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Effect of Mn Content in Steels on the Selective Surface Oxidation Behavior of 1 mass% Si
Bearing Low C Steels in Recrystallization Annealing

Yoshitsugu Suzuki, Yoshiharu SUGIMOTO and Sakae Fujita

Synopsis

: Effect of Mn content and dew point of recrystallization annealing atmosphere were investigated, on the selective surface oxidation and the

internal oxidation behavior of 1 mass% Si bearing steels at 800°C, by glow discharged spectroscopy, X-ray photoelectron spectroscopy, sec-
ondary electron microscopy, transmission electron microscopy, auger electron spectroscopy, and IR absorption spectroscopy. For the steel of
which Mn content was 1mass% or less, the amount of the selective surface oxides of Si and Mn on the surface after annealing, were
increased with the increase in the Mn content in steels, due to suppression of protective SiO, formation. For the steel of which Mn content
was more than 1 mass%, both the selective surface oxidation and the internal oxidation behavior were remarkably affected by dew point of
recrystallization annealing atmosphere. In case the dew point was —40°C, the amount of Si selective surface oxidation was almost constant
and the internal oxidation was not occurred regardless of Mn content in steel. While in case the dew point was —30°C, the amount of Si
selective surface oxidation was decreased and the amount of internal oxidation was increased with the increase in the Mn content in the steel.
Those differences were explained by lowering thermodynamical oxidation potential of Si, Mn bearing steels with increase in the Mn content.
At higher dew point, non-protective Si, Mn-oxides were formed at lower dew point of annealing atmosphere, which accelerated internal oxi-
dation of Si, Mn bearing steels.

Key words: Si; Mn; selective surface oxidation; internal oxidation.
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Table 1. Chemical composition of the specimens (in
mass%o).

Steel [¢] Si_ | Mn P S Al N [0]

0.01mass%Mn | 0.150 | 0.99 | 0.01 | 0.010 | 0.0010 | 0.029 | 0.0012 | 0.0007

0.10mass%Mn | 0.150 | 1.02 | 0.10 | 0.010 | <0.0007 | 0.032 | 0.0015 | 0.0021

0.51mass%Mn | 0.151 | 1.02 | 0.51 | 0.011 | <0.0007 | 0.035 | 0.0013 | 0.0020

1.00mass%Mn | 0.152 | 1.00 | 1.00 | 0.009 | 0.0010 | 0.028 | 0.0012 | 0.0010

1.50mass%Mn | 0.149 | 1.04 | 1.50 | 0.011 | 0.0009 | 0.030 | 0.0017 | 0.0015

2.03mass%Mn | 0.140 | 0.97 | 2.03 | 0.011 [<0.0007 | 0.031 | 0.0034 | 0.0023

2.55mass%Mn | 0.154 | 0.97 | 2.55 | 0.011 | 0.0008 | 0.034 | 0.0017 | 0.0012

3.01mass%Mn | 0.154 | 0.96 | 3.01 | 0.011 | 0.0007 | 0.034 | 0.0017 | 0.0014
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Fig. 1. GDS depth profiles of the 1mass%Si—1.50mass%

Mn bearing steel surface, annealed at the dew point
of —20°C, as annealed and after S mass% HF pick-
ling. Sputtcrmg rate is at about 0.05 um s~ (upper)
and 0.01 ums~" (lower) as Fe.
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Fig. 2. GDS depth profiles of the 1mass%Si—(0.01~3.01mass%)Mn bearing steel surface, annealed at the dew point of —30 or

—40°C. (Sputtering rate is at about 0.01 ums ™' as Fe.)
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Fig. 3. Si and Mn selective surface oxidation behavior
of the 1mass%Si—(0.01~3.01mass%)Mn bearing
steel annealed at the dew point of —30 or —40°C.
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Fig. 4. IR reflection spectra of the annealed steel surface
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steel.

Si-O Mn-O
532.1_530.6

o

>
T

[
T

=3

O intensity / counts X 10%(0,3mass%Mn)
O intensity / counts X 104 (1mass%Mn)

o 530 -
Biding Energy / eV

Si intensity / counts X 103

Mn intensity / counts X 103

BESHAR 2R 7 D SEMBIEE % 1T > 72, R % Fig. 61277,
0.01 mass% Mn i T8 o % 1 13 SR SE W I R A 72,
1.00 mass% Mn ZR I T3 IC R A 5 f55H1A)
&, EERN0.2~0.8 um D RURMT I A BIER & 1 % 1 (B) A
D 5 N7z, 3.01 mass% Mn RN TIXEE 0.1 um KD
A 2 REIR AT S 4% A TR BT M U Ty 72, 1.00 mass% Mn

ISR B 2O S s sEIc K-> TRE 5
Zens, Hl»REEY 5 NzmE o 5 g0z DN

T, Fig. 2,4, 5D GDS, IR, XPS@?ﬁJﬁ%%T@m*hf: Si,
Mn, O DWW T AES I 24T - 72 f&HR % Fig. 712177,
Fig. 6D SEM%%,T\”#E.EH%#,.L&) SN H - 72 (A) T
Si, OEE < Mn WS EMIIL S i 572, HIIHFE
¥ 570 (B) TSI, Mn, ORI & W24, H(B)IZE
Y B SIBRRE X (A)IZH 1T B SidRIE & i Lggh - 72,
3.2 $ABEMnEIMED 1 mass% SiHMNEED A LPEL{LE
EHCRIF TR

e Mn B & B4 20 X B TR 22308 o N ER L
E AT T 57280, GDS THESIIET A & B & S~
DM & FET L, HEENEIZH 5 Si, MniRIE 7 a7 7 4

AHE L 72, #R % Fig. 812”7, 0.01 mass% Mn RN
HITIZHBERNERIZ 351 % Si, Mn DIREE(LIZFAE D 5 h
B2 57z, 1.00mass% MniRMIEIZ BT, FER—40°CT
i, Fig. 20 Si, Mn R ERIL ISR T 5 Si, MnDR{LE —
IVRRRIBTARD LN, BE-30°CTIEIDSi, MnD
BALY — 7 DS, sk NERDKY 0.5 um F TOREIKIZ S
D7~ FRLE -2 23ZBD S5hi, FEri—40°CTH
$i U 72 3.01 mass% MniRO08 Cid, [Fl—FZ 0 CRESL /-
1.00 mass% Mn iRMIHH & O @& &RED Si, MnDIRILE — 2

R 5z, T —30°C T 1 mass% Mn iR &

E IEH‘%O.S,um E CTOMIFEIC, 1 mass% MniRINET & H B

Si0, Si0,*

103.2 101.4
6000 Mn/
mass%
Irg\‘;g_ 0.01
4000 1.00
3.01
2000 X
104 100 9%
Biding Energy / eV
» Mn 6532 641.2
| g Mn-O | mp/
20 [~
mass %
15 r1.00
10 . 3.01
5

640
Biding Energy / eV

L L L
655 650 645 635

Fig. 5. XPS spectra of the annealed steel surface of the 1mass%Si—(0.01~3.01mass%)Mn bearing steel (dew point=—30°C).
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