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shedeh 1900T o} 4] hot pressghed AT SiNg10vol%SiC Ve B8 2 A7 =E 1002 MPacisia, Rk
o|lg&um 2] 07.9%o gzl e, SN, A AdAAe wsld 67%2) VA xe] FHae] Gel=ych AU
1800T <il4] hot press§t -2 =AM 71 2 7.2 MPa-m2 & Jehidch o] 72 =719 SiCyi~lr} SisN,
o] A gl YAaaE A3 oA s, oz 2hgsle] Fag Bake] B-SiN, dAe] Ak iyl AP n)A T2
7lelste Aez FAsgd

ABSTRACT

SiC ultrafine particles of 0, 10, 20 and 30 vol% were dispersed in @-Si;N, matrix and hot-pressed under
the condition of 30 MPa at 1800 and 1900C respectively. Physical, mechanical properties and microstructures
of sintered SisN,-SiC nanocomposites were investigated. Flexural strength and demnsity of SiN-10 vol% SiC
nanocomposites hot-pressed at 1900T represented the 1002 MPa and 97.9%T.D respectively, and it was confir-
med as a remarkable improvement of 67% compared to Si;N; monolith. Fracture toughness was shown as
7.2 MPa-m' when the same composition was hot pressed at 18007 . This effect was supposed to be due
to the improvement of microstructure by the adequate suppression of the excessive growth of SN, grain

with SiC nano-particles.
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2. A uky

2.1. SiEd

SiN, F2EAE oSN, 90 wt% ©]4, p-SiNst of
Iwi%ol3, WFYE 05um, HEBA 156 mYgal
LC-125(H.C. Starck Co., Ltd, Germany)E SiCEwah-g-
HAhel A 0.1um °lshe]l T-1(B-5iC, Sumitomo Cement
Ca., Ltd., Japan)s AdZA 25 <7 04 pym o] 3}
9l YuOs E2hgrade fine, H.C. Starck Co. Lid., Ger-
many)d HYA 0.3 um o] 819 -AlOsE-ZHAKP-30,
Sumitomo Chemical Co., Lid., Japan)g Al&-3leith

Fig. 1ol ©]5 #82 SEM % TEM Ablg vehy

Fig. 1. Starting malerials for sintermg of S1Nup-51Cy nanocomposiles.

(a) SN, (LC12S)
H.C. Starcks

(b} AbOy (AKP-30)
Sumitomo
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Hot Pressingel] @3 SiNy-SiC vl g2 Az

Table 1. Batch Compositions for SizN,;-SiC Nanocom-

posites
Materials| SipNy SiC A0 Y204
LC128 T-1 AKP30 | grade fine
Specimens (vol%) | (vol%) | (wt%) (wt%h)
NC-O 100 0 2 3]
NC-10 90 10 2 6
NC-20 80 20 2 6
NC-30 70 30 2 6
At
2.2, A|lEHZE

Al @2 Table 13} o] SipN, £ SiC 22
10, 20 % 30vol%s Hrlely, A£HzAZA 2 withe-
ALOyS 6 wi%-Y:0; 24 Hr18le Fig 29 22 9b
Heoz azatgdch

SiC #h& 500 ced] HFae 9E o, 2294
H7)E o}g-5le 3092k FH8] oAb 7 A SiCe A1
+HE dAY Fx o= NH,OHE #vef 373} pH
10~11¢] HEE sy en] Aldafy S0y i
ofl 4 SigNy, ALO; ® Y,0, 32 iz Foldle
3080 Fabrzich Peizl EYE-S Eo|e# poto
SigN, ball#} @7 Yol 24417k ball millingshsc}. o] df
pot mill?] rpme oF 4002 A= sleich 5 slipe
SiCYAte] ALAE HAT ZHOR slipd beakers]
WET F4] 25272 S3elE A a4 cit-
ric acids Arlste] pHE 6~72 Aldsld WstaA
HA5E =4k

ZP=skd slips Folofwjele] PA"en 8
A F dry ovendl|4] 2f 50CZ 124]zF o4k A
Atk Zxg A|2E agate mortars o] £5ke] &
3t 60 mesh ¥FEE oA g sisiedd. o 3
g4k BEE 1800 B 1900C &) %o 30 MPa2)
ez 143k F3b 212t hot pressing#red 40 mmX5
mmH 2719 H3A|HeR zs)do)

e

£ W

2.3. X-M 2EEY

Hot press¥] 22 aagk SipN,-SiC 23k 9)
A SN, 9} SiCe] 43le] AEE Falapr] $5he] 2
HAE vibration millE 30% F9) o|Eaf3led Buby
2E AAIskR, XA AR (D-Max, 1400, Rigaku
Co, Lid, Japan)E ¢]-&-&led Nifiltered Cu-Ko target,
60kV, 150 mA2] FA2 2 AEHE sdck

A 31U A9 E(1994)

SIC particles Si1zNg matrix
0~30 vol% SigN4 22 widh
<0.1um Ala0y 2 with
. Y203 B wi%

Somcation

100~-70 vol%

Ball Milling

pH=10~11
pH control | pH=6~~7
Drying
Granulation
by sieving | 60 mesh

Hot pressing

for 60 min,

Evaluation

Fig. 2. Processing of Si3Ns~SiC nanocomposites.

2.4. OJAITE U 7|AN =M

A28% AHE Archimedesof 25l W g 23
dledon], B7le = diamond cutlerMX-833, Maruto
Cao, Ltd., Japan)3 o]4-3}e] 4x4x40mm =78 A
gz Aggt ¥ 10 pm-diamond powder® <d=}sls
Instron{Model-6025, Instron, England)S o] &8} 44
Y, cross head speed 0.5 mm/ming] Z7Aez 2%
ek

3] 10 ym-diamond powder® du}g) A=
1 pm-diamond powder® 13} vl F 0.4 pm |5}
diamond powder® 23} <l=}al el o &le indentation
technique, 136°-Vicker's indenter{DUH-200, SHIMA-
DZU Co., Ltd, Japan)= <}-4-8}lo] 312 10kg, F247F
15x8] zrew 245l 4% a ¢, HJ(H,=18544-
P-D7%gke 285 Nithara®l (Defl 2ste #Hjakez
sl )

z

a
K]c =0.064" H\ ' ‘T (1)
s

3
ok K¢ : fracture toughness(MPa-m"?)

H. : hardness(kg+mm?)
¢ length of crack(mm)

a . D/2(mm)
D diagonal of indented mark(mm}
P load(kg)
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Fig. 3. [%] Theotretical densities as a function of 3iC
comtent.
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FAZ A9E 715 ob-g, JEOLALE] F a4 o]
(JEM-4000FX)2- o)&-35lo] 7t 400 kVe] 2210
Fastgorn, o HAFIE 3009, morphology
ke bl R, SN gl AEe] SiCy =] g EDX
el 2 [Silde! A FHBAEE o145e] A4
22 7§ g3 o|EAE ulwmate] 3l

3 At ¥ ag

31 Bas =y

Ui a7] 8] SIC B4rg 10 vol% 7hehel4 af(NC-10)
97.3% o]4be] & 2FUEE vEpf sl e, 1900T 4
4 hot press¥ A B EE ojewlie 979%%F
“hehsick(Fig 3). 2eiel, SiCA7IRkel 20 vol%, 30
volh 2 F/VeeE o|gRme AskE: RHel #3 10
volol el SiCEEel A7 SN, Al A
sﬂﬁ_qllfl—ﬂ 2.1,25,26)0] }ﬁ]‘%’ 71_}7@2—"1_21 )‘} )‘.l»é_]r‘_‘:; }ﬂgi
zasgen oRe AURES 54, alATne B
Az galstwal sgich

32 7[AE 43

Fig. 401 1800T 2 19007 <4 30 MPa&E hot press3+
7t Ale] #azkEel slre 45 felliok 1900
T oA hot pressit NC-1HSLN/10 vol%SiCy7h 2 2]
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Fig. 4. Relalionship between SiC particle conteni and
flexural strength or fracture toughpess of SisN,
matrix composites reinforced by SiC particles
(T-1) at 1800 and 1900%C, 30 MPa.
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Hot Pressingel] 2%+ SiNe-SiC o249 =

fe)
Fig. 8. Optical micrographs of the polished and indented surface of SizNyg-S5iCyy nanpcomposites sintered al 1900

t.

() NC-0 (k) NC-10 (¢} NC-20

pull eut& =5 tebdA] "ol = =28 Sic] =)

8o e iy, 4 7]‘3’P§-5-°ﬂ mucro-crack¢] <uk
Slel A S 9 DF-3H0) 2|5 714]9) pinning
o4 pile upE 32| 2] 7} _1-75101 EARIR IR A AR
A3k FrlElgd e, L v ghale) SN,
Bla efghe] Frlel] 2o A SICHA Holel o
e Ve Aoz grhge]

o] ¥ 22 AAE micro-composites]| 2]+ 4 Gresko-
vich 5¥¢! B 32l nanocomposites] 9lels K. lzaki
=8 Wl A gk

SiC A1} 20 vol% o] 4bel A, AT B
7} s Ane] wAE e SN 429 o)
#Ho| HA SiCAte] 71 FmatA] ot L442) poSioN,
o] Hapa] o= 9]7) uﬂ o7 Y7 =9 g8l 20
vol%e SiC 712 A4 o4 o s 2 ai4e =a)r)
doldt AL AFAzA Yszz|e] SiIC ¥ute) Ba
AHE {457 $lste] pHE 2Ase] <ele] 94
= AT GICEDTE AeAs mlop A iy
#HHA) Py du slESelx BEly gk
SiCell Ag Ay wWafolu} SN, sl o

A3 A9 5(1994)
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(b)
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Fig. 6. XRD patterns of 90 vol% SNyip-10 vol% SiCy,
nanpcomposites smtered at 1800 and 1900T
30 MPa.

-1025-



AP - g - wEA - 27 F

{c) 7{d}
Fig. 7. Crack propagation pattern of S1Nig-SiCe nanpcomposites smtered at 1900T .
(@) NC-0 () NC-10 (c) NC-20 (d) NC-30

Aprme AQsHE Ao 44Es XA 884 2%F Fig oo Hephdieh 229 3
b SigNy2k SiCele] gal=dedl, SiNe 78] &
33. X4 SEEM Hat wo] Be® AHePEgEe 4 & AR SiCe

IS

(a) {b) c}
Fig. 8. Transmission eleciron micrograph for the SiN./10 vol%SiC nanocomposite. (a) » 80,000 (Arrows indicate
intra-SiC particles) (b) > 500,000 {c) high resolution transmission electron micrograph for the SiC particle
within SisN, grain.
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Hot Pressings] =T SN2 Bt 2] AR

Table 2. Relative Intensity Ratio of [Si] in SiuN4/SiC Nanocomposites

Analysis point Ave. relative , .
Relative intensity ratio ! 2 3 mtensity riato Thearetical ratio
s =[Sidse/[Silsmm} 1.26 110 1.20 119 1.17

7ol = Ak o-5iCuke] FEE e 1800~1900T, 30
MPa=] hot press®] ZHo|a= ozt Abde] Hd&-g
O 5 gl wleba), @rhE e r)e] pSiCe] A
a-SIC2e] ke Aot 244 B HE4 7
AR B4 Z kS nHA] g Ao Azt g,

34. Ol47=

Fig. 7¢} 1900 <4 hot press&t A1) %w-& 10000
W2 gefotel B SEMAE vietdiglrt Az
23 SiCuhralate] Arieke] =rlE4E SN0 AR
Hel A7} A s FeiRs BgHe gy o dl
=) o}718- Greskavich 5% Izaki 5*9¢] B 23} v}a}

o] SiCelAle] FAleke] 75 SuN,9] §)d7e]
HSAE fEoE s|AdE, 10vol% UCE 7 AS
FAE AR Ade] A wbgE AW 2AAF o
b glod. crack AR} A 2 s B
i e HWE 9 5 ok SHN, AR SIC siakE
B w)Ag] AL TADE B 4 9l Sicr)
A 93e NCOo|Ale elubdsialz} whdste] ol
on crackd 9@ ZA HIAH sHalde] Fald
7lea Zlen Aatsejalel e s NC-30 A 7
b Sicr} SiNodabel 44%E A% Tum o]
she] =54k AAde] ofsk A4l 9l REHo R

el ehta QgE ¢ 4 ek

Fig. 9. Fractured surfaces of SuNgu-SiCq nanpcomposites sintered at 1900T, 30 MPa.

(2) NC-0 () NC-10 (c) NC-20

A 3130 A9 E(1994)

(d) NC-30
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Al Foll et 2k Q2549 [Si] peak intensity2]
w7 L1~126924 H{F L19F Jg=d o|7L o]
279 1174 A2 dA3ge R, Fig 8a2] TEM image
2122 10~100Nm 79 dabs SiCydat= #al
H3.em Fig 69 X4 s4dPA Aseln 3]syl

ez, AE2] 0.1 pm ¢kl SiC 9 A= intra-SiC
s =l BEE R, SiN, A AE Ao et z] o
24 7L HEE Sasaki Bl 2=} 2wE wf e SN,
YAAGE FEAFE g oz sty qEen
A=k Fig 82] b SN, shildl 4= e
SiCY A F4 sy ARI(3>10%)2 2, Niihara
FlEe] ALOy Y02 AFE=AE AR A% SiCse
SizN.2l el F Al EAdithe nasls 2
< A= SiCylAlet SuNigd#he] Aol & 24
24l glassy phases} #-aA=la] efgich

Hetd AREFig el = B yels F2 e
22 2] crack deflection ¥ pull-out('{}’ FA|)2 Euigl
Yulstziel A AR TAl} eSS o 5 Utk
ol 10vol% SICE A7 A% 714 $3 %8)4,
1414 5A4-& vielf Fig 4¢] Aste} At o355t gl
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de @25 4 o glew JTE o vehd gldk o
2k, crack deflection®] %] ZFeo}x]3, pull out &7}
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el 7]t o AR ekl
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279 BSiICERE BAYsEIdE Arisle] hot
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L 1900T 2 hot presssled A= SigN,10 volgsSiC
VB ARl = 1002 MPas] #dslse) A4
T2 97.9%2] o|2UEE eplden, SiC et
20vol% o2t dE esed stadatgdch

2. 5h#) A2 1800T ofl 4] hot press¥l SizN.-10 vol%
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Ag: glon, SiCyYa SN AHe B89 7
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3% 7R AYslar ddg 248 SN, 2HAE
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