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R of: Ao AZ AL o773} ZalBW (MaSiy) o] Vol whe QW wA/Es s
o] o} 9 oz BAgo @i Ay e sl &0l RAIYIE ol 83 S5 2 A,
gAa/gr EPARE vlRLE 150~180 TollM F4E vldA4 el Ae], & normal wear 4
Ao He] B vl@AF (#=0.15~0.2)904 dusting wear YA 9] ¥& vlBAF (4=05~
0.6)29] Hol& Yerth. o|FA vldAF7t Aoldhs 2Ny EA: d4/84 HUAds
2 UE volarl BYARY 97 S0l & UL Peve A& dvidd. a2la 4selA)
AA MoSi,& 7 B4/84 EHARE o8 PA3A ¢ APAs vis of 159 I
o] ¥ HFoldASF ¥ vlE g Jepliglon, §3] 4wt% MoSi, #3¢ 711 Bi4ast 7t
3 2 oz @43} oy gkg Jehiid.

ABSTRACT: The friction and wear properties of carbon-carbon composites made with differ-
"ent weight percent of MoSi, as an oxidation inhibitor were investigated using a constant
speed wear test apparatus in an oxidation environment. The results indicated the carbon-car-
bon composites undergoing an abrupt transition of friction coefficient, from low-friction be-
havior (#=0.15~0.2) during normal wear regime to the high-friction behavior (#=0.5~0.6)
during dusting wear regime at the frictional temperature range of 150~ 180 . The existence
of temperature-dependent friction and wear regimes implied that the performance of speci-
men made with carbon-carbon composites was markedly affected by the thermal properties
of the composites. The carbon-carbon composites filled with MoSi, exhibited two times lower
coefficient of friction and wear rate in comparison with the composites without MoSi,. Espe-
cially, the composites containing 4 wt% MoSi, filler showed a significantly improved
activation energy for wear due to the reduction of both the porosity and powdery debris film
formation on sliding surface when compared to those without MoSi,.

Keywords: carbon-carbon composites, MaSt,, friction and wear, powdery debris film, morpholo-
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Figure 1. Typical friction coefficient variation for

MoSi, impregnated C/C composites.

[N
8

w

3
i
i
)
1
r

300 —

Average of friction force (fm, N)

N

~

(=]
1

240

100 150 200 250 300
Temperature (TC)

Figure 2. Average of friction force for MoSi, impreg-
nated C/C composites as a function of temperature.
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Figure 3. Coefficient of friction for MoSi, impregnat-
ed C/C composites as a function of temperature.

ARo] 4wt% 9] MoSi, & ##8 A9y A7}
713 e olBASFE Jepiden 20wt% ] 73
$71 713 & ulFASE Uit ole ¥/
g4 EgAae] vjFAY A HF ol@Ya oldA
o) 21} Figure 42} 52 SEM AR yehd A
Ay olFAF clAde] FAYHE HFEE R A
2ol wa W Pt Aolrt eAH] A, F 1
FAF7H & e ZTUYHE ddozsx Hud
$o] FYE FHE Jehia ofAFHY QiR H =
3¢ 24 3EE 99 2oy olF d¥Ee A¥
FaAge] Fan v)A§ 71Fa 2 Alold] AYAA €
o 28y BHAR A2 A 948 71F3L 9
ol o Y| =4 FEA 9 AF AH9AA
2ol A1 Fol = #AAH oA

Bugde wa} vny B uf@AFE JHAE
34, ol3d Ye & vlF YA type o]}
8o, o)t viAFYe| Ys2en HEE 2A4UE
E°l 3450 B¥A R M7 L o] ZAUEE
2 A99A o ol #AHA oy & J1FEL 9
A EAe S Yepdo. vlEngelA AHol
7} oy vl FEA L AW EFLH g}
yehis] sl 471 06~08 F=2 A EHA
B 71AA BAS AN 443 23 &4e
HEdol A 2AY 5= girt. o] type 118} @1 o
Y S4E UL oA AZte] B4 Wl oA
Aol7t dojuhy] Aol ez HEoM, dide
RE 71FES Y49 2AWEEE M AdAxn

#2| A25A A1z 20014 1€

ol wlgA| ¢} vl &S Yol e & type I
2 §ch.18 ol BAIYA 919 B &M 2 Aelrt Yo
U= olf= ol 7A S AdEA = AT
@A AlgHEe] FHAA B FEe] FEHT|
2oz}t AlggthY & Ao vl oF ¥A
o] Ho]7t 150~180 T AlejdlA doiker, ol
nldA4E 338 2571 100 T olde] ghold &
Wesy: Hojd o3 U 10T A= &=Rivke
Aoz 49=d + AG?

ga/gs BRA g A2ty AL MoSi7h 3
7HE ' g@3jA B 7] FEE MoSiy7t AFHeR
ANFY 2 go] Bowd 23] vlFA v} & v}
A& Y& v AA, wdE MoSi,
& A e Afde & 7130l ez
MoSi, 7t EAskA gornz ol ARAoE f¢A
F3a = vl YAEHE 2A4UEgosr O @
AE 71A vjdes cl@dA ol ol FA G 2
FE Jeplifita Asgd. _

Yoz 3F7)4 Hola fxze] viway
& A2 vjFAGA viRzztEe] A FHA
A wldggol YAHY ojRo| wEAHQ vjny
58 3 HY o 3YUE 3 491 HAE R Fol
s3g FRAAM 2 FHo] x&FHe] A 9 1
o] ules|Te] oA Mz wiwzxzio]l Y4
t}. o] @ A 2¢ vimzzte] e tha §XA
i vlRYES YHATIY AN driz HEHo
ule g do gl £ vjd Fd vjdds A% o
2370 A4WY AAE A3 vizEAdE= HE
47} P53 ol F HE: de 2)d FFAY J
Zul ojFolx oz FHEHQ YiPo| WA we
A J3E A& o] ne|vPe wr} G
o wlny}l WA m, olH H&EPL 4 &, FF
gof|Ae] ulx g J)AHA 3Fo) A Jrazy
g A 2 FF 97 348 94744 A4d
Fol &= & HZ oy} YA ol T o] wt
B aiur} #4480 g A9

Figure 62 MoSi,e| #7}3d we zZtzte upg
Lxoxe] 'a/ea EHARS ni2&E Jepd
Aoz, vlaAfe U YL Yepidd. F,
It MoSi,9] Arke npddne] viddE F7M
A w238 vinge FUMZed, 53

137



W

- Intérfacial g~

%2,348  1dre OIS Go86 20K0 12,009

Figure 4. Morphology of MoSi, impregnated C/C éomposités on heat-treatment temperature (1100 ). (a) 0 wt%
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Figure 5. Sliding surfaces of MoSi, impregnated C/C composites after dry friction test. (a) 0 wt% MoSi,, (b) 4 wt%
MoSi,, (c) 12 wt% MoSi,, and (d) 20 wt% MoSi,.
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Figure 6. Wear rate for MoSi, impregnated C/C com-
posites as a function of temperature.

6.0

H
HH
33
;0
H
N
o

4.5

3.0

" \Aé./

0.0

.\.
> B
Open porosity (%)

Wear rate (V, X 10" 7cm®/Nm)
>

2 16 20
MoSi, content (wt%)
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ERfiglTt. ol AsleiAlA 2 AM-E MoSi, 7t mpd
Al 719 Aol B APAAE BA Y
etz $4€ 7IAOF7] gEolel Alsdd. &
/84 BEARY vjd € vle5Ye olEesd
Uz njdd] E43s A9t Yel9 viexz
7 MoSi,9] ¥ 3 el & 4¥& P=v Algdr).
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