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Effect of Surface Oxide Structure on the Descalability of Cold-rolled and Annealed SUS304
Kunio Fukupa, Takumi Unro, Susumu Saton and Hiroki Outa

Synopsis

: In order to obtain good descalability of cold rolled and annealed Type 304 stainless steels, oxidation behavior and scale

structure of the steels were investigated. The oxide scale consisted of four layers. The outer first layer was comiposed
of Fe,Si0, and Fe;0,, the second layer was (Fe, Mn) Cr,0,, the third layer was Cr,0s, and the fourth layer adjacent
to substrate was amorphous oxide, SiO,. The third layer became thick and the Si content in the fourth layer increased
with the rise of annealing temperature. The thick third layer provided a large Cr depletion zone at the surface layer
of substrate. Thus, annealing at higher than 1125°C to develop the Cr depletion zone is effective to obtain good

descalability in Type 304 stainless steels.
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Table 1. Chemical composition of steel used (mass%).

C Si Mn P S Ni Cr Cu N (®)
0.061 0.54 1.00 0.031 0.002 829 18.73 0.28 0.027 0.0060
Table 2. Chemical composition of combustive gas %103
for annealing in laboratory (volume%). 12
™ B M203(104)
7.0 3.0 0.0 0.0 00 200 70.0 S
-g 8
Tkm,p =1025, 1050, 1075, 1100, 1125C _‘aé" 6
- I
Tksep Air cool % 4 L
—~ g 2
o a !
19 0
5 1025 1050 1075 1100 1125
©
E’_ Annealing temperature(C)
£
2 Fig. 3. Effect of annealing temperature on the scale
structure of the steels annealed in the com-
) . ) . bustive atmosphere.
0 20 40 60 80 100
Time(s) IR T OIRERM 2 ES ¢ 5 2 Ltk b BRBRA OB

Fig. 1. Heat pattern for simulating annealing pro-
cess.
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Fig. 2. Preparation of cross-sectional specimens by

Table 3. Descaling conditions in laboratory after

annealing.
Solution Concentration (mass%) Temperature ('C) Electrolysis value (C/m2)
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Fig. 4. Glow discharge spectroscopy analysis on the
oxide layers of the steels annealed at (a)

1075°C, (b)1100°C, and (c)1125°C.
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Fig. 5. TEM images of cross-sectional oxide layers
of the steels annealed at (a)1075°C, (b) 1100°C,
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Fig. 6. EDX analysis for depth profile of Cr, Fe, Mn, Ni, and Si count ratios in the oxide layers of the steels
annealed at (a)1075°C, (b)1100°C, and (c)1125°C.
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Fig. 7. EDX analysis for depth profile of Cr count
ratio at the interface between scale and
substrate in the steels annealed at (a)1075°C,
(b)1100°C, and (c)1125°C.
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Fig. 8. Effect of annealing temperature on pickling
loss of the steels annealed in the combustive
atmosphere.
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Table 4. Base phases and oxides used for thermo
dynamic calculation.

Oxides
Fes04, FeCrz04, Fe203, Fe203, Cr203
FezMnOs, FeO, SiOz, MnO, MnO2
Fe2Si04, FeSiOs, Ni2SiOs, FeaNiO«
CrzNiOs, NiO

Base phases
Austenitic phase, Ferritic phase
Carbo-nitriding phase
Sigma phase, M2(C, N)= ¢ phase

M7Ca, M23Cs, Cementite

RELI, 2OEIEIEE1075°C, & F1100°CT ik
0.6pmfRET, 1125°CTIR#FIMEDL.8uymT H Y, % 12
DCriglE I BESE E1075°C, 1100°CT IR 15%RE L D IC
AL, 1125°CTR12%fREC T TIKT L7,

Fig. 8 (2 & Bttt O i i35 B AR, B s BR300 B ERIE
WEPRT, BB L b PHEER T OREIX0.4(g/m?)
BELED G L1205, WHBEET ORER MR E L &
W1125°CDO Y DHE L It » 12,

4. EE

4.1 R—ILiEE

EDXi & 2 2 — A DO R(Fig.6)& b,
SUS3S0IR RS D A r — ik 4 BRERSE L e 5 2 L dibdy
5712, —ERIIATOBILIZIT VT, BREORILH AR
T 5350, TEBHELOEC L OB, v b DN
BluAERLUBREEY L 39, 22T, 22 TRASKREXRS
BIIERNIMEE D 5 %, THRE#L E 2aUFET 50
— R I N T3 FHFE Y 7 b TH % Thermo-Calc'®
PHCT, PSR ERA L, SUS304M HEARBESRR (- 425
Lo 2B b ZHEE L 12,

ARMACIEBH¥ET — X —~N— 2 IESGTE-Solution
database ¢ SGTE-Substance databaseDMERTH b, B
fe#r & L TFe-Cr-Mn-Si-Ni-O® 6 TRTHREL, 44T
2L ESIH LIc, SHECHE L IH # Table 4 (27" T,
FHELIH A & EE#11000CT—F L L, &7, ZELY
AR IS L LT3 DL L TPERIE Y E
ML, Z20FtHKERPFig 9 0RT, 22T, HElIEE
DIEETDH O, HMIIREMEE 1L LI SOZHEYHE
DEDEEITH 2, F2E, Fig. 9 iox v T, BBERT ~
10 BTEA—RATF 4 ME, FeCr,0,, MnO» 4Kk
L, BERT > v v1072T W, FeO, FeCr,0,, ¥ — 27
74 B ¥ L FFe,SiO AR L, 2 DILRIIHmOE R
I 2HBEFRLTV5, MEBOBEDFREDY, EROBERL
MERPOBEDHE L —HT AP REAHATH 2, 20
RED E BRI E, PRI LS, B RS
FTotFrLlz, COHERBELIHHREL Y, SRR{LDE
DHEEZHR L TA 5B,

39, Fig. 976, £1EOMNE) ik, Fe,Si0, &t FeO»*
ERT 5 8EDODH 2 2 b 2, FeOIR R HIBRIZLHEL
TFe; 0,427 3 2 & ¥ & FEBEXIRT I, M0, ¥ & U'M,0,
LrBllllsnhr»ofcl bt 2F2 2L, F1BUMNE) I



1.0
0.9
w 0.8
&
S 07
Q’ el
5 0.6 F Austenitic phase
c
o
g 05 F Fe
Eoal FeCra04
%.
'g 03 + Cr20s
02}
0.1} Fod
0 Sioz___ |, Mng —FesSios
10 40 10" 10" 102 10"

Activity of oxygen

Fig. 9. Relation between activity of oxygen and
oxide weight fraction calculated by thermo
dynamics.

FeaOa

FezSiO4\

(Fe,Cr)20

Substrate

Fig. 10. Oxide structure of type 304 stainless steels
annealed at temperatures of 1025-1150°C in
the combustive atmosphere.

Fe,Si0,, Fe,0, b k->Tw3LtHE2 L5,

Z L T,Fig.9 76, 3 2 & iZ13FeCr,0, £ MnO» AKX T
BUREMEDDH B Z L a¥bd B, Lo L, MnOWBIL T,
AHWOFHE T MRt £ L TMnCr,0,D7 — X —5371 ¢
ZEINTOCLRCIHBMnOL L THEI NI THD,
FER R XBFEDOFERED 6 FeCr,0,D A & A vz MnhiiE R
LT EEZLDVENTHL, LIcH-T, B2RI
(Fe, Mn)Cr,0, tF i 6015,

R 8 3 B, BRI T (Fe, Cr),0,3TT I X
Poled’, Tih F— X —~— 212 (Fe, Cr) ,0;D 7 — & —
ety tFi o, Fig 6 TIXE 3B LFeBAS
NTVBIE»L, F3BOHEER (Fe, Cr),0, Cr0:t
HRH3INSG,

7, MSREOE 4 BIXSIO, L L Y B2 uEEEL H B
TEFbHY, IO ERAIRERELEHLTY S,

Pik#%® 3 £ 5 L, SUSS0MMERESIRD 2 r — vz I,
Fig.1027RT & 5 128 1 B (WH8) iXFe,Si0, L Fe,0,, # 2
J&i% (Fe, Mn)Cr.0O,, & 38X (Fe, Cr),0; &£ Cr,0;, #4
BliSiO ik > T3 EEL LS,

42 SHAARODEEILZEE)
KD, BREOEBGBRCESCTRET 3. BILOWT

SUS304MHEMESTIR OB 2 r — A2 30 SIFTEMLIEEREEORE 340 I

R LIS R E L Y N HF TR 2 b, Rufrmicid T
BEEP S, EREEDECACANVKROBEY, D%
F1BIHIOCE 2B ICAERL, 2 ONIBIIL iRk
FEDECCr,0:,RSi0 KT A2 LHFLOLNB, ZLT,
B R LY A, Cr,0, D#kE U 1o PR D B A i &
n L, L SR EOBE R T v > v vidCr,0, D ik
JEREIZ 2 TF Y, FeOBBLRIGIXHIEIS 51, & 72,
SiO, P DOCrOMEGRE IR EH 2 L s b5, Fig.5 96
bbb & ) IISIOIERM LK b ic{vwieY, Cr
DWW e £HENLHT B 2 Eld v, L2 - TENLE
DEEALIE FIZH 3 BDOCr,0,% & L2 DHBDSIO,DADK
ET3LHZ615, 372, &1 RBOSIELIIEELAIRAIC
HERLIZLDEHEZLNED, ZDL 5 LENMEDSIHE/LIX
SUS430055RE L FEH Rz 30 2 BEALERIE AT 23T b
WMEINTL 312,
4.3 BBEEERAS—IEHEDBR

A= DEBFFCCO0 2 R L T2EIRDEALR
BESEREY LD 2 o0 TIEL 5 2 LdTb a5 72,1100°C
REDRETORRILTIE, A —2FF 4 bhOCroyEu
FEIRECICD, Cr,O: R ET 5 EBHCrB YV HRET A D
IRENTI Yo, fit> TCr,OB L E DL 8 I hER R T
OEMBECEIEMNET s EFELONE, 22T, BEisM
KT B Cr,O0,B bR OE S T TRET LTS,

0.1uml FEORALHDORE ST, Bt &R
DEEVE G L S22 (1) RIORT EARBE(LH D3, BHE
D CREED A r — v DERT A 5ACE, (2)XIETR
TR CFES L3nTuw 5,

AW TRt wreereesemmmremmsrmenne ettt (1)
AW = (Rpt) 2 weeeeeremermemrimmnisneenesiiii (2)

(AW (g/cm?) ---Be{LIE &, k,(g/cm?+s), k,(g?/cm*:s)
AL R, t(s) R

REEBRD L S LB GTIE, BEEOE IR#EEDCr,0,
DPHER L T 50T, Cr,O: DRI W TR DT
YLD LRET & %, Cr,0; Dk, DEFEKRAF L, KD (3)KX
THRINEWY,

kp,=3.16X107* » exp(-1.71X10° /RT) +-eereveeeeee (3)
(R(J/mol * K) -5 €8, T (K)---{RfE)

FRRIZE, Cr,O; D FEZSIO KT 5 L CrOILiH» i
Fofns 2 LR, 3 72Cr,0, % DOFE R OHLHEE I35 B O R
FERTF e nCE YT B2 L 619, FEIISIO,0T,
LB ACANVEBIUIY AT 552, kKDMEIZ(3)
RibFhns Lt FEanz, Lyrl, ZITIREHE M
LT A, BEORM» OR%HEI T(3I)RXKY oL
L7,

(3)RP(2)R AT S L, R=8.31(J/mol-K)TH 5
»6,




BN 350 & $BVol. 84(1998)No. 5

(a)
g 1200 NN Thickness
g 4 \\\ \\\\\ :\\ (#m)
g 11001) 5 N SN~ T8
& R =t
8 Tl —- 05
@ 1000f R el
-(_; .......... -
g -----------
£ N

900520 40 60 80 100

Annealing time (s)

(b)

g 1200 Sputterring time to Si peak (s)
@

=1

£ 1100(

g

13

2 .

> 1000]

£

£

< 9000 20 40 60 80 100

Annealing time (s)

Fig. 11. Relation between thickness of scale and annealing condition. (a) Calculated curves and (b) sputtering
time to Si peak by GDS analysis as a function of annealing time and temperature.
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