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Effect of Sulfur Addition on Corrosion Resistance of Copper Containing

Austenitic Stainless Steel in highly Concentrated S

Sulfuric Acid Solution

Soon Tae Kim, Yong Soo Park and Hyung Joon Kim*

Dep't of Metallurgical Engineering, Yonser University
*POSCO Technical Research Laboratories

Effect of S addition on corrosion resistance of Cu containing austenitic stainless
steel in 18.4N H,SO, at 80~ 120C was investigated through polarization test, im-

mersion test,
Photoelectron Spectroscope analysis.

metallographic examination, Scanning Auger Multi-probe and X-ray

The addition of 0.091% S in the experimental Cu containing alloy tended to de-
crease the general and pitting corrosion resistance in highly concentrated sulfuric

acid due to a small increase

in corrosion current density,

current density of

hydrogen evolution, critical current density, passivation current density and immer-
sion corrosion rate. However, this addition of S had no critical effect on decrease in

corrosion resistance.

The experimental Cu containing alloys maintained high corrosion resistance de-
spite the addition of §. It was suggested as the primary reason of this result that the
protective surface film was heavily enriched by the noble metallic Cu and CuO
from the selective dissolution of the active metallic Fe, Ni, Cr and the active FeS,
NiS, FeSO,, NiSO, produced by S adsorption. In addition, the corrosion resistance

seemed to be enhanced by NiO, MoO,, WO, MoO(OH),, MoO,*~

contained in the protective surface film.
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Table 1. Chemical compositions of the experimental and commercial alloys
. o o (unit D wt.%)
~ Alley  Fe C Si Mn N1 Cr Mo W N Cu S Al 0 Cu/S
Base* Bal. 0.036 085 144 21.2 183 3.23 1.64 0.23 0.06 0.005 0.033 0.011 12
3Cu* Bal. 0.034 098 150 21.1 182 3.21 1.61 0.21 3.2 0.007 0.028 0.009 458.6
3Cu4S* Bal. 0.033 119 150 216 186 311 1.65 0.22 3.2 0.041 0.031 0.008 77.3
3Cu9s* Bal. 0.034 1.05 159 21.2 181 3.03 1.63 0.23 3.1 0.091 0.029 0.009 33.5
B* Bal. 0.033 0.81 152 20.8 223 6.2 - 0.24 0.03 0.006 - - -
C* Bal. 0.032 084 148 21.6 23.8 6.63 - (.32 0.03 0.005 - - -
AISI 316L** Bal. 0.02 035 121 141 17.2 2.6 - - 0,02 0.002 - - -
UR B66** Bal. 0.02 032 1.23 220 24.0 6.0 2.0 0.4 1.5 0.002 - - -
654SMO** Bal. 0.02 036 131 220 24.0 7.3 - 0.5 0.5 0.002 - - -
) (WIZ'\i/Ii\ﬁ/:777 61 ~0.061 093 146 Ba’l. 144 167 483 - - 0012 - - -
* . experimental alloys, ** © commercial alloys
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Fig. 1. Optical micrographs of the corrosion progression of the experimental alloy 3Cu8S in 18.4N

at B0C.
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Fig. 2. SEM micrographs of {Mn, Cr)S sulfide of
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Table 2. SREN (Sulfuric-acid Resistance Equivalent Number) vs. corrosion rate of the experimental and

commercial alloys in 18.4N H,SO, at elevated temperatures

B ) SREN ] ‘ C orr051on Rate (umt mpy)
Alloy 0.5 23.3 N - - N N
(Cu factor) (( u factor corrected) 80 e 100 10 120C

~ Base 645 65.8 7,907 12507 17572 22482 27,694

3Cu 65.3 138.5 7.9 14.0 23.0 38.7 61.1
3Cu4S 66.5 138.8 11.0 17.3 29.0 49.7 85.5
3Cu9sS 65.3 134.9 11.8 18.2 32.1 50.5 102
B 70.7 71.4 4,957 - - - -
C 75.9 76.6 851 - - - -
AISI 316L 43.6 44.0 34,680 - - - -
UR B66 81.8 116.0 21.9 61.4 286 1,679 1,924
654SMO 81.9 93.3 121 178 811 2,086 3,303

CW1zMW 138.5 138.5

10.2 19.3 34.2 51.5 98J



tEw B A M T Fi eaHoE 1y glel 2~

ol Wl Aol vl AE § Hotel A3 343

807 (Stamiess steen é\
120 (Stainiess steei) °

.
]

A 80T (CWIZMW)
a 1207 (CWIZMW) \ "

u 30T (3Cuss)

a 1207 (3Cuds)

v 30T (3CugsS)

k4

1207 (3Cus)

log Corrosion Rate (mpy)

20 40 60 80 160 150 1&‘30 1é0
SREN
(%Cr+1.5%Ni+23.3%Cu+2%Mo+2%W+20%N)
Fig. 5. Sulfuric acid resistance equivalent number
vs. corrosion rate of the experimental alloys and
the commercial alloys in 18.4N H,SO, at elevated
temperatures.

3.2

=L

= &3 HE0| olAs 5 H7I YW BY

Sof 9y

Hr

™ o

Fig. 62 80, 90, 100°C2] 2x=¥z w7)d 184N
Gt B Mo HY FFE g &F B2

F4e ey olth ol &3 B mHonn
B g dr g a4 44 9 dnE
kel S bl WE oF 2F A5 vn B
Astel 2 Fosd die W4 g »
01[].

256 3.1% Cuet 0.091%
S7b gh®l 2% FFol Ni 717 gEel CWIZMW
Brp #A Aol wou, R di UE 9 ea
e &

4 AR EEsh W) e Wadel $4g
1

Fig. 7¢] (A= &5 etdd g 72 99 94t

st A" Heo dF dmd wHE Cu/Sel v

b 3AREE R4 4R dAnb

32 ofN ofN m mp
)
ot
1
44
o

g
O
£
%)
L(i
o
o,
—_
Do
=2
X
w
C.O
J1
fu

A ¥4 4% WE 32

lo
+
w
w
[$2]
9,
o Ox
2
>

o 714 Cu/S H]&o] 335
31% Cu ¥ 0.091% S= %‘%%J Alg AJHE Cu/

m
Q
»
P
>
>
13
B
)=
L
o
a
-800 rmrrriey o r ot -~
1E4 1E-3 0.0t 01 1 10 100 1000
Current Density (mAver)
(A) 80C
O -
| —+—3Cu
-1004 | s 3C4AS
‘H—SOLSS
g -200+4 ‘%“’J
»
4
S 300 b‘\‘
g X %\
= 400
ks % .
&) a
@
5004

)
1£4 1E-3 001 0.1 1 10 100 1000
Current Density (mA/em®)
(B) 80°C

Potential (mV vs. SCE)
~

TR T ST T o e To00
Current Density (mA/cm’)
() 100T
Fig. 6. Potentiodynamic cathodic polarization cur-

ves of the experimental alloys in deaerated 18.4N
H,S0, at elevated temperatures.



344 4 53] %)

A 28%

100000
—a— 100
—8— 90°C
%‘ 100(1)} .\ —a— 800
c
8 - A\\\
T3 1000 N
g3 AN
35
. \~.\*~_
3y N
S 2 1004 Tt
2 ——
3
10
1 n e "
12 335 77.3 458.6
Copper/Sutfur Ratio
(A} Corrosion current density
1000000
c
& 1000004 ,
o = .
S B N
> a
N :
% - 10000
o
z = el e
&3 10004 e
=3
g o
5 100 4
Q
104 +- - ——
12 335 773 458.6

Copper/Sulfur Ratio
(B) Current density of hydrogen evolution at -350 mVgey

Fig. 7. Effect of copper/sulfur ratio on parame-
ters obtained from the potentiodynamic cathodic
polarization curves of the experimental alloys in
deaerated 18.4N H,S0, at elevated temperatures.

S vl go] 129 A¥ T Base Kt} 80T A 47
i, 90°Cell Al 374, 100Cel A 34u) Fm B H
F 9E7 ZA #gaHY R @Yo =
AHAeE ¢ 5 duh 28z Cu/S ¥)go] 4586
A §F 3Cu &, 3.2% Cu ¥ 0.007% S&
Aol Bla} 80°Col A 2uf, 90Tl A

2

G Ald

2750, 00T A 0648 R $A AR WL}
470 7490 Cu Bfdol dold ¥4 g4l
1AE Sol dze d¥e 24 WL Aoz v

xrh

*HJEZI 1999. 10

Fig. 79] (B)= -350 mVgee A 4 248 4
WEef vialE Cu/S vlg B A" g9 &
e vebd Aoz, ivw ‘g»mz« -

352 Fg 4¢ 4‘-* A g %’EE 10wy
"‘lur, 3.5 ol 4o i, = Cu 3
= SOCON*“ 24HH 90°Col
S ojslel 4 M WH
ghf-at ’%lfﬂ s ¢
of M g Rt *1‘50“30” mAl= Sef RS Hg
24 gee mutg 2 9u).
g Fig. 69 80Ce] &5 &3 <ol dolA
60 pA/emy o 3te] dF YR A Cu g7 S

H7heol #gon w4 g 34

rlo

g TE
ol F7tattt, 60 pAjemy o *JO!I* woulg o4
ol Fa wA Aol Fasd 7 5

ol AststA Hib 19y, e @ dde)
A W= niulaled &3 BT xgiAlo n)

=]
e Se MR JdEe aval md %es o

Fig. 82 80, 90, 100Ce} 2=z |
b godiAe] 28 FFEA W ST B
Hdg chepd el ol U#F B
Bl A df U, el 1% g9r 9 &7
HEds 498 F4sted § Hotel e 4F 2
= AFS Bl BAMEE 4F AR5 e »
A HEgde ﬁé’"?"i} T Atk
ozRE 3.1% Cu® 0.091%
Svb d7h A9 ?EFUI% Ni 712 gael CWI2MWR
WE7F 2y 27 B
d
5H °3C~’1°ﬂ’\12 FEest 2F dEvh e %y
R z{q}@jo] +

Mg 2
4w sdel

F7retn “1, Cu/s nigo] 129 4 3352



LEE B gAY el BF 9 adolE Adleage WAL qAE ¥ 49 9 345
- M wele Al AR WEsr F43 piastn

. Ao, 335 ool M ghwrald pasi <ok

—— o714 Cu/S ulgo] 3359 Ay 3 3Cu9sS, =

3 31% Cu % 0.091% S& &8 A8 A#HLS Cu/S

4 Hlgol 122) 4% ¥F Base T} 80°CHA 5,

g 0Col Al 35u, 100 A 3 = AA AF o

; wob gasel ¥4 ARdol BYsUee @ 4

~ glon, Cu/S Blgo] 458,690 28 @ 3Cu =,

e B 32% Cu 9 0.007% S& #43% 4% A4 v

PRy P s ey e 3 80°Col Al 1.84H, 90°Col A 1.38), 100°Col A 1.2

Current Density (mAier) WA dAl df 2t B8 Zom nFo
(A) BOT Bol Y gelo] 2% E7185E Cu 38
S drbarel FubEldebs B4 Mg W xS

1400 1~ o g Y vnge B & Ao

12004 | Fig. 9o (B)= 27 %Eeis Asle]l mxs=
- 10007 Cu/S vl g 3 Alg g 2o A8s ey A
g ¥ 0RAM, AF gl £} FAYsE 27 BE
L W A9 3 Eoed @w ek Cu/S bl
s ™ of 12004 3352 278 A% ewel BA o)
g o 120mV g% 27 LEes A9s Zed
&0 =), ol #4 Ao A Fe Ni % Cre| deis

201 gaflol 71els Aoz B 4 ok Cu/S bl &ol

TS TR T e oo 3350 4 458602 2% A%, = Cu 357

Current Densty (mAvam) S Hubgol WAa® Ae 27 HEYE A9 A
(B) 90 o B8 #& JEhIT 2o SUb 0.091% 2 =
7belte ete k7] REus Hed s A gge

12004 (g M I oA %ee & % .

10004 Fig. 991 (C)= 600 mVgeoll N 2Eeis df
3 a0, e At Cu/S Wlg Y H4 g exel of
¢ o] F& Uebd oz, Alg Sde) v} 2y
2 o] FE BSds A% 295 Z/sn ok Cu/S
£ 0] ] o] 1201]* 3352 2748 Wl ¥EUE g
g ol FoUEs 348 2AHT 9ol 335 o Abdl A

200 = g s}ﬂl Bastm gtk o714 Cu/S wlgol

400 N e 33.5¢0 43T 3CuISE 2 v go| 129 AF g

184 183 001 011 10 100 F Base® U} 80°Co 4] 5, 90°Col A 3.84, 100°C
Current Density (mA/cm?©)
©) 100% A 328 WE REHE WF YEs} 2ol
Fig. 8. Potentiodynamic anodic polarization cur - T ARl FyHAEE o e, Cu/s
Hgol 458.691 ¥ @ 3Cudl Hla 80°Co A

ves of the experimental alloys in deaerated 18.4N
H,S0, at elevated temperatures.

L4ul, 90°Cell 4| 1.58], 100°Col A 1.58 Ax RE



346 SR Ers A A288 A53A 1999, 10

30000
L] —a— 1007
250004 —e-907C
> | —a— 80 i}
2
20000 4
&L A
e 3
S 00 N\
g OO\
8 10004 NN
o N
S N NTT———
m \_\\ .\\‘\“ e
\a\‘“&_d
05 B 773 4586
Copper/Sulfur Ratio
(A) Critical current density
-250
— —a— 100
8 —e— 907
5 _ 2% —e— 80T
<3
§ 5 -150
=5 2
22
Q =
o 3 -100
oW
2
S e G—
0 R . .
12 335 773 458.6
Copper/Sulfur Ratio

(B) Primary passivation potential

350
—a— 1007
300{ * e e
\ —o— 80T

Passive Current Density
(1, 1A

12 R5 773 3586
Copper/Sulfur Ratio

(C) Passive current density at 600 mV gy

Fig. 9. Effect of copper/sulfur ratio on parame-
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polarization curves of the experimental alloys in
deaerated 18.4N H,SO, at elevated temperatures.

Table 3. Activation energies determined by cor-
rosion current density and critical current density
of the experimental alloys in deaerated 18.4N H,
SO, from 80 to 100°¢C

(Upit : Kcal/mole)

Alloy (,u/.b Q (Icorr) Q (Ic)
Ratio

Base 12 15.90 9.94

(()O()%Cu + 0.005 %S) +2.62 +0.82
CO3Cuwes ;3 . 18.63 1461

(3.1%Cu + 0.091%S) N £258  +£0.87

3Cuds 777 3 2092  16.88
(3.2%Cu + 0.041%S) £2.33 +0.85
o 3Cu ) 458.6 20.84 1807
(3.2%Cu + 0.007%S) T k263 40.92

*lcorr : corrosion current density
*le : critical current density
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Fig. 10. Effect of copper/sulfur ratio and temper-
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tal alloys 3Cu and 3Cu9S after 1 hour immersion

A8 g7 3CuISE 80Te 184N i Ll x
in 18.4N H,S0, at 80°C. 48 % wISE 80°Ce] 34k g A of] A

1417 FAAFe g4 &l XPS £ (Take-off

2 A (&, Noble)3t Cug 3=t HejZe] F3HA7] angle : 45°)% &3 Amo|r}). XPS EAd A&
A Aok wet FgEel S gae]l Fvigdets 72t gets s Af ol Table 49} Z}

A& Cuvt AA FF=H7| drol WAdol FAE A oM o & e vrel ol § HH
Row AAg & Auh otge 2 A7EL Fig °] 0.091%2 F7hd 43 ¥F 3Cu9Se| == F e
2 (B)e] #® otZo] thE Auger ¥ BAMLS 8 Fetr Fe(M), FeS, Fe?*, Fe’t, FeSO, A&l &, Cr
st At 714 FF Hsl Curt 7 gAEHJL & Cr(M), Cr,0; Cr(OH),; CrO, CrO” 4H =,
U, #HE Cuzt Aeet sEgo] 9ol WaA &% Ni-&= NiM), NiO, NiS, NiSO, A# 2, Mo& Mo
o 71eddtn ASE FAF up ok 2, S H (M), MoO, MoO(OH), MoO,*", #H =z, W&

Table 4. Binding energies of some chemical species for XPS analysis

Spiecies Bmdlrzge \e/r)lergles Spiecies Bmdm(ge \(;r)lergles Spiecies Bmdlri \ijr)lergxes
Fe(M) ! 707.0 Cr(M) 573.8 ,
FeS | 708.7 Cr,04 575.9 Ni(M) 852.3
Fet* | 7100 Cr(OH), 577.2 E‘.(S) Z:‘é'o
Fe’t j 7111 Cr0, 578.1 NSO 856'2
FeS0, ; 712.8 Cr0,* 579.3 ¢ '
Mo(M) 3ds, | 227.9 Cu(M) 2ps, 932.6 FeS 1614
MoO; 3ds), 230.0 CuO 2py, 933.3 NS L69.4
MoO(OH); 3ds; | 230.5 Cu(M) 2p, 952.2 FeS L631
Mo(M) 3dy, 230.9 CuO 2p,, 954.0
MoO,> 3ds, | 231.4 S 167.3
Mo, 3d,., \ 0324 WS, 4f27,2 33.7 FeSO, 168.3
MoO(OH) 3y, 9337 w03+wo42- 4f,, 35.4 NiSO, 169.2
MoO 3y, 0351 WO;+ WO, 4f5), 374 CuS0, 170.0
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Fig. 13. Deconvolution of chemical species by XPS (Take-off angle : 45°) in the outermost surface film
formed on the experimental alloy 3Cu9S after 1 hour immersion in 18.4N H,S0, at 80°C.
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JEE BN §AdM 7§

S L2HolE 27 A7 LH"“"H mA s g Hobel A 351

WS, WO, WO 4|2, Cu= Cu(M) 2 CuO
2 ZAEE o 4 Aok o)df ws] S Hrbgko)
0.007% = Z4¥ HE ¥F 3Cug meEol Fes
Fig. 140 uehd upel o] Fe(M), FeS, Fe?t,
Fe¥", FeSO, A8 &, Cre Cr(M), Cr,0, Cr(OH),
CrO; CrO* Ael 2, Nie Ni #3582 2 3440
= Ni(M), NiO 482, Mo& Mo(M), MoO,,
MoO(OH),, MoO,*” Az, We WS, WO,
W0, A" E, Cux Cu(M) € Cudz E48e

ol F ¥¥Fd W3 WPS BAM HAnE my=z
gl Cugd a3 49 o5 2ol 4] S Beko]
FUtEt g o waldol vxlﬂch a1 o fE
AR std vhg o 7o

F 438 &89 S Hrlgel F71g+E, 3N, S
Gero] wige W2 7E g8Fo WY EEE
vebd Fig. 16914 & 4 dSe], 4 Aulo
Fe, Cr, Ni @ MoE Zd| &3] Fe, Cr & Nio] 7
At e 9] Fe 9 NiQI B89 Fuy

o] F7tsta Uvke Aelth ol& Fig 1629 S 2p
HINA HEFE vet 2ol S “u”}%kol Z71d o
Y FdF CusSAAM FsEA AAEo] g€ o
AAAE S &2 71elsted v (B, Active)3t FeS,
Fe,S ¥ NiS 33} &3 FeSO, 2 NiSO, #4tgo]

100
—a— Fe(Metal)
- 90 4 —a— Fa(Fe$+FeS0,)
R —e-Cr(Metal)
-~ 80 - —a— Ni(Metal)
g 70 4 —a— NI{NiS+NISO,)
.g -
Q. 60 A
w
s 50 4
I 404 N
@ 30 .
ot a
w
i 20 4
o a
bt
< 104
. — e
04 o r

0.007 0.091

Sulfur Content (wt. %)

Fig. 15. Area fraction of various chemical species
with S content.

27180 e Ao g Hol olE 3EEo] ;e
T 3 AN VS fais 1, v
] Fe, Ni 2 Cre] &ao] osf Ao

3
el
g ¢ ey, diHez A% (&, Noble
EE
=
]

2

13
ot I 2 i

) w4
o Cust Atshg Aefel Cu07t Adet 5%
AWl /A e dudn.
S Hrlako] Z71std U

AN & ];]ﬂ /\]'§]-§ e 2] NiO, MoO,,

o

x 10
(A)3Cu

0.36

034}

Cis

165 1645 164 1635 163 1625 162 1615 161 160.5 160
Binding Energy(eV)

(A) 3Cu (3.2%Cu + 0.007%S)

x 104

(BY 3CusS

cis

09t

08+

0.7 ¢

06

172 170 168 166 164 162 160 158
Binding Energy(eV)

(B) 3Cu9S (3.1%Cu + 0.091%S)

Fig. 16. XPS Spectrum of S 2p of the outermost
surface film formed on the experimental alloys
after 1 hour immersion in 18.4N H,SO, at 80C.
{Take-off angle : 45°)



10000

100 4

Corrosion Rate (mpy)

TAloy Fe TN Cn M w
Experimental Alloy and Pure Metals
Fig. 17. Effect of sodium thiosuifate content on

corrosion rate of the experimental alloy 3Cu and
the pure metals in 18.4N H,S0, at 80C.

& Al o] MoO(OH),, #4 o3« &4l
2] ol g el MoO,* "™ WO, CrO,* 17
gol F7hetal slof4l ol gehgpol yatH o
2 A FAle vlefsta gl Ao AbaEvh

HA dlem P g mH <
Aol o2 g dejeldel Sel o gl i

o
e A Ub AE EFEE Y
J

Ay

gl a7el

] :
% Fig. 17014 & 5= Sl%o], 80°C9] 184N 3
b ogdlo BA 22 ¢ 5x107 " moleg

Nags_)og‘g‘ id”’?} {‘S:EHL

oo

ofof 1] 2447 G 77

(< l

%o Fe, Cr ¥ Ni $=¢40] 4§24 4%5‘:%; Na,S,04
g H7betA kg A Wb 7h7h 15,30 9 20%
AE Z7kska 2o, Cu, Mo ¥ Weol Y&
B Na,S,049 H7b F5ol A glo] A9 wd
ot ojui il Fe, Cr @ Ni it uisl) 43|
A viebskeh of&w] b golel NaS,047F H
7ts B3 foloise] 3.2%Cust 0.007%SE $HH
st H¥ e 3Cue] F4 #re NaS,047F ¥t

Hx] Fetg ASHU AN HTh Fobsta A
%%8115}?!*1 BAaE S F 2
do] Ast®l How Alg¥HW, 1 i
22 ¢&E ¢ 5 Ak o5 dyEf
ki

gitol S Hutekel FE AS S &

%1]5111 1999. 10

100000

10000 -
B
£ 1000
]
<2 !
©
€ 1004 |
j
o
@ | |
o 10?
=
[} ! |
O
01 ———
5 107 54 10° 5% 107 CuSO, +
N18,0, Na 8,0, CusO, 5. 10° Na,$,0,

Content (Mole)

Fig. 18. Effect of sodium thiosulfate and copper
sulfate content on corrosion rate of the experi-
mental alloy Base after a 24-hour immersion in
18.4N H,SO, at 80C.

dof, CuZ #&stn A ¥ HE ¥ Base:
5x107°mole¢! Na,$,0,5 184N 34 Koo #H
b A e A 4%514 20% Wy AeHAe

A 5x 1078
Na,3,0; + 184N
HS0 1 #"ovbat A9 K2 dwel Wale vin s
dom, A2 453 Gyl olmFEH #
b golio] CusOu9b Na,S5,043 %23 718 34§
Faa RA old el Cu'? o] Lol FHoz F
F oHdo F# Mauo] A o F g
v, A Fd el 50,770 Faol uwhal A=
S Fakoll vield Wl Askvp 1opAl Az @

721G m o] nop Al oA sl CuSO,0 4 Fko
Al H ol Zbg s = vl
Fig. 19 80°C2l 184N 3Hab fMofla] M3 &
HES 24400 B FA RAAN &AL ICP &
a2, 44 i}%szl Cw/S vl go wa} &
i odads gl ge i Adolth Cu/S vl
o] 12614 33.5= oz}zg ol = 9B T 9
o g#lafo]l WE PAHT ¢louv, 1 Lk



L b g el B exduels seu Azt WYY viAe 4 Yool 4 353

—e—Fg —a—Cr

€
g
c
<
B
g
k]
:g
0,014+ , . .
12 335 773 4586
Copper/Sulfur ratio

Fig. 19. ICP solution analysis of dissolved ions for
the experimental alloy after a 24-hour immersion
in 18.4N H,S0, at 80°C.

Fe)Ni)CryMo=Cu)W =92 Folxi 91,
2% dtEd oM S Hrigel FviEdtx:
471 fe dage] gl 4A vehda 9
A, WA gl wla s Se) R dFE Cudl 9
 ZA dHEHASE FPE F Uk

4. A

r

Fe-18 % Cr-21 % Ni-3.2 % Mo-1.6 % W-0.2 % N-3.1
%CuE 718 A o7 = 2aH ol LA A
lejazpel S Hyiede WA ASH Wi
e So| sl 2g dge Cudl o8] ot HE7R
dHAE g deAEsE FHE] e 1o 18,
4N &ab follof o
w3 Ad, @43tk

9 % do] Wyone

-
N

vl & o) zle.

22
1. Cu7t gt S xaHEH Yol A A le] =7l

S "rbgel Z7bW 184N B4 golo]x 2
AF W% R 4w A UEe F7s Fa
My whAgrel A Pwo) ululsel &3 B3

?j

It Astata, 9 4R d9E R 2%
G AR A% 37 4R A4 ause 93
SEL

[=}
Bdol &7 "ok 3 1200Ce B4

Lo rje] Hx Al M Bal w7t 176

ook Fhsel 2N Ay uAE So R
gL oA A e Few vEhgth

2.31% Cu® 0.091% S& 3 LAdH ol E
A AElglagl A de] gtz Fexz Fe(M), FeS,
Fe't, Fed*, FeS0, Ael &, Cr& Cr(M), Cr0,
Cr(OH),, CrOy CrO Ag &, Ni2 Ni(M), NiO,
NiS, NiSO, 482, Mo Mo(M), MoO, MoO
(OH),, MoO A"z, W& WS, W0, W02
Az, Cus Cu(M) 2 CuO ”LH,x_ —“XH 3}51r- o]
o wlsf S Frero] 0.007% =

1

Mo

A st Eel st e P. "%31 A&
ek N BEE 9 gagel S %k
t}.

3.Cug @Fe 49 FFFc dld S ol
ZAAdeE WAL fASE 38 olgs A
AN, Fat2A HAEe) Sad o FdH S FH
ol 7Ialstel vlgk Fe 3l Niol #st=at #ibgol

7h4: s =ar, vE Z4 el e Fe, NI &
g0 ols] A Mo g F3(F, Noble) &5 4
gol Cusl 4telg ehe] CuO7t ek w359
7 wWjEelvh 1 o Re WAAS AT E
Aste Algle] NiO, MoO, WO, #2318 Aegle
MoO(OH), & o} & 4rg] o] Mo0,*, WO,*~, Cr0,*~

So] Z7tst7] WEQA Ro g wrigu)

References

1. B. E. Wilde and J. S. Armijo, Corrosion, 23, 203
(1967).

2. G. Wranglen, Corros. Sci., 14, 331 (1974).

3. G. Karlberg, Scand. J. Met., 3, 46 (1974).

4. K. Takaizawa K. Takaizawa, Y. Shimizu, E. Yoneda,
H. Shoji and 1. Tamura, Proceedings of 10th World
Congress on Metal Finishing, p. 453 (1980).

5. H. J. Cleary and N. D. Greene, Corros. Sci., 7, 821
(1967).

6. Kiyoo Ono and Tomio Kohno, Tetsu-to- Hagane, S811
(1977).

7. Anthony R. J. Kucernak, Robert Peat and David E.
Williams, J. Electrochem. Soc., 139, 2337 (1992).



354 SR e s 2] A28F  A5E A 1999, 10

8. J. E. Castle and Ruoru Ke, Corros. Sci., 30, 409
(1990).

9. R. C. Alkire and S. E. Lott, J. Electrochem. Soc., 136,
973 and 3256 (1989).

10. P. Sury, Corros. Sci., 16, 879(1976).

11. N. D. Green, C. R. Bishop, and M. Stern, J.
Elecrochem. Soc., 108, 836 (1961).

12 M. G. Fontana, Corrosion Engineering, Mcgraw-Hill
International Edition, p. 501 (1973).

13. CLI Brochure, FGD Equipments Metallic Solutions,

p- 35 (1994).

14. N. Bui, A. Irhzo, F. Dabois, and Y. Limouzin-Maire,
Corrosion, 39, 491 (1983).

15. Y. S. Kim and Y. S. Park, This Journan 18, 67
(1989).

16. C. R. Clayton and Y. C. Lu, J. Electrochem. Soc., 133,
2465 (1986).

17. A. R. Brooks, C. R. Clayton, K. Doss, and Y. C. Lu,
J. Electrochem. Soc., 133, 2459 (1986).



