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ABSTRACT: To investigate the galvanic corrosion behavior of galvanic couple between steel and carbon fiber composite,
10CrNiCu steel and T700 carbon fiber composite were used. The immersion test and electrochemical test in 3.5%NaCl solution
of the galvanic couple samples were carried out, and the corrosion morphology of the samples after test were analyzed. The cor-
rosion rates of 10CrNiCu steel in galvanic couple together with its self-corrosion were measured, and the corrosion behavior of
galvanic couple was analyzed. The open-circuit potential difference between carbon fiber and 10CrNiCu steel is higher than 850
mV. While the couple between steel and carbon fiber was formed, the strong galvanic action arose from carbon fiber. While the
area ratio of steel and carbon fiber was 1:1, the corrosion rate of 10CrNiCu steel increased to over 1.5 times. The potential of
carbon fiber alone in 3.5%NaCl solution is about the equilibrium potential of the oxygen reduction reaction. While the galvanic

element between steel and carbon fiber composite is formed, the corrosion of steel can be accelerated significantly because the
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oxygen reduction reaction is promoted significantly.

KEY WORDS: steel; carbon fiber; galvanic corrosion; oxygen reduction reaction; electrochemical test; open-circuit potential
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Fig.1 Schematic diagram of CF-S galvanic couple sample
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Fig.2 Schematic diagram of eletrochemical test of galvanic
corrosion
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10CrNiCu A (1 b B 9 0.068 65 mm/a, Ho f# X
H 1OCTNICu 590 9 J65 il 8 25 2 JFE Y B s 149 2,175 4%,
K % BH 5 Bl 21 4 Ml 1 3% 22 . 35 o T 10CrNiCu 4
) JE ol

F1 RIBEWH 10CrNiCu W9 & 3 %

Tab.1 Corrosion rates of 10CrNiCu steel in immersion test

o ﬁﬁ% WHEREE ok FHE R
Wblg  WA/em®  (mmeaT) E/(mmeal)
14 11148 256950 0.15094
CF-S 2# 1.1094 259987 0.14845  0.149 31
3% 1.0879 254817  0.148 53
g O-1# 05993 301575 0.069 14
(10Cr 0-24 05986 29.8754 0.06971  0.068 65
NiCW 034 06008 31.1526 0.067 10
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WIES . MIE 5 AIEH, 5 CF M il 2k i 2R i
TAIAT BH A I, 5 CF MR e A0 s B i
BT EERBEA 3.5%NaCl W IEAL. H T CF it
P RLEAE T, 28R B B AR o, CF AR BN
(R B B B AIKT CF AR 3R, 5 CF Mdfimid
LR EBAE 6 Pl T nT BE 5 1k = W i R %, tn]
RESE TR & Ae T R i B B ok

22 BUFHBERKRIH

MET CF Bk FEAE 3.5%NaCl ¥ )T 2 i,
fL A 10CTNiCu fEY F S i Ay, sz AR fb ant&l 6 B
JNo TERT 2 h N, 1#CF HURRE Y IT B HL A 250 mV
G TFREE] 150 mV, SRJG A EARGER G E, MiE
B 2202 EFt, 7€ 24 h BYHLAH 165 mV, 2#, 3#CF
M atRE B T e e 7 AR AR i 2R FE AR — 3, 7ERT 8 h 1Y,
AL BN 275, 305 mV & # FF%; 76 8h LG, JF
B AT E, B R B A AT L, 1
24 h BPEaE L2 A 225 mV, CF Aial ke i) T 2 Fi 37 45
RESCER[6, 11125 R IA — 2, B RER [ ZE KT
FEr e S5 2 AR R M T RE SR pH

aA i

b B [fil

&l 3 CF-S s ixFike 2 4R a & e i

Fig.3 Corrosion morphologies of two surfaces of CF-S galvanic couple sample: a) side A; b) side B
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Fig.4 Morphologies of 10CrNiCu in CF-S galvanic couple samples after cleaning (the surface connected to CF)
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K5 CF-S HUXS 9IS UE /S (9 3D BHRUBS (76 FBORREEI A 420%)
Fig.5 3D micrographs of 10CrNiCu in CF-S galvanic couple samples after cleaning (the magnifications of left photos all are 420
times): a) the position of point a of 1# sample; b) the position of point b of 2# sample; c) the position of point ¢ of 3# sample
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Fig.6 The change of open-circuit potential: a) CF plate; b) 10CrNiCu steel
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Fig.7 Changes curves of galvanic potential (E,) and current (l,) of couple between CF and 10CrNiCu steel
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Fig.8 Nyquist diagrams of EIS for galvanic couple between CF and 10CrNiCu steel
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Fig.10 Nyquist diagrams of EIS: a) galvanic couple between CF and 10CrNiCu together, 9 h; b) galvanic couple between CF and
10CrNiCu together, 22 h; ¢) galvanic couple between CF and 10CrNiCu together, 48 h; d) self-corrosion of 10CrNiCu steel
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Fig.11 Simulated of EIS for galvanic couple between CF and 10CrNiCu
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#& 2 CF##1 10CrNiCu SWEEBXTHY EIS MG &R
Tab.2 Simulated results of EIS of galvanic couple between CF
and 10CrNiCu

RE AR ] R/(Q-em®) R/(Q-em®) R/(Q-em?)

1# 7.017 379.3 10.41
B, 9h 2# 11.93 4495 10.72
3# 6.325 327.3 9.46
1# 9.015 343.2 9.867
HLAEXT, 22h 2# 9.581 391 34.46
3# 7.071 281.8 13.90
1# 13.63 363.6 26.92
YT, 48h 2# 15.12 391.4 18.81
3# 12.26 318.0 18.25
10 h 16.92 2366 5.721
10CiNiCu % 24 h 20.54 2229 7.291
48 h 16.86 1611 3.891
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