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Abstract
In this paper, effects of potassium permanganate, pottasium dichromate, sodium molybdate on lean
duplex stainless steel were studied by GDOES, OCP, potentiodynamic curves. The stainless steels were
chemically passivated in each nitric acid solutions containing 4wt.% oxidants for 1 hour. As a result,
when potassium dichromate or sodium molybdate was added, content of Fe was decreased and content
of Cr was increased. Consequently, corrosion resistance of passive film was increased. But in case of
potassium permanganate was added, contrastively, content of Fe was increased and content of Cr was
decreased. So corrosion resistance was decreased. Adding sodium molybdate in nitric acid for chemical
surface treatment process was the most effective among oxidants and also it showed the most stable
anti-corrosion in SST.
Keywords . GDOES(Glow Discharge Optical Emission Spectroscopy), OCP(Open Circuit Potential), Potentio-
dynamic curves, Chemical surface freatment process, Oxidant, Salt Spray Test
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Table 1. Chemical composition of STS 329 FLD determined by GDOES.

Component Fe Cu Mn Cr Mo C
wt.% Bal. 1.08 2.15 19.71 0.01 0.06
Component W Ni Si N P
wt.% 0.01 1.13 0.51 0.21 0.04
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Fig. 1. GDOES depth profiles obtained from the stainless steels exposed to nitric acids containing oxidants.

Depth (nm)
(a) Comparison of Cr element

20 30
25
:\o\ :\0\2.0-
8 8 151 Oo&o”@@%@ﬁ 2
g8 g M&Q
5 5,0 :
g 8 104\ .
= A 570s
/8
054/
04
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Depth (nm)
(b) Comparison of Mn element

15

—m— Natural
—o—KCr,0,
—A— KMnO,
—v— Na,MoOQ,

= 104 2

>

€

8

[}

o

=

§’ 05

Depth (nm)
(c) Comparison of Mo element

Fig. 2. Comparison with depth distribution of each elements by GDOES.



Jong-Beom Choi et al./J. Korean Inst. Surf. Eng. 51 (2018) 172-178 175

o
©

3
:
:
:
]
it

o
o
1

o
w
1

o
N
1

’/A/ \‘*‘ AAAAAAAAAAAAAALAALAY

o
1

Weight percent of alloyed components (wt.%)
£

.
== :
0 2 4 6 8 10 12 14 16 18 20
Depth (nm)
(a) Natural passive film
09
—=—Fe
08 T E————
—A—Cr
074 +M_0
06 : H'

o
3
|

o
~
1

o
©w
|

o
N}
1

AA A

A&

z/a. - A A A AAAAALAAAAAAAAAAAAAAA|
>

o

o
o

Weight percent of alloyed components (wt.%)

>

oo >y
odtesedduvysyssangansanse gees0ge
0 2 4 6 8 10 12 14 6 18 2

Depth (nm)
(c) Chemically passivated film with
Potassium Permanganate

o
©

Y
:
.
5

‘_l
‘\

~

. ‘,k\} \‘“‘_A_‘A“Mw—ﬁumﬁgh

o
l

Weight percent of alloyed components (wt.%)

>
»

-2 ed l*#tltﬂtliﬂlfu]iﬂslualsulssn

0 2 4 6 8 10 12 14 1 18 20

Depth (nm)

(b) Chemically passivated film with
Potassium Dichromate

o
o

P

Weight percent of alloyed components (wt.%)

h N
>
o M=t iissgssdannsnngananganangand
g T T T T T T T T T
0 2 4 6 8 10 12 14 1 18 20

Depth (nm)
(d) Chemically passivated film with
Sodium Molybdate

Fig. 3. Depth profiling of passive films obtained by weight percents of alloyed components.
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Table 2. E., and |, determined by anodic polarization curves.
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Table 3. Result of SST for 55 days.

0 day 10 days 20 days 30 days 40 days 55 days
| e | o | W
Natural ' ’ ' { '
_ﬁl : \d .—
E | hsgo” ate
Potassium e ‘g B 143 ! b
Dichromate a !: -‘ !
= 3 e L—“
Potassium
Permanganate
Sodium
Molybdate

Fo19 e v Eel ARolA o] WAL
o % Albe] 7ol wet 1 FolM Fao] A
Bugot 7 ol9e EMelE FEH Ao
AT 7 Slo) AARFeE o BeLE
Fol A7hE Agols wW AReIA HA] wAe
457} BAEA ekl

4.8 EBE
STS 329 FLD AUA 2HQlg]a7te] AARE
Biutst Al EHe] SIS F4E | Ao Hrlsh
fAoA] A5 slshy HFEjute] Zo]d AR
xo] Hslel F9o Yazte] Hjge] HwE FI F
J H]

G 7 Aol FsEE Well 2F0] dEE AR
SH el wste] Frbekdal, Tl HdhEF9
AFelle =elHe] dg= Skl 28al
Aol A3 MAE T2 &allEe] o FEol Ha
sttt 2 A3 Jf=AAYe] AAF-FEl el v 8]
ARFez Frtstla, EdETAA F43A 9
o] 71, FAARe FEHARTE s 3
YL e ol F AsiAe g =
2 AAF-sE gl sl skl e S71s3l
o 225l T 5ol BaliEo] A Alom At
g9t 2 A3 fEAGS Fesilod 94
AL, AL TN AAF-SE ol v F-4
Aot 77t S7hekilth B3 A

s Ay 2ksiAlE HksE AlE7E vnd A9 B
HulahEFo] 79SS u YalAde] -435iitt.

AE2HoZ AUA FZY2x 2y 27 STS
329 FLD9] 3}3H F-5eute IS Aol 52
SHEES SRR ESRS HUHE 9 UlklA
o] E o, A S WS AAA

Acknowledgment

o] ATE EFAYATATLAY AAOE o] F
SEEeIc
References

[1] Seitovirta, M., Handbook of Stainless Steel.
Outokumpu Oyj,.(2013).

[2] Gunn, R. N. (Ed.), Duplex stainless steels:
microstructure,  properties and  applications.
Woodhead Publishing, (1997).

[3] Winston, R. E. V. I. E, Uhlig's corrosion handbook,
(2000).

[4] 432, o1B8F, A& & A, s18H4 F5H
Zglo] e FZY2 2H A2 7o) 9u 54
of &g AT, I=EHFII|A, 45(6) (2012)
219-225.

[5] Standard, A. S. T. M, A967-01. Standard
Specification for Chemical Passivation Treatments
for Stainless Steel Parts. West Conshohocken, PA:
ASTM International, (2001)

[6] Marikkannmu, C., Sathiyanarayanan, S., &
Venkatachari, G, Studies on newer chemical

passivation  treatment for  stainless steel.
Transactions of the IMF, 83(3) (2005) 158-160.



178

Jong-Beom Choi et al./J. Korean Inst. Surf. Eng. 51 (2018) 172-178

[71 Shimizu, K., Habazaki, H., Skeldon, P., Thompson,

G E., & Wood, G. C, GDOES depth profiling
analysis of the air?formed oxide film on a sputter-
deposited Type 304 stainless steel. Surface and
interface analysis, 29(11) (2000) 743-746.

[8] Betz, G. G. K. L. A., Wehner, G. K., Toth, L., &

Joshi, A, Composition?vs?depth profiles obtained
with Auger electron spectroscopy of air?oxidized
stainless?steel surfaces. Journal of Applied Physics,
45(12) (1974) 5312-5316.

[9] Uemura, M., Yamamoto, T., Fushimi, K., Aoki,

Y., Shimizu, K., & Habazaki, H, Depth profile
analysis of thin passive films on stainless steel
by glow discharge optical emission spectroscopy.
Corrosion Science, 51(7) (2009) 1554-1559.

[10] Osozawa, K., & Engell, H. J, The anodic

polarization curves of iron-nickel-chromium alloys.

Corrosion Science, 6(8) (1966) 389-393.

[11] Schmuki, P., Hildebrand, H., Friedrich, A., &

Virtanen, S, The composition of the boundary
region of MnS inclusions in stainless steel and
its relevance in triggering pitting corrosion.
Corrosion Science, 47(5) (2005) 1239-1250.

[12] Ke, R., & Alkire, R, Surface analysis of corrosion

pits initiated at MnS inclusions in 304 stainless
steel. Journal of the Electrochemical Society, 139(6)
(1992) 1573-1580.

[13] Webb, E. G, Suter, T, & Alkire, R. C,

Microelectrochemical ~ measurements of  the
dissolution of single MnS inclusions, and the
prediction of the critical conditions for pit initiation
on stainless steel. Journal of the Electrochemical
Society, 148(5) (2001) B186-B19s5.



