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Influence of B in Steel on the Morphology of Selectively Formed Mn-oxides on
the Steel Sheet Surface during Recrystallization Annealing

Yoshitsugu Suzukl, Kazuaki KYONO, Chiaki KATO and Kazuo MOCHIZUKI

Synopsis :

Influence of B on the selective surface oxidation behavior of Mn during recrystallization annealing was investigated by glow discharged spec-
troscopy, secondary electron microscopy and auger electron spectroscopy, on the 0.4 mass% Mn added ultra low carbon steel.

It is well known that both Mn and B are segregated on the surface due to the selective surface oxidation during the annealing in a reducing
atmosphere. When the amount of B in the steel was 11 ppm, a B-Mn compound oxide is considered to be in molten phase, because the melt-
ing point of the compound oxide is lowered than the annealing temperature. As a result, the compound oxide was in globular shape in anneal-
ing at 850°C, due to the effect of surface tension.

In case of B free steel, Mn was found on the grain-boundary as Mn oxide, because of preferable diffusion through grain-boundary after re-
crystallization annealing. In case of B added steel, B segregated precedingly before recrystallizing, both on the grain-boundary and in the
grain. Mn segregated after recrystallizing, forming a B-Mn compound oxide in molten phase. Because the compound oxide is considered to
coagulate and move on the steel surface during annealing, the oxide was eventually distributed both on the grain-boundary and in the grain.

The morphology of a B-Mn compound oxide changed diversely according to the amount of the B in steel. It is considered that the melting
point and the chemical composition of the compund oxide influence the morphology of the selective surface oxide of the annealed B added
steel.

Key words : Mn; B; recrystallization annealing; selective surface oxidation; morphology; phase diagram.
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Table 1. Chemical composition of substrates (in mass%; C, S, N, B in ppm).

C S Mn P S Al N 8 N b

26 0.032 0.41 0.053 85 0.032 12 0 0.014
24 0.032 0.39 0.049 84 0.033 13 1 0.014
15 0.032 0.42 0.052 85 0.032 13 6 0.014
20 0.034 0.41 0.055 80 0.032 13 12 0.015
16 0.032 0.42 0.049 85 0.035 12 35 0.015
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(Fig. 1a) B=0 ppm, B/Mn =0
The amounts of Mn selective surface
oxidation / a.u. =60

(Fig. 1b) B=11 ppm, B/Mn =1.2
The amounts of Mn selective surface
oxidation / a.u. =56
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Fig. 1. SEM photographs of the surface appearances of
annealed sheet steels (annealed at 850°C, 205s).

ppm) D FHf 2 KR LEEERB EFEC4s 23y # L7
BWAOMEE L, ZhZFHh Mn=15/au, B=22/auTd >
77,
FHERLHOBIEITE 7R (S800-SEM ; H L HUE
Fr), MR AMICIZERBHABOL -V s BEFHAKE
(FE-AES model670; PHIFE®) ¥ & ONE @ AIE FREMS
(H700-HS ; H > 81Em) % Hwv, ZH L5k, 10kY,
150kV DHIHFEE THIE L7z, ZHEB(LHOHH YA %
FETDICH-0, BTHEMBIC K 2BEAE L FE-AES
ICEkBMEES—RX ¥ 5720, FRERERRIZS
EhC®Hy 2 —F 4 7 Tv—F 7% T FE-AES 4
WaiTo72, ZOH%ERE T4 X —LBRTT y F 74
MU TRNARAEM S, ETHEMSEBEL -,

3. ®\R

3.1 BREMOEES MnEKEHB{LES SUEREINEDID
Y MCRIZFTRE

BEARMO I & BIRIME A 11 ppm D K % 850°C T
20s NELL |, EBFSEMBI TEHE L stk Rk & Fig.
HIRY ., BERMEAOREIZIE, (2T 03um IFOKE
XOLRERRIE M L=, GDS HlE TEEILL
7-MnERmEBRILEIZ60 ((EFHAL) 7257z (Fig. 1(a)). BIR
mél (BAME11ppm) DFMIZIE, F& L T01~0.5um
DK E X DERIZREME A3 4T HI L TV 7= (Fig. 1(b))o Mn %



mRL R 56 ((ERRHAL), B/Mn Hid 1.2T, B WA &
B ERMMO Mn X H B RITIEITAE S -7/, 72, B
NG CIX MR OMmgERmIcF v 2, TIRXEBDbRhD
AR D EABRIZEA® 5 h /-, BESIIEE D GDS HIER R %

1.0

0.0Tum

(As Fe) (a)

—t

e
®
T

Fe

o
=3
T
o

e
F-y
T

Intensity / a.u.

e
~

e
o

(b)

o
©
T

Fe

o
@

o
S

Intensity / a.u.

b
)
1

0 [
0. 5 10 7

Sputtering Time / sec

Fig. 2. The depth profiles of the annealed B-added and B-
free sheet steels (a: B-free steel, b: B-added steel).

AES-Mapping Image (O) (Fig. 3c)
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Fig. 3. Mapping images of the B-free annealed sheet steel surface.
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Fig. 4. Mapping images of the B-added (11 ppm) annealed sheet steel surface.
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Fig. 5. FE-AES analysis of the surface oxide of the annealed sheet steel (B=11 ppm).
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Fig. 6. Selective surface oxidation behavior of B, Mn and
the change of B/Mn ratio of 1ppm B-added steel, at
initial stage in the annealing process.
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Fig. 7. Influence of B in steel on the amounts of Mn selec-
tive surface oxidation.
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(Fig. 8a) B=1 ppm, B/Mn =0.20
The amounts of Mn selective surface
oxidation / a.u. =58 ; irregular shape
(annealed at 850°C, 20sec)

(Fig. 8b) B= 35 ppm, B/Mn =2.6
The amounts of Mn selective surface
oxidation / a.u. =57 ; columnar shape
(annealed at 850°C, 20sec)
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(Fig. 8d) Surface appearance of the
B added (35ppm) annealed sheet steel
surface (annealed at 800°C, 1sec)

(Fig. 8¢c) Surface appearance of the
B added (35ppm) annealed sheet steel
surface (annealed at 700°C, 1sec)
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Fig. 8. SEM photographs of the surface appearance of the
35 ppm B-added annealed sheet steel.
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QO : globular shape
[ : columnar shape
* | irreqular shape

Annealing Temperature / C

B/Mn ratio

Relationship between B/Mn ratio, annealing tem-
perature and the morphology of B-Mn compound
oxide of the annealed sheet steel surface.
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Table 2. Diffusion coefficient of B and Mn at 850°C.

D(850°C)/m?s"| Reference
Mn 2.1X107 15
3.7X107" 16
B | 4.6X10"(") 17

*Calculated by the frequency factor and the activation
energy determined in the range of 20-550°C.
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Fig. 11. Estimated mechanisms of Mn selective surface oxidation in both for B-free and B-added sheet steel.
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Fig. 8(d) 2 & Rl—getiti e LicpReD R 2 RERIL
MIMBTEET 5 Z L ARSI, Kl k> TREELIE
BERREBESIZRABIELS, THIORKS AR
M EME RIS EL T3 EEEEH 5., ZDI
L, BEHMIZEK > T B, Mn ZhZThoRmEFLER)
MBEEBZLIREINDH, HMBORKREALLMEL DX
EECRIIHER T E TRV, FHLEREIC OV
TIEAHTH 5.
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Pk &5z, Rt EDHE % B-Mn AL
MORMBEELOBE» 5 EER L2, ZHiZ Fig. 9 15T &
IICERIRBR LT RE 4 L 5B &P A Fig.10 @ B-Mn #
AEALPHERKIC BT SBEELES L ENL TWEZ e h
LeXFEhsLELIOND, Lid->T, B-Mn HEE
ts ke T2 RERCHEEL, ZERELEDHO
B-Mn&HLE, @S, SKLOBEMEBEICIYXAEIZNS
LEZOLNS,

5. £&®

0.4 mass% Mn &4 Nb RE{ER BHFR O Beslith & Bt
MOTREIZRIFTHHP BOMEIZOWTHEL 2R, L
TOMR%EE-,

(1) B A'11ppm ZHMX h7-8ROERELDIERIRL
L7z, ZHud, BEsishic B-Mn AR E O R
L A3 AR R TRl U CRERINIC K DIERIRIEL , 20
FEHREL-7-HDEEI NS,

(2) B ERMMTIT Mn BRILHFEEROZRTBE(LDH R
WEE _ EOMERRIRT L, ZHid Mn AFEELTH
REBRICNAERHL TERENICEREICHERT 520 L%
Abhs,

(3) B@HMHATIE, B-Mn ALY EEROETEL
MRR, RNERDTEIRERmIZAMA L 72, Z s
MR THERTE TR LR T VB AT L TEmEL
L, ZO#%, Mn BPEEEL L TR X7 B, Mn A
L EHORIBLSH, FREE CRM L CEE - B8

68

L7z7=btEALGNS,

(4) B-Mn HARLM% Tk T 2 MsilkEmBEty
oz, ZHR{LHHO B-Mn EHLE, HER
tHORME, SIUPMEEICLOXREhsLELLA
%,
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