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B-SisN, AR H7k7t iﬂ}_zﬂi Y-Mg-Si-Al-O-N7| oxynitride glass® ARS8 =7t 278 93 SiC-Si,N, EF
A g2l ulAPze) 7171111 5280 mixle Qe wasiaith A ARk B-SipN, UAEF AL B-SIC YAl FLstA
T¥E WATFZE EATH B-SiN, F ] A7F ool F7FEel TR SiC-SipN, S8AlEe A=et Haelgeo] S8k, ©f
= Egal] 7)lsk= 7&?:‘171-4 el AA A B-SiN, fAbl ¢ Erkw F wEEE Sl sk SiC-70 wi%
SipN, B30 thEgHel 7=s} AL L 2 770 MPa 62 MPa - m"0]%r}.

ABSTRACT

The effect of the addition of B-SizN, seeds on microstructure and mechanical properties of the hot-pressed SiC-5i;N, composites
with an oxynitride glass composition from the Y-Mg-Si-Al-O-N system as a sintering additive was investigated. A microstructure that
consisted of uniformly distribuled, elongated B-Si;N, grains, equiaxed (-SiC grains and an amorphous grain-boundary phase was
developed. The strength and fracture toughness of SiC-Si;N, composites increased with increasing the -8i;N, seeds content, owing
lo the reduced defect size and enbanced bridging and crack deflection by elongated 3-Si N4 grains. Typical flexural strength and
fracture toughness of SiC-70 wi% SizN, composites were 770 MPa and 6.2 MPa - m'?, respectively.
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AEe] BAS HIAZ 7 Ux W HIWHe B

19704tHe] Prochazka" ] 2]} boron¥ carbon®] H7HE stolth. & 29 SiCTiIC 28A42>"” ¥ SiC-Si
SiCe] Zdetdde] g Ad3st ot E gelthe ‘-H‘I“H whisker B 2E"" sicel Hls] =& FA=lde 2t 9l
yigishd, virkeyd Fe §40] satel 1 FrAER T, SiEN,-SIC BRAYRE SipN, Brh 2o JJEE 7ty
Al Fgol 7di=Ee AEHT 23 TE AEol H]s] 1:1 ot XE7H EE A7HA Zd ERAES A
ok ﬁ]—ﬂow (2.5~3.5 MPa - m")# 2& 24 LeE(~ B-siCol a-SisN, 2 Bsm\uz 747}0}04 SiC-SizN, BE=

2100°C) 719lste] ThE 43 BAolx el 72 H 2E Azdl= Aotk SiCe 2 Aze} AslAdAd g 7
BEA SiC°] S-go AHICk T 199439 ALO, Z 2 I, SiNE 5L Jme) oﬁ«f/q AL 27 glo]
Y052 A7t Az o8l A" olerMTEE SiC-Si;N, 23A= Az B 7|ANEAL] FAE T
ZH= 31914(8 MPa - m'?) A2 €847t Padwre” e AzE 22T Zo] AP Shaoming 2P 1,
o o] SV g3} A BTY ol WA HFE 0.2 V,0,8 2AXAZE HrkEkd SIC25 vol SN, £

= a44Ld welta W) BAdo] 55k 52 gt FAEE L2 FUYAZ (hot isostatic pressing)H L= A=

ok 2} H2o] EEE A7 AHELY T Ags SIS, ) 810 MPad| 7rics) o o] zAjo] ThE AlH
2 ANEG gEFhdn AA A &7 B YRHE I 5.5 MPa - m'"*e] TN BIsGh o] B
olsf F}elAe Frtsht et HolAE “trade-of"E A} 25 AR % 281 oxynitrided] HAFL AMEEE SiC-
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B-SisNy 2

35 wi% Si;N; BRI FEelA 1020 MPag] 7= ¢} 5.1
MPa - m'?9] iAol HIEh EF olFd] Bug
A7 YAG A 2 oxynitride]l TS A
#H Az SiC-Si;N, EFAS= 860 MPa® 7=} 5.7
MPa - m'*9] D3914e HIFGIT}. Hirosaki 592 &
B-SisN, YA} vlAlEZE HEAA 22 28 B-SizN,
A J3 TR S7HE BIskch 2o A2
seedEA B-Si;N; YUAE H7F8l A=H SiC-SisN, B
A PSP 2L sk glc Heb E ST
= B-SipN, FARAE F7Hsle] SiC-SN, ERAES Al
HAT, PSioNy FAUR FA7E el TR B A 5
o M= e ZH T
2. Al w

Zdb )R 2F B-SiC(grade Ultrafine, Tbiden Co. Ltd.,
Nagoya, Japan)®} o-SisN,(grade E10, Ube Industries,
Tokyo, Japan), B-SisN(grade SN-P21FC, Denkikagaku,
Tokyo, Japan), Al,03(99.9% pure, Sumitomo Chemical
Co., Tokyo, Japan)?} Y,03(99.9% pure Shin-Etsu Che-
mical Co., Tokyo, Japan) ®2& AME39th B-SiC 2
0-Si:N,2] FaPFL AzB 7L ANG FH <fsiE 7
7k 027 um% 020 pme]$Th Y-Mg-Si-Al-O-N 343 9]
AAZAE 10 wt%E THFL, SNG 0-70 wt%E ¥

AR 47lle] RS %ﬂl;}m‘:} Zzte] ez ER B
Bhtd B3 polyethylene W& ARg-sle] oeb&-g Sul=
24717 B 54 2EE ¥, SFHEE ARAT 1 gzt
A4g Aok £FE 1800°C, 25 MPa®] Z7A N,
718 AMgste] 2zt 3’\]7] ¢t €= 7Y 735]—2"5\1:}.
223 APAEY 245 o]F o}

222 Archimedes ‘%Hﬁ & /\]-%0}04 = }‘},{I’ 7+
AHe] o]EYUEE BSIC(3217 gom’), a-SixN,(3.18 of
cm’) 4l oxynitride glass(3.18 g/c1n3)“§— AREsle] Sgh Al
(rule of mixtureyg& ARS8l Tkt 4273 W FAZE

AREE A2 drfele, CRSH 7.8% 0,9 Ef7k:=2
SRz oS sl AT e FARA—ERE (SEM)
& AHgsle] BUBET, BHAS B Askd ABE

Table 1. Characteristics of the Sintered Samples

F21UA} FHF SiC-SigN, &

s AHE 23
& PUE B CukoB AHESI] XA 5F 24
-} -0_ ]

(XRDy2 sttt Z=e 2.5X3X25 mm 2719] AJH
&3t 20 mm® out span’} 10 mm2] inner span®iA]
4-point bending WHO=Z ZA3H T, XL inden-
tation ¥ oz £33} 20

272% AHEES E4L Table 1914 Bojder), A7)t
&A% AHEY Afo] BE AJH0] 99.5% olde] i
=E WERIATE

Fig. 12 9% 719t &4 AHEY uHF2E HoF
o} SiC-Si3N; ERA BN SpN, UAFES l(,hmcr Erl

7F SiC Eo} wh27] wjie], 7k 2A0A etchingshH <
L5k UREe] SisNelth Fig 19 apld 2%0), SiC &

Y Al e Zx(monolithic)s A FHO.1~0.3 pm) A
(equiaxed) YA AHEHeR Hr}p F(~1.7 pm) TH4
PAEE 48 PATRE 7Y, 4% YXELS core/
rim 7E§ 2o £} ol 224% Y] g8A148E
—aﬂg oz ?JO%‘;J:% S et Sic SN, BEee 5

AR vnA F77E E B-SisN, UAE0
%uﬂﬂ?, Ak BgAlRe vlHTRE HeR

tof] wje} :51 4 AAke] Adago] HAF
LOM" ¢ & AT Fg. 19 b)) ¥
|4 UW%& SiC 0‘21—~O] SizN, 47 Well 23 e A
= FEE F 9t ol#d dd= 7 5% Ave 29
oF B3I, SisN,SiC V=B g Zole B5d 9]
T SiC-SipN, B3AFA SN, YRS AL A5
ol A2 SigNSF HmaE] & o P guigoez B
SiaN; FAIYAZE 1.05 wt% o|spllde Aabtzsh 2
2R g2 g BT £ 9, ol SN, 4R A
ol sice] EA¢] 71dste] AA =] WEolth Lt
B-SizN, FAYLAZY 1.5 wi% o gols 4727t &4
%Q ol J’* o?giq,

Flg 2%—__ 0177]_01- A;ﬂ—o—]_ )\] .1‘__%0] EHEZ]O] _L]_u]_tqo B
oA SiC @ A2 (monolithic)E (Fig. 2(a)) YUl
s el gAFA 7 gl AU, SIC-SisN, EFAE

Sample Batch composition (wi%) Relative Crystalline phase
designation B-SiC -SisN, B-SisN, Oxynitride™ density (%) Major Trace
H1 90 - - 10 99.7 B-SiC
H2 70 194 0.6 10 99.7 B-SiC B-SisN,
H3 53 33.95 1.05 10 99.5 B-SiC B-SizN,
H4 40 48.5 1.5 10 99.6 B-SisNy p-SiC
H5 20 67.9 2.1 10 99.8 B-Si;N, B-SiC

*The composition of the oxynitride is Y 124Mgg 160810.310Aly 20001 2Ny 151
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Fig. 2. SEM micrographs of the fracture surfaces of the hot-pressed samples: (a) H1, (b) H2 and (d) H5 (refer to Table 1).
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Fig. 3. SEM micrographs of crack paths induced by a Vickers
indentor [or (a) H1 and (d) H5 (refer to Table 1).
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(Fig. 2(b),0IME F2 A7 dofds & = A
At

Fig. 32 &9t 4225 AlHES tlEa] #8478 %
A2 BejzEnh g Sic Mg 2 SiCSiNg SRR
dMe F= FE8Ee] Yojgez=A Rl Tt
Z2HAche AL & 5 Utk o) ZAIeE SiC E SiyN,e
OxynitrideA] YAl EHAAT zpo] WlEe] €5 7194
A4 T 3= o Sic B SipNS A Alele] AlAo
ZFeHo] PAHI, olejdt S o) gEIE ¢ +F

ox, ©

LT3
St 5o HHelA X 719t 2Esh] dE AeR
Hee}” o) Oxynitrides] QAAFe] SiC-SigN, B8 &
ola st F7 777t FE-E]e] HEe dddE
ghdic),

Fig. 4= Oxynitide glass® AZAZEAZ 7S SiC-
SisN, Y&71et 223 AHENA SizN,e| Fagwisle] u
s 7ws Faelgy] WelE HoFEd. ol dga'®
SIC-Si;N, B3AEe] A=zl uAlT+2E & 482
o} ¥ws] & w), SiC-35 wi% SisN, BgA=E <1495
£ 51 MPa- m"e® & v} w&a go|Ax, mATRY
oA SiCe YARA7|eF A= Hssislen, ©®A SiN,
Azxte] A7} seedE H7ISIRS Wl B F71E AL &
g gith wEha], 2 AFA 1.5 wi%eld B-Si,N, A
A7} Z7FE 45 A73¥] (aspect ratio)’} S7 sk o]zl
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Fig. 4. Variation of the flexural strength and fracture toughness
of the hot-pressed samples as a function of SizNy
content.

g AR} oF 8% ol AU Ze| TS € F
o} 23], B-SiN, FAYA Tl 2.1 witwe H7HE
Azt 62 MPa - m”*S VEhASITh B3, Fig. 404
] B-SizN, EAIYAL gaFe] F7erH SiC-SigNy =
M Fe] Bglgel E01she Ae & F Uvk o=
°lAe] 71 Fig. 39 vl Txe Bl2s] & of 7]AF
Jo] mlAl xS PHEE A e, SiC YRR A
H] (aspect ratio)7} & B-SisN, FAUR o8t FEIA
QA g F7HRIATAL AT g, SiC-70 wie
SiN, 288 AZEe 1675 kg/mm BN T SipN,
Aet s AxzEel 1500~1650 kg/mm® Bt} S he
eERH ST
B-SiyN, EAUA gko] il met A= F7iste
2L BeFed], SN, &Fe] 70 wit% H7FE 9 770
MPae] =2 Jehle, 2 Agolr] IR 7Y Sic Al
g 2~e] o] WEke] ek 20% ©)d =& welTh636
MPa). Kic=1350¢"” 413+ 249 w34 2 4= @&
Argste) Akt AAAE 271 B-SizN, FRURF Fke]
2.1 wi% A7 AHHS5NA 35 um F=elu) o]=d
ART 271w EEA) nATRE Z2he A9E 9 Sic
Azhelze] A 2% 271(112~246 pm)® B} H$- 2
o olziEt dAATAIY THAE SiC SN, &7t
Rr} AL nAFEE ARSI WTelH, of#lg At
YAGY ¥ oxynitride® H7Fsted A=F SiC-SiNy &
oA Qoin Astel A Zolth 'Y wahM B
SN, FALA F#o] S71gel] we SiC-SisN, SEAE
o] Zw Zyke F2 Bl ridske dAZE 2719
7ol 71918k, SipN, YAkl A 7|-lghe e
o] otk 7w Z7) FEFHo= sy AZHEn)
gulz o= A7) 748} SicelAd A=e H]4g-e vkl
2ol FAZ B Fu, HEel FHAL FAl S
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7= A7t 0101 Ho|uh® SiC-Si;N, BRI s =
R
FA 373 Ae BelFT Yok go 7 4
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AZEZAZ Y-Mg-Si-Al-O-N7| oxynitride glassS AM8-8}
) B-SiN, XA H7b SiC-SipN, EHAEE 9= 7)
Yd ste] AZRIATH SiC-SiyN, BHA =2 H]H}—T’—_x:lr:
el B-SiC YA AAIAF B-SimN, YAEe] &

g AFHA 4 A3 2FAQRL oAF=E iﬁqv:t}.
SiC-SixN, EgA R 71A1E 5445 FFA1717] A3 seed
2 M 15 wi%old B-SimN, EAUA}L ko) ZriEe
£ 73¥ (aspect ratio)’t F7ISk =gt B k1A%l
Z7 ke seed 7} Vbt ATS7E B8] 719l
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B-SizN, FAUA] &7t

g
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