B 1158

$% & 8 TetsutoHagané Vol. 89 (2003) No. 11

ﬁﬁq:' B KRR OEF B ICEH (T D

i, Mn ZRE;

-

RLEEICRIFTHE

_.ﬁ*

Effect of B in Low Carbon Steels on the Si and Mn Selective Surface Oxidation Behavior
during Continuous Recrystallization Annealing

Yoshitsugu Suzuki and Kazuaki KYONO

Synopsis

: Effect of B addition on the Si and Mn selective surface oxidation behavior of low carbon steels was investigated, by glow discharged spec-

troscopy, secondary electron microscopy, transmission electron microscopy, and auger electron spectroscopy, after recrystallization anneal-

ing. The oxides composed mainly of Si and Mn for B-free steel, and of B, Si and Mn for B-added steel. For B-free steel, fine selective surface

oxides, which covered most of the steel surface, were observed. For B-added steel, gross globular selective surface oxides were observed on

the steel surface, with partially bare Fe surface. For B-added steel, B-Si—-Mn compound oxide is considered to be in molten phase in anneal-

ing, because the melting point of the compound oxide is lowered than the annealing temperature. As a result, the compound oxide is consid-

ered to coagulate and grow during annealing, due to the surface tension effect. The amount of Si and Mn selective surface oxidation was sup-

pressed about 1/3 for B-free steel, compared with that of B-added steel, because of insufficient oxygen supply through the protective oxida-

tion layer. For B-added steel, the selective surface oxidation was promoted, because oxidation layer was considered to be non protective. Only

B addition of 5 ppm was enough, for the promotion of the Si and Mn selective surface oxidation.

Key words: Si; B; recrystallization annealing; selective surface oxidation; morphology; phase diagram.
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Table 1. Chemical composition of the substrates (mass%).

Steel C Si | Mn P S Al B N 0] note
0.5Si—| B—free | 0.155 | 0.48 | 1.49 | 0.010 | 0.0009 | 0.033 - 0.0016 | 0.0010
1.5Mn |B-added| 0.151 | 0.51 | 1.50 | 0.010 | 0.0020 | 0.034 | 0.0021 [ 0.0010 | 0.0011
B—free [ 0.150 [ 0.72 | 1.52 [ 0.011 | 0.0013 | 0.030 - 0.0017 | 0.0012
0.7Si- 0.160 [ 0.67 | 1.53 [ 0.012 | 0.0010 | 0.030 | 0.0006 | 0.0009 | 0.0014
1.5Mn [B-added| 0.155 | 0.68 | 1.50 | 0.010 | 0.0016 | 0.032 | 0.0012 | 0.0012 | 0.0010
0.160 | 0.68 | 1.50 | 0.011 | 0.0010 | 0.031 | 0.0022 | 0.0012 | 0.0012
0.7Si 0.150 | 0.71 | - [0.010]0.0011 { 0.030 - 0.0022 [ 0.0019 | For estimation of the
1.85Mn 0078 | - ]1.85[0.014]0.0050 { 0.031 - 0.0015 [ 0.0023 | surface oxides amounts
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Fig. 1. Effect of B content in steel on the morphology
of the selective surface oxides (0.5Si—1.5Mn,
900°C/60s).
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Fig. 2. IR spectra of the annealed steel surface (0.5Si-1.5Mn, 900°C/60's). A) B free, B) B added (21 ppm).
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Fig. 3. TEM micrographs of the selective surface oxides on the annealed steel surface (0.5Si~1.5Mn, 900°C/60 s).

Table 2. EDX analytical result of the extracted surface ox-
ides (mass%).

Element Steel
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Mn 72 75
Al 2 1
Fe 2 2
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Fig. 4. FE-AES analysis of the selective surface oxides on the annealed steel surface (0.5Si-1.5Mn, 900°C/60s).
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Fig. 5. GDS profiles of the annealed steel surface (0.5Si-1.5Mn, 900°C/60 s).
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Fig. 6. Effect of the amount of B on the Si, Mn selec-

tive surface oxidation amounts (0.7Si-1.5Mn,
900°C/60s). A) Si, B) Mn.

69

1.0
B)B-added(21ppm)
S5 08 Fe
©
2058 Mn
= A
7] |
€ 04\ O |
8 g P
£ N \
OZ;IB -“.t
/// ......... ~\\"‘~“—-_-
00— 5 10 15 20 25 30
Sputtering Time / sec
[0}
o 0.15
£
3
(7]
2
=4
2 E
82
=27
3%
23
o ©
€
=}
o
£
< 20

Jtimels

Fig. 7. Effect of B on the Si, Mn selective surface oxida-
tion behavior at 800°C (0.5Si—1.5Mn).
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Fig. 8. Morphology changes of the selective surface oxides
at 800°C (0.5Si—1.5Mn).
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Fig. 9. Morphology and AES-Mapping image (Fe) of the
annealed B-free and B-added steel surface (0.5Si—
1.5Mn).
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Fig. 10. Phase diagram of B,0,-Si0,'?.
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tion behavior at 800°C, corrected by area ratio
(0.5Si—1.5Mn).

Coagulation and growing of
the selective surface oxides
in molten phase.

Promotion of the selective
surface oxidation by sufficient
oxygen supply through non-
protective oxidation layer.

Fig. 12. Estimated mechanisms of Si, Mn selective surface oxidation both for B-free and B-added sheet steel.

1163 I



B 1164

$kE 8 Tetsu-to-Hagané Vol 89 (2003) No. 11

R, G BIAMA MnRERILEICKITTRHENED SN
Lirol-dDEELILbND,

0.15mass% Mn & A TivR MEFANOHFH BIRMIZ X - T,
HARCBESRED Mn, Ti, P, CrORHIR{LAHHE X 5 Z & A
WESINTBY, BFRKAHE T W0 &
G5 6%0%, BIZBNE LTEEEBELL T35 L8
ENTW3, 20729 BOERMBILIGERBRLKIGIZER
TE5EDOTIEEL, BOEERHK TIZB 3B LRIE
ICEET 2 EHEINS 20, AL LI R L DI
ILBRTHHLHELILND,

5. £&®

AR R Si-Mn 7854 TR ITSH O BesdiiR 2w L 28h 12 IE
THABOEBIZOWTHBEL -HR, UTOoMRERL2E
77

(1) BERMSIZH5ERMMBIEIITKE X0.1~03
um D/INKIRTERE T H - 724, BRI TIZ A% X 1 ym il
BITHAIRIRIE L 7z, BIRMSI T, Bestid 2 B-Si-Mn 8
ARt EAROZRIBLD 2 ST TR - BHEL T
HEEHIZKDERIRELL, 20O HEIL-7-0EEZ0R
%

(2) BERNH TIZREIRCRIEDOHHERRE T SishE
Rl S TEE S RENRILE SRS 5720, £l

72

BRI HE chs e L1615,

(3) S#PICB%ESppml LIFEMNT 3 Z & T, Si, Mn®
REBCES 3L 72, BRI T3 HEE S50
RICRERL 2 B - TRRTE L CHb gk A R 3% 729
BALRIEDRBESME T L7220 EZ 55,

X 73

1) N.Birks and G.HMeier %, FEHIFE =, KHBKR @ &BOEE
BALAFT, A, HaL, (1988),18.

C.Kato, T.Sekine, S.Umino, T.Yamashita, K. Mochizuki and M.Masu-
da: CAMP-ISIJ, 7 (1994), 1511.

L1.Olefjord, W.Leijon and U.Jelvestam: Appl. Surf. Sci., 6 (1980), 241.
M.Nagase, S.Fujii and T.Taira: CAMP-ISIJ, 7 (1994),1510.

N.Usuki and M.Hori: CAMP-ISIJ, 8 (1995), 647.

M.Hori, T.Nakamori and N.Usuki: CAMP-ISIJ, 8 (1995), 648.
M.Isobe, K.Kyono and N.Totsuka: CAMP-ISIJ, 8 (1995), 649.
S.Maeda, T.Asai, H.Hayakawa and Y.Furuno: Tetsu-fo-Hagané, 70
(1984), S459.

PDrillet, Z.Zermout, D.Bouleau and J.M.Mataigne: GALVATE-
CH2001, CRM, Blussel, (2001), 195.

Y.Suzuki, K.Kyono, C.Kato and K.Mochizuki: Tetsu-to-Hagané, 88
(2002), 763.

S.Maeda, T.Asai, S.Arai and K.Suzuki: Tetsu-to-Hagané, 68 (1982),
2497.

T.Yamashita, A.Yamamoto and C.Kato: CAMP-ISIJ, 7 (1994), 388.
HZANY Ty o, ek, BHEER, SHBPE, ¥
BEIE, B, (1985),287.

T.JRockett and W.R Foster: J. Am. Ceram. Soc., 48 (1965) Feb., 78.
T.Yamazaki: Hyomen Gijutsu, 40 (1989), 894.
ERMBORBERILEEREE, BEHAWSH, %, ¥
I, (1982), 61.

2)

3)
4)
5)
6)
7)
8)

9)
10
11)

12)
13)

14)
15)
16)



