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Abstract: Surface tension and filling ability of molten metal play an important role on the shaping of the molten

metal. The surface tension was calculated from wetting angles of the molten metal by the sessile drop method. The

specimen for filling ability was designed and the filling ability experiments under the alternative electromagnetic field

were performed. The results show that the intensity and frequency of the alternative electromagnetic field have sig-

nificant effects on the surface tension of the molten metal. The surface tension of AF6% Si alloy decreases with in-

creasing the intensity of the electromagnetic field. For pure Sn, the surface tension decreases gradually when the fre-

quency of electromagnetic field is reduced. The filling ability is improved by applying the alternative electromagnetic

field.
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1 INTRODUCTION

Interface is defined as the surface of liquid or
solid contacted with air or vacuum. Interface has
some particular features which result in some spe-
cial phenomena. The molecule or atom in the liquid
is in equilibrium state, while the molecule or atom
on the surface of the liquid is in the non-equlibrium
state, leading to a resultant force toward the liq-
uid. This is the reason why the surface tension is
produced. The surface tension can be understood
as a force applied on a unit length of the surface:

N
0=
- (1)
where N is the applied force, N; m is the length,

m.
Surface tension is characterized by the wetting
angle, as shown in Fig. 1.
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Fig. 1 Schematic of surface tesnion

When surface tension reaches the equilibrium
state, the following equations are obtained:

Gc= Os+ Gc * cos 0 (2)

cos = o= A (3)

G

where 0 is the wetting angle; Gs is the surface

tension between liquid and solid; G is the surface
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tension between liquid and air; and G is the sur-
face tension between solid and air.

The surface tension of molten metal plays an
important role in the shaping of molten metal and
has significant effects on the filling and solidifying
of the molten metal. During the filling process of
molten metal, the greater the surface tension, the
larger the applied pressure required to fill the
mould cavity. This usually leads to some defects,
such as misrun, cold shut and rough surface.
Smaller surface tension is favourable for rising gas
and inclusion in the molten metal, lessening the
formations of pore and inclusion defects.

There are a lot of studies about the effects of

electromagnetic field on solidification behavior' ™',

5]

solidification defects'® ' and solidification micro-

structures' ™' . Effects of alternative electromag-
netic field on surface tension and filling ability of

molten metal are mainly investigated in this study.
2 EMPERIMENTAL

2.1 Experimental sets
2.1.1 Experimental apparatus
The schematic of measurement of the wetting
angle is shown in Fig. 2.
2.1.2 Set of alternative electromagnetic field
Fig. 3 shows the set of alternative electromag-
netic field.

2.2 Experimental method
2.2, 1

M easurement of surface tension
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Fig. 2 Schematic set up of sessile drop method
1 —Light source; 2 —Furnace; 3 —Induction coil;
4 —H eating furnace tube; 5 —Specimen;
6 —Backup plate; 7 —Photographic part;
8 —Control part; 9 —Vacuum pump;
10 —Alternative electromagnetic field

Fig. 3 Set up of alternative electromagnetic field
1 —Voltage regulator; 2 —Trigger circuit; 3 —Ondoscope;
4 —Recorder; 5 —Silicon control; 6 —Inductor;

7 —H eating tube; 8 —Molten metal

A sessile drop method was used to measure
the surface tension of the molten metal. T he speci-
men with size of d2 mm X 2 mm was cut from the
metal material measured. The specimen was put on
the backup plate which was made from the compact
material with higher melting point than that of the
tested material. The specimen and the backup
plate were put into the vacuum furnace together.
As the vacuum furnace was heated to the desired
temperature, the metal drop was formed on the
backup plate. The photography of the wetting an-
gle was taken and the surface tension was calculat-
ed by measuring the wetting angle.

2.2.2 Measurement of filling ability

Fig. 4 shows the specimen designed for filling
ability measurement of molten metal. Mould mate-
rial was silicate bonded sand. The upper part of
the mould was a cylindrical cavity with size of d80
mm X 60 mm. Three fine holes were distributed
equidistantly in the bottom part of the mould. The
diameters of three fine holes were 2.5, 1.8 and 1. 1
mm, respectively, and they were all 100 mm in
depth. The filling ability was measured by compa-
ring method. Under the same environmental condi-
tions, the molten metal was poured under gravity
field, and electromagnetic field respectively.
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Fig. 4 Mould diagram for

filling ability measurement

3 RESULTS AND DISCUSSION

3.1 Effect of intensity of electromagnetic field on
surface tension

The measured material was AFF6% Si and the
material of the backup plate was graphite. The
measured temperature was 800 C. Vacuum degree
was 6. 67 x 10"’ Pa. The frequency of the electro-
magnetic field was 50 Hz. The intensity of the
electromagnetic field was changed from 0 to
0.072T. The wetting angles measured under dif-
ferent electromagnetic field intensities are shown in
Fig.5. The calculated surface tensions are given in

Table 1.

Table 1 Relationship between wetting angle and
electromagnetic intensity

Electromagnetic  Time/ Wetting  Surface tension/
field intensity/ T min angle/ (°)  (107°N * m™?)
0 5 124 840.0
0.018 5 123 813.1
0.036 5 106 511.2
0.072 ] 76 298.2

The results show that both the wetting angle
and the surface tension of AF6% Si alloy are re
duced with increasing electromagnetic field intensi

ty.

3.2 Effect of frequency of electromagnetic field on
surface tension

The used material was pure Sn and the materi-
al of the backup plate was pure copper. Vacuum
degree was 6. 67 % 10" °Pa and the temperature was
650 C. The intensity of the electromagnetic field
was fixed at 0. 05 T. The frequency of electromag-
netic field was varied from O to 50 Hz. The wetting
angles measured are shown in Fig. 6. The surface
tensions calculated are given in Table 2. It is obvi-
ous from the results listed in Table 2 that the sur
face tension of the molten metal reduces with the
reduction of the frequency of the electromagnetic
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Fig.5 Wetting angles under different electromagnetic field intensities
(a) —0T; (b) —0.018 T; (¢) —0.036 T; (d) —0.072 T

Fig. 6 Effect of frequency on wetting angle
(a) —0Hz; (b) —50Hz; (¢) —30Hz; (d) —10Hz

field. ble for the decrease of the surface tension of molten
It is indicated that the alternative electromag- metal.

netic field can decrease the surface tension of mol-

ten metal. The higher intensity and/or the lower 3.3 Effect of alternative electromagnetic field on

frequency of the electromagnetic field are favoura- filling ability
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The material used was AF6% Si alloy. The of a condenser on the unit surface:
pouring temperature was 800 C. The results of 0= P71 (4)

filling ability measurement are shown in Fig. 7.
The experiments were repeated several times.
The details of the results are given in Table 3.

Table 2 Relationship between

wetting angle and frequency
Frequency/ Time/  Wetting angle/

Surface tension/

Hz min ) (107N e m~ 1)
0 0 35 500.0
50 4 27 481.0
30 4 21 470. 4
10 4 18 466. 2

Table 3 Data for filling ability measurement

Filling samples size

No Condition
d2.5 mm dl.8 mm dl.1l mm

. GF 47.00 5.50 0
EF 51.00 48.30 23.50

5 GF 49. 00 6.00 0
EF 50. 10 43.00 20. 50

5 GF 45.10 4.30 0
EF 53.10 45.30 28.00

N GF 47.00 5.27 0
i EF 51.53 45.53 24.00

GF —Gravity field; EF —Electromagnetic field

The experimental results in Table 3 show that
the filling ability is imporved under the electromag-
netic field. According to the theory of double elec
tronic shells put forward by Barnak et al'”, sur
face tension can be regarded as the potential barrier

where Tlis the electronic charge on the unit sur

face in the condenser; % is the electric potential

difference between two electrodes.

= 2% (5)
('F':E:'I:f:4:”:1’1'{:4_22'e (6)

Based on Eqns. (4), (5) and (6), Ocan be ex-

pressed as

ATze | ze  4Tz°¢°

0= Qo — o =i

=R R? R’ (7)
where R is the distance between atoms; e is the

electric charge; z is the valency; E is the intensity
of electric field.

The surface tension is proportional to the
square of electric charge and is inversely propor
tional to the cube of distance. When the molten
metal solidifies under the electromagnetic field, an
additional electromagnetic energy is created. As a
result, both the thermodynamic potential of the
molten metal and the internal energy of the atom
are improved, which leads to an increase in the dis-
tance between atoms, i.e. the value of R increas-
ing. According to Eqn. (7), the surface tension of
molten metal is reduced.

In general, the fluidity of molten metal is re-
lated to the effective pressure head. The greater
effective pressure head results in the better fluidi-
ty. When the effective pressure head reaches zero,
the flow of molten metal is stopped. The effective
pressure head can be expressed as

He=H.+ Hi- DH. (8)

Fig. 7 Compared specimens for filling ability
(a) —Under electromagnetic field; (b) —Under gravity field
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