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Non metallic composite materials, for example, GECM(graphite epoxy composite material) show high specific
strength because of low density. These kinds of non metallic composite materials improved the structural effectiveness
and operation economics. However, if these materials contacted several metals, corrosion can be arisen since
non metallic composite materials have electrical conductivity. This paper dealt with galvanic corrosion between
graphite epoxy composite material and several metals. Base on the electrochemical galvanic corrosion test between
GECM and metals, corrosion current of carbon steel and aluminium increased with time but corrosion current
of stainless steels and titanium decreased and galvanic potential increased. This behavior shows the galvanic
corrosion depends upon the presence of passive film. Also, galvanic effect of GECM coupled with ferrous alloys
and non-ferrous alloys was lower than that of 100% graphite, which is attributed to lower exposed area of graphite
fiber in the GECM than apparent area of the GECM specimen used for the calculation of galvanic current in

this work.
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Fig. 1. Polarization curves of several metals in aerated 1% NaCl

solution at room temperature; (a) ferrous alloys, (b) non-ferrous
alloys
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Fig. 2. Polarization curves of several metals in aerated 3.5%
NaCl solution at room temperature; (a) ferrous alloys, (b)
non-ferrous alloys

30

Type 316Xt}t °F 100 mV X7} o ¥ oF —181
mV (SCE)o|H F-Ad51 % wat 0.098 xA/cm’S2 7}
A 2L ghe vehigith s e AFUEsE 107°~1077
Alem® AEEA wf$ HFE LEefS FAA T A
F ddolli= Fao] BAst EAo] glodct vt AS-
247} =660 mV(SCE) 2 AFd3] ¥ror, 1% NaCl
g Mo KT} oF 250 mV7} wobith 1% NaCl 84
X9 F= AT v R AE FEEHE BA7IA
st AFUETE w43 Trretelon, FAHFUEE
25 pAlem’” AEE FHS BT A1E F AJHES] mdo|
(3] gk Falo] dojuthgS & 4 Sl
I 2(b) = vEA AR FEATLE ALY FS- 1
NaCl F=g-H A9} A2 nls=st AS ehfar gt
SHIE F9A71A Eeta 343 ARdes 7P Y
wow M= Aeh 3o £48
2 A9)+= ok =774 mV(SCE) %= 1% NaClol| A 1.t}
70 mV FE7} srobsit), FAAFUEE 10 gA/em”
F=g

HIZA Al FollA U2do] 71 489 Tiv 3.5%
NaCl gl A5 j2A]o] 71 $-381HA 7k Sict. -
2149+ ¢F =377 mV(SCE) X2 1% NaClelA Xtk

°F 200 mV &= Stobd FA7 el TS Tee &

fr 1o S

142 4o 2 48 R

= T
Ak BARFULZE 046 1 A/em” FEolH, o WFY
T 107° Alem” AEoIA WS- M E BEEHE G

Pure Zr< 217917} 1% NaClol A ®.t} F 80 mV
who —549 mV(SCE) Ao FAAFHEEE 0.3
A/em” =elrk. oF 200 mV(SCE) =74+ vl
A Beg) 98 7MH T} 1 ol dE 4% AF
9] $7h 5 FAo] AT Zircaloy—42] ¢
217 917F 9F =424 mV(SCE) d%=24 1% NaCl 84
Aeb w5t AFS veRdth ey FAAREE
0.103 pA/em® A5 o AFoH, T2 =3 1%
NaClo|A4+= 2F 200 mV (SCE) 1 21} 3.5% NaCl 584
oA= ¢k 150 mV(SCE) AL ytobxith

18 32 22 1% NaCl =843} 3.5% NaCl 54
AN 2] ZF Fof tist A2 HE el O
7 e BASTolth Y 3(a)E BE A RASE
2, 1% NaCl g9ol|A 7P & 24555 el 254
E+= 827 o 24 0.0735 mm/yeare]™, Al 0.0262
mm/year?] #= 7T 19 3(b) & @AY Al A9
St U] Al e] FA&GEE YR T8 224, 1% NaCl
FgMofA Tix 0.0032 mm/year, Type 304+ 0.0023
mm/year, Pure Zr< 0.0021 mm/year, Type 316
0.0018 mm/year, Zircaloy—4+ 0.0019 mm/year, “18]
3l X4+ 7F8 2HE 0.0004 mm/year?] S 712tk

3.5% NaCl §MoA F-AET = 1% NaClolA ¢} vl

N o

12
I~ T

rir

= e

CORROSION SCIENCE AND TECHNOLOGY Vol.8, No.1, 2009



INFLUENCE OF GRAPHITE EPOXY COMPOSITE MATERIAL ON THE ELECTROCHEMICAL GALVANIC CORROSION OF METALS

030
027
E1% NaCl
025 W 35% NaCl
©
2
~
= 020
IS
o
£ 015
o 012
c
o
@ 010
2 007
[o]
o
005
003
000
Type Type X4 C-S Al Ti Zr  Zry—4
304 316
(@)
0010
1% NaCl
0008 W 35% NaCl 00078
©
[
e
£
£ 0006
i)
[
oc
S 0004
D
o
)
O oo02
0.000
Type Type X4 Ti Zr Zry—4
304 316
(b)

Fig. 3. Corrosion rate of several metals in aerated 1% NaCl
and 3.5% NaCl obtained by Tafel test; (a) corrosion rate of all
metals, (b) corrosion rate except carbon steel and aluminium
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Fig. 4. Galvanic current density between graphite and several
metals in aerated 1% NaCl solution at room temperature ; (a)
all the galvanic couples, (b) galvanic couples except for carbon
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Aake] wRelA] Znky F2lo] 1= Flo|t),
3.2 Graphite2t 25 AlH2| ZHi-l 2A Al

CECM3} 4 2119) B ATE i)ol oA
GECMS 8AJ38l= graphite®} F5A18 Alo] 9] Zmpy
/\194 E_)\«]_O_ )\Lﬁﬂoh—% :,_F,l 4= 1% NaCl _,_%L_' ?oﬂ/\{
715 FEA R} AuPPEE o) F Aol veht 2uida
FE2 BojFu Quk O¥ 4() oAM= BE F5A489 &
ahy 2] ABS el ehhgich B Aol RE

HE A3 FA71A4 23 Al 271 AF7dErt 74

31



Y. R YOO, Y. I. SON, G. T. SHIM, Y. H KWON, AND Y. S. KIM

mA/em®] Wi 7 7, A7to] Al wet ARYE
7} 287l shy 3600% o Wl AFUEs) oF 1.6
mA/cm*O.E ATA o7 u]9- %o kS Holth Al &
AlS] EHE w@E F2o] Sqto® FRIF gt

T, 5 AselA FEElE 9A7IA KBt
AL FA% F2lo] WA A A7 F shhEA 19 4(a)
o] AR R AAF 7] AFEE g2 Al Wekth 1
U Al7e] Z7tel] whel Al )53 ARY RS Holthr)
3600% o wje] ZAntdAFA s} o Sk FAE
UeERgITE 360027 Ak 3 WFDEE 1.7 mA/em” o
2 AR e =0T Aol ' T A BHe=
Aek Ao Qg AR Eo] HAskloH Alell= 4
Fyalo] dojd wbd et E AA o A sHA
2lo] ¢lojyir},
Aloly €277 2] e G555 dFdEs
A ow w9 v ghs JERITh o] Al5E2] A
2 Aol AFEEE nlwsty] fste] AlY §ax7s
A2t U] SFEASE] Aol e dRdEe] st
= 79 4(M)oll JeRSITE B2 Asol Al thgo s §
21729171 WSk Pure Zre] AFUE ) EF Al vls) 7F
2 =7 ek o, 36007 A & Aupd AR Y s
0.39 pA/cm?e] S Ht} Zircaloy—4%= = 7%
Al =447 mV(SCE) & F-2H 95 7k o= Pure Zr
th oz FAZ$7F W A 5ot Aup R AAE 27
AFIE0] g2 Tigh vlwste] o wo} A)gto] A5
Zircaloy—42] AFA 7} TiHth Zobgch A8 3 Zdn}
YAFUEE 0.38 pA/em® AEYTE F AR BF A

)
B>
O\l
©
N

rot

-z

%% 7i o e}
ot Ao =2 ghs 7HE X490 A9 270l Ti
Hop vbe AFUES e ey Aol B tshd

A F AR vk 32 Ao & Zo) 7t YRR o
%om, 3600F7F A5t we] Aty AR Ee] Wsks
A Q3|9 X49] A7 2 ol =9hvh X49] Znpd
AFUES] h 0.23 pA/em® o)tk AlE 5 Al X0
Ao Fa B AE 4 Aotk

kg AlE AIZE F Tiol AR o] Ay} o
Zircaloy —41} X4 Rt o] =7 YElg O, Al7te] Xubd
A AFUES] s AxF P stE e Al $ Aupd
FHEE 7 a5A8RY © wWken I 3k 0.2 p
A/em® o]t}

Type 3042} Type 3162 t}E A 5ol v]s] dnly 2]
AE 27 AFAErE wlg- wow, Ajzko] 2o uhe) A
FUEE 7FAsk] kg 3lEt) Type 3049 Type 3162
v Al 7] AFEEE Type 3047F Type 316K.tF 2+
Y o 360027 Al AubdF U e Type 316K

32

10
+ ® Type 304
o Type 316
8 | +
x X4
+ = Carbon Steel
+ + Al
[aV) |
I oTi
O +
= + * Pure Zr
IS 4| o Zircaloy—4
- +
o
= +
+++
e AR L LR EEE R R REER
p
o
I A . .

0 500 1000 1500 2000
Time, sec
(a)
50
® Type 304
o Type 316
40 ’D X X4
oTi
~ ® Pure Zr
30 |
g n ¢ © Zircaloy—4
~
<
o <|:|
el E
pO *
Xn *
*
10 ?(E' *
=] L XN toe
& °e og * "."000 .o et ¢
DI:IDD DO0go M A *
0 500 1000 1500 2000
Time, sec

(b)

Fig. 5. Galvanic current density in aerated 3.5% NaCl solution
at room temperature between graphite and several metals; (a)
for all metals, (b) for except carbon steel and aluminium
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