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Effect of S and Ni on Pitting Resistance of Austenitic Stainless Steel

Tae Kyu Kim and Kyoo Young Kim
Graduate School of Iron and Steel Technology

Pohang University of Science and Technology

To reduce production costs of stainless steel, most steel-making companies try to
reduce the Ni content in austenitic stainless steel. The reduction in Ni content,
however, leads to increase in the J-ferrite content in austenitic stainless steel and
this &-ferrite is considered to give a negative effect on the pitting resistance. The
sulfide inclusions, particularly manganese sulfide inclusions, provide nucleation sites
for pitting corrosion. Previous studies of the effects of sulfide on pitting corrosion
focused on the mechanistic understanding of sulfide inclusion as a nucleation site
for pitting. However, the effect of S content has not yet been extensively studied
with respect to the formation characteristics of sulfide inclusion and pitting poten-
tial. In this study, the effects of S and Ni content on the pitting corrosion of AISI
type 316L stainless steel are examined. The effects of the microstructure and sulfide
morphology of the Ni reduced alloy and the pitting behavior are also studied. Pit-
ting corrosion is investigated using 3.5 % NaCl+1 N H;S80, and 3.5 % NaCl solu-
tion by anodic polarization.

The increase of S content led to the increase in the amount and size distribution
of sulfide inclusion, but the size of sulfide inclusion was not directly proportional
to the S content. The increase of S content of Ni-reduced steel accelerated the dis-
solution rate in the active/passive transition region and decreased the pitting poten-
tial. Pits were initiated in the vicinity where the sulfide inclusions such as Fe-Cr-
Mn-S and Fe-Cr-Mn-Ti-S were present. Although the complex oxide/sulfide inclu-
sions were also shown to be susceptible to pitting, the sulfide surface seemed to be
more so. The reduction in Ni content decreased pitting resistance due to an increase
in the number of the inclusions as well as an increase in the amount of J-ferrite.

Keywords : pitting corrosion, Ni, S, sulfide inclusion, 8- ferrite, MnS, pits.
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Table 1. Chemical composition of 316L stainless steel test specimens

36 C S Mn D
Alloy A 002 054 071
Alloy B 002 052 0.70
Alloy C(N1 reduced) 0.02 0.49 1.25

Alloy D(Ni reduced)  0.02 054 130
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Fig. 2. Distribution of §-ferrite present in 316L
stainless steel specimens. (a) surface, (b) cen-
ter.
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Fig. 3. Distribution of the size and number of in-
clusions present in 316l stainless steel speci-
mens. (a) Alloy A and B, (b) Alloy C and D.

33 ®rsts A 2

3.3.1 S &tzfo| WA Yo OlXs Y#

Mo
J
%
o
o
o
o
2
[
o
iz
o
m10
ol
~N
N
ol
ok
I
o

& aHldel 7t Qol T "—‘1°ﬂ*1 FHow

\]
3 N4de HaskEy UH% v%‘fﬂ’q’-
Fig. 5% 3.5% NaCl+1N H,S0, &4 Nistgt
Ao} wislaAo A S 49T 248 4
gk NI viatgAedl o d FFsES AFFe
S5a)ol = Se] @t whet 2 o] E HolA ¥
o Atk Ni 8h&a) (Fig. 5b) ¢ 2%, S §&ol



w
oy
(@)

o
P
Y

o

el

%

.

P A28 ST A 1949, 10

Ti Oxide 1

-Mn-T ~\8Si

B
20kV XS5,080 SKm QBBGI‘I

Cr-Mn-Ti-Al-S

|

Ti-Mn-S \Q) Cy 2MEri-AL-S
e
/ A

MnS & &

22k Uy X3’59a a Sem SNSSTT 28kY X5,000 ~Sum 90081 |

Ti-Mn-S

/!

S 4gHn-Cr-S Fe-Cr-Mn-S$

[
Fe-Cr-Mn-S
20kV XS5.000 Seum LWL 280kV 2,000 19km BRRB1N
ta) Allov 4 By Alloy B2
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of complex oxide/sulfide clusters present in 316L

stainless steel specimens.
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Fig. 12. Schematic diagram illustrating dissolution
model for pitting occurred in the vicinity of com-
plex oxide/sulfide clusters present in 316L stain-
less steel.

2H"' +MnS =Mn*" -+ S+H,

Cr** +H,0==CrOH** +H*

°1 d pH s A e
D% pit R FYNIA E . MeSA 23
$5E
uph sfwel] ghdd
Aokt gagel b £ %

9] a1 sl
o & 4ol
& ol g

R R R A B

Lf-lgeﬂ g gk & A
ArEE
Tl}_t]

LA el 1) 4 B A (micro-crev-

we)d YAt SHF Moz =F¥ RELS =
EE A Sk WP SEE alvte] diste] JdlH e
oopdo] v wEdel g HE Jdde =
daba 9lis 3 wkest % vb(equivalence)?] A
A Fal @otol vl ujlel & Fo] ViEHD
Jrofl whep @ cle] A Gleom yytEch

42 S-W2lolET} FAXME Yo alXl= dE

Fig. 30 B.oliz §-#jgfojt S¥elAl Hiz vio}
tro] Mm R A w Nigtekz) (Alloy C, D)ol #
of) &= ﬁi'.rf 1% vieke] i :
vhd 3 gluh e

& 2 L}OI E

‘_
<
i
o
£ e

e K
o
o o £ Ho



366 Fap-atsz 4284

A5E 2 1999, 10

uj A7 A2 Schaeffler & (NI = (% N1) +(%Co)
+0.5(%Mn)+0.3(%N)Y+30(%C))& Bz 44
b # th H2hx wEY Bie] ww, oy
~HAg A% o] FL S-HdolE RYIE W
ol Aol B HAHE UEiAu o s
ol EAl ~HRlal =72 nlgkel s-wlgtolEVE &

A Hgols WAL Astdd F3ls AaEe el
Wl 9 vk? a2)u A, P, Bond £& nplake
-l gtol (3% 0l )7t EE Al FARY

71

b SEtelE Hote e MSOIAE B uE
B dge wern dFguy & g mlAE
kel s-dletel Ew F83% Qlxetn Wiy o
Hoa o FatRth wepd s-slgfel Ex #oolE
of e olaf A AAHAH] MR Eo] 4

'
28 7 e 998 AzFoEH AL £&
A gA FAEdd 43 v AEe 73
HoZ o ’B‘%f}

oA AFRE ARE 1% e We &3
tlolE HE & iolil 171 W Zoll Bgel 54
WA gk dAld MHEE AAE S T4
o mejsliol @ Aoz webErh Fig. 8adlA
AEol =g HAE, F vd Hro AAE
T8 HA AR AEe] HHEFAA e H e
olE BEE& 71A = Alloy A(<0.01% &-ferrite) 9

Alloy C(1% &-ferrite)o] ZAAY= Ao o] &
BeolA] gA|gh, olotz 2] A x}lg G} HeolE
G| ME ol & Holi 9l Alloy Bel DE A
2 uwg Fig. 13& 2W FHHEH7 & ol &
Hojx glch HEtEA Alloy Bell w®ls] Nislaka
Alloy D& 84/5-58 Holdde B2 £x&= 9
5u) 7heFel A3 &% xolg Jehfzm glow, ¥
S AF U Hddes axm, FAEA: ¢
200mV A% =otch Alloy DE HAE7 0.8%
dyl wsled Alloy B I3 %7 01%24 Alloy
De 7 Fd 9 ¥& AMAES /sty AL, Ni
dare 2oz s-Hetol 9

olo] wal AAHY :vIm Had dﬂ o] E3}
Al g ofsted F Mo zlo]f
Aol stgstrh. Alloy Dol 3§

7b 3t A g do] Byl WEd dA ME

[od

1.2
1.0}

08r
0.6
04F
02}F
0.0+
-0.2F

(less than 0.01% &ferrite)
—o-— Alloy D{1% &-ferrite)

Potential.vs SCE(v)

04+
~0.6 . " L -

Current density (A/cm?)
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