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The Study on the Galvanic Corrosion
of Al-alloy for Heat Exchanger

Eun-Jung, Lee

Department of Mechanical Engineering, Graduate School.

Pukyong National University

Abstract

Industrial development and income increase causes rapid
increase in using fossil energy like coal, petroleum and natural
gas, and it results in accelerating environmental pollution owing to
the increase in emission of air pollution substancc. Specially, fresh
water like stream and river water 1s acidified and specific
resistance is decrcased. Therefore, corrosion damage is accelerated
in radiator for automobile that is using acidified water and specific
resistance 1s decreased water.

Generally, material for radiator of automobile is composed of
Al-alloy, but part of radiator material is still composed of Cu.

Specially, Al-alloy replaces Cu and Cu-alloy as cooling and



heating system material for light weight.

Therefore, galvanic electronic cell is formed between Al-alloy

and Cu for automobile radiator material, and Al-alloy corrosion 1s

accelerated.

So, in this study, galvanic corrosion test of Al-alloy coupling

with Cu was carried out in distilled water, tap water, polluted

environment and non-freezing solution.

4)

()]

The main results obtained arc as follows

In distilled water and tap water, corrosion potential of Al-alloy
is lower about 450~480 mV/SCE than Cu. Therefore galvanic
corrosion could occur in Al-alloy coupling with Cu.

According to decrease of pH, the galvanic corrosion of Al-alloy
coupling with Cu is sensitive.

According to decreasc of specific resistance, the galvanic corrosion
current density of Al-alloy coupling with Cu is increasing.
According to adding non-freezing solution in tap water from
50% to 30%, the galvanic corrosion current density of Al-alloy
coupling with Cu is decreasing.

Corrosion rate of galvanic corrosion for Al alloy coupling with

Cu in tap water is high about 1.15 mmpy. But through adding



30~50% non-freezing solution in tap water, Al-alloy galvanic

corrosion is lowed about 0.10~0.16 mmpy.



Nomenclature

T : Temperature (C)

t . Test time (sec)

0 . Specific resistance (£ - m)

SCE @ Saturated calomel clectrode

E - Potential (mV/SCE)

i . Current density ( z A/cm?)

leor : Corrosion current density (g Afem®)

1a . Average currcnt density (uA/cmg)
CR  : Corrosion rate (mmpy)

d . Density of material (g/cm”)



EW

EC()I‘

T.5

: Equivalent of material (g)

» Sensitivity of galvanic corrosion

: Corrosion potential (mV/SCE)

: Tensile strength (kgf/mm®)
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Table 1 Galvanic series in seawater

Cathodic (noble}
1
platinum
gold
graphite
silver
zirconium
ALSI Type 316, 317 stainless steel (passive)
AISI Type 304 stainless steel (passive)
AISI Type 430 stainless steel (passive)
Nickle (passive)
copper—nickel (70-30)
bronzes
copper
hrasses
nickel tactive)
naval brass
tin
lead
AISI Type 316, 317 stainless steel (active)
AISI Type 304 stainless steel (active)
cast iron
steel or iron
aluminum alloy 2024
cadmium
aluminum alloy 1100
zinc
magnesium and magnesium alloys
4
Anodic (active)

Galvanic

Active Noble

Fig. 2 Schematic summary of galvanic corrosion
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3.1 AldAs

& Adol AMEE AlgHe] Amis Fagky] MAE AREE 2 9l

= AIFE A0 W BAe BEH 2494 /A4 S4E Table

27} Table 39 #t}.

Table 2 Chemical compositions and mechanical properties

of specimen, Al-alloy(A3003)

1 Chemical composition(W1%) Mechanical properties
}, e e B - e ——— e . . J US|
| e . Hardness T.5
ot Fe | CuMn| Zn | Al (HB) | (kaf/m)
| i
06 107 0120 1.2 | 0.1 | bal 28 l 113

* T.5 : Tensile Strength
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Table 3 Chemical compositions and mechanical properties
of specimen, Cu

Chemical composition{Wt%) I\ICLhdHlLdl propertles

L '  Hardness ”I_S__%
B I (HR) | Ceet/n) |
| 99.97 0.03 60 37.96

* TS : Tensile Strength

waaglel ALSE AR, Feol dolshebd WIAEUE Table

2, Table 39k & shstd AE} /A4 S48 71 A=e] #A=

FE 478 712 10 mm, AE 10 mme 272 AFEgdezn #
FUHS 10 cm’ 2 ggon, Agdel d4de g o8
F3l Zelol 22 A R vlE-¥ (mounting)shslth. o] 9f o] Al A}

o oAvIEeke EEARE A AlEEe] A A2vlE Figo 49k &

Lo
d
fL'-*)J

L

o

Ub w3t o] AgEHEel e #4400~ 1200714 2] olwEl Ho|HE o
L3lo] dAFH o R dAviste]l AFHHAY FwHAAZ Y dFge HAadF
o sdststart, 18l AlEE EHE oM E(acetone) L. A 5}

B, FRGE ARE U8 dFer Az o B A3 |

R
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Mounting Materials

o=k

s

Lead line{Electric wire)

Fig. 4 Dimension of polarization test specimen(unit
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ool A AEE ESAdEA T BEG & G Al Model 273A
Potentiostat/Galvanostat @t PClpersonal computer)S o] &3t o,
M 352/252 Corrosion softwarc& AF-§38Fo] 7b& #-=F 544908 A
Alstdvh Zielar FA] ARE¥ 7] A <r(reference electrode)> 3
72 A A F(SCE), B.ZAf(counter electrode)> UEE g4 o
2oskivh Photo. 12 o] A3 dAle] 2)wola, Fig. 5& W7 s43H4

BAEFN) AA AFEE ehfa

R ol

Photo. 1 Appearance of polarization test equipment
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Fig. 5 Schematic diagram of polarization test equipment

_22_



2 odqte] B AFL Fig 49 4o Al1gda3 58 AHE3tH
AAFg o, FARAE Yol A/8eH BN EG & GAH

Model 273A Potentiostat/Galvanostat¥t M352/252 Corrosion software

i

bRy AFEE AbSste] 2489 wiHsl gz 2

O

TE ) olg sk E2Adde] gk 38 S (flow chart)E Fig. 69

LHER 2T

Electrochemical Polarization Reaction
in Corrosion Cell
(Working + Reference + Counter)
EG & G Model 273A
__Potentiostat/Galvanostat
!

Personal Comiput?eri

(M 352/252 Corrosion Software Installation) 7
)

Monitor and Pnnter

(Output of Polarization Curves and Data)

Fig. 6 Flow chart of polarization test equipment
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Counter electrode/
Reference slectrods

- ‘A //

Specimen

—

Fig. 7 Schematic of galvanic corrosion test specimen(unit : mm)

Table 4 Experimental conditions of the polarnzation test

Instrument” - | EG & VG Modc] 7273A i
__ D_i_s___tilled water and Tag water
pH 2, 35, b and 6.5
Electrolyte ° oo

| speci_fiq__rue_:sjstance(ﬁr- m) 10, 30, 100 and 900

_____pqn_f_r_eezing solution Eaﬁio 20%1 3026, 40% and 5026

Material Al~alloy and Cu
Surface area - g
i 1.0 cm
_of specimen N
Polarization . . .
(Gralvamc corrosion Test
— - tCSt P — . -
| Temperature | 25+ 1 DC,,

_25_



1

FRE W s FolA FCWIH AIRTANE 2Tl A48T A4S
jl

-100 | R
- ___Cu E

200 E

-300 | -

cor

-400 | .

2500 //ﬂ ]

-600 - -
1 N L L I . ] ) 1 A ]

0 200 400 600 800 1000
Test time, t{sec)

Potential, E_(mV/SCE)

Fig. 8 Corrosion potential of Al alloy and Cu vs. test time

in distilled water at 25C
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Photo. 2 Natural corrosion photography of Al-alloy in acidic

solution(pH 3.5) at 25°C after 10 days(x100)

Photo. 3 Galvanic corrosion photography of Al-alloy coupled with

Cu in acidic solution(pH 3.5} at 25T after 10 days( <100}
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Photo. 4 Natural corrosion photography of Al-alloy in ¢=100 2 - m

solution at 25T after 10 days( < 100)

Photo. 5 Galvanic corrosion photography of Al-alloy coupled with
Cuin o =100 2 - m solution at 25T after 10 days(x100)
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