#o53k m1zM OB TR Vol.53  No. 12
2025 4F 12 H 55 122—131 1L Journal of Materials Engineering Dec. 2025 pp.122—131

Sl AR B SRB I, FACSE, 55  BREF AR 1A% S B REHIXT S AR A I PERE A2 [T ]. A4k A%, 2025,53(12) : 122-131.
TIAN Siyuan, ZHANG Xubo, WANG Yihao, et al.Influence of carbon fiber surface oxygen-containing functional groups on
interfacial properties of composites[J].Journal of Materials Engineering, 2025,53(12) : 122-131.

RAERBDSAERANES
£ #3457 T 1 BE B =2 M1
Influence of carbon fiber surface oxygen-

containing functional groups on interfacial
properties of composites

R, SR IB 1, EACSE &R IRERAE

(Abmtfb TR BREF4E e Dyhe i 4 T BE
IR, AT 100029)

TIAN Siyuan,ZHANG Xubo, WANG Yihao,

GAO Aijun,XU Lianghua’

(Key Laboratory of Carbon Fiber and Functional Polymer
(Ministry of Education) , Beijing University of Chemical
Technology, Beijing 100029, China)

FEE 2T A B s g FL G A0 BH(CERP) 1) 145 R X L2 5 o RH I 1 RE AT FE B2, i & B AT BERE AT 53 1) G gk
WA o BREF 2R T AL BF9T R 52 G PR LT RIS Y E 8 4 BT 40 0 Aol e 27 41 3 T ) R AL 2 254 B A8 TR T 52 B 41
(R PR PR RE o AR SCR TS T BR LA 5 04 P A AP0 3 10 A B 725, LA AN TR] e JBE 1 45 B Y R A A L AR, A [ P37
B IE R R LT A SR T AT E BRI RS BIF ST AT A 1B RE A S5 M A AR BRI IS R 45 SRR AE AT iR
THT A 25 28 3 40 B T T, B B B AT (C=0) X 41 4t/ SR S g B2 A PR S e re e S /R . AR STl A 3 A
AV P 85 A R T Rl 4T A 3 T AR I 22 1 C=0, BBV JE X C=0 M5 i AF17E — A Se FEH, I EL VRS 7 19 ¥k %
SR AE TR 2T 2 3 i IR LA S C=0. WL N 0.31 mA/em?® B R BE N 0.3 % (&0 B0 I, B 41 4k 3 i 1Y
C=0 &t ik 8w = 4 6.49%0, 5 30 20 g i 5 18 59 D)5 B 5K B 35 KAH 76.9 MPa, #H L R b BLAR 2F 4 42 71 T
111.3% ARBUSR SCHAM: . 3 I T C=0 S ¥R NG P (19 3 A & 2E (U E R 00 T B 2T 4 5 50 IR 2 [l 1 25 G BE o
SRABIA 2T 4 s BHAR Ak B U R T s I ML fE 5 SR R

doi: 10.11868/j.issn.1001-4381.2024.000757  CSTR: 32421.14.j.issn.1001-4381.2024.000757

mESEES. TQ342  XEFRIEME: A XEHS: 1001-4381(2025)12-0122-10

Abstract : The interfacial structure of carbon fiber-reinforced polymer (CFRP) is crucial to the performance
of composites, which represents a fundamental aspect of composite materials science research. The
research on carbon fiber surface treatment is an important part of the research on composite material
interfaces. By changing the physicochemical structure of the carbon fiber surface, better interface properties
can be imparted to the composites. In this paper, an anodic oxidation surface treatment method based on
acidic medium is adopted. Dilute sulfuric acid solutions of different concentrations are used as electrolytes to
construct functional groups on the carbon fiber surface at different current densities. The results show that
the carbonyl functional group (C=0) plays an important role in the interface properties of CFRP. In anodic
oxidation treatment, a lower current density is conducive to generating more C=0 on the surface of carbon
fiber. There is an optimal value for the influence of sulfuric acid concentration on C=0. Moreover,
adjusting the sulfuric acid concentration can achieve more accurate construction of C==0 on the carbon fiber
surface. When the current density is 0.31 mA/cm® and the sulfuric acid concentration is 0.3% (mass
fraction) , the C==0 content on the carbon fiber surface reaches the maximum value of 6.49%, and the
interfacial shear strength with epoxy resin also reaches the maximum value of 76.9 MPa. Compared with
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untreated carbon fibers, it is increased by 111.3%, reflecting a strong correlation. This is because the

dispersion interaction between C==0 and the groups in epoxy resin enhances the bonding ability between

carbon fiber and epoxy resin.

Key words: carbon fiber; anodic oxidation; oxygen-containing functional group; interfacial performance;

epoxy resin
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Table 1 Surface functional groups and O/C ratios of CFs

treated with different conditions

Sample Surface functional group content of CFs/%  O/C ratio/
C—OH =0 COOH %
CFO 4.35 1.47 — 2.56
CF1 3.62 2.82 — 3.30
CF2 6.41 2.72 — 3.52
CF3 5.65 4.75 1.63 5.78
CF4 5.65 3.20 2.44 7.18
CF5 6.45 3.15 3.00 7.86
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Table 2 Surface element content of CFs treated with 0.3 %

H,SO, concentration

Current density/ Elemental composition/ %

(mA-cm™?) C N ¢}

Untreated 96.7 0.8 2.5
0.31 90.6 0.6 8.8
0.42 87.9 0.7 11.3
0.52 86.1 2.0 12.0
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Table 3 Surface functional group content of CFs treated with 0.3% H,SO, concentration

Surface functional group content of CFs/ %

Current density/(mA-cm™?)

C—OH C=0 COOH Total oxygen-containing functional groups
Untreated 4.35 1.47 — 5.82
0.31 4.90 6.49 4.51 15.90
0.42 6.17 5.36 6.46 17.99
0.52 6.04 4.81 7.02 17.87
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Table 4 Surface functional group content of CFs treated with 0.7 % H,SO, concentration

Current density/ Surface functional group content of CFs/ %

(mA-cm™?) C—OH C=0 COOH Total oxygen-containing functional groups
0.31 4.81 4.83 2.42 12.06
0.42 5.59 4.57 5.57 15.73
0.52 5.73 4.18 6.05 15.96
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