YT 200495 248405 =273 Pp 330~385

W SiIC Mg mARA 9 e B4
o1 - AgA - oA
*Eejoi sk 717 st}
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ABSTRACT: The efficiency of complex slurry preparation route for developirig the high performance SiC matrix of RS-SiCf/SiC
composites has been investigated. The green bodies for RS-SIiC materials prior to the infiltration of molten silicon were prepared with
various (/SiC complex matrix slurries, which associated with both different sizes of starting SiC particles and blending ratios of starting
SiC and carbon particles. The characterization of RS-SiC materials was examined by means of SEM, TEM, EDS and three point
bending test. Based on the mechanical property-microstructure correlation, process optimization methodology is also discussed. The
flexural strength of RS-SiC materials greatly depended on the content of residual Si. The decrease of starting SiC particle size in the
G/SiC complex slurry was effective for improving the flexural strength of RS-SiC materials.
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glele] Aol g8l R w2 d SiC A8 vz
7IAH S 48 9EE vld Aoz Ak Zul4)
SIC 47k} C A2 AHgste ¢ C/SIC Byeaas
Azdhe e FYTo2N AR S g A opie}
A7 Sig dAA SIC YA FHol FUsHA BAAA wrgaE
SIC Age] 548 MY + A& Aoz YA4Hch

B A7 ME Y 3719 SIC YAER C YRS o83}
o Y C/SIC BgEsgds Axstn SiC Ya =),
C/SiC wi3e] o} B&eieie) Axgyol g2 SiC A)
29 ZAEEAe] v)xE Gl il Az T B
A Hrretgdh £, 94 SiC Agel wA 2Fe Ws
8 EAsln % Sie] dFH Ao BAE Hrlsioh
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2.1 C/SiC 2gtAe{zle| M=

R34 SiC A5l 548 dulAdgAe Az ALRHE
C/SiC Edr&eiele] A4 U4 WAE 7Hdc C/SiC B
deeiele SiC 947 C A, 24, 5548 938 e
5Pt §4% 3d4e & Ue(Ball miller)} o] 03
mm¢l SiC £-& A3t A1 Fstgch SiC YAl C Pate) &
e AR sl wigAIZhe 242 150rpm3} 5, 244
oz 4Rk C/SiIC Btgeialel Azod= 9 30 nme}
of 300 nme] B UAE 7HAE SiC YA}t FF Y7ol o
85 nmQl C A& AHE-EHAT C/SIC Bggeield Azx3H
of m& w27 SiC A7 §4 UsE 267 98td SiC
A4k} C Qlzbe wigtHlE= 03, 05, 072 st on Egsea]
9] pH ¥%¥ 3, 7, 112 WAz

22 924 A SiC xZel M=

WHE2d SiIC A58 Az AME AulgFAe AT 7}
2o g Ad¥shs 7k dFEzHes Agsiyok FAF
Aol Hxgk Abzb gAbe] FHol At C/SIC BiLeE
Wil 80 MPa®] 7kAqtE oz 7Qtste] 28] 5o Aatg)
Azte] e § B3l FEE AAS uPEANE dHsy
o} AZ3 gAY FZ7]= 40 mm x 40 mm x 4 mmE
3tk SiIC Az QU A f540] ST &8 5ig F
Yok wrErAHo e Az ¥4 d FAHAAE o]
AZA o] EAsks C YAEL &8 Six g8ty SiC &
Ao HEHI 7|Folvt FTEL &8 SieE MYA Xug
7t #8Erh 8 Sie] FHE9) FHRAANL 2L 1450
T} 2 Aztez stgon 3 Foll: 6x 107 Pag] AFES
718 fA8tYc) WA SIC A2 T3-S tololRe AAa)
712 <Avste} 40 mm x 40 mm x 3 mme] F7)2 7}

23 HI2AH SIC K=o EA Ty}

Rhed SIC Age] £dUsE 238 APAS # 18009
PHAIE AMESl] EES Arlt & oofzgvEse YeE o
¢ TEEFUS AMSSt FAsIAT ¥4 SiC AR Y

wol EAshs 25 Sio) FHL 2AUSE olgsl] AYHY
o 53, W827 SC ARS) VAZE IAY FESHE T
T Siel I3 A oEsug ¢/SiC sy Az 23
o mhe F Sio FFS Yok

A SIC AR wMRFL oux] EgEA7] (EDS :
Energy dispersive spectrometer)7} #A&tE FAMKAEHD A
(SEM; Scanning electron microscope)& AH&-&te] EA8la o
APk g4 SIC Ao EAske AF Sie =4 2
B FEe C/SIC Bieeia]e] Azdse By ads
ek 53], FAF S 2 vukg Co EAls AP A0 A
(TEM : Transmission Electron Microscopy)& AMg-3te] w8l3)
AT TEM 401t 28 (Ga)oled o8l Eue
dvfshe o]} AR|(FIB: Focused lon Bean Device)Z A}
43t < 0.07me] FAZ 7HF APHE ARk
Wg2d SIC ARY FESHE 37 FYANUL Lol
AN} HrkskgTk 53], C/SIC Bdzelde] AzYolM
ARG C 4Abe} SIC dAke] wigh)(C/SiC: 0.3, 0.5, 0.7), pH
¥% (pH: 3. 7. 11) ¢ SiC g#k9 =71(30 nm, 300 nm)7} ¥k
424 SiIC A5 FPA= A= G| gis] 2A8Q
o SYUAEEL 03 me] tholol2E JAE AMgste} B
S Arlstd A 4 mm, £ 4 mm, Zeo] 25 mmg) 272 A
ARk FYAIGl AR ZW(span)dojet FTBAFH S
(crosshead)e] == 22} 18 mms} 0.5 mm/min®. 2 3.
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Fig. 1& C/SiC Bg&eial 9] Azt M-8 27] SiC ¢=}e]
Azlo) e w42 SiC A5 uMZFLe BEs) ANs 1}
Epdth. C/SiC Bg&alg)e C YAl9} SiC 9AHE 0.59] uigy]
2 & 5A1ZF B9t 150 rpme) EFdLEEZ A ZsYT E3,
AUz EFEAIIE A vz Ak 2z vy
& £48}o Table 1o JepiSIL) ¥H8-44 SiIC A|82E C/SiC
EEriele) Mz A" £7) SiIC gAte) mAtel gaglo)
a9 7ot FFo] EAlshe AYE vAzAS Y
o a2y, &§ Sie] AT quIdEANE LA
C/siC BEgEda]9 C Jas] &¢ Siv ¥h-3dle] SiC A4S
Fgshe A0 Bl gdgA) W 7Fo FFo] &8¢ Siz
A A7) R oll, vz L FA SiIC B3} BF Si Joz 7
g0l Aok 53], C/SiIC Bi&eiale Az2E s 30 nme)
271 SIC QA5 AHE-3 B4, oo 27 Si Aol EAleke =
A B S Jeha gtk o]Re %7] SiC YY) =7)
7 ol$ FZomz $3Ade] Al WSl C/SiC Bghealg)
7y Bdds7] WE] Aoz AYzhdn %3, Table 19 EDS
E4 Aajel ojstd, w42 SiC A7) vlAzAdE Sig C
o] gl Wt £ 74 FH9 SiC A2 AR AL o
T ok oA W3, Si/Cel Bl go] ¢k 0991 F AAA SiC A
(Near stoichiometric SiC)3} Si/Ce} H]-go] ¢k 1.791 Sig] &ta
o] & SiC 4 (Si rich SiO)o] MA2A-L FAs2 Yok
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Fig.l Microstructures of RS-SiC materials depending on the
size of starting SiC particles used for the preparation of
C/SiC complex slurry. (C/SiC ratio: 0.5)

Table 1 Chemical composition of a and b portions displayed
in Fig2, as identified by the EDS quantitative analysis.

Portion Si (atom %) C (atom %)
a 63 37
b 48 52

Fig. 2= C JA¢} SiC Q4AK30 nm)E 0.59] v vl 2 3o 24
AIZE B2t 150 rpme] EFEEZ 3t AT C/SIC EF
£82 & AHE3l AR WA E SIC AR nAZRAS U
ebdct. Fig. 1(b)s} Fig. 2¢9] @3z FE, C/SiC Bit&eel9
EZAZEE w4 SIC A7 vlEAd 2A %S 73
e AE ¢ 4 Aok A B3, C/SIC BibseiEe] EF
AlIZHE SAIZEe 2 dlof AR ¥REAE SIC A7 AR
(Fig. 1(b))oll EA3= 7 Si F& C/SIC Bt &
A7HE 4A e 2 Sl met 34 Zada vk olRe
C/SiC Ba&elale] £gqA17H-E 727l ote) SiC (30 nm)
22t C £2(85 nm)o) FA3A EFHU7] WEY Ae=
Azrgct ey, EDS9| ¥4l 9Jatd, Fg 29 vekd vk
27 SiC Mg vMRAL A3 Siz} Co o] A2 ¢
& 4AA SiC A7 sio) gaol & SiC A& 343k Atk
Fig. 3& ukg4d SiC 59 SIC vz d] 4t=o e
olgkg Co} @5 Sig TEMS At £4% AAs vehd
ot =g, vlAERFe o M sE(Diffraction pattern)ol] A
uluke Co} A% Sioll siFshe gAloKDark field image)E
etk Fig. 3ol Yehd sddEe uZd 9
(Amorphous ring)oll thgt ¢hAjol Al 2)5hd ¥hg4d SiC
Amel vz YR B 49 v nifkg C JAE
o] ¥4txlo] Qlth. Fig. 3(b)e] FHHARAA Sig) (1I)EE £

_::illrl 5

Fig2  Microstructure of RS-SIC material with the C/SiC
complex slurry prepared by the blending condition of 150
rpm and 24 hours. (SiCy. 30 nm, C/SiC ratio: 0.5)

Mg A2 R Aok 23 Y Fee vAg IF Siol EA)
ke AL B98¢ 4 glok Fig 1 Fig 2 2 Fig 3(b)2)
ARZFEH A SC ARY vz YFae 2 Siol
F7HA dHE EAEia dve RS & 5 Atk oA 2E
d, AF Sie vlAxE Uy 4 d9d 2 gd5er &
ks 73¢9t SIC R 24 WRAA viAEtA EAshe
BAEE THEE & U ol ¢/SIC B E R
gyl &§ Sig AFEAIE DHAA AulgPAe &
ke wAg 71F o 38 £282 8§ Siol AYAY] WE
olty. =¥, Fig. 3¢] Ao wp2 9, wg44 SiC A7 2] viA)
ZAd] EAde SIC &4 g3ty Eddde vAg vwg
o C dAe} 2 Sio EAfell 713k Ao HEnt

100nm 1b) Revidua) 83

ot am

Fig. 3 TEM micrographs for unreacted C and residual Si
phases detected in the microstructure of RS-SiC materials.

32 RS-SIC xijzo| U= I X7 Si &g

Fig. 4= C/SiC E3t&da]e] Az AMS-3 pH F57} 5t
$47 SiC A5 2A9%e i Sio FFol viAe 3%
& yepdth C/SiC EdEeele C dxta 300 nm Y739
SIC YAE 059 w2 &3k 541752 150 rpme) &
FEzz zAsHh C/SiIC BiEeielE SRS «ndga)
o 8§ Sig Ao 4T % YRS AT
AL ¢ 4 gioh wgAE SiC AZE pH 79 ¢/SIC BgE
Hel& AM-go N ti 3 A7E Yehn ok a1y
U, 24 QapHYE FeE C/SIC Bikgelale] A At
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Fig. 4 Effect of pH concentration of C/SiC complex slurry
on the sintered density and the residual silicon content of
RS-SiC materials. (C/SiC ratio : 0.5)

24 pH 5 9847 SIC A9 2AYES} 257 Siojg
Fol| aohA] S vRA v AR JREY wgad
SiC Algw C/SiIC Ef&eiae] pH ol dagle] o 31
g/am’e) UEe} oF 20 %) #F Si TS VeI

Fig. 5v= C/SiC Egh&eig)e Az A3 C YAk} SiC
xte] EFHIZ} w4 SiIC Mg 2AYUE IFF Sio
Fhagel viXe S vebdTh C/SIC Betseigs C 94&4
¢} 300 nm Y7e] SiIC YAF st pH 79 =& FX
&l A] 5A1ZF B9t 150 rpme] EFEEE 2AST) WL
4 SiC Az AFU=E C/SiIC Brseia]d] wiguld] o
Hzksta 059 C/SIC EqulalA o 31 g/am’e] 943 Y

=& JehiAtE 53], 954 SiC g vjAzFd &4
she AF S g O/SiIC Ed&ge] Az dAs

Co} SiIC Yxtel &ghnlel =4 o&sln 9ot C/SiIC &8
7} 03, 05, 0791 Bit&dElE AN A4, W84 SiC A
B9 BHES e 242, 30 %, 19 %, 27 %S JERQT) o)
215 A1) A RE, weAd SiIC AR 5L UEo @
L A5 S e AFsr] % ¢/SiC Egeday A
248 HT Y7°] 300 nmQ) 7] SiC #2& A3k 7
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Fig. 5 Effect of compositional ratio of C and SiC particles
used for the preparation of complex slurry on the sintered
density and the residual Si content of RS-SiC materials.

Fig. 62 C/SIC Bil&ajelol Az AHE3E SIC A%t A7)
o} EFAITe] WA SIC AR 2AWES @ S &
Foll vlAle g¥S ek C/SIC Rir&Eeiee: C A4t
30 nmg} 300 nme} Y73 7HAE SIC PAHE 059 wigulz
E3eta pH T8 72 FABPHA 5A17H 24A4)7F B9t 150
pme] EEeg 2ASIAT. C/SIC EB3r&eieE 5Mt &
b e AS, 27 SiC 94 27 BASSEE whead
SIC Azel 2AUEE 2T ZasiA e 27519 e A7
S7KtE ok 300 nm YA SIC YAE st e
C/SiC Hitedes AR whg4Z SiC Age o 19 %9
A5 S S vehlls whdel C/SiC Biseiele) Az
30 nm 9739 SIC PAE A Beele of 37 %S i
Si g JEth olR& Fig 39} mAzHdA € 5 3l
%o] 7] SiC YA @77} AA Aol whek 30 nm YA
9] SIC YA} A& LA C/SIC Bgtgala]e] BadA4S
faste] 25 Svh BYPYEA BRI welrk. = 30
nm Y4739 SiIC PAE A8t} C/SIC BifeeieE Axs)
34 whe2Z SIC Mgy IH St FFL SIC YA C
Azte] EFANE FPNHOER JAL F Utk AL &
F ok oAl 2ahE, 30 nm 479 SIC YRp C Y] E
FATE U Aoz FrMARel w2, whead SIC AEs
o 30 g/em’e] 2AWEE AASEA o 17 %) A5 Si &
Fe vehln stk olzle EFAIRe Fvbell 93 C/SiC
@&zl 240l AAH7] Welzia Az

=
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Fig. 6 Effect of starting SiC particle size and blending time
for the preparation of C/SiC complex slurry on the sintered
density and the residual Si content of RS-SiC materials.

32 RS-SIC xjzo| LUEEA

Fig. 7 C/SiIC B§<&g2le) Azd AM4§ pH 5571
$473 SiIC A9 FIYHFE vXe= ¢ vehdd s
A7 SIiC Agel Azo= C Yxt9t 300 nm Y732l SiIC YAk
£ 059] vignlg E33ln 5417 F¢ 150 rpme) LT
2 ZA% C/SIC B g AMgstgn vheAad SiC A
EE APPAE s C/SiIC Bf&eiele] pH w50 &
Aglel A9 T4 779 FYEAEE Veh h o] AL
Fig. 42} AdollA ¢ 4 3o] ¢/SIC BiEeiele] pH 5=
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Fig. 7 Effect of pH concentration of C/SiC complex slurry
on the flexural strength of RS-SiC materials.

7} dgsigals weAd SiC Ags §AE 28459 2
7 Si9 #§FE 2737 WEQ Aoz A4

Fig. 8= C/SIC B¥&#lgle] Az AHEE C QA7 SiC
z}e] EF7} 8heAA SiC Alge 2% vRE g8
< Jehdoh w347 SiC Alse] Aol AR-3 C/SIC B3
&&gle C 9A9 300 nm Y739 SiC YRS Edste pH
FEE 72 HAWA 542 FQF 150 rpme) EREEE 2
At ¥4 SIC A5 FPYFEE C/SIC BEHa)
o] Hzo] ARZ-E C YA} SIC YAtel Eghulol] =A J&&
wory 059 C/SiC wignloq 71 $3 FIRTE et
Wtk C/SIC 4=ke] ulguizl 0.3, 05 2 0.7 91 A% vt
224 SiC A5 FYAEE 22zt oF 390 MPa, F 530 MPa
2 oF 450 MPa& JeRIit) Fig. 59 Aol 9514, ojad
e C AR SiIC Y= wigieiz) S5l whe} wkgA
A SiC A9 vHzFd &A= ZF Si9 o] 059
C/SiC vigulol A A 743)7] dj&olt)

Fig. 9= C/SiC B3il&eigle] Ao A3 27] SiIC YA}
Ato]z9} EFAIZto] w342 SiIC AF9 FYAT vlAE
JFe vepdth C/SIC Bg&dale C Y=k} 30 nme}
300nme] Y7A-& 7HRlE SiIC YAHE 059 wighlz E§sla
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Fig. 8 Effect of compositional ratio of C and SiC particles
used for the preparation of complex slurry on the flexural
strength of RS-5iC materials.

PH & 72 #FA&HA ERAIE SAIZE UAzto 2
HEAA 150 ipme] EREEE ZAEGT ¥H-8A4E SIC A
29 FYY=E C/SIC Bieeigle) Az AR 27 SiC
UqAp A71h EFAIZI ZA &S Yok C/SIC BE
2lo] ERMMZEE SAte R ARG ARl 27] SIC U&=
71 a3l wet weAZ SiC A FEAEE FAA 7
a3 C/SIC Efseiz]d AzxE sl 300 nm Y739
SiIC YRS AMES Aole wgad SIC Azes o 530
MPag] S =E Yehlle vHdo] 30 nm Y79 SiC Yzt
E AREE Ftolle oF 360 MPao] FUAEE Yehl 1 Qlch
a3, 30 nm Y739 SiC YAE AHEE B9l C/SiIC B&
sdle] EFATE UM R 7MY oe vgaE
SIC Az FYZEE o 580 MPazx A /¥ AS
& & ATk o)eprto], C/SIC BFseie|ol Az ARRF 2
7] SiIC 4=t 2719h EFANA we}t wFshe wgad SiC
Age] ST E vz £z 2ESie g U9y
g @A} 3ok
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Fig. 9 Effect of starting SiC particle size and blending time
used for the preparation of C/SiC complex slurry on the
flexural strength of RS-SiC materials. (C/SiC ratio : 0.5)

Fig. 102 ¥h344 SiIC Ao FI4=s 37 Si 3ol
FRBAE vepITE B34 SIC Age FPAEE 27
SiIC &+ 27], C/SiC vigel 9 pH =9} 22 C/SiC B
seae Az 20 we} Bashe #FS o) A3l
SEskn Qiok ohA wahE, WA SIC AR Mz
ZAsE 27 S gl BaFol we} FUREE IH8) F
7hela ok olEgt L wlMxAe EAshs #}F S
F At AHe s n3Ee] WEad SiC ge] 44 Wl
&8 FdA717] W& RAeE Ak E Aol A
gz, ¥erd SiC AREC/SIC Bigeaalel Az 30
nm {739 SiC YAE A3t ZAFE % 17 %9 2R/ Si
AN 7P e FYBZ(SF 580 MPa)E dehUAtH
oeld, 1A% we4AA SIC ARE AUty 9siME 27
C Aot SIC AYAte) FUE B4HE B3t 27 sio gFe
AAY & e C/SiICEHEIRY A2PHE Frsid by
z3g HAsE Aol Fasih
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Fig. 10 Relationship between flexural strength and residual
silicon content in RS-SiC materials.
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(1) 824 SiC A5 vAMzAL ZA FF S, & FFA
SiC 4 2 Sio] o] & SiIC2 F4¥ch TEMS 84 2
o] w29, vz BaAgL v|vkg Cob 2R Sivt 2
A SIC 4ol F9oll wlMekAl X 3}7] wj#o|tt.

(2) W44 SIC 89 2AW =9} 7 Si FFe C/SiIC B
el A 2dd IA &k 53], C Yk} 300
nm 979 SiC JAE 059 wign|z {3} C/SiC EfE
228 AR Ao, ¥HeAE SiIC Age 27U} AF
Si &FE 27 31g/om’, 19 %S JeR)Uch

(3) C/SiC Ei&eigle] A 30 nm gAY SiC YAE AF
&3 Adle C YAg SiC Jrbe) EFALE SvHAe
kol 5 si FFe AAlo FESAC

@) ead SiC ARy FYB=E 2F S FFol T
of wet F43 Zastdck ueAaZ SiC 5= C/SiIC B
&2l Axo 30 nm YAHY SiC JAE ALt AR
oF 17 %9 A5 Si Gl A 71 58 oF 580 MPae] F3
F=& YR AT
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