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Factors Affecting Mechanical Properties of High Modulus
Carbon Fiber With Resin Matrix

Gong Xu Yan lijuan

Dong Yi
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(Beijing Spacecrafts, Beijing  100190)

Abstract To improve the mechanical properties of high modulus carbon fibers, the interface bonding abilities of

cyanate ester, epoxy 5228 and epoxy 4211 with carbon fibers were studied. In this paper, SEM, AFM, micro-dissoci-

ater and all-purpose mechanical tester were used to investigate surface micro configuration of carbon fibers, and the

micro-bonding of resin matrix and carbon fiber surface. The macro mechanical properties of composites were also stud-

ied. It is found that with the increase of carbon fiber modulus, defects and channels on the surface decrease, surface

activity drops and the bonding strength with resins is weaked. The bonding properties decrease with the order of modi-

fied cyanate ester, epoxy 5228 and epoxy 4211.
mechanical capabilities of composites.
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High modulus carbon fiber, Surface properties,

The higher the bonding strength of resin with fiber, the better the

Resin matrix, Compatibility, Binding surface,
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Tab.1 Mechanical properties of carbon fiber

WA E 2 PRI /GPa FIMFE/CPa WK/ %
HM-1 =2.42 =330 0.7
HM-2 =4.00 =500 0.8
HM-3 =3.50 =550 0.6
HT-1 =3.50 =200 1.5
HT-2 =4.50 =200 2.0
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Tab.2 Mechanical properties of unidirectional laminates

i) O°HLMIBRE Oofr it AMhsaE il

oy /MPa /GPa /MPa /GPa
HM-1/4211 1086 229 956 158
HM-1/5228 997 256 1050 186
HM-1/BS-4 1100 258 1051 163
HM-2/4211 1235 285 922 232
HM-2/5228 1716 331 1154 275
HM-2/BS-4 1926 344 1189 269
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Fig. 1 SEM microgaphy of carbon fiber surface (dark spots are defects)
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Fig.2 AFM pictures of carbon fiber surface
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Fig.3  XPS full spectrum of high modulus carbon fiber
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Tab.3 Functional group analysis of carbon atoms

U TR L g1 o .
HM-1 (A (ERiEzi| L
H/eV /%
I 1 284.7 8646.0  65.7 c—cC
1% 2 286.1 3352.4 25.5 (C—O0—C,C—OH 0.522
I 3 288.6 1153.5 8.8 C=0
L 3TTEA Lt A1) .
HM-2 g HREA 6 L
H/eV /%
I 1 284.3  2238.4  14.8 c—cC
1% 2 284.9 9311.6 61.5 C—C,C—H
0.311
I 3 286.5 2608.0 17.2 C—0—C,C—OH
% 4 288.8  990.4 6.5 C=0
W TR 37 Lt A1) .
HM-3 [TEA Bl TS PELL
H/eV /%
1% 1 284.0 4582.6  21.1 c—C
1% 2 285.0 11131.7 51.3 C—H
0.381
I 3 286.4 4812.2 22.2 C—0—C,C—OH
14 4 288.6 1182.2 5.4 cC=0
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Tab.4 Surface bonding ability of composites

EEMEL Bk h/10N || ZEME Bk /102N
HM-1/4211 3.7 HM-2/4211 3.5
HM-1/5228 4.8 HM-2/5228 4.5
HM-1/BS-4 5.9 HM-2/BS-4 5.0
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Fig.4 Binding abilities of various high modulus

carbon fibers with resin
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Fig.5 SEM microgaphy of laminate 0° tensile damages
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Tab.5 Inter-layer shear strength

BHEME 1LSS/MPa BAMA ILSS/MPa
HM-1/4211 59 HM-2/4211 49
HM-1/ BS—4 66 HM-2/BS-4 59
HM-1/5228 67 HM-2/5228 54
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