C/minZ 1700, 1750, 1800°CelA 7}
ZF N7 238t obgE FEAQ Bl HolEE o
71 915t A, B AL 72 9 Fd daii e 593
WHo R AHE AZ3A.
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Fig. 1. Schematic diagram of tri-layered Al,Os/SiC nanopar-
ticle/SiC whisker composites. (AL :Al,O;, SN:SiC
nanoparticle, SW : SiC whisker)
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Fig. 2. SEM photographs of 55 vol% 95AL/SSN green body
after sublimation of ice: (a) surface (b) fractured. (AL :
Al,O3, SN : SiC nanoparticle)



P QRO Solele] AT SIS A% () B Bl s} AR 4 107

t] 7 (SEM, JSM-500, JeolyS ©|-&33it}.

AAAHS multi-cutter (Isomet 4000, Buehler)S ©]-8-3}
o Smmx3mmx50mme] 7|2 Jg & A|He] ¢
He HAFHOZE 1 um diamond pasteE AFE-3Fd <vlst
G}, A E 71(Model 6025, Instron)S 123k outer
span 30 mm, crosshead speed 0.5 mm/min®] Z7AS.2 4
SollM 338 AYAEE FFsAT &2E oFE4Y
SHABAE Bristkr] #18t Vickers 4AHE AHS-3HA
9.8-294N HH S sFo 2 FAS A2 Ankdk 0.6 mm
ol ®#¥1 F FAE = /\]-14(E Smmx-77 3mmxZ

o] 50mm)e] FEHEY FHo| FYPdEel AT & 3
E5 felstaA st gd-e 229 37 FelA
o] Rom AHFHA] HEAITL 2522 G
S, 37H4 Al diste 33 AYAEE ZAH3IL
2 Bghks Ik 9Y & B4 ‘HHE Tt

( 36° Vickers
2 BrrsE
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.EN YU IH
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Fig. 3. SEM photographs of 55 vol% 90AL/5SN/5SW green
body after sublimation of ice: (a) surface (b) fractured.
(AL: Al,O3, SN : SiC nanoparticle, SW : SiC whisker)

offt
iR
A

of

tolut iceo] ket A4 (ol <03 um =719
ok g lAITERE e B 52 5
(>50% olEEx)9 FAZE dojHh thEY
B27F 5 (55 vol%)d] ZA YAl A F
A A&H & AR o] Ao AAHALH, o]
ZZAYAA R A3 glycerolo] B0 2 283k A
7} 20 wi% glycerolE Bl A71shd $2HL -4.8°C
2 oA w Boge 9%olA 4% 7ase?
a8y gebd e oA ExA B3] 95AL/5SN (Fig.
2b)2] A% F3L Z(~6 um) 6@1%«1 ufckel] SJsix Hoj
A U7 Ao R AAAE ice] EHQ FF(void)ol <l
g} o83 HAL whiskers Tt A$oAME
(Fig. 3(b)) YER71E= 391y 1 A7)7}F 2kT). whisker
o] WiEA e (Fig. 3y Adel &l o= Fxo) gk
< 7o

2AEY7N FAEY vhg W ARl ARE &
ol1 7] $93kd 1800°C, 2A17F 248 AJHe thsle] XRD
A8 P32 Fig. 49 ERIITE N, 2917]14] w““*
AR H}—-o]q_ /\I-x%o]7} ﬂolg;q 01—/\):0::} a-ALO; % 7(
B-SiC Adelfto] ST £2F 259 F719 HE
o] L3l AuE FAEY 24 #Aglel F71skith

é oMo o N o
o ofd
v
d

. . ° ® «-ALO
. : 0 B-SiC
| !
| ° o ?
(a) ! o, j o 1
j Lok | i il | o |
ko o, Anba o Voustpon o, sl o e it u\’ s ke
) ° L4
[
f o
i
o |
(b)r ° ® o ¢
\ i i
W W i Pagdind f’w P \j“.w\ ettt b VA ',M, xL» [T ILIY
° * ¢ .
| | |
o @l T
C) i OA | 1 i
I o ﬁ& I o

W
A
Mw& M“’ I *” w;\%, /'w mmM‘*\m# Ratiiehusing Wb A P

s ° o
° ! ! l
S I\ 3 .
’ ri 9 I I; .1.\
llnd | !
(d)w\ L o o ?
Wy wh [y "W""; 4 ‘ivwk‘m“qw P gt fm w.m/ww,,wv A S A adyry e
20 30 40 50 60 70 80

26
Fig. 4. XRD patterns of specimens sintered at 1800°C for 2 h:
(a) monolithic A, (b) monolithic B, (c) tri-layered A-B-
A, and (d) tri-layered B-A-B. (A :95AL/5SN, B: 90AL/
5SN/58W)
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Fig. 5. SEM photographs of 95AL/5SN specimen with differ-
ent solid loading sintered at 1800°C for 2 h: (a) 50 vol%
(b) 55 vol%.
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Fig. 6. SEM photographs of (a) A and (b) B layer in tri-layered
A-B-A composite sintered at 1700°C for 2 h.
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Fig. 7. SEM photographs of (a) A and (b) B layer in tri-layered
A-B-A composite sintered at 1800°C for 2 h.
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Fig. 8. Flexural strength of monolithic and tri-layered speci-
mens as a function of sintering temperature.
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Fig. 9. Bend strength of monolithic and tri-layered specimens
sintered at 1800°C for 2 h after indentation at different
loads.

Fig. 10. Fracture surfaces of tri-layered A-B-A composites
sintered at 1750°C for 2 h: (a) A and (b) B layer. (98N
indentation load)
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Fig. 11. Fracture surfaces of tri-layered A-B-A composites
sintered at 1800°C for 2 h: (a) A and (b) B layer. (98N
indentation load)
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Fig. 12. Fracture surfaces of tri-layered B-A-B composites
sintered at 1800°C for 2 h: (a) B and (b) A layer. (98N
indentation load)

Fig. 13. Vickers indentation (196N) cracks in tri-layered A-B-
A composite sintered at 1800°C for 2 h: (a) A and (b)
B layer.
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Fig. 14. Crack profiles induced Vickers indentation (196N) in A layer of tri-layered specimen sintered at 1800°C for 2 h.
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