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Wetting Characteristics of Aluminium-killed Steel with Molten Zinc

Yusuke HIROSE, Jiro Sumiva and Hiroshi Tocawa

Synopsis:

Relations between Al-enrichment to the surface layer of Al-killed steel sheets during short-time
heating in an H,-N, atmosphere and its wetting characteristics with a molten zinc were studied in
connection with the surface structures of the steel sheets.

1) The wettability of Al-killed steel sheets with the molten zinc after the reduction-heating for a
short time varies depending on the Al concentration of the surface layer. It is degraded in accordance
with the thickness of aluminosilicates which is formed on the surface layer.

2) While the degree of Al-enrichment is notably increased by heating at temperatures above 800° C,

the wettability does not decrease.

In this case, the film consists of a defect spinel type structure of {111

oriented y-Al,O3 which is partially substituted with Fe at the vacancy site.
3) The degree of Al-enrichment to the surface layer varies depending on the quantity and the state

of Al in the steel sheets.
significantly depressed.

When Al is stabilized as AIN, the Al-enrichment by reduction-heating is

4) The wettability does not decrease after the partial oxidizing treatment which forms visible oxide
films on the steel surface, followed by the reduction-heating.
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Table 1. Chemical composition of specimens(wt%;).

Element

No.

c Si Mn P S N Sol. Al

0.04 tr 0.30 0.014 0.013 | 0.0032 tr

0.04 0.01 0.29 0.013 0011 | 0.0039 | 0.005
0.05 0.01 0.27 0.018 0.012 | 0.0043 } 0.013
004 0.01 0.32 0.018 0.011 | 0.0038 | 0.023
0.06 001 0.27 0.013 0.016 | 0.0039 | 0.034
0.05 0.01 0.32 0.015 0.012 | 00046 | 0.052
0.05 0.01 0.33 0.016 0.011 | 0.0042 | 0.078
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Fig. 1. Effect of Al content of the steel sheets on

wetting characteristics after reduction-heating of
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Fig. 2. Relation between Al content of the steel
sheets and wetting characteristics after heating of
530°C X 10s.
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Fig. 3. Relation between Al content of the steel
sheets and surface enrichment of Al, Si and Mn
at the outermost layer depending on the reduction-
heating conditions (Analyzed by IMA).
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Fig. 4. Relation between the degree of Al enri-
chment at the outermost layer and wetting force
after reduction-heating of 700°C x30s.
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Photo. 1. RHEED patterns of trace Al-contain-

ing and 0.078 wt?% Al-containing steel surface
layer after reduction-heating of 700°C x 30s.
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Fig. 5. Effect of reduction-heating temperature
on the degree of Al enrichment to the surface of
0.078 wt9% Al-containing steel sheets (Holding
time : 30s) (Analyzed by IMA).
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Fig. 6. Effect of reduction-heating temperature
on wetting characteristics of 0.078 wt% Al-con-
taining steel sheets (Holding time : 30s).
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Photo. 2. RHEED patterns of 0.078 wt2,Al-
containing steel surface layer after reduction-
heating of 850°C X 30s.
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Fig. 7. Effect of AIN precipitation ratio on wet-
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Fig. 8. Effect of reduction-heating time on wet-

ting characteristics of 0.034 wt% Al-containing

steel sheets with AIN precipitation ratio of 119

and 949. (Reduction-heating temperature : 700
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ZC, $ih Al OEE-HHRE S Zn dahtk & OBIR
% BT 5 BT, No. 5 03 k% 550~700°C DfE
& OIREECHESE LT, AIN #iiHisw 11~95% O#if T
BB, ThZho Zn DhMz2HE L.

Fig. 7 12 AIN FiHiZ%s 11% X0 MUYy wF@EL
=28} No. 5 %, 700°C, 30s 3 X0t 530°C, 10s &7
B LB Zn phEER LD THS. 530°C,
10s fnzhciy, AIN FHZBRBHR L 1 EFR—0@mW
REEENRRLTW5HA, 700°C, 30s Tk AIN Hr

Before heating

x 10min

After reductiofvheatin
(700°C

Al Si
AIN precipitation ratio: 11%

dN/dE

After reduction-heating
(700°C x 10min}

k)
; AIN precipitation ratio: 94%

1 1 1 1 ]
200 600 1000 1400 1800
Electron energy (eV)
Fig. 9. Auger electron spectra at the outermost
layer of the specimens with the AIN precipitation
ratio of 119 and 94%.

FAME S O, BIEMBED Zn DRELFMET LT
5. =Dz k&, Fig. 4 WRLULEEMRORE Al BE
DR E Zn wahik - OBFRERE TS L, AIN Frit
LDEH DI, 700°C, 30s BITMEL 7B TH,
th Al 2RRERBICEAE LI W ERBRLTWS &
£x bhb., COEAE, BILMEEEY 700°C —%E
LT, mEERrE L Lo FRIMEOELICD
BB h B bhTwb., Thbb, Fig. 8 @i L)
I, AIN FTHEN 9% LRVEHEE, iz
10min ¥ TEL LTHZ O hMAFENERE CE
T, £ 670dyn/cm EF LTS, Zhicd LT
AIN #HHZN 11% DBE, RILMBWERL R
7B Lo TED AERNDEN KT L, 10min [
DOBIEINBRICIT F OfEi: 110dyn/cm ¥ TE T LT
PR Al
3.4 v Al OEBRFHIKESARERED X E#E
DOBAfR

Zn ah O BE L, s Al o FEE-HTHRE KR

LT LT 2R ERB O Al EE L oBHRZH bivic

— 82 —



THAIFNLFPMEOEBMEBLSIC L 2hhiE

803

H1edic, AIN il 11% & X0 9% o#¥ No
S HRZE LT, RBILMBGTE X 700°C, 10min 32

TCANENTE O SR KT & 257 L.
7
A
1\
6 - [I
[
/
!
i ’
=5 I ! === Before reduction-
z / \ heating
3 1
£ \ After reduction-
<, \ heating {700°C
=T \ x 10min)
= \
=
(3]
<
%3t
L]
g
)
~
32
a

S —— - s e ey g e

0 1 2 3
Sputtering time (min)
Fig. 10. Concentration profile of the elements
Al, Si, Fe and O of 0.034% Al-containing steel
sheets with AIN precipitation ratio of 119
(Analyzed by AES).
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steel sheets after reduction-heating of 700°C x 10 min.
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Photo. 3. RHEED patterns of surface layer of
steel sheets with AIN precipitation ratio of 11%
and 949 (Reduction-heating : 700°C x 10 min).
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Fig. 12. Effect of oxidizing conditions before
reduction-heating on wetting characteristics
(Reduction-heating conditions : 700°C X 30s).
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Fig. 13. Effect of oxidizing conditions before
reduction-heating on the degree of Al enrich-
ment at the outermost layer of the 0.078 wt%
Al-containing steel sheet (Analyzed by AES)
(Reduction-heating conditions : 700°C X 30s).
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L, ZO/R L UCHEL Zn 0 X 5 RiF s
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MBS Sk Al NERBCBET 5oL, B
JC Fe BETOREYE Al 2387 Fe BaiiET2 = &8
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