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This work focused on galvanic corrosion of carbon steel bolted GECM/AL plates by long-term test in tap water
and NaCl solutions. Test product was carbon steel bolted between cross packed GECM and painted aluminium.
Tests for the product and coupled parts determined corrosion rate in tap water and NaCl solutions. Also, using
a potentiostat and salt water sprayer, galvanic test was done. In galvanic test on carbon steel bolted GECM/Al
plates, corrosion of carbon steel bolt was faster in series of tap water>1% NaCl solution>3.5% NaCl solution.
In galvanic couple between aluminium and carbon steel bolt, their corrosion rates were higher than those of
single specimen. In galvanic couple between GECM, aluminium, and carbon steel bolt, corrosion behaviors of
carbon steel bolt and aluminium were changed due to different corrosion mechanism in tap water and chloride
solution.
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before test 35 days 95 days 120 days 145 days 160 days 190 days

Fig. 1. Variation of surface appearance by immersion test duration in tap water at room temperature; (a) front, (b) rear, (c)
right, (d) left.
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before test 14 days 35 days 95 days 120 days 145 days 160 days 190 days

Fig. 2. Variation of surface appearance by immersion test duration in 1% NaCl at room temperature; (a) front, (b) rear, (c)
right, (d) left.
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before test

35 days 95 days 120 days 145 days 190 days

@
I

Fig. 3. Variation of surface appearance by immersion test duration in 3.5% NaCl at room temperature; (a) front, (b) rear, (c)
right, (d) left.

16 CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.1, 2013



GALVANIC CORROSION BEHAVIOR BETWEEN CARBON STEEL BOLTED GECM(GRAPHITE EPOXY COMPOSITE MATERIAL)/AL PLATES

UEe e el o] Fpo] BEE vk
322] 1% NaCl FollA A& Als 35Ul 1204744
AT T AE FPLe FARA w2 BEAE e
o] $ATA el HNe] 2P Fo] BaAsH, %)
W mEE QWA FRAe] YakEw IS &
9Tk, 4-&9] 1% NaCl Zol 4 A% ARE 145870 A3
T AH B4 W, BAG BEAAE e o] B
97) AlAsgon, GREe B o)A FHTA
o] BT Y-S & 5 Ak T F 160207 B 1907
IANGE & ST B2 BEANNY B 0] S5
3 glom ShEulie] RAE sy Y-S FAY &
otk

a9 32 AlFNA GECM¥} &5rES BE A 4E o]
U FES Artsto] Azbst AXAIE S AlHe| tiste]
3.5% NaCl €9 FoA 1909 Bt FA AP T2 9+
Aol A8 A At HRlER IR E] 9lo
], Hete] oJgte] e dFulE
o 2d22] 3.5% NaCl solA AF AlA-S 14L7E At

St AR o3 Y B

o

49, o
1o
5
o
e
v
uu}
E
oy
M
i
2
Y
Ir
r o op
y o
s
o
ri
i)
i,
N

Do, Fig TR &
2, 3.5% NaCl &l A =

F BEAA FEE F2 =0 A gl olgh 2ol
ferolli e 4 AFS SFEFA 9] 1% NaCl &< =
oA A&7k O 2 A ekt 23 AA 9 A wol
aL Qe 53], e golM el 7 FAe] Bt o @
o trehet Z1& i Folrlis EFuliEe] Fajo] 2 dof
U] o mw wat BE] 4o nlad] whEA Ry
Ao, A Fell el Fajo] v whEs wayE
DR o3|y "ad BES FAS AN R

g},

32 ME o B 252t ZHp< Al

a9 4= Ti, Al, GECM, EEAES dnfst 5 20 €
1% NaCl §-jollx 9] dnpy A7 gl duphy 915
S7gste] nlawst 3otk Ideld (A= AR S
g0 st (O = B s ud=2o% 5o

°

A I

CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.1, 2013

Aelolth. HRET BES gubd oz sl 538
s}, elio] Fol Hlof tha 23 BPY AFVE

£ ol glor], AT GECME 2uhe oz o)
3 sk, ko)l ol sof tha v Qg A
2 wolm vk e AFEIE Ti Zuhdae

o= ARWEI vI§ 2 e wol gliul, 7
A A FARSle] bkt Atz gz,
BES GECMS 2Hld o2 shol Z733 st
7} ¥l Hof AFUE} A% Zrhekar olek, BEg)
Tig dvbd Hoz st Z4e A3k, Tio] ¢ol
glort AFWE he A kS molw gtk Tigh
GECME 2whs 402 slo] S 4k, Tiel %ol 3
ARk v 2 AFUEI} ekt gleh

opgel Anz el 7t Zuid ] £PS Avln, O

=
/R b A FAEE/ A G4 o], g

2

(LI
™

1e oX

o,
o

AT e L 1 M |
P> oy
oy 10

[m

140
A(A)-Bok(C)
120 -
e
£ 100
)
g Y
i.:’ 80
z
2 60
;3' 40
= T
g 7 Bolt(3)-CECMIC) ;3 i) Al{A)-GECM(C)
2p | TiA)-CECM(C) "
Al(A)-Ti(C)
0 =
0 600 1200 15800 1400 3000 3600
Time, sec
(@
-100
o Ti(A)-GECM(C) e
= ——
/ff_'_
-300
2 oo
E
= s Ti(A)-Bokt(C)
= 500 — —
= —
Bolt(A)-GECAMIC)
-600
ANA)CECM(C)
700 L — Rl o S——
: AWA)-TIC)
i ; 3 i i i
[ &00 1200 1800 2400 3000 3600
Time,sec

(b)
Fig. 4. (a) Galvanic current density and (b) galvanic potential
between galvanic couplings in 20°C, 1% NaCl solution.
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Fig. 5. Variation of surface appearance by immersion test duration of galvanic couples in 1% NaCl at room temperature; (a)
Ti-GECM couple, (b) AI-GECM couple, (c) Bolt-GECM couple, (d) Ti-Bolt couple, (¢) Al-Ti couple, (f) Al-Bolt couple.
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Fig. 6. (a) Galvanic current density and (b) galvanic potential
between each couples in 1% NaCl at room temperature.
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Fig. 10. Galvanic current density and potential between Al-
GECM-Bolt galvanic couple in tap water at room temperature
[working electrode(counter electrode)].
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Fig. 11. Galvanic current density and potential between Al-
GECM-Bolt galvanic couple in 1% NaCl at room temperature
[working electrode(counter electrode)].
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Fig. 12. Corrosion rate of each materials among Al-GECM-Bolt
galvanic couple in tap water and 1% NaCl at room temperature
(10 days immersion test).
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After 100 hrs salt spray

1 hour/day water spray
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every 1 hour water spray|
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Fig. 13. Effect of salt and tap water spray on corrosion of carbon steel bolted GECM/AI product; (a) front, (b) rear, (c) right,

) left.
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Table 1. Chemical analysis by EDS on bolt, White corrosion product after salt spray, and Red corrosion product after salt

and water spray

Elements, wt.% Fe Zn Si Al Cl O Total
Bolt before test 19.99 66.88 2.15 - - 10.98 100.00
White corrosion product after salt ) 20.83 ) 2134 472 5311 100.00
spray
Red corrosion product after salt and 47 48 6.43 413 41.96 100.00
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