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Wetting Characteristics of Low Carbon Rimmed Steel with Molten Zinc

Synopsis :

Yusuke HIROSE, Hiroshi ToGcawaA, Jiro Sumiya

A low carbon rimmed steel heated for a short time in an H,-N, gas was dipped into a molten zinc.
The effects of the steel sheet factors, reduction heating conditions and the reducing gas conditions on
the wetting characteristics were studied by use of a measuring instrument of gas reduction type meni-
scograph. A study was also made on the relation between the wettability of steel and the structure
of the surface layer of it which was changed depending on these conditions.

The main results obtained are as follows :

1) If the surface layer is made hard by plastic deformation, an increased rate of wetting 1s caused.
2) The rougher the surface, the higher the equilibrium extent of the wetting force. The surface
roughness being the same, the wetting force is lowered when the dew point of the atmospheric gas is

raised.

3) The wetting rate sharply increases with the steel temperature just before dipping if it lies

between 400°C and 640°C.

4) If the dew point of the gas is increased to the temperature higher than —30°C, the wettability,
especially the wetting rate of the steel is deteriorated, which might be caused by Fe-oxide film for-

mation.
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Fig. 1. Measuring instrument of gas reduction type meniscograph.

Table 1. Chemical composition of the specimen
(Wt%)
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a. Dipping start, b. Stop, c. point where contact angle is 90°,
d. Point of equilibrium wetting force, e. Starting point of
pulling up, f. Buoyancy, g. Wetting force (Equilibrium wet-
ting), h. Time for equilibrium wetting
Fig. 2. Idealized wetting curve obtained by the measu-
ring instrument of meniscograph and schematic diagram
showing specimen-zinc bath boundary.

Table 2. Reduction heating and measurement of
wetting characteristics.

Reduction heating Heating rate (°C/s) 18
conditions Standard holding 700
temperature (°C)
Standard holding 30
time (s)

Cooling rate (°GC/s) “about 10
Steels sheet temper-
ature immediately 460

before dipping (°C)

Atmospheric gas Standard composition 75H ,-25N,

(vol. %)

Standard dew point —60

()

Flow rate (N.//min.) 10
Measurement con- Dipping rate (mm/s) 32
ditions of . Dip depth (mm) 10
wetting characteristics Dip time (s) 15

Molten zinc bath Composition (wt%) 0.2A1-0.2Pb-Zn

Temperature (°C) 460
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Table 3. Surface layer analysis conditions of
steel sheets.

Equipment Analysis
Ton micro Primary ion beam 03
analyzer Acceleration voltage of
(Hitachi TMA-2) primary ion beam (kV) 10
Primary ion beam 2% 10-7

current (A)

Primary ion beam dia.
()
Vacuum degree (Pa)

500~ 1000
6.7x10-5

ESCA X-ray source MgKa(l 254eV)
(AES/SIMS) -
(PHI 555 X-ray voltage (kV) 1(2)
Special type) Beam current (A) 4x10
Vacuum degree (Pa) 6.7%x10-7
Ar* Sputtering 5kV-20mA
Pointessseesssecses 1 mme(hvw)
Luster:seeeeas serr 3mmx 3 mm
Acceleration voltage of 5
primary beam (kV)
?;I]?Ielr 559‘8% Primary ‘b'eam current(A) 3x10-6
Modulation energy 6
(eV P-P)
Vacuum degree (Pa) (1.3~9.3)x10-7
RHEED Aceleration voltage (kV) 110~140

(Home made) Camera length (em) 50
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Fig. 3. Effect of annealing conditions of steel sheet
on the wetting curve obtained by the measuring
instrument of meniscograph.
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wetting force
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Time for equilibrium wetting (s)

Equilibrium wetting force (dyn/cm)
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Fig. 4. Effect of surface hardness of steel sheet
on wetting characteristics.
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(a) As cold rolled

(b) 600°Cx20s
(c) 730°Cx20s

Wavelength of the
electrons applied:
0.0343%

Photo. 1. Relation between heating temperature
after cold rolling and RHEED patterns on the
steel surface.
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Equilibrium wetting force (dyn/cm)
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Average surface roughness (u)

At D. P. of —30°C, the equilibrium wetting force was not
reached when the surface roughness was less than lg.

Fig. 5. Effect of steel sheet surface roughness and
dew point of reducing atmosphere on wetting cha-
racteristics.
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Fig. 6. Effect of steel sheet temperature just before
immersion on wetting charateristics with the reduction
heating conditions fixed.
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Fig. 7. Effect of reduction heating temperature of
steel sheet on wetting characteristics.
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Photo. 2. RHEED pattern on the steel surface heated
in 75vol?sH,-N, gas of —17°C in dew point.
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