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Fig.1 SEM images of high modulus carbon fibers before and after nickel plating: (a) CF-U; (b) CF-O; (¢), (e) CF-Ni@

3 min; (d), (f) CF-Ni@6 min
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Fig. 2 SPM 3D images of high modulus carbon fibers before and after nickel plating: (a) CF-U; (b) CF-O; (¢) CF-Ni@

3 min; (d) CF-Ni@6 min
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Fig.3 SPM 2D images of high modulus carbon fibers before and after nickel plating: (a) CF-Ni@3 min; (b) CF-Ni@6 min
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Fig. 4 Schematic diagram of electrochemical nickel plating mechanism on high modulus carbon fibers
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THI 1 NP s AR NGO, - PR R CF-Ni@6 min £
AT O & B4 CF-Ni@3 min FE B3R TH T 40.6%.

T VL BT B AR B AT R T AL = RS
Xof % A o A R ik 4T 4 R TH XPS O 1s I Ni 2p 1% 4]
sk, HeERwEe . NE6Hh LA

F1 AFEBRAYERE AR TR S ERE

Table 1 Surface chemical composition of different fiber

N v samples
2 b AR 8 R e 02, P
Relative content of chemical elements/%
KI1PRRAERT TR S EZ. £ CF-U Sample
ﬁ“ﬁf E%mig P Cls Ols Ni2p Ni3p Other
FEM R C & ik 96.54%, 5 DAL = ¥ 3 11 1 CF-U 9654 288 - 058
P£; HNO, AP 5 CF-O #5221 O 75 & EL AL B AT 42 CF-O 94.15 497 - - 088
5T 72.6%, T0CE BN I — e EEE N, i CF-Ni@3 min 4578 13.19 227 3588 2.88
HNO3ﬂ@ﬂﬁ%f&%?}é&ﬁgﬁﬁ?ﬁ‘ﬁo é}:ﬁ EE'T’K CF-N1@6 min 35.68 18.55 3.77 41.53 0.47
270000
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Fig. 5 High resolution XPS spectra of high modulus carbon fibers before and after nickel plating
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6 PR R E AT 4E R XPS Ols A Ni2p i

Fig. 6 High resolution XPS O 1s(a) and Ni 2p(b) spectra of nickel plated high modulus carbon fibers
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b BN AT 4 ) 2V R AR . 5 CF-O F Al
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CF-Ni@6 min 5t IR GRIE | S st & 3 2 7+
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Fig. 7 Mechanical properties of high modulus carbon

fibers before and after nickel plating
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Effect of electrochemical nickel plating on structure and
properties of PAN-based high modulus carbon fibers

QIAN Xin, HAN Wei-dong, MA Hong-bo, ZHANG Yong-gang

(National Engineering Laboratory for Carbon Fiber Preparation,

Ningbo Institute of Material Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: Electrochemical nickel plating was conducted on the surfaces of PAN-based high modulus carbon
fibers. The evolutions of physical and chemical structures of the fiber surface before and after treatment were
studied by SEM, SPM and XPS. The effects of nickel plating process on the mechanical properties of the fiber
were also analyzed. The results show that the HNO, treatment prior to nickel plating can make the initial groove
structure of fiber surface more uniform, which is beneficial to the nickel plating on the fiber surface. Compared
with HNO, treated fibers, the diameters of Ni-plated carbon fibers increases by 5.4% and 26.2%, respectively.
After electrochemical plating treatments of 3 min and 6 min, there are nickel particles obviously shown up on the
fiber surfaces. The nickel element on the fiber surface mainly exists in the form of Ni(OH),, NiO and Ni particles.
With the increase of nickel layer thickness, the defects of the fiber surface are improved, and the mechanical
properties of nickel-plated fibers reveal a certain extent increases compared with those of HNO, treated samples.

Key words: high modulus carbon fibers; nickel electroplating; diameter; chemical structure
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