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The Study on the Corrosion Characteristics

of Cu-Alloy for Air Cooler

Dong-Yun Choi

Department of Automotive Engineering
Graduate School of Industry
Pukyvong 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 substance. Specially, fresh
water like stream and river water is acidified and specific
resistance is decreased. Therefore, corrosion damage is accelerated

in cooler and radiator for generator, automobile and ship that is
using acidified water.
Generally, material of heat exchanger for radiator and cooler is

composed of Cu-Zn—-Sn alloy, but part of heat exchanger material



is still composed of Cu.

Therefore, galvanic cell is formed between Cu-Zn—-5Sn alloy and
Cu for heat exchanger material, and corrosion of Cu-Zn-5Sn alloy
is accelerated.

Cavitation erosion—-corrosion by flow velocity of cooling water
may be happen in air cooler. In case that corrosion and erosion
occur together, it has serious damage because of synergy effect.

In this study, to investigate on the corrosion characteristics of
cu—alloy for air cooler, electrochemical corrosion test of Cu and
naval brass(Cu-Zn-Sn alloy) using potentiostat/galvanostat is
carried out in solution of pH 2.0 and pH 7.2. Also cavitation
damage test of Cu and naval brass by vibratory cavitation
erosion-corrosion test apparatus is performed.

The main results obtained are as follows ;

1) Polarization resistance of Cu is higher than that of naval brass
in solution of pH 7.2, but polarization resistance of Cu is showing

lower than that of naval brass in solution of pH 2.0

2) General corrosion resistance of Cu is better than that of naval
brass in solution of pH 7.2, but corrosion resistance of naval brass

is more superior than that of Cu in acidified solution (pH 2.0).



3) Control effect of pitting and crevice corrosion is judged that
naval brass is more superior than that of Cu in solution of pH 7.2

or pH 2.0.

4) Galvanic corrosion of naval brass coupling with Cu occurs in
solution of pH 7.2 and pH 2.0, and is judged that it is sensitive in

effect of corrosion environment.

5) Weight loss of Cu by cavitation damage increases linearly
rapidly according as time passes in solution of pH 7.2 and pH 2.0,
but weight loss of naval brass appears to be less very even if

time passes.

6) In this study, incubation period of Cu’s erosion-corrosion
velocity progress mechanism does not appear hardly and is
expressing acceleration, attenuation and steady state period. But
naval brass’s erosion-corrosion velocity progress mechanism

shows only incubation period in solution of pH 7.2 and pH 2.0
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Nomenclature

: Corrosion rate(mmpy)

. Density of material(g/cr)

. Electrode potential(mV/SCE)
. Impressed potential(mV/SCE)
. Pitting potential(mV/SCE)

. Equivalent of material(g)

: Current density(ZA/c)

: Corrosion current density(uA/cn’}
© Open circuit potential

. Resistance(9)

 Repassivation potential, Rp

! Polarization resistance(k%)

: Saturated calomel electrode

. Testing time(min),(sec)

: Tensile strength(kg/mr)
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Table. 1 : Potential( E°) of redox reaction(25T)

Redox reaction equation E°[V]

— O2+ 2H20 + 4~ =  4OH~ +0.401
Ir+ 2e~ = 9] +0.535
CIO™+H20+ 2¢~ = (I ™+ 20H +0.89
O2+ 4H™+ 4e- = Z2H20 +1.229
Clt 2e- =  2C +1.358
H2Oz+ 2H™ + 2¢7 = 2H20 +1.776

| Fe+ 2e” = 2F~ +2.87

Ag5gd FAMY AsAse 2R 41 ARAEA AAE
A AEA7A HEd BFAAE £E 9ol 43BY weo
delshiz 849 02 849 5o JaNE wawn.

A9 BYAAE oW 549 AJBARS, S SW ofd A
FAME BEe 2tspshdRtgol AP Aol A& wel AFHY ol
o},
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Oxidation—>

Intt+ 2e”

Zn(Metal)

—Reduction

B9 nr} g

j—
.

R EEEE

¢l .8
=

Z 7o

A AS-d907F ddge] AeolA FA4oz vrs AL 2

=
=]

7 o] A, B 2

o
=]

oM o

b1

E°[V]

(Redox reaction equation)

Oxidation—

+-0.763V

_+. —_
Zntt+ 2¢ e

Redox reaction A: Zn

«Reduction

Oxidation—

~+0.401V

302+ H20+ 2¢ 7

20H ™~

Redox reaction B:

«Reduction
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Aew ouwyEbE  Z¥(admiralty brass)®  dlo]¥  3E(naval
brass)o]l o™ g dg Aol Fol By, FHr], dug

719 ol gol AbgE T ok

@ Zruly B2l (Galvanic corrosion) © Zvpy R A(A A H AL o] F
TEHER Yo T g F5e AR HEHoN(EE AERAE

dAdol)dsd £ el A4 w AR FAo] dojtr} of mf o]

Aes dle AL QA Hol B4g Fokel AR 25 £ 9

AE FwobA Znol Y= (Anode), o] &5 (Cathode)2& o] AAE
T8t Zno| R o] 7tEHe Aol ouf Znd BAo] rh&E A
Rbgor e HAHA gu A of 44E o83t Ao
A7 o2 sjaA 77l A e ofdz dREuES HAuiwae g
A FFom ALEEA wiTAet HE, B0 WARs o025
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@ T71A HA 0 SR FoA AL FEA AN FIIA

ARk FRAANE TARA doliks H4S BolA p4ole



Flole bk Fe] dgsig, ol Hwel 5% FHE o5, 5T
dREE FHLR sk B AU dEd 53 2 52 =
28 AT

© 7lu)Ele] A A2 -{- A (Cavitation Erosion-Corrosion )
Auleo] Ao okatzl vkl Q2le] whel traveling cavitation, fixed
cavitation, vortex cavitation €3l 2% 7| H] g o] M (vibratory

cavitation) &9 47}A FEE 5o A, of FA F FfH|EH o]

AE 2Ed ek gdolM G495 HHEolder AriEel
g A 4 AEAng?

el o] AL Ao WE f7 HAZgo] g HFHo
2 AgslA e Aeg, FAFEAA 7127 s5HHAAN HA
H AT FAARE] AA FEd dstadte] A AxadE &4
= A Eo. gielEHlold &S aniE&E ##EH F2 Craterd
A& Ho|n, % Sharp-Edge HoleolYt Shoulder$t 22 d7t%
e Bds ghoz yehdg®,

3 2] -4 2 (Erosion-Corrosion) 8184 z&d 293 HA3 7] A
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4 mtgol of@ ¥Ae 4zAgel o dojuh: FE@AAelH, £

e, frE, wEE, 84S, pH Fol el e Hoen dA &

213 FNWA79 FAA

Photo. 1, Photo. 2, Photo. 32 2A7|& F7|¥zt7loM H& AR
ARERE Al B (Tube) ¥ vold #e& A5 AHEE Tube plate Abol
Al HAlz dAG RAAgoly Fxor 4 ¥ A
(Tube)E& Plugging 3l YAl X4EdE Hodsxa 9o, a8y
Al (Tube) S Plugging 3t AME3lE AL 37984719 dug 5
Hol] FET @ARANAY 7tedhy Fed A#H(Tube)®] Plugging
o o179 dnd SHE dolmel /)79 Ave] A4e zaenz

S5 o] o),

b
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Photo.1 2o 9]&] Tubedl X Wz7t ¥4

Photo.2 #4]¥ TubeZ Plugging3tz2 Jt}.

Photo.3 Tube& Plugging3dl YAl =X § 2 4.
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3.1 AdA=

2 A AEEH AlEH
= (Cu) Y

A=, F71W71e] A (tube) A <

gy 24 71A4Y EAL Table 29 Z11, #d(tube

sheet) 2] €1 d)o]¥ 3-F(Naval brass)®] #a3 A3 7AA EA &

Jim

Table 33 Zt}

Table 2 Chemical compositions and mechanical properties

of specimen for tube, Cu

Chemical composition(Wt94) Mechanical properties
Hardness T.S
Cu P (HR) (Mpa)
99.97 0.03 60 372

* T.5 : Tensile Strength

Table 3 Chemical compositions and mechanical properties

of specimen for tube sheet, Naval brass

Chemical composition(Wt%s) Mechanical properties
Hardness TS

Cu Pb Fe Sn Zn (I_IR) (MD&)

61.97 | 0171 092 |1.15| Remain 145 419

* T.S . Tensile Strength
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32 A58 B4 AW

BAAHA ALEEH F L dojlEre drsdty BIAgH
<= Table 2 2 Table 39} Z& 383 AR 3 7)AH EHL 7}
N oeolE AR FAMERE AFHEY 712 10 mm, AE 10 mm,

N

A5 mme] AR AT FE-EFUAYES 10 em® B
stglom, Wrlshetd BEARe 28 Ague] ¥ Zs)e
Fig. 33 2}

o] NPA Alate] glojA e W ALHE WA ¥
3 ANFASE dololEE H ARZ AL Hdd & A PH
s dEAT AL, Tabe]l AR vhE-E (mounting) 8F 3 U}

283 Fig. 19 224838 7232 #400~12009 7041 €] o
Hol Mg ol §3te] AN dAntd g, AHW ®W A
o AFe Had L wAdRety] §iste] dAvkrlolA abzperu]
FALOs, HEAAZ7=03 mE g ol gste] Adn AL
vE) Aviaglth BE S84 Bl 2SAHIE 127 A
@ ohg, ofELR ¥XF F dFo ARAAY HEHow
AN@dst golol7] Abele] B WA, AMW AFAY FEx
940 cm)E 97 9189 #Alacquer) S o] &FHe] 23 H®

& stalv)

A
m

anl
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10

10

Mounting Materials

\ 10

Lead line(Electric wire)

Fig. 1 Dimension of polarization test specimen{(unit : mm)

3.3 AuEol A FA-24 AP

2 od7el Audold Ha-RAA A o &% NFHL Table 2
4l Table 3% 22 oA 4¥} A 4 D F 2L )
ol &FA2 AAHAT

Avlgold A4-F4AdH L Fig. 29 2| 7=, 4% 18 mm,
T smmel 2% AREew A m, Auldold By A

of #EA FE=F Fig 29 AU AFHE AT F YxF

&)
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SHeleh of AWW EWE #0002 RE) 1500747 €] ovE wol¥ &
olgato] BAYOR driyl thg, NEH WAL 4P
B g Bdstets] fstol dnbrlela] AHLE0 HARO)ERE o
gobol APW EWE drhstt 1YL RS FAA 2 UM A

N2 AHF g, opECR BXY F dFow AzAAT

=5
%

T@

v
.‘43
Specimen support E : Specimen Acryl plate
180 \:‘ y I “
T
5% | |
[« 300 g

Fig. 2 Shape of specimen for cavitation erosion test

34 A7|ststy 4 APFA

B oAgel AHgE 4 S4AYe] )89 AYAAE the ¥
A o) Hohy moh Azl @A Hn, vgHHos A
I3t 4 ov) R 22 2w Hobgow Bo o] gH: g

= AslEe Y BIANES AT



o] W71 FIAdEFA AA AFTrs Fig 3% 2,

\
/!

ST
00 po ]

@ Potentiostat/Galvanostat
@ Personal computer

@ Monitor

@ Printer

® Corrosion cell

® Specimen

@ Counter electrode

Reference electrode
@ Electrolyte

@@ Temperature controller
@ Heater body

@ Heating coil

(3 Silicon oil

@ Heating beaker

Fig. 3 Schematic diagram of polarization equipment
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Photo. 4 Appearance of polarization test equipment

o] A71&EgH ESHFFA= 752 VIR A7|E A
F(SCE)& #1833, EG & Gittel Model 273A Potentiostat/
Galvanostat®} PCE o] &3g o™ M 352/252 corrosion software
g Abgste B SAAIEES AAsksT. VA, FAAE S K
AEAx FAAAM AEHS F % Vo dFoE s, 7EAF
& X &vtE 9% S (Saturated calomel electrode, SCE), B xS

(Counter electrode)e ITHE @452 850
35 A713354 4 AFPUY
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oo PAUE AEE F % oY BEFe BIAES

EG & G 72 Model 273A Potentiostat/Galvanostat — Personal

computer(M 352/252 corrosion software 43) — Monitor 5%

A% A Printerof Al BZ24 RAMSMNE @ B Datarl 7] 25

55 o o BEaAdd i EEZ(flow chart)E Fig. 4] Y

Ebu A Tt

wﬁ

Electrochemical Polarization
Reaction

v

EG & G Model 273A
Potentiostat/Galvanostat
M 352/252 Corrosion Software
Installed PC

v

Monitor
(Polarization Curves Display)

l

Printer
(Polarization Curves and Data)

Fig. 4 Flow chart of polarization test equipment
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o oil hathell 5-
A7 E A8, 2

ATt

A (HS00E &%
2 A4z dAsHA FAshaL
| #2t8 oil batho] 2El& oY

Table 4 Experimental conditions of the polarization test

Instrument : EG & G Model 273A
Electrolvte : pH 2 and pH 7.2
Material @ Copper(Cu)

Naval brass(Cu-Zn-Sn alloy)
Scan rate(mV/s) : 0.167
Surface area of specimen : 1.0 cm®
Temperature @ 2b+t1 T
Polarization test : Linear polarization test
Tafel polarization test

Anodic polarization test

Cyclic polarization test

(GGalvanic corrosion test

_25..



aelm AZIgEA BFARA 9d)A Fig. 19 FAAEHE=S
A

2R5 Fold 2eRAHVIE ARG g, oMAESR @A
7 AFor AEAAL old ol HHAE @ PAANFAL
Fig. 30 3@ sl go| Mistgdm, AgHE ¥
ARz AT T ADHY A 1087 aqAAT ¢ T 2

ole} e AEE2 EIAHZEAE Table 43 #1, BEFAHES

Egk Aol B olFF& AT A deld #F4 A
A 2GR A A FE Fig. 5% #Zeo] AEHCE)H 7ieds % BE

=

DGRl BF)el AL E AAsA FASY Asel BA=
bR o] ojmd B AAstel 17mmz FASALE 7|4,

APHS HARAE BA% F AGANM 1023 FHBA

olsh 7t W7Istetd I APEAL Table 4% 23, 2t A

N ARRA @ ANAERA AFUne] xolB elmy] §iske,
dol FE3 FF dold BF @ voly FEF} B zuly 2
qade dAsd
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Counter electrode/

Specimen Reference electrode

N /

Fig. 5 Schematic of galvanic corrosion test specimen(unit : mm)

36 A HolA FA-34 2G4

o
__)i',(
~N

1A 2% Au) Sel gleiA slAe
& mAE Aveeld FA-7Y #4e FASs] 9% oY
of 7P wel, o] Wad AXARE A7) ANA TFD S
Avidleln AA-34 AFge] ol g¥n gt
of BN APRL FANDEY Fo|H nFsdel s FFH 7
TAA Auldleld AL dog= Ax sulEleold wWAAAI @
o) AbEH L itk A AHelA wy FAE Ad] AHEHE §
Azpo] A Wk opet AFEE 43 ALE Pol WmH Ha

lo,
o
O
pa)
4
o
=2
2
oL,
2

=)
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v 2gdE $49 WSEAR/Y A ASEE Fg 69 2,
Photo. 5 1% sjuleloldl 24 A FA ] 9 zho|r},

Fig. 69 7ivelo]d HAE A4 25 AHtransducer) ¢ E(horn,

g
-

A% 15mm)3 Cu ®i CudtdAl A98E BFsA alx, o=y @

o
o
o
X
of

o)
8
e
o2t
r =
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o
>
Yy
o
B
2
R
=
=
4

ol etzdA A

olml FFAte] FAFd4= ASTM A4l uwel 20kHzZ 8442,
AFE Umz dASA FASA} o7, 22920 F7E 60Hz,
220V AEE dEoz 20202kHzY A3 8-S RAYAA A2

i

AP 7L Fig. 79 58x9 o)l &3 WAAR, F
dAl, EHFAZ JEA, T E(booster horn) £ 02 Ho] glon
Ao % 2] (control unit)® AHF BFeo] ¥ (auto stop timer) o] it}

AT BAIERY dEE dreuA g AFUAZ WA F

7 AgslEE Ho gl

#2)
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® > \«‘é‘ O &
————A Jq
R ®
agtond
@ = 1 v
------ > =]

—_ \\\\\i\ )

[T 777777777 /
1. Cooling fan 9. Temp. regulator
2. Power supply 10. Stand bed
3. Transducer 11. Rheostats
4. Horn skirt 12. DC power supply
5. Dial gauge 13. Ampere meter
6. Potentiometer 14. Specimen
7. Specimen supporter 15. Power control hox
8. Soluble liquid 16. Circulating pump

Fig. 6 Schematic diagram of cavitation erosion-corrosion

test apparatus
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Photo. 5 Appearance of cavitation erosion-corrosion test eguipment

AC 220V electric power input

:

Ultra sonic generator

.

Amplifier plant

;

Qutput source

(

Transducer assembly

(

Booster horn

Fig. 7 Flow chart of ultrasonic unit
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3.7 AulElol A FAA -5 LYY

—

47

FNQZE7 el B 9 odod E el tE sfuleo]a -
O

F oA AR RAZAcRE TR HAHILSO0E v
ESJ8HHA pHE 20 3 722 2433
T3 HE Fvge]ld AA-HAdFe A AR FFxe FA
Fee uvlsted otadA Y AATE A3t Aol A
39, g Axg AgHAG Ethorm) e 7 (h)2 06mm=E dA
A ska, A E Ex Aol A (fecler gauge) % wuo Al A
(vernier calipers)® ZA4&¢a1, 7Hnlelojd Ha-Fad o3k AY
wel FA AL AE BEo|v(timer) # gF
watch)2 HEA S A 3s) &
Aulgold  FA-F2A Edd mE AFHS  FAGATES
1/10,000g2] AHAAA &l s ZFAN 9F FUI= FHSALH,
AFAIZE 98 F712 fAEglrg 2 CCD(Charge-Coupled Device)
Fhuetrt R A FE5 A A M ZUESY YdHE G5
aeln A Auldeld Ao iy T 2xAsdd o 3
T WEE 1 st Fjulelold WAAILS 3% Ty E AP
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4. As14d3 4 uF
41 23AY A%

2 X 29 (linear polarization method)& oj @l Fox A FAlA H
2 b ogrol Aol whel E2Ade AnE AL FAAARSH
S BEZ(AE-002V)A 2 Ad oA Fade] Ao, o] Hd9
787 RAAF(EAE )Y g an = Aol ey Aoz
Hasa gt

Fig. 8& £4¢l pH 7.2¢ &4 Foa & F ol 3F2| Linear

ol
/”
Cu et
40 ___{__J_-_’_A_._’-v-}/
S
E
w
® 120}
T
5
g
160 |-
| | 1 1
6 4 2 0 2 4

Current density, i { pAfem’)

Fig. 8 Linear polarization curves of Cu and brass

in pH 7.2 solution at 25°C
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Raud(z714¢ -20 mV/SCE, 249 20 mV/SCE)-% A3
Bl AHolth, of 7], BAgle &= 25+] “Colth
2o MEAYE v %9 AzARY o AdHEEHT 3

A
ooE FERINA B pARRUEES oy B PAUF

2
kv

Fig. 9% 44 pH 209 &< FoA & F dojd 5o

L
-80
20 |
-160

-200

Potential, E (mV)

-240 |

-280 |-
Brass /
,/
-320 - ———
[ " 1 M 1 i 1 I 1 I 1 L [ i 1 " 1

-100 -80 -60 40 -20 0 20 40 60
Current density, i ( pAfem®)

Fig. 9 Linear polarization curves of Cu and brass

in pH 2.0 solution at 2%
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Aalate] Vb glolth o7]A, B899 2ut 2551 Colth

Fig. 8¢ 34 pH 7.2 &doiaje} #Zo] 4 &4 FeIME 9
AEAdE vold &% MEAdEn o AdAGHAD 58 ¢
4 vk E3 Fig, 89 F4< pH 7.2 £9 FolA T FodFH
e dold #2Ee RAMFUsHYG o JAEE Fge Hola 8l
Ak, Abdel pH 20 &9 FollA Fo FAMFUEE el e
of FAAFEERe 238 o Friete AFE Holn JlerpE

49l pH 2.0 &9 FolM T 542 vold 5o ESATE

Fig. 10& $4< pH 7.2 2 2H4< pH 20 &9 FolA] T % 4

B

Polarization resistance, R_(KOhms)

1
o Lz /,
Cu Brass Cu Brass

pH 2 pH 7.2

Fig. 10 Polarization resistance of Cu and brass in

pH 2.0 and pH 7.2 solution at 25°C
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oy FEol HANFL AL vehd zlolth 71, FAEA

o]n] Fig. 8olA] =43 ule} o] $4A pH 72 &4 TN &
W ogEe E2AFgRT ¥ A YEYL AEFE
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{e) 144 min. (f) 180 min.

Photo. 6 Appearance of damaged surface for Cu by cavitation

erosion-corrosion in pH 7.2 solution at 25°C



(e) 144 min. (f) 180 min.

Photo. 7 Appearance of damaged surface for Cu by cavitation

erosion-corrosion in pH 2.0 solution at 25°C
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