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Oxidation and Neutral Electrolytic Pickling Behavior of
304 and 430 Stainless Steels

T. S. Kim* and Y. T. Park**
Facility & Automation Research Team, RIST*
Cold Rolling Facility Engineering Team, POSCO E&C**

Abstract

Oxidation behavior of 304 and 430 stainless steel were studied using thin film X-ray analysis and glow
discharge spectrum analysis (here-after GDS). The oxidation layer of 304 stainless steel was composed of Cr0
and FeCrO, and its thickness was about 1.5 4™ after 1~5 minutes of annealing at 1120°C open air. However,

the oxidation layer of 430 stainless steels was mainly composed of CrO; and its typical thickness was 0.5um
after 1~5 minutes of annealing at 1000°C open air. Electro-chemical analysis revealed that the descaling of
oxidation layer could be activated by Fe, Cr dissolution from the matrix behind the oxidation layer at the current
density of 5~10ASD and by Fe, Cr-oxide dissolution from the oxidation layer at the current density over than
10ASD. Electrolytic stripping of 430 and 304 revealed the intial incubation period of descaling by oxygen
evolving at low current density range such as 5~10ASD. However the dissolution of oxide layer was occurred
when applying the anodic current of 10~20ASD on 430 and 304 stainless steels. It was suggested that the
electrolytic pickling of high Cr bearing stainless steel such as 430 and 304 seemed to be the more effective in the
high current density range such as 10~20ASD than the low current density range such as 5~10ASD.

Key words : stainless steel, oxidation, neutral electrolytic pickling, APL
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Aisle 7124 A AAAdY Y Fe FATAHez fJHEET Y. FHAAHE INI steelol
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B gl E APL AHA] Au]oA e AH|QlE]A 3004 2 4004 F8 A AslEe EA
ol w2 AFPAA AFY Aol& vlmw nAFoZN, TAY A4 TH AA L 288 9
AAE 33 st

o2 of N

3

oo

~
|
~—

ajl

B

2, Ay

B AR AJHe FF/H 2 2L X 19 Y. AEE BEF A4 2 REHE A
H AEAHY dd AHOHA AWE 90x150mm 7] E AW3dle] ARSI, AUd AjE=
300419l 74§ 1120°C, 400A19] 7 -$1000°Ce] Wi71FolA Zz; 1,2,3,4,5870 dxaE FIAA
EY 235 B4 9 A7188E Jx2AgL Y3 Al 248

Table 1. Specimens prepared in this work.

; Chemical Compositions (wt%)
Thickness
GRADE {mm C Cr Ni Mo T Others
304' 10 0.05 185 85 ~ - -
430 10 0.08 170 - - - _

A AR WA FW AstEe T4 AR @ Yol e YARIE 2AbsH] 95t
atak X-4 H4 (Thin Film X-ray Analysis) 2 GDS (Glow Discharge Spectrum) 48 A%

o, uhub X-d 4L sk 50kV, Ko-4g o) 83t 7 Goniometer§ o2 10-100° 3| A A
o Z=E SAHAF A HAES TA (identify)sltl. GDSE ARE §2o08 3o ¥=7 3
Atole] At AFE AU g ol 23HH ©lEF (argon, Ar) YAE FEAPoEN, A8
BEHE 9% &2 BN A 9q7] (exitation)® YAe] AHNEARS BAFozxR FAwLEte]
AE WZE A3 Wyoltt. ol meEt o] o] &t EW o] Wgo =z A ARW
g ASeAd.
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Z813 Al8F 304% 1120°Col A 287, 4308 1000°Col A 383 Ex13)3 A Az 583}
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31 €279 453 4
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3R BBY & Ut o | |
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B3, & 0] ASE A ol LT e
o2 AZHAW, X-Ao F
%1-017} 0]51_5]- 3]] EH-E'_-Oﬂ tl}- Fig.1 Thinfilm X-ray analysis results for 304 stainiess steels.
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o =@, A3 oz o 2 ] )
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2.5-3.0me] ABEE AAsA ] . 1
ofgk, Cr w&o°] ARZH 714 ]

Z4ol ERl wZsl ¥ o- =

A& °xéz€]-‘9'§%] LH&'}E’]O] OfO l 0,15 ' 1.'0 ' 1415 ' 2,10 ‘ 2?5 ' 3.'0 . 3?5 ‘ ATO ) 475 ‘ 5,10
Agsig Aoz /Ug & 9 Depth (atm) -
E]— . Fig.2 Depth profile of Fe, Cr, Ni and O of STS 304 annealed during 2-mins at 1120°C

¥ 3& 304 AHS#x

2ARE 11208 AAFAN 27 1,2,3,4,587 GRAF F9A7 ATe] FAS (ST BAR
AFAE BwEa) A Aotk hAFoR AT ALY Ft wa ’\‘li}%‘“«] FA Cr-3
ZZo Zol7t Frkste AFS AT 5 Ak W, Ni2 Cr AsS FAL Fotel wh st
o aste AFo) Ut

a9 29 A FAO BT W, (r& 4Aka9e 3183 FsiAgo]l A7l Wi A Azt
o] F7tel wel FH Nig of 80 e e 80
A&l $HAAH R @ THO STS 304 annealed at 1120°C
2 By asygE RHo=z i © heatingtime: 1min |7 70
gud + A wd, 485 o Jh R L
el dAo] Cre FAMEZd ¢ 25 ] heatingtime: 4 min | | g
8 AueEcn 4 o, 2 I =
9 @ole ez P ¥ 2
[ameding ey o) wAE Ao 3 o
2 Jdg + Ao 29 39 5 ol 5
2AFge dedez odg
e 2% A FF .
S B, &, €A4g AP 1 °
2 A AsFe FAe 9 00 05 10 15 20 25 30 35 40 45 50
1.0um ©]X|gh, GAAIZF 4F Depth (1um) .
9 ALoE= AzlEeo FAI} Fig.3 Depth profile of Cr, Ni and O according to annealing time at 1120°C open air.
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% 5% SIS 430 Z¥E 1000°C2] ti71FolA 387 -8$F 9 AlHe g DS &4
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W& Z (Cr-depletion layer)o] BAEE & & vk, 29 2,39 3004 e =7e] 242
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s, oleld Aole F2 A ;-
He exe Ex weo A G
Aoz 3T YWHOZ 400
A e aze dxE LxE AP P
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Agl o7t AL B & 9
o,

430 ZHIQHAZY A=
a7 40lA HQ upe} Zo] Cr0,
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ge 1¥ 59 pHaAGE Z | | :
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neeo !
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= ‘_]_’32]- ° ‘_’] Tﬂﬂ_ ° 7]- ]E—E_ EH Fig.4 Thin film X-ray analysis resuits for 430 stainless steels.
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}\] Z_].-‘o’] X‘“ ‘a——e_oﬂ H] ‘-‘:'“ s]"‘L:: 7)—1% 80 .: STS 430 anneaiad at 100000 _-'
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& & 9ok, olHF AHFL 430

sHAu g AN B4 §’°' T e s |1
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Fig.5 Depth profite of Fe, Cr and O of STS 430 annealed at 1000°C open air.

1120°Ce} ti7|ZFoA 287 EA
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LA BHE v o] 304 2EAdA2PE WAFE GO, P FeCrO,z T uh.
NaSO, $49 AALANIAA FErhe] AF EANNE §30eA O, FIugAE H,
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LJ2H,0 = 0,1+ 4H" +4e Eo= -1.23Vy _ (D
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Cr,0,” + 14H* +6e” = 2Cr* + TH,0 E,= 1232V, (3)

304 2EIQlE 2o T o ge] (+) AGS A/, BHSe) oot Aale] TR wgol
2ggoz dojube 99oz Holgnh. o FYNAE AT (LHAdE @) ERoz of
L4 (ion diffusion)o] A71shehibgg Awjaly) wRe], TS R3] a8 e
gt

A L REURFALE 304 2HANLGE &
dstne FAE REU FUE dehde, FF 2IAE 0.
shirgol 9% BYHYUES vheharh. o FgolNe By £
sish BAE R0 24T £ Uk, 3, Fe, Crol $3l9) VY REEIALE BeF 2o

Ni = Ni** + 2e E,= 025V, (4)
Fe = Fe* + 2e E,= 041V, (5)
Cr = Cr3+ + 3e” E,= 0.74Vy, (6)

A7) wgol oale] 2F Astuto] B, FF A Zrbo] wel 712 & $art
Aoz APATG. 22 6olH oF 1.25Vee B2 BASE (3)9) Mg} TECr-Wahutel &
o] ol# Aow AZET. 304 2EAYARRE ol B RIAYIME A REHoE BE
HasE AES Rolw e ¢ 4 k.

STS 304 Passivated
SOLUTION: Na,SO, 200g/

0.1 ' 0.1 4
_— !
e N P o«
§ i N ’ g
2 R i P A
> 007 4 AT S > oo |
z¢ £on 1 z 99 o
) I Py ‘@ L ’ i
I3 i iy ! ® 2 ] P
o o &-:|'. H 1 O ! t .lL& .
3 ‘ il , K] : : et
e ) : ;
g i T 5 ! )
8' 1E-3 | 575 304 anneated at open air ) }F { 5 1E34 p JFI
SOLUTION: Na, SO, 20061 ,l"-z |.v, "Jff ]{“ o ; n : ‘LrJ !
< sTS3081 h"m L L _Jlﬂ‘ li_.,.,_ J_M i
© STS308-2
1E-4 T T T T T T ' 1 1E-4 T T T T T T T 1
-20 15 -1.0 05 0.0 05 10 1.5 20 .20 15 10 05 0.0 05 1.0 15 20
Potential (V) Potential (V)

Fig.6 Polarization curve of STS 304 in Na2504200g/1 solution at room temperature
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¥ 7L 430 2HIAH2ZE 1000°Ce] 7] FolA 3B} dAAF £ A A4 2 B
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FZAAAM 0.0Vsce AF 2 FATFAFE (2)9 2 F29 @A) 93 Aolw, 0.5Vss AF

gA43 AFE @), (5)8 Zo] 71x FHL2ZHE Fe, Cr &3 93 Aoz A9 ¢
AT, FF BIAYS © FHA71E 430 A2 AP 1.2-1.7Vsce FGA THA]

< OA AFe vie} Zol (3)F FL AFEFY Fe, Cr AH3ES &3

5} A A @z olch,
430 2EAA2AE A4 L EFEHS AAG Add £F ITHeIME 0.0V HF o
1.2~1.7Vsce Mol gAsEE A B2 5+ AUk, olgd B3 4 4 529 B
%, FF Aol A7ME A4 430

.ll}l

A=Y
A3 REee) O Wete] gad] 9@ Aoz BT & A
2H A 2L 304, 3167 FAFSHAl AT ESHY A Cr 3ol &3f-AH8 g whEg
= Ae ¢+ A
\"w‘—\“\ e STS 430 Passivated
\k'k K SOLUTION: Na, SO, 200g4
0.1 ﬁ‘\\ R 0.1 4
Gl \\ and n
\ o
> 0014 \.\ Z 0014 wm)’m\\ | “l m f
\ g/ \. [ [
8 8 iy A !
E = \ { 1
@ g
E 1£34 ) 5 1E-35 | '
8 STS 430 annealed at open air o
SOLUTION: Na,§O,, 20094 }
— - ~~§T54301 i
1E-4 — S‘TS bt T T T T T T 1 1E-4 T T T T T T L T ]
20 15 10 a5 0.0 05 10 15 20 -20 -1.5 -10 -0.5 0.0 05 1.0 1.5 20

Potential (V) Potential (V)

Fig.7 Polarization curve of STS 430 in Na»SOs 200g/1 solution at room temperature

Y 3L 112008 wWi7]FolA 28 EAEF $9YES 304 2HJHA2FTE 2.5~404/dn29]
AAZ (+) AFE AUIsld BE2HY] HIE A2 2SS AT Aoltk. 19 89 AdA
I}E B, 304 2EHIQE A A Qe AFEEZF 2.5AD% AE EAAT o 40:7A =

1.7 ~ -1.2V5c: ) EZAYL JE} 204 0 <nti?
Wbk A7) 0.5Vsee BFAYGS 15 ‘..—r:ﬂ":"'"’““"'}‘w“%““‘c‘o:n:;.;-;“ . .
2 Holgt. ARIEE ¥ ¥ . T S
od, BA 2719 (O¥F A%e ] — o~ __
deE Aziel gelde Fge %]
gA¥ & Yo 2¥ 3-109 304 _Foo] W
2HAd 2 A3 R B2 AT T os] L |
o W HE A )z W, ] : _ SOLUTION: NagSy 20051
olFF(-) BF AL A F: ¥ & 1 —— CD 2.54/dm?
tr]o]]/\-] A2 9] Hé—)\goﬂ o3 RoZ 15 .: - - cos.omm;
' ! E m ~  CD1DAMmM

2R £ Q. F, 304 2HAY 204 4 v oD 20nidm?
o g Awo] NSO, gaAdd  as] S | oD o’
(HE A7Ma zJlde Za9 % o 20 4 s 8 100
Hol| A AbA Jta7F A S G o Electrolysis Time (sec)

AAzre] AW F FF 3 Wy
g BolE Aoz F3¥ + Atk

Fig 8 Galvanostat curve of STS 304 with 2.5~40A/dm? in 20091 Na,SQ, solution
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304 2ERe 2 Atstge] B$ AFUE 2.55.0AD M= EFHo] 0.2~ 0.5Vsee S LHE
e, oleld AFS, g4 n&de Hiet Zo], 49 HA T A8 F 39 Fe, Cr 7IAF
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7} A}, Fig.9 Galvanostat curve of STS 430 with 2.5~404/dm? in 200g/l Na;SO4 solution
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