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Galvanic Corrosion of Carbon Fiber Reinforced Composites and
Low Alloy Steel in Marine Environment of Qingdao
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ABSTRACT: The work aims to investigate the galvanic corrosion problem faced by the combined application of carbon
fiber reinforced composites with metal materials in the shipbuilding industry. A kind of typical carbon fiber reinforced
vinyl resin composite was chosen as the research object and the natural exposure test was carried out in the marine at-
mospheric environment of Qingdao for 0.5 a, 1 a, 1.5 a and 2 a. Then, the galvanic corrosion effect of the carbon fiber re-
inforced composite and low alloy steel was studied by electrochemical analysis methods. Furthermore, the effect of aging
behavior of the carbon fiber reinforced composite on their galvanic corrosion to steel was investigated based on aging
mechanism analysis. The open circuit potentials of the composite samples exposed for different periods in the atmospheric
environment of Qingdao were significantly different from that of low alloy steel, indicating a high tendency for galvanic

corrosion. With the prolongation of exposure time, micro-cracks on the surface of the composite samples continued to
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generate and expand, leading to an increase in the active points of electrochemical reactions. As a result, the galvanic

current increased accordingly. After exposure for 2 a in the marine atmospheric environment of Qingdao, the galvanic

current between the carbon fiber reinforced composites and low alloy steel is 0.356 9 pA/cm?, reaching Class B for the

galvanic corrosion sensitivity.
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current; corrosion sensitivity
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Fig.1 Open circuit potentials in seawater of low alloy steel

and composite samples exposed for different periods
in the atmospheric environment of Qingdao
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Fig.2 Polarization curves in seawater of low alloy steel and
composite samples exposed for different periods in the
atmospheric environment of Qingdao
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Fig.4 Macro-morphologies of composite samples exposed for different periods in the atmospheric environment of Qingdao
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Fig.5 Micro-morphologies of composite samples exposed for different periods in the atmospheric environment of Qingdao
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Fig.6 SEM photos (2 000x) of composite samples exposed for different periods in the atmospheric environment of Qingdao

3 #it

1) FETT B KA BRI AS [F] J& 0 (B 27 4 52 A b
RHARELEIG K P B FF R LA S0 A SANAHZE 462.2 mV
VL b, YW I BT, AR S A A A
P o AR A AL R TR A A BT B LA
P L 2 0 R B L R A W R B B B fL 3
Ko

2) REEMIET, BREF4EE SRR mL4Z, 51K
B A AT AR Dl RIS R] (Y S K, & A4
RESIRA S e S kA% BRI 2 a B, HR
LK 0.356 9 pA/em?®, P # HL (i U PE 35 3]

B %,

3) PRI ] A SE G, Bk 4T 4E S G AR R T AR
BRI A gy, 2R A4ESMER , IFPERER IS,
SALLRUST FFVESC e o PG 1] ) B T RS, S Bk
NG E G 2, A MBS I0E S H S R
BERfZ R

S 30k

(1] wswests, X0, XI5 ZaPPeHEs Ea v Hp). T
IR, 2008, 25(2): 13-17.
HUANG X Y, LIU Y, LIU B. Application of Composite
Materials in Ships[J]. Jiangsu Ship, 2008, 25(2): 13-17.



+ 102 -

2024 42 A

(11]

It &S, AR AR AR R B A HUIT S 5 0
. MEIT RS0, 2010, 25(1): 74-76.

YANG S S, ZHOU X L, ZHANG M. Application and
Research of Light Composite Armor for Naval Ship[J].
Development and Application of Materials, 2010, 25(1):
74-76.

Ao, TP, DR, FORE4EE A REAE B
& BRI MATEREEOR, 2019, 41(11): 85-88.
NIU F, WANG J P, MA C C, et al. The Application of
Carbon Fiber Composite Material in Naval Vessel Con-
sole[J]. Ship Science and Technology, 2019, 41(11):
85-88.

TR, WAk, BXMESE, S RS S AP RHEA IR
RS A B FIRITSE ()], 25 R FIEOR 57 i,
2015(7): 12-13.

CHENG H T, DAI G L, DUAN Y X, et al. Study on Ap-
plication of Carbon Fiber Composites in Marine Propeller
Propeller[J]. Dual Use Technologies & Products, 2015(7):
12-13.

FBICAE, ALRGS, Rk, A BRETUEINEE SRS
ANTR) g JE AR BB AT B SE (D). BN/ S G b
kL, 2019(9): 52-57.

GONG W H, DU S J, GAO X J, et al. Study on Galvanic
Corrosion Behavior between Carbon/Epoxy Composites
and Different Metal Materials[J]. Fiber Reinforced Plas-
tics/Composites, 2019(9): 52-57.

AR K R e B £ AR AR AN 10 Tt 1l P BEIF Y
[7]. AR & SR, 2019, 34(1): 58-62.

SHAO Z. Study on Corrosion Resistance of Carbon Fiber
Coupled Carbon Steel in Drainage System[J]. Develop-
ment and Application of Materials, 2019, 34(1): 58-62.
TUCKER W C, BROWN R, RUSSELL L. Corrosion
between a Graphite/Polymer Composite and Metals[J].
Journal of Composite Materials, 1990, 24(1): 92-102.
JREE, RIBR, IR, SRR GRS LY 12
BEan MBS, 2014, 35(1): 37-39.
SU P B, WU X H, JIANG Z H, et al. Galvanic Corrosion
of Carbon Fiber Epoxy Composite Coupled with LY 12 Al
Alloy[J]. Corrosion & Protection, 2014, 35(1): 37-39.
Wrle, RbeZ, IR, BiEIR SR 4e i SRS
JEMAT R, JEE B, 2008, 29(2): 59-61.

CHEN L, WU X H, JIANG Z H. Galvanic Corrosion
Behavior between Corrosion-Resisting Aluminum Alloy
and Carbon Fiber Composite[J]. Corrosion & Protection,
2008, 29(2): 59-61.

NG, SAMR IR, TR, LT AR5 A MR- L E fk
WEFEIT). 2E 4388 TR, 2021, 18(11): 106-113.

SUN W, HU Y L, WANG Z Q. Study of Galvanic Corro-
sion between Steel and Carbon Fiber Composite[J]. Equi-
pment Environmental Engineering, 2021, 18(11): 106-
113.

B, RIBR, IR, S TT00 AR GRS
30CrMnSiA & 3RNAE NaCl R i B AT A (1],
KBS, 2013, 46(10): 30-32.

SU P B, WU X H, JIANG Z H, et al. Galvanic Corrosion

[12]

[13]

[14]

[15]

[16]

(18]

[19]

[20]

Behavior of Carbon Fiber Epoxy Resin Composite and
High Strength Steel in Sodium Chloride Solution[J]. Ma-
terials Protection, 2013, 46(10): 30-32.
R, BREEMS, EHEVE. MG AZGME S SRR
IE IR RTFEIE D] PR TRE, 2003, 31(4): 39-43.
LU F, ZHONG Q P, CAO C X. Progress of Galvanic
Corrosion between the Graphite Epoxy Composite Mate-
rials and Metals[J]. Journal of Materials Engineering,
2003, 31(4): 39-43.
TAVAKKOLIZADEH M, SAADATMANESH H. Gal-
vanic Corrosion of Carbon and Steel in Aggressive Envi-
ronments[J]. Journal of Composites for Construction,
2001, 5(3): 200-210.
HAN H C, GONG X L, ZHOU M, et al. A Study about
Silane Modification and Interfacial Ultraviolet Aging of
Hemp Fiber Reinforced Polypropylene Composites[J].
Polymer Composites, 2021, 42(5): 2544-2555.
QI X, TIAN J W, XIAN G J. Hydrothermal Ageing of
Carbon Fiber Reinforced Polymer Composites Applied
for Construction: A Review[J]. Journal of Materials Re-
search and Technology, 2023, 27: 1017-1045.
WRERI, EZ7R, Wi, . CF8611/AC531 H A1k
PERE S 5 TBO4 $5 5 S B ABIE I A HLAL A RITFE (D], R
TA%, 2019, 47(1): 97-105.
CHEN Y L, WANG A D, BIAN G X, et al. Electrochemi-
cal Study on Performance of CF8611/AC531 Composite
and Galvanic Corrosion Coupled with 7BO4 Aluminum
Alloy[J]. Journal of Materials Engineering, 2019, 47(1):
97-105.
PRER R, T4, oty 5. CF8611/AC531 a1k
R LA A B HE 5 TBOA-T74 8545 4 14 i (RS b 5 3
[J]. #PEHR, 2018, 32(16): 2889-2896.
CHEN Y L, WANG A D, BIAN G X, et al. Electrochemi-
cal Characteristic of CF8611/AC531 Composite and the
Galvanic Corrosion Simulation when Coupled with
7B04-T74 Aluminum Alloy[J]. Materials Reports, 2018,
32(16): 2889-2896.
TRRRE, HHRE, Efrfe, VR ORI T 3
TELT AL S MRUE T AT ST, A R TR,
2021, 18(11): 10-17.
DING K K, DU J P, WANG Z H, et al. Study on Corro-
sion Aging Behavior of Glass Fiber Reinforced Compos-
ites in Severe Marine Atmospheric Environment[J].
Equipment Environmental Engineering, 2021, 18(11): 10-
17.
AR, sk, B, . KIFLFRRE SRR
WF5EHE e S W5 2 AL FE[I]. 30K T, 2013, 41(1):
18-21.
ZUO X L, ZHANG D H, LUO X, et al. Advances in the
Study of Aging and Anti-Aging of Long Glass Fiber Re-
inforced Composites[J]. China Plastics Industry, 2013,
41(1): 18-21.
FRALZE, IMET, R, BRELT /R A S0 HEBR R
R A PPRIIE LR G IR W ol A7 LI [0]. 42
AR, 2019, 36(9): 2059-2066.



B21E 2

TRERE, %% T BRI 4R 5 ARG ARG G A TS - 103 -

[21]

(23]

DAI L K, SUN Y N, WANG G J. Erosion Behavior and
Mechanism of Glass Fiber/Epoxy Vinlester Composites
under Multiple Environmental Factors[J]. Acta Materiae
Compositae Sinica, 2019, 36(9): 2059-2066.

FRALZE, IMVBET, EREEE. SEAMm BT 2T it I
SAME P RERI R[], AEERL2E 5 T2, 2019,
27(5): 52-58.

DAI L K, SUN Y N, WANG G J. Effects of UV Irradia-
tion on the Erosion Performance of Glass Fiber Rein-
forced Resin-Based Composites[J]. Materials Science and
Technology, 2019, 27(5): 52-58.

. YR e v IR 20 B 12 B 28 A D LB R figp e
PN, R T AL, 2018, 37(8): 95-97.

PEI L G. Aging Mechanism and Solutions of the Polyeth-
ylene Protective Layer in Foam Jacket Tubes[J]. Oil-Gas
Field Surface Engineering, 2018, 37(8): 95-97.

TUE, FEERE RG, F PVCIESIRRLT e

[24]

S5 BERE 5 A I AL M REDE ST (0] [ KL
2016, 30(3): 54-59.

YU S J, WEI D L, ZHENG G J, et al. UV Accelerated
Aging Properties of PVC/Modified Sisal Fiber Compos-
ites Materials[J]. China Plastics, 2016, 30(3): 54-59.
Wrb, AREE, FRTE, AF BREFUENTRAMIR S SR
BN AL A TN[T]. 12545, 2022, 39(5):
8-15.

SHI Z M, ZOU C, ZHOU F Y, et al. Ultraviolet Aging
Mechanism and Life Prediction of Carbon Fiber Rein-
forced Resin Matrix Composites[J]. Pressure Vessel Tech-
nology, 2022, 39(5): 8-15.

GOEL A, CHAWLA K K, VAIDYA U K, et al. Effect of
UV Exposure on the Microstructure and Mechanical
Properties of Long Fiber Thermoplastic (LFT) Compos-
ites[J]. Journal of Materials Science, 2008, 43(13):
4423-4432.



