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Plasma surface modification of carbon fiber and its effects on mechanical properties of vinyl ester resin composites
ZHANG Xinggang"?, XIE Tianshuo"’, SHI Qi’, YANG Ruirui’, CAO Zejun"*, QIAO Huixin"’,
ZHANG Xiaomeng"®, LIU Minying"*
(1. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Luoyang Ship Materials Research Institute,
Luoyang 471000, China; 3. Henan Key Laboratory of Advanced Nylon Materials and Applications, Zhengzhou 450052, China)

Abstract : To improve the interfacial bonding performance between carbon fibers and resin matrix, and balance the contradic-
tion between the surface functionalization of carbon fibers and the damage to their bulk structure, the low-power oxygen plasma
treatment was applied to conduct a surface modification on domestic 48K carbon fibers. By adjusting the plasma treatment power (7,
11, 30 W) and time (10, 15, 20 minutes), the effects of plasma treatment under different conditions on the surface element composi-
tion, micromorphology, and wettability of carbon fibers were systematically analyzed. The results show that low-power oxygen plas-
ma treatment significantly increases the oxygen content on the carbon fiber surface, mainly forming oxygen-containing functional
groups such as C—O and C=O0, which enhances surface polarity and hydrophilicity. After oxygen plasma treatment with 30 W for
20 minutes, the oxygen-to-carbon ratio on the carbon fiber surface increases to 29.48%, the ratio of C=0 to C—O decreases to
0.73, and the water contact angle also decreases from the 132.5° of untreated fiber to 80°. Meanwhile, low-power oxygen plasma

treatment does not cause obvious damage to the surface morphology of carbon fibers, and can effectively maintain the high bulk
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mechanical properties of carbon fibers. The interlaminar shear strength of the carbon fiber reinforced vinyl ester resin composite

increases by approximately 11% compared to the untreated state after oxygen plasma treatment with 30 W for 20 minutes. Therefore,

the low-power oxygen plasma treatment process can achieve the surface functionalization of carbon fibers and improve the mechani-

cal properties of their reinforced composites, which provides a reference for the functional optimization and application expansion of

carbon fibers and their reinforced composites.

Keywords : carbon fiber ; oxygen plasma treatment ; surface modification ; interfacial bonding property ; mechanical property
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Fig. 1  XPS spectra of original carbon fiber and plasma-treated carbon
fiber under different conditions
F1 FHEBAEERESHEE FELERIERTHTRANR
Tab.1 Surface elemental composition of original carbon fiber and

plasma-treated carbon fiber under different conditions

Atomic percent/%

Samples s ols R/ %o Te_o/c—o

CF-RAW 94.32 5.68 6.02 2.78
CF-7 W-10 min 83.47 16.53 19.80 1.00
CF-11 W-10 min 80.80 19.20 23.76 1.13
CF-11 W-15 min 79.82 20.18 25.28 1.06
CF-11 W-20min 7891 21.09 26.73 0.99
CF-30 W-10min ~ 81.20 18.80 23.15 1.17
CF-30 W-15min  79.58 20.42 25.66 1.06
CF-30 W-20min ~ 77.23 22.77 29.48 0.73

Notes: R is oxygen-to-carbon ratio multiplied by 100%;

©/0)

7, is ratio of C=0 to C—O.

C=0/C—0
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Fig.2 Peak fitting of Ols spectra for original carbon fiber and plasma-treated carbon fiber under different conditions
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Fig. 3 FTIR spectra of original carbon fiber and plasma-treated (30 W-

20 min) carbon fibers at different aging periods
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Fig. 4 Surface SEM images of original carbon fiber and plasma-treated carbon fiber under different conditions
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Fig. 5 Water contact angle test images of original carbon fiber and plas-

(j) CF-30 W-20 min

ma-treated carbon fiber under different conditions
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Tab.2 Water contact angle data of original carbon fiber and

plasma-treated carbon fiber under different conditions

Samples Water contact angle/(°)

CF-RAW 132.5
CF-7 W-10 min 131.5
CF-7 W-15 min 129.0
CF-7 W-20 min 123.0
CF-11 W-10 min 117.0
CF-11 W-15 min 116.5
CF-11 W-20 min 109.0
CF-30 W-10 min 105.0
CF-30 W-15 min 103.5
CF-30 W-20 min 80.0

A A B R T R EF 4 5K Z [ B4 il ™. 24
AR IR K 30 W ORI AL BRE [] Ry 20 min B, 422 ik £
IR BT 4E 1 132.5° R AR5 80°, X —IG KM,
S B A Ak ) A T Rl T 4 R T A R P R
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J5 2 A RS i Bl 569.58 MPa, 5 40 B FTHY
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Tab.3 Interlaminar shear strength and bending strength of

composite laminate before and after plasma treatment

Interlaminar Standard ~ Bending  Standard
Items shear strength/  deviation/  strength/  deviation/

MPa MPa MPa MPa
Before plas- 24.92 1.04 558.07 13.71
ma treatment
After plasma 27.66 1.05 569.58 12.42

treatment
3 &g

(AR 3 5 48 S5 B IR Ak B S5 i v T R T
AT IMLME . XPS FTIR FI7K 3l £ Mt 45 5 36
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