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Influence of Oxidation Inhibitor on Carbon-Carbon CompositeS: 9. Studies on Impact
Properties of the Composites

Soo-Jin Park”r, Min-Kang Seo*, Jae-Rock Lee"

ABSTRACT

In this work, the effect of molybdenum disilicide(MoSi,) content on the impact properties of carbon-carbon
composites(C/C composites) was investigated in the presence of MoSi,. The content of MoSi; was varied in 0,
4, 12 and 20 wt% on the basis of resin matrix for anti-oxidation properties of the composites under high
temperature. As a result, the composites made with MoSi; resulted in an increase of interfacial adhesion
between fibers and matrix, which could improve the impact properties of the composites. Especially, 12 wt%
MoSi, composites showed the highest impact properties in the present system. This was probably due to the
existence of brittle-to-ductile transition(BDT) properties of MoSi; in the vicinity of 900°C, resulting from
increasing the interfacial adhesion force among fibers, filler, and matrix in the composites.
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Fig. 1 Bulk density and open porosity of C/C composites as a
function of MoSi: content.
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Fig. 2 Theoretical penetration energy of C/C composites as a
function of MoSi; content.

3.3 5HZx 2 oliyx]|

EYx FXd A Ay LS £3dsin
T Ba/di EFASY 7AE A ‘7’}5\‘_} AL o

TAEY Fo TAHAGo] Hol goi17,18]. 2y
A s 283 gx/gd ERASE EH8F kst
olo] mg T AL J33 z=AAt an A
743 BRAS o T4 Q5L T2EY 3
Ao g #AE zHste FHAT &L 4L
o A, HF ERAE9 e &48 7}7@02
HoT Bl F2A Ui AFAHE FAANL F e
Y 279 EEASE dAsHE Rol WiaEAE A=
Ba/ea BgARe] Az YoM Zed BAAE F
stitol ).

AN 53" FAAY] F3 oA (total impact
energy, Eo)e 271 F4A oYA(initiation energy, E;,)<
A7} o A (propagation energy, Ep)2 TOZ AALEC] I
ok 2 AlgHo] oo distd g4& 7RI, °"’="1°] s
% Wo|E(simple beam theory)S WETHA FU% AH-
ZEE P BEFAscAY 27 2FAUAE 4 (5)%

ki_,

ol g3k & 4 rh19].
_ Lwt 02
e A ®
A71A, L& A7 A}ou Adm), wet re 22k AU =

m3 FAME, Ve SHA5Y HFEAES%), 28
0% He ST QAERY 97 EL 439 A §
93 S4ASE 22 vehac

54 AduX Y 23 49, Bt AMEY Iy HghFEd
JEsie, As SRR ol APUe slstRE 5



6% 3 3 %% 2003. 6 AHAAA Folol 4§ Ba/Es BFAn B4 BE 47 45
20
400+ ——E,
—Q—Em
= . 16{|——E,
(53 E I
‘-~ 350 £
g S 12, x/l/-”_l'\|§
& 3 1/1/’_1\1
[} (7}
§ 300 S gl :
o Q
é 250, p* E 4 .
0 . r r r T . 0 T T T T r T
0 4 8 12 16 20 0 4 8 12 16 20
MoSi, content (wi%) MoSi, content (wit%)
Fig. 3 Impact strength of C/C composites as a function of MoSi; Fig. 4 Impact energy of C/C composites as a function of MoSi;
content. content.
Aol IHNAE G ] WEo B Bk FAMD 0
Jeey B4 A AgHe A% YA, B =
71 & Azt AA A FoE oA e AojE HEELS A) ~ 387
29 A AEE HYrtsle AFo] drh e
x
AX A F(ductility index, DDE THE 4] (6)o] ERA A e
AY Ax FFANYAS tg 7] FHANAY HZ A @
o] €l oh20]. g
a
E,
DI = E 6
mebd, A4 ARE RE 8 7HH, A%2A e D ot
EproS = MosSi, content
@2 vl Fig. 5 Ductile index of C/C i function of MoSi
Flgs 3 J_]_ 4 o}] 21 s ‘:}_ 5]"6‘741 )\]@7]2 /\]_ ‘8‘5}‘ o:] _é__ z:sl- ig. col:::t:net, index o composites as a function o 031z
MOSlz 07]'30‘:‘)]} [q't‘ ‘a'_x-/‘a'_x_ "li}zﬂi"] %‘.7_&1}7&-39}. oﬂ

UAE Jehel ei/gs B9 2A7ES oy
A k& MoSi; ol Fotsdel uwhet FAEHAow, ol

FAe) A4 AT ARBTE Z, Mosiyt BUY

3

&a/R: ERARE ol FHEA &2 FFAEd v
o 3.2 A% 43 I¥E ¥ ¢ & AN

[17].
99 Fate ok AASA DY, YA A%

5

459 1.8 ms' A1 BIEAR F4-&4L e, B
FAF 9 &4 HA(damage zone)2 soft o2 FEL 3l
WE8] 29 cracking, 59 debonding®} delamination, 223t
old] we uy] wiFe] R ZHE e $HE FRHo=I
g7l BAES Fo21]. a8y FZEE5 93 ol=jt
A AFLS EFAE 9] MoSi, 4] o] &g Bt
9“‘43}“4 MoSi; ZJAE HF EPASS Qg9 7}

= oiw ml

Qo2 85 Wl

7}A Q= BDT §4< 7H4 AH, WEdx £, agu
A AyoloflA B A A=z YAHE AdAFE Fo

%, MoSih9 #H7}Eo] F7HEe,E Hu sFe vEd
Tz g9g F= FRAE BHdFa e, dutdes
Hx 3Fs Yl ¥ FA A=A L}E}LHE 53
< 7t HA EFASTE el A AEE uiel o] 900
o]elA BDT £4& Yehll= MoSi,] 72 °16}c=1 i
Aol F718k57] Wiiolgt A= ETH22).

ol ¥ © uESH MoSi9 J_vﬁ*é?_l BDT A%
Afret vlE” A, 283 MoSi, Atole] XE mHAe =
7t g ojEg 2ot i1t AWAEE %“&ﬂr a3
29 U2 AR F Atk &, HA-94 Hol54E 7}
A= MoSi7t @A FAHNAM AAAA= Wgste B3
A FAE 49 7FE AdFE 988 o LU=F
SAANZATG FAY n2oAM EFAIY FAAZA FE
st BAS F7HA1717] W&ol AlsHT

A2zoz TEE, Fig 594AY MoSiel I eko]
FMETE AT, DIV FHEH BAY 2EEAE
FAE T AAMY FIME BRYFo, 53] 12 wt%olA 7}

_&



46 - ub2=2) .4 w1730 A 2} BEEAMHBER
& 15
s —a&— |LLSS (before impact)
& —&— |LSS (after impact)
3 2 f
£
2 9
@
. ; k) 1 ;
%5000 1Fn WD37 §5,800  1vn KDI S g
o e —y je
7]
&
£ 34
£
K]
3
c 0 T T T T T T
0 4 8 12 16 20

5558° 2ony {93 HD37 .

5,088

Fig. 6 Cross-sectional morphology of C/C composites as a function
of MoSi; content: (a) 0 wt% MoSi;, (b) 4 wt% MoSiz, (¢)
12 wt% MoSiy, (d) 20 wt% MoSi..

F STEE ¢ 7 At aa ojg g FFEAY

S7te ERARY JAA AWNEAS ZAstel vl s, o

E MFAAAZA MoSi,E AMHEE da/ea B9

AAZJA WAts SE4%T ope} vl i3 AYA S}
2 71AH B9 L 7hA2tH6,10,23).

3.4 HEfsis B4

Fig. 62 MoSi,® 7kl & da/gts: EA=9] §
B8y 542 Jehd Aol SEM A4 & F %
o], MoSi,9] EAlt "AIEQ Aol AgH REZA Y
2 ¥IE MY F, A3 dAEF9 MosiE 29
gt e WEY A $£X7ke] Aol WA o]FA 9
=7 A = gllen, MoSih,E I3 2IAET}
Bt 22 FAAHE YD ol MoSi,E 3R
%S EFAse} Bug o Ar9 FH i REFo

2 243l MoSiol 23 #5344 Z(mobile diffusion
barrier)®] Aol oate HF ERANF9 detgAo] A4
Ho| gaAfot sEY2zle AW Aol FAHUY
g &olel AlgErh webAd, 2 Ao ARE MoSi=
Ao} nﬂEiié FAY] AE B9 F4E FMAY
45 dd/ga: EHAzY AAFE BEHY F01E XL
e 38% ‘ﬂz}i Z3e ¢ F Ay

3.5 ARS8

Sargh R 3224 & 2F38 L B}
3171 91814 short-beam testiol 9§ ZNAGHAE gL
2 () o8t F3tglen, 2 ARE Fig. 791 e

BoA AFSHLS MoSiol 4L

MoSi, content (wi%)

Fig. 7 Interlaminar shear strength of C/C composites as a function
of MoSi; content before and after impact test.

Aok AFoA & = UKol e EAET A=
MoSi7b 12 wi%d wl Hx ghg dehlch 2 ojddAe
Haste A% JeEhAch 28y Mosih,E T B3
ARE F 40% $8 Z4E vehd vhd) o] g FF31A
UL Bt o 50% A=Y $8 22 vehydct of
o dE Hdge oA AF AAY BEFAS EAel
WX MoSi,o) A7k me itz 49 47 ok
, AR EY 29 MoSi, % Alele) HE Ewz g
7hg Zae 9% 1903 Mosi;d] 2 AAQ 90T A
oM< BDT AFLe2 4% F Yok

£ Ao @3 MoSi, H7tel W& 7)AH B4 ¥
2 A2 g2 dg9AAFE A e Bag
MoSi,2 7A€ BHAS7} vhEg & A4d ¥gA XA
He ZHF5E0 JIAQet & dAuwFAe 3¢ Nagy
AFB)7E 60~70x10°K 015, MoSi,o] A$= p7t 8.1~
8.8x10°K'2 FHEFA et R Wrid] webd, 2§
7¥stA sz, Awn
AdALl A E FHELFANA e A3 S don wWalde
2 ¢5¥L Ak g gags: BgasdA
43 ZBHSYH S 7ME MoSi, 2RELS BT oA e =

-l°l' OIN M

AZAEE 7MY AR 8E ZH3E pinning effectS R
aet. g, 2209 s 3WEe] EAE MosSi; ¥
23 dEFAAtolel ARE $3slez A Fidr

ole} e AF}E A, o] AN e TG
FHA LTHAAE AUAE MoSi; ¥Eo] EFARS
71711’51 EAE F7ME & U= FEY Z=E M 9

A "ok 2y MoSid #EFel 12 wi% olgel H
E“; et A9 AlBAtole] E 31t9] interphased HA
ANA e32 ADARHS Aste zYstd AF Wi/
& EA8e] 249 Aste etk



H16% 5 3 %% 2003. 6

A5 AA Aolel & g/

Fa EFAR] B A A7 47

a4 &

FHAAY B FHANUA AFHZRE, AFgAAAZ AL
2 MoSis ©adfe EL2) AW A Fy
< 7tAS 4F BEEAEY J1AH 248 FAvE
W Feg ARE FAEI9Ach F, MoSi S $HEH ©av

2RARE o8 B B BPARS vmse
wadfoh Ex $ALY PR P43 AAAY
o]] 1:]]6]- LH;(—]‘GC}}»-I_,] _7}§ o];g}_oq EM_,] zsl:)\l-o 7].
Agor, AH AP2AL MoSi: FF 12 wi%eldth 2
Lt MoSi, &% 12 wi% ol ZelAE FH5A40] o o
FAstA gsked, ol J1EES FUtE A BE FHa
o 2449 Fo) ILSSE 59 HAF AW PP A%
d 71dste Aoz Alsdct

FuEd

1) G. Savage, In, Carbon-Carbon Composites, Chapman and
Hall, London, 1993, pp. 157-191.

2) M. Schwartz,
McGraw-Hill, New York, 1992.

3) B. Rand, In, Essentials of Carbon-Carbon Composites, ed.
by C. R. Thomas, Royal Society of Chemistry, Cambridge,

1993, p. 67.
4) J. Rodriguez-Mirasol, P. A. Thrower, and L. R. Radovic,
“On the Oxidation Resistance of Carbon-Carbon

Composites: Importance of Fiber Structure for Composite
Reactivity,” Carbon, Vol. 33, 1995, pp. 545-554.

5) R. Luo, “Friction Performance of C/C Composites Prepared
Using  Rapid Diffused Chemical Vapor
Infiltration Processes,” Carbon, Vol. 40, pp. 1279-1285.

6) S. J. Park, M. K. Seo, and J. R. Lee, “Effect of Oxidation
Inhibitor on the Low Energy Tribological Behavior of
Carbon - Carbon Composites,” Carbon, Vol. 40, 2002, pp.
835-843.

7) T. J. Hutton, B. McEnaney, and J. C. Crelling, “Structural
Studies of Wear Debris from Carbon - Carbon Composite
Aircraft Brakes,” Carbon, Vol. 37, 1999, pp. 907-916.

8) N. Iwashita, E. Psomiadou, and Y. Sawada, “Effect of

of * Carbon Fiber Surface on
Mechanical Properties of Carbon Fiber Reinforced Carbon
Composites,” Composites Part A, Applied science and
manufacturing, Vol. 29, 1998, pp. 965-972.

9) S. J. Park and M. S. Cho, “Effect of Anti-oxidative Filler
on the Interfacial Mechanical Properties of Carbon-Carbon
Composites Measured at High Temperature,” Carbon, Vol.
38, 2000, pp. 1053-1058.

Directional

Coupling  Treatment

Composite Materials Handbook, 2nd ed.

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

S. J. Park and M. K. Seo, “The Effects of MoSi» on the
Oxidation Behavior of Carbon/Carbon
Carbon, Vol. 39, 2001, pp. 1229-1235.

M. S. Cho, S. J. Park, J. R. Lee, and P. K. Pak,

Composites,”

“Influence of Oxidation Inhibitor on Carbon-Carbon
Composites: 2. Mechanical Behaviors at High
Temperature,”  Polymer(Korea), Vol. 22, 1998, pp.
987-993.

S. J. Park and J. S. Kim, “Modifications Produced by
Electrochemical Carbon  Blacks:
Microstructures and Mechanical Interfacial Properties,”
Carbon, Vol. 39, 2001, pp. 2011-2016.

M. O. W. Richardson and M. J. Wisheart, “Review of
Low-velocity Impact Properties of Composite Materials,”

Treatments on

Composites Part A, Applied science and manufacturing,
Vol. 27, 1996, pp. 1123-1131.

G. Dorey, “Impact Damage Tolerance and Assessment in
Advanced Composite Materials,” Seminar on Advanced
Composites, Cranfiled Institute of Technology, Cranfield,
UK, 1986.
G. Dorey,

Consequences,

“Impact Damage in Composites-development,
and Prevention,” Proc. 6th International
Conference on Composite Materials and 2nd European
Conference on Composite Materials, College,

London, 1988.

Imperial

G. P. Sigety, K. Stellbrink, and W. G. J. Hart, “Impact
Damage Tolerance of Carbon Fibre and Hybrid
Laminates,” RAE Technical Report, 87, 057, Royal

Aerospace Establishment, Farnborough, UK, 1987.

V. K. Srivastava, K. Maile, and A. Klenk, “Effect of
Impact Damage on Flexural Strength of the C/C---SiC
Composites,” Materials science & engineering A, Vol.
271, 1999, pp. 38-42.

O. Allix, M. Dommanget, M. Gratton, and P. L. Héreil,
“A Multi-scale Approach for the Response of a 3D
Carbon/Carbon Shock
Composite  Science 61,
409-415.

W. B. Park, S. J. Park, J. R. Lee, and Y. K. Kim,
“Hybrid Matrix Systems to Improve the Properties of
Polymer(Korea), Vol. 22,

Loading,”
2001, pp.

under
Vol.

Composite
Technology,

Fiber-reinforced Composites,”
1998, pp. 824-832.

S. J. Park, Y. S. Jang, and K. Y. Rhee,
and Ductile Characteristics of Carbon Fibers-Reinforced
Produced by Nanoscaled Electroless Nickel
Plating on Carbon Fiber Surfaces,” Journal of Colloid
Interface Science, Vol. 245, 2002, pp. 383-390.

“Interlaminar

Plastics



48 252 AR ol A BEEEHREaE

21) D. V. Bucci, M. J. Koczak, L. S. Schadler, “Micro-
mechanical Investigations of Unidirectional Carbon/Carbon
Composites via Micro-raman Spectroscopy,” Carbon, Vol.
35, 1997, pp. 235-245.

22) W. Kowbel, C. Bruce, J. C. Withers, and P. O. Ransone,
“Effect of Carbon Fabric Whiskerization on Mechanical
Properties of C-C Composites,” Composites Part A,
Applied science and manufacturing, Vol. 28, 1997, pp.

993-1000.
23) S. J. Parck and M. S. Cho, “Thermal Stability of

Carbon-MoSi2-Carbon Composites by Thermogravimetric
Analysis,” Journal of Material Science, Vol. 35, 2000,
pp. 3525-3527.

24) R. Yosomiya, K. Morimoto, A. Nakajima, Y. Ikada, and
T. Suzuki, Adhesion and Bonding in Composites, Marcel
Dekker, New York, 1989.



