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Effect of Surface Treated SiC on Thermal Stability and Mechanical Interfacial Properties
of Carbon Fiber/Epoxy Resin Composites

Soo-Jin Park™, Jin-Seok Oh’, Jae-Rock Lee’, and Kyong-Yop Rhee”

ABSTRACT

In this work the effect of surface treated SiC on thermal stability and mechanical interfacial properties of
carbon fiber/epoxy resin composites. The surface properties of the SiC were determined by acid/base values and
contact angles. The thermal stabilities of carbon fiber/epoxy resin composites were investigated by TGA. The
mechanical interfacial properties of the composites were studied in ILSS, critical stress intensity factor (Kic),
and critical strain energy release rate(Gic) measurements. As a result, the acidically treated SiC(A-SiC) had
higher acid value than untreated SiC(V-SiC) or basically treated SiC(B-SiC). According to the contact angle
measurements, it was observed that chemical treatments led to an increase of surface free energy of the SiC
surfaces, mainly due to the increase of the specific(polar) component. The mechanical interfacial properties of
the composites including ILSS, Kic, and Gic had been improved in the specimens treated by chemical solutions.
These results were explained that good wetting played an important role in improving the degree of adhesion
at interfaces between SiC and epoxy resin matrix.
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Fig. 1 Chemical structures of 2EP and DDM.
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Table 1 pH and Acid-base Values of Chemicaliy Treated SiC
Powder
[unit: meq/g]
pH Acid values Base values
V-SiC 8.01 153 20.2
A-SiC 5.04 62.1 19.2
B-SiC 8.05 14.2 221

Table 2 Surface Free Energy Characteristic of the Testing Liquids,
Measured at 20T

[unit: mJ/m?|
Y - YLSP 7L
Water 218 51.0 72.8
Diiodomethane 50.4 0.38 50.8
Ethylene glycol 31.0 16.7 47.7
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Fig. 2 Evolution of contact angles on the composites with elapsed
wetting time.
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Fig. 3 Surface free energies (mJ/mz) of the composites made with
V-SiC, B-SiC, and A-SiC.
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Table 3 Initial Decomposition Temperature (IDT) and Decomposition Activation Energies (E;) of the V-SiC, B-SiC, and A-SiC

IDTCO) In (n (1-a)") or-Ty E, (Kl/mol)
-0.99786 -9.788
-0.70598 -4.734
V-SiC 395 190.
-0.2105 4742
0.00596 9.822
-1.20566 -12.866
-0.84603 -6.773
B-SiC 393 200
-0.34728 2.378
-0.11508 7.445
-1.20566 -12.866
-0.71594 -4.686
A-SiC 399 207
-0.32264 2.346
- -0.1729 5.354
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Fig. 4 TGA curves of the composites made with V-SiC, B-SiC,
and A-SiC.



30 253284 ol A o] 3 Y

0.0

0.4

©.84

In{In(1-o)]

—&— CF/EP+V+SiC
-—@-— CF/EP+B+SiC
—h— CF/EP+A+SIC

o(T-T_,)

Fig. 5 Polts of In[ln(1-2)'] vs @ of the composites made with
V-SiC, B-SiC, and A-SiC.

70

4

651

60+

554

ILSS [MPa]

504

423: \ =

CF/EP+B-SiC

CF/EP+V-SiC CF/EP+A-SiC

Fig. 6 ILSS of the composites made with V-SiC, B-SiC, and A-
SiC.

_Q-v)KE

4
3E €y

G

714 v BAHTY poissond] (037)E, Ex= @A
(230 GPayg YEbAT)

Fig. 8o EAEY G 294E vehidg. Ao
& F AR ASIC7F 3 HAL 94 A 5L gL A
As AL AT 4+ JAL) ol 497 A58 9
& GRS} AEA FX o] AWAILH] Folo) 79
e Ao AlgHT)

Fig. 9 SiCY ZW A w2 EAAFolUR 9 sl
7F ILSSS Kicdll WA= 43S Yehiith 1 Aw, g9
AFoAuR e} ILSSS Kiestel #AZE AAFE e
o, ol SiCe ZAUA ] wWE EBEAFAUAL F717t
HAHF-lEA F2] 2 ANZEEE 34 5o HF =
gAY ZIAAENS FANE QAR F4EHse
duigith &, FAARANIA Y ARZLEL 459 &
AZF A5E AT & Aok

EERE&H B
2904
- 2804
: \
£ 2704
Z
2]
M 260
250:: \ P4
[} k 3
CF/EP+V-SiC CF/EP+B-SiC CF/EP+A-SiC

Fig. 7 KIC of the composites made with V-SiC, B-SiC, and A-
SiC.

f 1 T
CF/EP+V-SiC CF/EP+B-SiC CF/EP+A-SiC

Fig. 8 GIC of the composites made with V-SiC, B-SiC, and A-
SiC.

o] W ILsS R=081 [
[ ] ch R=0.99
|-272 =
= ]
< Z
2 %]
z .-
3 8
5
564 | 264

Specific component [ml.m’]

Fig. 9 Dependence of ILSS and KIC on specific component of the
V-SiC, B-SiC, and A-SiC.

4.

i)

=
L=

£ d7dMe dadF 28 dFA EEAE Az
WEA Zske 98 Arske Sicg g8t zuAeE &



H16% F 3 5% 2003. 6

B2AF B8 AFA £A BFARS] EAAAP B 71AFH AREAA UAE siC FVAY 9% 31

F old me BP9 ddAAH JAH 49
nZEPch et FUAE sice W Ax: 4
Hog ALSUE A F7e vH Fr| 4 LA A
Eo1=7F 4 Frhstoen, BEAFAUNE FAHF
B Yol AL Ao= AT ASIC A9 TAAH
AUAZE F74gE 20T = AUy AF RPAR 4
AAA AA ASiCl FRE EFAEY EAAAol &5
o, 71AH B4 =3 ASICAAN A% E Fe v
uglth ol A gdos guxsd Edo AU
717F F7tated @A o FA FA %S A-Er) FEEAE
o2 ABZYHE FAAI7] Wi HeZ AlgEh

3
3
[¢]
o

rie oo fu

e

A

1) M. M. Schwartz, Composite Materials handbook, 2nd Ed.
McGraw-Hill, New York, 1992.

2) E. Fitzer, Carbon Fibers and Their Composites, Springer-
Verlag, New York, 1985. '

3) S. J. Park, Interfacial Forces and Fields: Theory and
Applications, ed by J. P. Hsu, chap 9, Marcel Dekker,
New York, 1999.

4) J. B. Donnet and R. C. Bansal, Carbon Fibers, 2th ed.,
Marcel Dekker, New York, 1990.

5) S. J. Park, M. H. Kim, J. R. Lee, and S. Choi, “Effect of
Fibers-polymer Fracture

Interactions  on Toughness

Behaviors of Carbon Fibers-reinforced Epoxy Matrix
Composites,” Journal of Colloid and Interface Science,
Vol. 228, 2000, pp. 287-291.

6) S. J. Park and J. B. Donnet, “Anodic Surface Treatment
on Carbon Fibers: Determination of Acid-base Interaction
Parameter between Two Unidentical Solid Surface in a
Composite System,” Journal of Colloid and Interface
Science, Vol. 206, 1998, pp. 29-32.

7) E. Fitzer, Carbon Fibers and Their Composites, Springer-
Verlag, New York, 1985.

8) S. J. Park and Y. S. Jang, “Interfacial Characteristics and
Fracture Toughness of Electrolytically Ni-plated Carbon
Fibers-reinforced Phenolic Resin Matrix Composites,”
Journal of Colloid and Interface Science, Vol. 237, 2001,
pp. 91-97.

9) J. M. Breiner, J. E. Mark, G. Beaucage, “Dependence of
silica particle sizes silica

on network chain lengths,

contents, and catalyst concentrations in situ-reinforced
polysiloxane elastomers,” Journal of Polymer Science Part
B: Polymer Physics, Vol. 37, 1999, pp 1421-1427.

10) J. M. Charrier, Polymeric Materials and Processing

Hanser, New York,1990.

11) H. P. Boehm, “Chemical Identification of Surface Groups,”
Advances in Catalysis, Vol.16, 1966, pp. 179-225.

12) H. H. Horowitz and G. Metzger, “A New Analysis of
Thermogravimetric Traces,” Analytical Chemistry, Vol.
35, 1963, pp. 1464-1468.

13) D. Graham, “Physical Adsorption on Low Energy Solied,
I Adesorption of Nitrogen, Argon, Carbon Tetrafluoride,
and Ethane on Polyproptlene,” Vol. 68, 1964, pp. 2788-
2792,

14) C. J. van Oss, Interfacial Forces in Aqueous Media,
Marcel Dekker, New York, 1994.

15) S. Wu, Polymer Interface and Adhesion, Marcel Dekker,
New York, 1982. '

16) S. J. Park, M. S. Cho, and J. R. Lee, “Studies on the °
Surface Frec Energy of Carbon-Carbon Composites:
Effect of Filler Addition on the ILSS of composites,”
Journal of Colloid and Interface Science, Vol. 226, 2000,
pp. 60-64.

17) S. J. Park and M. Brendle, “London Dispersive Component
of the Surface Free Energy and Surface Enthalpy,” Journal
of Colloid and Interface Science, Vol. 188, 1997, pp. 336-
339.

18) T. R. King, D. F. Adams, and D. A. Buttry, “Aniodic
Oxidation of Pitch-precursor Carbon Fibres in Ammonium
Sulphate Solutions: the Effect of Fibre Surface Treatment
on Composite Mechanical Properties,” Composites, Vol.
22, 1991, pp. 380-387.

19) L. Dunn, W. Suwito, S. Cunningham, and C. W. May,
“Fracture Initiation at Sharp Notches Under Mode I,
Modell, and Mild Mixed Mode Loading,” Vol. 84,
1997, pp. 367-381.

20) A. Griffith, “The Phenomena of Rupture and Flow in
Solids,” Philosophical Transactions of the Royal Society
of London, Series' A, Vol. 221, 1920, pp. 163-198.

21) D. G. Munz, Shannon, L. J. John, Bubsey, and T.

“Fracture  tougfness Calculation  from
Maximum Load in Four Point Bend Test of Chevron
Notch Specimens,” International Journal of Fracture,
Vol. 16, 1980, pp. 137-141.

22) M. C. Chen, D. J. Hourston, and W. B. Sun, “Distinct

Pitch in
Lyotropic Cholesteric Solutions of Polypetide,” Polymer
Journal, Vol. 31, 1999, pp. 199-202.

23) T. G. Pressly, H. Keskkula and D. R. Paul, “Temperature
dependence of the fracture behavior of nylon 6/ABS
blends,” Polymer Journal, Vol. 42, 2001, pp. 3043-3055.

Raymond,

Temperature Dependence of  Cholesteric



