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Effect of Copper Addition on Corrosion Resistance of Austenitic Stainless Steel

in Highly Concentrated Sulfuric Acid Solution

Soon Tae Kim, Yong Soo Park and Hyung Joon Kim*
Dep't of Metallurgical Engineering, Yonsei University
*POSCO Technical Research Laboratories

Effect of Cu addition on corrosion resistance of austenitic stainless steel in 18.4N
H,S80, at 80~120TC was investigated through anodic polarization test, cathodic po-
larization test, long-term immersion test and Auger surface analysis.

The addition of 3.2% Cu in the alloy enhanced the corrosion resistance greatly in
highly concentrated sulfuric acid by decreasing corrosion current density, current
density of hydrogen evolution, critical current density and passivation current den-
sity. The dissolution rates of each of the elements in the alloy resembled that of the
elements in pure metal form.

The reason why Cu improved the corrosion resistance was that cathodic reaction
and anodic dissolution in the active region were retarded by the protective surface
film now heavily enriched with Cu through selective dissolution of Fe, Ni and Cr.

The stainless steel with 18%Cr-21%Ni-3.2%Mo-1.6%W-0.2%N-3.2%Cu-0.035%C
displayed a noticeably better corrosion resistance than the commercial super austen-
itic stainless steels such as 654SMO and at least as good as Ni-base alloy such as
CWI12MW in SO,?” environment.

Keywords . austenitic stainless steel, corrosion resistance, polarization test, immersion
test, Cu enrichment, selective dissolution.
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Table 1. Chemical compositions of the experimental and commercial alloys

(unit : wt. %)

Alloy Fe C Si Mn Ni Cr Mo W N Cu S
Base* Bal. 0.036 0.85 1.44 21.2 18.3 3.23 1.64 0.23 0.06 0.005
3Cu* Bal. 0.034 0.98 1.50 21.1 18.2 3.21 1.61 0.21 3.2 0.007
B* Bal. 0.033 0.81 1.52 20.8 22.3 6.2 - 0.24 0.03 0.006
C* Bal. 0.032 0.84 1.48 21.6 23.8 6.63 - 0.32 0.03 0.005
AIST 316L** Bal. 0.02 0.35 1.21 14.1 17.2 2.6 - — 0.02 0.002
UR B66** Bal. 0.02 0.32 1.23 22.0 24.0 6.0 2.0 0.4 1.5 0.002
654SMO** Bal. 0.02 0.36 1.31 22.0 24.0 7.3 - 0.5 0.5 0.002
CWI12MW** 7.61. 0.061 0.93 1.46 Bal.. 144 16.7 4.83 - - 0.012

*%

* : experimental alloys, . commercial alloys
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Fig. 1. Phase stability of the experimental alloys
by a shaeffler diagram.

Cr eq= %Cr + 1.5%Si + %Mo
+ 05%W + 0.5%Nb + 2%Ti 4)

g A & F UAe uiet #o] AY §F Base
9} 3Cue 22HUolE Wi fFFog 23
& ok Ni 2324 Cue Nig) AW = @
2H Yol EE A IE 27} o, A8
neH Z5E doslE Aoz A YAy

Fig. 25 1,150CA 1508%<t 283 d4¢
F FydE 23 $FEL 10% Aoz A
AR g Y3t Vel Hst AnA wA =23 A}
Aotk 2 ZH A yerd Ni, N, Cugol 2
grexgyelE 43 Cr, Mo, Siso] 54 g

(A) Base (0.06%Cu + 0.005%S)

(B) 3Cu (3.2%Cu + 0.007%S)
Fig. 2. Optical micrographs of the experimental
alloys 10% oxalic acid electrolytically etched ; so-
lution heat-treated at 1,150°C for 150 min.
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Fig. 4. Optical micrographs of the experimental
alloys after a 24-hour immersion in 18.4N H,S0O,
at 80C.
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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

SREN Corrosion Rate (unit : mpy)
Alloy 05 23.3 ] . ] .
(Cu factor} (Cu factor corrected) 8o %0t 1007 110c 1200
Base 64.5 65.8 7,907 12,507 17,572 22,482 27,694
3Cu 65.3 138.5 7.9 14.0 23.0 38.7 61.1
B 70.7 71.4 4,957 - - - -
C 75.9 76.6 851 - - - -
AISI 316LL 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
CW12MW 1385 138.5 10.2 19.3 34.2 515 98.5
#$F2 712 F&RG U24gde] dotd MnA 3 6
Sl A Zduty FAo] Aol Moy, 7|7 F 80T (Stainless steel)
A = 120 (Stainle tee]
&£ vy 2adA AFe] dol g FE=z 5 20w Cwiy
WA g0l $58e % 4 3o g 120% (CWIZUW
£ 41
F g9 A 2RI AT B AP Py
EWo) Y4 E kel 546 2A o Ean, o £ 3}
£ HF 92 Wi nag Ada® 3a A4 g
23 A4 (SREN : Sulfuric-acid Resistance Equiv- g
alent Number)e] =7]8 HW oj: Hx Rz 3 (&),, 1t
P& AST 5 Yok W P4y 5o Mo 2
LY Aoz TFae ofde} o] Jeld £

ek,

SREN = %Cr + 1.5%Ni + 0.5%Cu
+ 2%Mo + 2% W + 20%N (5

28, Table 2014 @ & d50°], SREN gko
6532 4% &5 3Cu9 %2 &£m7 o FFRY
SREN gteo] & 43 3 B, C ¥ 44 9 22
due]lE Agealxz¢el UR B66, 654SMO x.t}
4338 #Fom, Ni 712 §F<d CWIZMWo| H&
30% A= A JeEtgth wEtd 4 e gEEd
Hlal A9 gF 3Curt SREN go] #2ox ¥4
27t & Zadtn A7l fEd 7]E SREN 3
A 2o el Cuel ¢z} (factor)zk-g& 80C ¥ 120°C
dqMe] CWI2MWe FA&e & Ed 2 39 7]&
0594 HA 233040z BAFY 5 c} Fig. 5
= olgA HAYHE Cuel Qlxto] o] g 5 4¥ SREN
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Fig. 5. Sulfuric acid resistance equivalent number
vs. corrosion rate of the experimental alloys and
the commercial alloys in 18.4N H,S0, at elevated
temperatures.
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Fig. 10. Effect of copper contents of parameters
Fig. 9. Potentiodynamic anodic polarization cur - obtained from the potentiodynamic anodic polari-
ves of the experimental alloys in deaerated 18.4N zation curves of the experimental alloys in

H,S0, at elevated temperatures. deaerated 18.4N H,SO, at elevated temperatures.
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Table 3. Activation energies determined by corro-
sion current density and critical current density of
the experimental alloys in deaerated 18.4N H,SO,
from 80°C to 100C

(Unit : Kcal/mole)

Alloy Q (Icorr) Q (Ie)
Base 15.90 + 2.62 9.94 + 0.82
3Cu 20.84 + 2.63 18.07 + 0.92

* Icorr : corrosion current density
* Ic . critical current density
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Fig. 11. Effect of copper contents and tempera-
ture on polarization resistance of the experimen-
tal alloys in deaerated 18.4N H,SO,.
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Fig. 12. ICP solution analysis of dissolved ions for
the experimental alloys after a 24-hour immersion
in 18.4N H,SO, at 80C.
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Fig. 13. Auger depth profile of the experimental
alloy containing 3.2% Cu subjected to corrosion
with two different immersion times in 18.4N H,SO,.

aA #ax8¢ ¢ F den, 32%2 Curt A7
& &Pl M= Fe)Ni)Cr)

W)W A2 Fopx) L Al

Fig. 13¢] (A)et (B)& 747} 3.2%9) Cug ¥+
B Y $FE 80T 184N 4k &4 14
7t R 80~120Coll A 12041 < AAE F o
2ol thE Auger ¥4 AM2A, Hold WE F
= #¥orh

Fig. 1404 & & fA5el, Cus HA Azte] F
HAggE A FEA LgARA S A
Frch aA e HejFd wHs Ao,
Fe 3 Niol s=& dx3A #aszn Ao Cr,
Mo % We| wx& aA Watsi Al oo

Cug A Azle] Frigss e WFogd
FEHE ARV 22 $4HY 2HdHa7
g vu 54 (20~30A)RT FAE BRI I
2 et WA A Vdsn ALe &
F Ath

RE, 147 AAF A" A 240 lojA
HoFo2RH T0A Hol7tAE Ni g&e] Cri
o Fstn geu, 70A olddAe Cr &l
o wol A&HATh A AL 1204%e2 F
ANAE A% HelFo e 260A7HA A Aol

oft A

50+ —e—Fe —a—Cr
—v—Ni —e—Mo
—a—W —a—Cu
—~ —o— 5
q 404 N
5 .\
® 301
=
\
§ .
3 27 g o
2
A
2 1 - 1
0+ \

-

120
Immersion Time (hr)
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Fig. 16. Potentiodynamic anodic and cathodic po-
larization behavior of the pure metals and the ex-
perimental alloy containing 3.2% Cu in deaerated
18.4N H,S0, at 80C.
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