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Abstract
This paper is a study on the prevention of crevice corrosion for a stainless steel heat
exchanger in various pH solutions and with Cl ion concentrations. The electrochemical
polarization test and crevice corrosion test of SIS 304 for a heat exchanger were carried out.
The crevice corrosion aspect, a passive behavior, crevice corrosion behavior, and corrosion

protection characteristics of STS 304 using Al-alloy and Mg-alloy galvanic anode were
considered.

The main results are as follows:

1. The crevice corrosion of STS 304 occurs in the crevice and this corrosion increases
pitting according to depth direction. On the other hand, the exterior crevice becomes
passive.

2. With changing from a neutral to acid environment and increasing Cl ion concentration,
the pitting potential of STS 304 lowers, and thus the crevice corrosion of STS 304 is
sensitive.

3. The cathodic protection potential of STS 304 in the crevice is cathodically polarized by
increasing Cl ion concentration. Therefore, an Al-alloy galvanic anode is more suitable
than a Mg-alloy galvanic anode to protect the crevice corrosion of STS 304.

Key words: Stainless steel heat exchanger, Crevice corrosion, Anodic polarization, Pitting

potential, Cathodic protection
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<Table 1> Chemical compositions and mechanical
properties of used material (STS 304)

Chemical | C | Si [Mn| P S | Ni|Cr
composition
(wt %) 0.04| 05 [1.09| 0.02 [0.005| 8.1 |18.4
i Yield Elongation
Mechanical Tenmé;ﬂs)t:)e ngth strength i
properties (MPa) (%)
519 205 55

<Table 2> Chemical compositions of Al-alloy
galvanic anode

Chemical Al Zn | Si | In | Fe | Cu
composition
(wt%)

Balance | 3.5 [0.07|0.03| 0.1 |0.003

<Table 3> Chemical compositions of Mg-base
alloys galvanic anode

Chemical Al | Zn | Cu
composition
(Wt%) 6.0 | 3.1

Mn| Fe | Ni

0.15]0.060.003/0.001| Balance
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[Fig. 1] Shape and dimension of
multiple crevice corrosion
test specimen (unit: mm).
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[Fig. 2] Shape and dimension of
electrochemical crevice corrosion

test specimen (unit: mm).
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[Fig. 3] Teflon washer for multiple crevice
corrosion test.
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[Fig. 4] Multiple crevice corrosion test
assembly.
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® Monitor (1 Temperature controller
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® Specimen(working electrode) ® Qil bath
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[Fig. 5] Schematic diagram of polarization
test equipment.
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[Fig. 71 Anodic polarization curves of STS 304
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[Fig. 8] Anodic polarization curves of STS 304
in various CI~ concentration at 60 C.

agar Cl o]e] ¥ F/F(15 ppm Cl)e
= FEHA7E oAbt FEH HHo] fr
A= Qo Cl o] &9 F=7} 25 ppmoA=
oF 580 mV/SCE®-H, 50 ppmoﬂxih 440 mV/
SCE®E, 70 ppmolAE 380 mV/SCERE 224

AFAr} F43] 71t 3558 J90] v

>
Ir

[Fig. 819 F=E==doM NEAAZTH
FAAAAA Y FAAANAE [Fig. 91 )
ate] e Sl

STS 3049 F2AHefH9lE Cl o] F& 25
ppm , 50 ppm, 70 ppm ] Fo2 FA YERhfL
A, Cl ol&e) ¥Er} Z71842 STS 3049
2290 B UrE‘r%zi Aol Aagol
Z

A Aoz AeE (3], 1990).

r2 of

800

o2}

=

S}
T

pit
IS
S
S}
T

Potential, AE  (mV/SCE)
N
8
T

0 1 1 1
20 30 40 50 60 70 80

Concentration of Cl ion(ppm)

[Fig. 9] Pitting potential range of STS 304 in
various CI~ concentration at 60 C.

7 2487 FAM 34 R EXAY AFS
sfepatrelsted,  wBEIAGS  AAHAT

(William Stephen Tait, 1994).

[Fig. 102 2+ 2 F4<9 pH 8 FollA
STS 3049] =¥E=4S Yepd 740]‘4

K L R o
=4 3|2eH A =Mysteresis) = 25 1—‘]]7]—15] B
( negative) 3|2HYALE YEIHIL o=
48 FAKscan)oll A #E FEEjIRS
AL Aoz Al ®EcKWillilam Stephen Tait,
1994). =3 gk FAFOA STS 3049 F21A
FEEE pH7} RoldE Srteles B3-S e

Har ok

- 111 -



o e x
[Fig. 11]& 2A87Ae Cl o] swwslol
w2 STS 3049 £3EF34S Yehd Aoltt
1200 ™ MR | MR | T MR | T T
1000 | : -
T 800 L -
[} L
@
S 600 - -
E L
w400 | T -
g 200 | Distilled water(pH 6)
5 L _
N i
w0 T -
-400 I R R R
1E-9 1E-8 1E-7 1E-6 1E-5 1E-4
Current density, i(A/cm?)
(a) pH 4 and distilled water(pH 6)
w00 o
s00 | i
Im L
5 600 -
g L
E 400 |- -
w L
g 200 -
g -
o 0 -
c
200 | i
00 |- 4
PRTTTY BRARTTTY RTINS R TTTT RSN TTTT| BT RTTTT BT RTTTT MATA R T MATArRTITT
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 001 0.1
Current density, i(A/lcm?)
() pH 2 and pH 3
[Fig. 10] Cyclic polarization curves of STS 304
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Cl o] &9 =7} F/F(L5 ppm CI) FollA]
STS 3049] <8 541 o834 negative
hysteresisE Yeldlar 1o}, Cl o] &%
25, 50 % 70 ppm FEA FolHe EAEHE

(positive) 3]=HZIAI2E Yehix Qo 18
B2 (0 o9 =7t @& F/HTF F9 SIS
04 AEF FAIA Rd RS &5

1_

AE § JAE Cl o]29 F= 25 50 ¥ 70
ppm 589 FlAE A FAll A sE §

0
4n

SHYHE BdHA ¢ AeE AlRdd
(William Stephen Tait, 1994). =3 STS 3049

EZXEH 3|2 gAlx FIE= (] o]eo] =7}

2 o 2A Jede
Zapel A Cl o2

o FARFEES

Potential, E(mV/SCE)

Potential, E(mV/SCE)

2 % 5 ook w3 PP
=71 mold4E STS 304

9 9B ven

800 [—rrrrrm—rrrrr

25 ppm ClI —+
FE

Distilled water(1.5 ppm CI)

-200

300 Lol vl i i il il
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4

Current density, i(A/cmz)

(a) Distilled water(1.5 ppm) and 25 ppm

800 [T T T

600 —

50 ppm CI'

-200 -

2400 Lol v il vl vl el sl i
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 0.01

Current density, i(A/lcm?)

(b) 50 ppm and 70 ppm

[Fig. 11] Cyclic polarization curves of STS 304

»

&

- 112 -

o
T

[Fig. 111} STS 3040 4

4 Aoz

)]

=

in various CI~ concentration at 60 C.

oF
S

I AlHFX

=~

r
Ju

of 2ofg

rok
o

HE

0

=]
e

E%40]

F45+= 25 50 2 70 ppm CI™

Zol 4 AlFHE 2 Mgasddze o

1y
=

=i
=

o Ay

i

¢



AE9lR|AZ HIET|S| SR Wxlo| BB 91T

B4 3T A3 SHPAAS o wBS 4 WA

[Fig. 12]L 25, 50 2 70 ppm CI” &4 ZF

oA STS 3049 EA} WFo] AAHNE tepad A
Aolt}t. Cl o]le9 Fx7}f %57]-3L}\% STS 304 650 |- i
2B A RGEAE WA U 9 g | N
O -700 25 ppm CI I
< ¢ F o 2 | l
L%/ -750 ] 5 OpmeI \\\\\\\\\\ -
-100 T T T . T . . c_i; e
) b
E o 17'QpmeI'
150 |- MMJZ»EEE’“CV i -850 i
m
(O]
@ bt » A -900 L L L L L L
> 0 200 400 600 800 1000
E 200 |- - .
w 70 ppm ClI Test time, t(sec)
= L o |
§ 250 I i [Fig. 13] Cathodic protection potential of STS
304 by Al-alloy galvanic anode in
200 L , , , , , various CI™ concentration.
0 200 400 600 800 1000
Test time, t(sec)
-900 e e A e —
[Fig. 12] Natural potential of STS 304 in
various CI~ concentration. 1000 1 ]
im 25 ppm CI
8 \/\JVWMMWW\MN
[Fig. 1312 25, 50 % 70 ppm ClI- &4 = ‘E"”"" | i
ol A AlgEf-Add=o] 93k STS 3049 EXH2A - L
PAE A3 BA Bl SIARNE b I |
Aot - B
AIZFEAg=o 93 STS 3049 EA) Wy oo L . . . . .
oﬂ g Ho]_ ] ‘]‘(HT‘:_“ [Flg 12 "] E}\H LH“[‘oﬂ X]—O:] 0 200 400 600 800 1000
Test time, t(sec)
A9} o] Cl o]o] 715 A Yehdt
1 YSe & 5 U w3 7 Cl ol Fs 01] [Fig. 14] Cathodic protection potential of STS
A1 STS 3042] EA) W&o %%%H%jﬁ%—t— 304 by Mg-alloy galvanic anode in
3049) EA yHe AAAgHRT <k 500 various CI~ concentration.
mV/SCE o’ &%= 53l dth o]e} o] oF
500 mV/ SCE o] %%Lv‘i'—ﬁ% 2 A= Mg3tafd k=l 23k STS 3049 EA) W&
Aokl o3t STS 3049] EXAS 283 1| o S A E [Fig. 1219) A1 Wo] x4
st Aog ALRHTKAWE], 1990 ). A9} 2ol Cl o]o] 715 A Yehdt
I YJes & Atk wE ZH Cl o] TR Fol

[Fig. 141 25, 50 2 70 ppm CI~ 48 =
A Mg FEHHETA o3 STS 3040 B3

- 113 -



it
40
P

3049] A ol AAHRT °F 900 mV/
SCE ol S22 5 1 glch

[Fig. 1313} [Fig. 141el4 Mg@HafH%
o3k STS 3049] EA] Wi SZAHYE Al
AoFFol 23k STS 3042 EA WH3-ol
Hoh o SSEFET ok o9} 2o] MgH
FRAEFl 93 STS 3049 EAf ol =
A7 AlFEFAg=sl g STS 3049
Wil S A8 mfg BA S5%
2 STS 3049] 2ot} Mgdta oA

T4
zugol A Yehg Aoz Aad

U/
ool 2

oo

d4 d o ml do Ho

Lo [o
O

H7h weld 42 Cl o] 9]

rHo
0
-n

o

gl

D
ot

J=x, A, LNGAEHE dudr] Al#e
SCColl wA= ¥ P, =715
A, Vol. 7, No.2, pp.22~32, 2003.

ez, G, AW, o1Q, TAT P4,
A3Z 94}, p.167, 2003.

o8, FEHYAFE, AP, ples,
2000.

ANE, HEWHFS,  @sEWAL plos,

p-112, p.206, 1990.

BTHZENE, PR BLEN, o BREUE T o R ME MY BLIK
EMRA, HAME &3R5, Vol. 40, No.
9, pp.619~629, 1995.

OVRRIILER, JSah & Biah, BEM T 2Ee, 20 )
ik, p.162, p.171, 1986.

WEEPURE, W, i %, @Bkl
i, LA, pp.97~99, 1989.

Denny A. Jones, Principles and prevention
of corrosion, Macmillan Publishing Co.,
p-118, pp.220~221, 1996.

Davis .
basic, ASM international, p.107, 2000.

Mars G. Fontana, Corrosion engineering,
McGRAW-Hill, third edi., pp.53~54, 1986.

A. John Sedriks, Corrosion of stainless steel,

R., Corrosion-understanding the

Electrochemical society, pp.87~89, 1996.
William Stephen Tait, An introduction to

electrochemical ~ corrosion  testing  for
practicing engineers and scientists, pp.65~

66, 1994.

- 114 -



