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ABSTRACT

5i-SiC-graphite composites were developed by incorporating solid lubricant graphite into Si-SiC, in the light
of improving tribalogical properties of Si-SiC ceramics. Si-SiC-graphite composites were fabricated by infilterating
silicon melt into the mixture of &-SiC, carbon black and graphite powder at 1750C under 3 Tarr. The particle
size of graphite was in the range of 150 to 500 um, and the loading content of graphite was 0, 20, 25, 30,
35 vol% m the mixture of -SiC and carbon black. The mechanical and tribological properties of this composites
were studied. The density, hardness, flexural strength, compressive strength and Young's modulus were decrea-
sed with increasing of graphite content. An addition of solid-lubricant graphite up to 30 vol% has improved
tribological praperties of Si-SiC ceramics without considerable degradation of mechamcal properlies.

Key words: Si-SiC-graphite, Composite, Lubricant graphite, Tribological properties

.M B Algalal g siticon®} carbon®) ®h-E-& o]£-8}7] u

ol da vlbe =ulsll w3k A pEe] 4

Hk3-42% el i{reaction-bonded silicon carbide, date] 29) ¢7|(1% v|=h) oo EibE D ojela

RBSC) A2 8= %fﬂﬂi A AFEE A as 5 = ATAEAALE 28 AR Azl Lolsipd, )

Al ME AHE, el e e 2eRdw, 3 Fol A2 g Add 2] Az:sp Belgl vy

244 52 540 —r—rﬁ}ﬁl' ol#gl BEAlE o] &d}e free sihcon{F+4l 8~15%)0] EA)al7) u Foll Abal24

g ArE gl $eobE2e 714 ¥ (mechani- ehabt el wlahe] HaE JFale] dejAlz 1400T
cal seal ring), M= T (sleeve, bushmg) A% Wil ol abell 2] 2 Zhwrt wWolbs oo °'E]-”’.

(sliding bearing), WY ¥ Z(valve disc), =Z(nozzle)s ztal HgrlaEs T $4g B odsll g

He
chersich WEARYL sdesh 93 2ARAE 2 24P WYY B9 sksw 2qseld bl

t

~643—



o st
i Graphite ]
Sieving

Ay -
5 ( o-SiC lCarbon Blacki
2
a]

A <]
Vibration Milling

zt]i
nldEz, 7[AE 4,
19603 P. Popper® o] 3
z 2]
kR EAde] Haseln]w v}t R §i-8iCs) A7 w3
graphite£}2] B¢ 5+ sleeve bearing, ro-
I= graphite

-
[=]
tary pump vane, 7384w FS] seal ring AEE
:%_‘:.
H Eﬂl

i E L g7 uﬂ%’rﬂ'ﬂ e gnle e ¥
F& A Ao weha AR a9 ek
28] 1A ARG ZA FEAE Bistele
xme} gled,
ABEZE g I gl Si-Si0w 2 Al Zu,
E H% H7RE ol disted=
|2 e R L e
Mechanical Propertlesi Mical PropertlesJ_
Fig. 1. Schematic diagram of experimental procedure
3 &3
s5te] 2R -
7t AT

aleh. e 3z umﬂﬂl Az 2o dah vl

24/ A28

T5F ’%ﬁ-‘f*rzﬂif
22, SHEE A
H Aeprliz Ay &
A BE ofEF Y| A e g Fale] HF g
Ae}-g400 $)2 3345 mm 27 =

e e
SERARL Gl
Aol Az SiSiCel A& S
YAE Wohsked AAH FAE 2 AspAAA e
A4 oh@ Pl S4E AAAA §4
Aetaz sk Telse) graphites]) Boheel whe
A%, A%, BE, 4245, JE5e AL 348
Aol vlAFE, 434 £42 Fusich =q ball
onplated FLEAIHAE ABAS wiRARE @ F @ EFATe
ohaA4, wokEs, PlEE 2AL @3] SiSCerm 419 ABE ojzsl
phie %hee) v} obe S4& #oleleln, 3}, tholol 2 = 2ok
sdmsle] A ZA)H7MTS 810, US.A)E o] &bl o4
2, AlFupH spant 25 mm, cross head speed 0.5 mm/ming] 27 o @
48 3 FAEE 240
A% 22 glai Uw 3ol T Awe] wl
Zubel & cle|olRE paste(3000 #)& HEste] A v} F
120° 453 geloj 2R gA2 T4 239 HES
A7|(Wilson series 500, USA)E A8} major load
15kg;2l 15N BraleZ zF Al=d=t 103 &% F 9
stdch dS7AE FHS HEl4q 1
HE Hwt Avfr|E 10
clR= ds]AE
PEHRE AEE
G AR By

4&4%4
)85}
Al @

A]._g_ﬁ &3 a

1. /g xe| ¥ ~ZA|Me m=
AT 5
S z:l_-,:.?_]_o
HX11X 11 mme =78 £4AHL

fate] AEFE
X10X 10 mm 27|28 olaps = tlo)
(3000 )8 Abg-sto] AR elulbsted
TE
F7] $8l4 1212%102 mm 27]2] &
Apgstel el

Fig. 1ol A#Aa AFF
B 25~13um ¥AE 7}“ a-5
o ?}i‘dv—?" HH:-“E# gd e
™ graphitew = 7 g/ 5 7}E graphite ingot-E
AR8-ghe] 2w :L—x 2 2~3mm e HE At
Aaladc)
AEA Az2g 98 238 o-SiC 80wtk sl FlEE
20 wt%h = #F 2 (wibration ball mill)ell 4 32]7} =1
2 F gt graphlte 7= ingotE F2) 5] sieve s B4l & wala)e] 5
Abgated 150~425 um §]EE BFEe oSiCe) MR ek
=3 iﬁ—%ﬂgel 0, 20, 25, 30. 35vol%2 ZHzhe] hatch QgL EF
2% Aqt ¥ A8 Bz PVA 243 3 falz] HAlgg wy odupr[2 10X 10X 100 mm T7|2 of 4}
=) A(impeller mixer)ell4 158 E#5le] 50 mesh A& gt = & ZA7|(E-meter, James+hHS
Bl = AZBEeA] 45X 3EXTmme] A o ek
Fobaarel FEgalddoh olue] A2 750 kg/om’ 244 £45 87 95k dx SAe] gt AJEE
ajgic}. AeE AL 100T 4 244151 e Az 7] Balw B ste] Xeray differactometer{Philips, Nether-
Z BN w2 © ¥ pgraphite 3¢l AsfAjs=t 4 land}E o]-&sted 40 KV-15mAS] 234 Cu targetF
28-S W A 2dRe4] 1750T7A F245 5C AHated FadEgdct =g vlHFERE T AHe] 3}
/min® = 3 Torrell A B3] 2)sle] AHAHL Al=atdo] & &3] £y A HE oolelBEE de]lieR 1um7t
—644— LR



LD

Si-S1C-Graphite

Fig. 2. SEM micrographs of sintered silicon carbide
ball.
(a) fracture surface, {(b) etching surface
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Fig, 3. (a} Schematic illustration of ball-on-plate me-
thod, (b) cross seclion of a wear Lrack by sur-
face from analysis, (c) calculation method of the
cross section area of wear track.
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Table 1. Physical and Mechanical Propertics of SiSiC and Si-SiC-Graphite Composites

Density Hardness Flexural Compressive Young's

Composition gfem? rockwell strength strength madulous
15-N MPa MPa GPa
SiSiC 3.06 96.0+ 0.4 3717 2025 420
SiSiC-20 vol% graphite 2.96 04.6= 2.2 192+ 22 1185 323
SiSiC-25 vol% graphite 293 923+ 4.0 184+ 20 1076 287
SiSiC-30 vol% graphite 291 920+ 4.3 175 21 358 276
5i5iC-35 vol% graphite 2.89 88.9+ 75 B 171+ 19 673 265
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Fig. 5. Optical microscope image of polishing surface of Si-SiC-graphite composites as a function of graphite conte-

nts (50X magnification).

{a) 20 vol%, (h) 25 val%, (©) 30 vol%, (d) 35 val%
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Fig. 6. SEM micrographs and surface of S5j-8iC-gra-
phite composiie.
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Fig. 9. The wear surface of S1-81C-graphite conlaining 25 vol% graphile observed by () 50X, ) 200, ()
400> magnifications of optical microscope, and (d 3500 magnification of SEM.
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Table 2. Calculation Procedure of The Specific Wear Rate of Si-SiC-Graphite Composites as a Method of

Fig. 3.
. d h D A 5 W Ws
t P
Coraposition (mm) (mm) (mm) 3 (rom?) (mm’) (kg ')
SisiC- 0 vol% graphile 17776 0.0037 17.2 0.4887 0.0044 0.2357 24 X108
$15iC-20 vol% graphite 14515 0.0027 176 00,4253 0.0026 0.1454 1.5 108
SiSiC-25 vol% graphite 1.5420 00035 17.3 0.5317 0.0036 0.1999 120108
5i5i1C-30 vol% graphite 1.3010 00047 | 178 0.8451 0.0041 Q.2327 24 X108
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