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Manufacturing and mechanical properties of spark plasma sintered
SiC/VGCF composite ceramics

HORIGUCHI Katsumi, MORIYAMA Minoru and OSHIDA Kyoichi

In order to produce a carbon nano-fiber reinforced composite ceramics SiC/VGCF, 0-
12.5mass% (2.5mass% step) of VGCF is added to the SiC matrix, and using the spark
plasma sintering (SPS) method, it was sintered at 1700-1750°C for about 11 minutes
under a mold pressure of 40 MPa and evaluated for its properties.

A relative density of 99.8% or more was obtained at the range from 2.5 to 10.0
mass%VGCF. The bending strength showed the maximum strength of 528 MPa at 5
mass%VGCF, which was 1.11 times higher than 474MPa at 0%VGCEF. The fracture
toughness 5.0 MPa-m'2 at 5 mass%VGCF was improved by 1.11 times from 4.52 MPa-
mb2 at 0% VGCF. The electrical conductivity showed 0.12 to 2318.0 S/m, which greatly
improved in proportion to the VGCF content.
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%1 VGCF 0o¥:MEF17E T8 Lot.No.03-02-011)

Wt WA

NS EE 43 kg/m3

U 1900~2100 kg/m?

ERARE 7143 S/m
(0.8g/cm? [EAFRF DI A TE ARG )

3 3662~3697°C

MEAER 0.15um

MR 10~20um

T AR N 10~500

B IT)i 13 m%g
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&2 SiCEBHROMAL &R

& 4y [mass%] NS RS
SiC 7 —C Z D1, [m]
98.4 0.90 0.70 0.46
=3 AIN FUBHS R ORELAL & Rk
B3 4y [mass%] SRS
N 0 Z Dth, [pm]
33.3 1.0 0.18 1.8
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No VGCF VGCF & v53Iv 2R AENR Z & VGCF
Sy T [g] SiC/3mol%AIN [ o-SiC & AIN & L
[g] [g] [g] lg]
1 0
. HK 1g
SiC/ Omass% o 5y o (Omass%) 60.00 58.161 1.839 60
VGCF +75 B K (70°C)100ml (Ovol%)
2 1.500
. HK 1g
SiC/ 2.5mass% e . (2.5mass%) 58.50 56.707 1.793 60
VGCF +75 B K (70°C)100ml 3. 96vol%)
3 3.000
SiC/ 5.0mass% %;Ziﬂli(m‘@)lmml (5.0mass%) 57.00 55.253 1.747 60
-VGCF e (7.80v0l%)
4 3.750
. HK 1g
SiC/ 7.5mass% | .., o (7.5mass%) 46.25 44.832 1.418 50
VGCF +7E B K (70°C)100ml (11.5v01%)
5 5.000
. EX 1g
SiC/10.0mass% (10.0mass%) 45.00 43.621 1.379 50
e A . . .
VGCF +7E B K (70°C)200ml (15.1v01%)
6 ] 6.250 g
SiC/12.5mass% izi}i (70°C)200m1 | (12-5mass%) 43.75 42.409 1.341 50
-VGCF s (18.7v0l%)
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3 M &% 3118.25 795
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SiC/ 7.5mass% ®20.0x7.4 t mm (SiC/3mol%AIN) i}“s%*ik 2 [
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*1: HAREGREELIL, VGCF : 2000 kg/m3, (SiC/3mol%AIN) : 3212.8 kg/m3 & L TR 7.
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No. [min] ['C] [ MPal
0 0 0 40

1 6 600 40

2 16 1550 40

3 18 1650 40

4 19 1680 40

5 20 1700 40

6 22 1720 40

7 24 1730 40

8 27 1740 40

9 31 1750 40
10 Power off
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SiC ~ kU » 7 22 VGCF % 0~ 12.5mass%
(2.56mass% A7 v ARML, HET T X~ ki (SPS)
EEHWT, HZEd, 1700~1750°C T 11 43, &
£/ 40MPa THEfE L7- VGCF 7 —R > J / #li#Esa(t
SiC 7 2 v 7 AQIC/IVNGCHEA RS A& /ERL L, BE
FEIR OB RHE R L OVERBEE FER AR 2 31
~7z.

X312, WBER I OMABEELZRY. M,
VGCF &4 &mass%]Z =3 (LLFEER). VGCF &6
BEIIRHAI LT, mEEE, 31909 205 2962.3
kgm3 ¥ T F L7, HE O/ SV VGCFGH
2000kg/m®)ZEFEHDHZ LICL Y, RV ERELEX
NDZENRFhoTe. BEEZHRmBEETHRLTRD
TR EIX 99% 8L EZ/R L, FFIZ, 2.5~10.0%D
VGCF &HED L &, 99.8%LL LA ST,

3—2 WELHITEE

M 412, ©vh—ABE L 3 PR E @GR E)
oY BEEEY, VGCF &R L WIEERT L, 21.9
25 8.8GPa £ TH 7 VAKX T L7z. VGCF D AMK
Wiew LB s.

—75, WP, 335 205 528MPa &R L, HRiC
5mass%VGCF % & i h, ImOMmEEZ R LT,
VGCF # & £\ 0% D56 &Ik LT, 1.11 fFicim
bCERE.ETIIv I A Y v R VGCF 256 %
H DI HE LD 720D, sREE A O kHETR(L) & X
niplE LCEERERMETHS.
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3250 [ 100.2
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€ i <)
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<, - L\
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el \ )
#E 3000 s &7 99.2 &
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VGCFEHE [mass%]
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B4 ©oh—AMEL 3 RlhiTmE

ZRL, 0%FED 452 75 5%VGCF & Ao
5.00MPa-m2 £C, # 1.11fFZm LT 7z, [f_Eig
I NEWVR, VGCF 2 AW T SiC &5 I v 7 23k
bZXDZ ENTE.

Y 7KL, 536 525 320GPa £ T, VGCF G4 &
NEWMEEE T L2, VGCF O > 7'M SiC D v
TR H/NENZ ENFKEEbS.

3—4 XREMSE, BRECEE

B 612, KM S CEH S Ra) L ERAEE A7 T

FROTFHH S Ralx, VGCF &4 EIZ A L TH<
poth, Z® Rafllt 32~91nm BETH Y, &K
ELTHERAME LN, LE FOMRICE, WTho
EEREOLOTHRE S O TIEXREIEA Ui,
ERIRE T, 0.121~2318.08/m %= L, VGCF &
AEICHH L CRIEICHm E L. Wihy, ERE
WoOESMLEETHD. 2.5mass%ll ED VGCF 25
DI, BEMT(AS/m LA B AMEEL 72 5. BETlitA
PEOHR A TRE A AT 2 HEMNET I v 7 ANNEL
THEE, AT v 7 RAIAERFMERVED.

7 800
t 6 700
§ 5¢ 600 &
o 4 F 500 W
3 400
-ﬂ '\
& 2 300 §
B, —— i S B KIIC 200
0 100
0 5 10 15
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5 T (Ko & Yo s
120 4000
g [ ] 3000 2
£ 80
2500 4
6o 2000 %
= e
| 40 1500 i
e 1000 f#
20 500
B 0
0 5 10 15
VGCFEHE [mass%]

6 HEHHS Ra & EXIZEE

3—5 SEM #i#

B 7\, AR E MR (SEMMEM A =7, SiC ~
MY w27 AT I v A2 VGCF e RRICE £
M, 0B L TWA Z ERDND. DI
DFAFEIZ BN T D, SIC FERRL ORISR /712 VGCF 23
FIELTWSLZ ERRBOLND. ZDZ LD, SiC
febi & Eir X 912 VGCF 3B IRICENR Y, B Lz
OB IR D VGCF i & fni - TEFL AT, EEME
PmETdEEZOND. 72, HREOBEOHNS
H.25 &, VGCF AL HAT 5 &, & 222
SYMFEAE LT, BEEE, HTIRE, REEEIEE R Lok
EMETT 20, 20 L5 MR 6T, Sic
~ M)y I AT I T RAERIIHE LN D, B—
THLTWD LY ICAZIT NG, Zolwd, HEm
ORI D Z ERTE R EEZILND.
3—6 MXEREDLLE

45 [ 0D SRR AE J A BLE b & X o 7o b 3Ok & B
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() 2.5%VGCF

(c) 5.0%VGCF

(d) 7.5%VGCF

(e) 10.0%VGCF

7  SiC/(0~12.5mass%VGCF) D E > SEM #ifk

&7 AR SIC BT X v 7 AEAMBHIBIT D BERHED H Gk L o L)

(% Bz [kg/m?])

b <~ Uy | CEI—Rr 7742 | HxEE Hh TR TR L
fFeik s % [am] Vo) [%] | [MPal [MPa-m@2] Xk
L2y o . 0v% 99.3% Ov% 474 | 0v% 4.52 -
Ay b7 LA aSiC ©0.15x(10-20)LL 7.8v% 99.8% | 7.8v% 528 | 7.8v% 5.00 ARFIR
Si iRk BVLEL T | Sic D7.0 DRJWHETY | 30v% 2350 | 30v% 300 (B0 L) 10)
K 2R ERE) | 74— (B kg/m?]) | 30v% 360 | (—1600°CELEL)
WrOvas Z o
1;3?;7\\732 SR (Ség%{ﬁ) ®7.5%200L 17.5v% 274 | 17.5v% 5.84 11)
. . KU BALETT | v 91 0v% 300 0v% 3.9
AN LAY - Y A
Ay b7 i B-SiC (PCS)HIBR AR Y ~— | 20v%--97 20v% 395 20v% 6.8 12)
e o w ] 0v% 99.6 0v% 490 ov% 2.1
By N L RE a-SiC ®10%(3000-5000)L 20v% 981 20v 270 | 20v% 53 13)
N 0,
F7a—7v—F| ®14x1000L ;83;’ g?gg 10v% 330 | 10v% 3.23 19)
% (SiC e ; 20v% 367 | 20v% 3.24

1 M EM O %L, BETDI—RF ) 77 A SOERSG R

*92 : DiW (% direct ink writing %, CVI iZ chemical vapor infiltration 5L ZFEMERIE) DL 7 0 & 2 &R,

i SREE & ARSI, e R L S TV D I
ZWVWEFERD. FEOEEBEARVBIERGIEICLY
HESRLHIRITIG T, fERTEN B

K& R0,

NI DRERHD.

[vol.%] /=4, T3, REIMEEAR & Rk
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SiC v bV w27 212 VGCF % 0~12.5mass %
(2.5mass% A7 v )R, BT T X~k (SPS)
EERWT, BEZEd, 1700~1750°C T 11 43R, Y
£ /7 40MPa ThEfE L7~ SiC/VGCF &5 3 v 7 24
BEAE R ZERL L, BEAE IR OB ER L OVEREE

FE(BRMFRE) 2 TGS, RO Z &R hoiz.
(1) HEREET 9% &7 L, fFlZ, 25~

10.0mass%VGCF EH ED & &, 99.8%LL L0315

nic.

(2) WL, 21.97°5 8.8GPa £ T VGCF 5 H &M%
WK L7z,

(3) dhiF58EEI%, 335 /5 528MPa /R L7z, HiC
5mass%VGCF O & E{EOMELZRL, 0%FFED
474MPa 75 1.11 fFlcm ET& 7.

(4) PEEESIMAIE, 2.9~5.0MPa-mY2 £ &L L 7.
0%HB5D 4.52 15 bmass% VGCF & H KD 5.0MPa-
m2FE T, M 111fFICmETE-.

(B) Y 7R, 536 5 320GPa £ T, VGCF &FH
ENZVEEK T LR,

(B)/FEBXIEEIE, 0.12~2318.08/m %7~ L, VGCF &
BEIC S L CRIEIC A R L.

(7) SEM #ifkBizRiIc L v, VGCFIL, SiC~ kU v
7 AET Iy I AOREFIZE I L THES
fLENTWD EHERI SN,
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