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Effects of S and Mn Contents on Pitting Resistance of 18-8 Stainless Steel

Kikno TAKIZAWA, Yasuhiko SHIMIZU, Yoshikiro HIGUCHI, and Imao TAMURA

Synopsis:

The effects of S and Mn contents on pitting corrosion behavior of 18-8 stainless steel have been studied
by means of anodic polarization and immersion test in chloride media. The main results obtained are
summarized as follows :

In 3%, NaCl solution at 0 and 30°C, pitting potential (V’cyq) had tendency to become less noble with the
increase in S content. This tendency, however, could not be found for the specimens containing S above about
0.01%. On the other hand, V’c,4 continuously became less noble with the increase in Mn content. In
39, NaCl solution at 70°C or 3% NaCl acidic (HCI) solution at 30°C, V’cygo depended on S and Mn con-
tents, and it became noble with the decrease in those elements. In 10% FeCl;- 6H,O solution at 25°C, the
frequency of occurrence or the density of pits increased with the increase of the quantity of sulfide inclusions.
On the other hand, the growth tendency of pits depended on the Mn/S ratio, and anodic reaction of speci-
men was retarded with decrease of the ratio. In all of the specimens, the pit initiation site, was sulfide in-
clusion/metal interface in the pitting potential region in NaCl and FeCl,-6H,O solution, and pit grew pre-

ferentially into the metal matrix.
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Table 1. Chemical composition of specimens. (wt 9)

Specimen No.| C Si |[Mn ] P s Ni [ Cr Mo Cu| N T Al
1 0.06 | 0.50 | 0.19 | 0.014 | 0.002] 9.08 | 18.51 | 0.0t | 0.02 |0.082 | <0.001

2 0.05 | 0.58 | 0.77 [0.015[0.001 | 8.41 |18.53| 0.01 | 0.02 | — |0.008
3 0.05 | 0.51 | 1.86 |0.011[0.001 | 8.43 | 18.44 [<0.01] 0.01 | — |0.001]
4 0.05 | 0.40 | 0.22 0.010/0.008] 8.38 | 17.53 [<0.01] 0.01 ]0.058 | 0.001

5 0.05 | 0.29 [ 0.79 |0.011[0.010] 8.35 | 17.79]<0.01] 0.01 | — |0.0m

6 0.05 | 0.35 | 1.93 [0.0110.010] 8.40 [ 17.88<0.01] 0.01 |0.022 | 0.001

7 0.04 | 0.46 [ 0.29 [0.013[0.046 | 8.43 | 17.74 | <0.01] 0.01 |0.026 | 0.004

8 0.04 | 0.37 [ 0.67 [0.018[0.049| 8.40 [17.45] 0.05 | 0.05 | — |0.001

| o 0.04 | 0.46 | 1.61 [0.018 [0.046 | 8.33 [ 17.71] 0.05 | 0.05 |0.035 | 0.001
10 0.04 | 0.49 [ 0.20 |0.013[0.206 ] 8.35 | 17.51 |<0.01] 0.01 | — 0.003
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Typical microstructures of inclusions.
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Table 2. Chemical composition of sulfide
inclusions. (wt%)

Specimen No. Mn/S* S Mn Cr Fe
4 27.5 17.89 14. 38 25,97 41.76

6 193.0 18.53 77. 64 3.83 —
7 6.3 36.08 13.03 45.53 5.36

9 35.0 17. 96 76. 10 5.94 —
10 0.9 19.34 9.79 57.07 13. 80

SUS 303 7.8 36. 40 51.50 12. 10 —

* Ratio for steel composition.
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Fig. 2. Anodic polarization curves of specimens
in 39 NaCl at 0°C.
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Fig. 3. Anodic polarization curves of specimens
in 32 NaCl at 30°C.
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Fig. 4. Anodic polarization curves of
specimens in 39, NaCl at 70°C.
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Fig. 5. Effect of S and Mn contents on the
pitting potential (V'c,,) in 3% NaCl at 0,
30 and 70°C.
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Fig. 6. Effects of S and Mn contents on the

pitting potential (V'g,) in 3% NaCl (pH

2.2) 30°C.
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Fig. 7. Effect of temperature on anodic dissolu-

tion current of specimens under potentiostatic po-
larization.
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Fig. 8. Effect of S and Mn contents on the
weight loss in 109, FeCl;-6H,O at 25°C.
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Photo. 2. Surface appearance of specimens

immersed in 0.19%,
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(a) Specimen No. 7, 3% NaCl, 0.35V (b) Specimen No. 7, 10% NaCl+1% CgHgOsg, 0.1V
(c) Specimen No. 9, 3% NaCGl, 0.25V (d) Specimen No. 9, 10% NaCl+1% CgHzOs, 0.05V

Photo. 3. Microstructures of corrosion pits of specimens after potentiostatic polarization
in 395 NaCl and 109 NaCl+ 19,CsHyO; at 30°C.

(a) Electron image (b) Mn-K, (c) S-Kq
Photo. 4. Corrosion pit formed at MnS in spec-
imen No. 9 after potentiostatic polarization at
0.05V in 109,NaCl+ 195,CgHgOs.
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(a) Specimen No. 7, 0.4V (b) Specimen No. 9, 0.4V
(e) Specimen No.9, Ecorr (f) Specimen No. 10, Ecorr

(d) Specimen No. 7, Ecorr

(¢ ) Specimen No. 10, 0.4V

Photo. 5. Microstructures of corrosion pits of specimens after potentiostatic poliarization
and immersion at corrosion potential in 109, FeCl;-6H,O at 30°C.

| —
Photo. 6. Microstructure of corrosion pits of
specimen No. 7 after potentiostatic polariza-
tion at 1.0V in 32, NaCl at 30°C.

LCRERFAEELTWA, 3R 9 ok 5 Mn/S
KAk X\ MnS BB L7ah LIFEFAREL T
<. JNEF, JEPD 18-8 A5 v v AR LR L
MnS o7/, — FoEfiE%E NaCl Fg$bTRZEL,

MnS Fid Cr B23% {Isb it Licti\ e h by #E
fr (BROZWTHEMN) ERERDBEEHREL T
%. 10%FeCly-6H,O B H TORERT B\ T, #Ft
9 MnS MNIBOHEFZE & QB RERCH 5 ERE
Hid, FE Mn/S HiciE L1z MnS o Cr 858
PN BB LD EHEIRS. T, MnS
DY BREMDARORFEL 0.4V) H5 VL BEE
R B H Bl EEL BRD. MnS DRI e
fR2% 8Nt NaCl R RWT b FRITES. flzid
Sl 7, 9 & 30°C » 3%NaCl ¥ T 0.4V TE

ERRE Uca, 0.4V 2AFLABEMESCHYET 5
¥t 7% Photo. 3 [ UMMEMEME /RTI, Thifl&
BALX D b9 0.2V FHCAHYT B9 Tid MnS &
BHOBRARFCETTS5. bkl 1.0V T8
BAFETD E, WTRORBHICEWTH MnS L
DEHRAERCEIT TS X5 nh. To—flEER7
zo\C Photo. 6 R4, M EDOKEREMS, MnS o
I IRER L 0 BB TA U BILAE, MnS/RHHRA
FCRELBHFARELTWLA, ThiBEREM
HCeOILAIE MnS ks L MnS 2R LA DR
Mg EL T L. ik, A—SBETHRLIBEE,
Mn/S HAVIE L MnS % Cr B0 Wlkiz s
MnS 13 &7 B CHEBRET KE CRLAEERCER
T, 1270, MnS OREELZTERIHHETES
BB < MnS hoEE Cr B34\ 3L MnS (%
RECHERLIE S WEAC SO, B, ILREME
et 5 MnS OBRREHIFHEO ALY KEWE
LI LNTHS.

4. B

18-8 27 v v AWML BEEEIC KIFTE#F S, Mn D
BRI CT 7 — FAOREOR BERARE
X B LUToREE .

(1) #ifho MnS X Mn/S e X>TELL,
Mn/S Ho/MXVWEEHE S MnS o Mn 824
fe i, Cr 3 X0 Fe & BB LT3, 0,30°C
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748 & &L

# 70 £ (1984) £ 7=

D 3%NaCl BRI E\NT, SEOHEMIALOILE
BRI T 52, 9 0.01%4S Ll kicics b ro g%
RS bhiedfes. —J, Mn o¥IMIILABN Y B
MACHEI 3%, $7cbb, MnS 2i—E&8UE H% &
LRBMIZOBCHEIWG b M, FA—SEDY
&, Mn/S faUh& < MnS FoEyE Cr BEo% Rk
FEAABMIR L R THILAMELSERT W 5. 70°C
B 5\ 3% NaCl B oga, JLAREMT S,

Mn BEHELER LD EE LS.

(2) FLEBBORDT OFEIL =3 L F — 1%, ik
NaCl BEFOHEThORBC BT H# 100keal
/mol LA EX7cy, FLABMAI EHERREI IR0
LExbhb. —J7, Bt NaCl B4 S, Mn
BA2% < MnS 2EBLRTUVRERRD % ity 53.2
kcal/mol &igh, FLABHRIIIEHEM L EUOKET
t5.

(3) 25°C o 10%FeCly-6H,0 il hic B8 L5
&, BREEX S, Mn BREFELEFRLAD W IEE
i, LT, LBOREHED B\ FOEBEERL
MnS o &, FLREEOHESIE Mn/S Hiczh
ZHE KT A, 7ok, Mn/S /N335 ki
7 7 — FRIGOIMFIC > 7en 5.

(4) NaCl 35 X0t FeCly-6H,0 ER&rHIZ R~ T,
MnS o5 EM X v H7c BAUK CE C L EDIE AL
MnS/BHRETH v £ U ILRZFHEP~RE LT
. =0, Xy BRLEMRTOIAIT MnS %K
&L, MoS BB LIEALEHEFAREL W, &
%, Mn/S AN E < MnS fhoEiE Cr B4R
12 MnS |3 RIEBMR F CRBETICRET, I

REMIRIC B2 MnS OBRBERITFHEOTR X bk
X\,

X ik
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