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Abstract

A specially designed experimental platform based on the principle of electro-
magnetic hydromechanics to remove zinc drosses formed on the surface of
molten zinc in zinc pot of hot-dip galvanizing line was presented in this work.
The main components of the platform were electromagnetic field generator,
zinc pot, cooling water system, power control cabinet, and supporting plat-
form. The electromagnetic field generator was installed on the top of zinc pot.
Three experiments were conducted when the loading current, frequency, and
the distance between the bottom of the electromagnetic field generator and
the surface of molten zinc were 300 A, 20 Hz, and 180 mm, respectively. The
results showed that the relative aggregation degrees of zinc drosses were 26.4,
27.1, and 25.9. It manifested that zinc drosses can be effectively aggregated by
an external electromagnetic field to a desired location so as to remove from
the surface of molten zinc in zinc pot.
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1. Introduction

The hot-dip galvanizing process is one of the most effective ways used to protect
steel components. With the higher usage requirements of applications in automo-
tive and construction industries, the better surface quality of galvanized plate is
desired. As is known to all, zinc dross forming on the surface of molten zinc in

zinc pot is unavoidable to form and becomes one of vital factors damaging the
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surface quality of galvanized plate [1]. At present, the prevalent methods for re-
moving zinc dross mainly depend on manual or robot operation. However, the
noise and high temperature working circumstance around the zinc pot are not
suitable for workers doing the dross removing operation. Furthermore, the con-
fined space limits the operation zone of robot, which still needs to cooperate with
manual operation. In addition, it is likely to induce surface fluctuation of molten
zinc for both manual and robot zinc dross removal operation, which may lead to
serious surface quality problems [2]. To date, there is no perfect way to solve the
dross removal problem encountered in galvanizing process, and a novel technol-
ogy substituting manual and robot operation is urgent.

In recent years, electromagnetic field has been applied in an array of important
areas, and many remarkable discoveries have been reported [3]-[5]. Based on
measuring the drag force on magnetic field lines crossing melt flow, A. Thess et
al. put forward the noncontact Lorentz Force Velocimetry (LFV) technique,
which was suited for flow measurement in high-temperature melts like steel, alu-
minum [6]. Xiangmeng Meng et al proposed a combination of experimental in-
vestigation and multi-physical modelling to study the influence of the orientation
of an oscillating magnetic field on the metal mixing in the electromagnetic stirring
enhanced wire feed laser beam welding. The filler metal was distributed homoge-
nously in the final weld under a magnetic field of 10° angle [7]. Lin Wang et al.
proposed a novel and low-cost EMF-assisted MIG welding brazing method. They
found that the arc and droplet can swing along the weld width direction under the
effect of additional electromagnetic force to improve the wetting of molten alu-
minum on the steel surface [8]. Zhipeng Ma et al presented a method for electro-
magnetic ultrasonic-assisted brazing, the results indicated that electromagnetic
ultrasonic-assisted brazing prevented substrate cracking from ultrasonic vibra-
tion, and the parameters and processes were easy to control, which protects the
experimental materials [9].

From all the research above, it can be deduced that electromagnetic field has a
remarkable effect on the spreading or flowing of molten metals. Up to now, there
have been few investigations focused on dross removal technology by utilizing
electromagnetic field. In our previous work, the authors carried out a systematic
study on the effect of electromagnetic field on flow field of molten zinc and the
distribution of zinc drosses in zinc pot of hot-dip galvanizing line [10]. The results
illustrated that the feasibility of the electromagnetic dross removal technology
from a theoretical standpoint. On this condition, this work was carried out in the
light of the former studies, and the main objective of this work was devoted to
developing an apparatus serving as to remove zinc dross formed on the surface of

molten zinc in zinc pot under the influence of an electromagnetic field.

2. Experiment

A schematic of the device designed to remove zinc dross in zinc pot of hot-dip

galvanizing line is shown in Figure 1. The zinc pot containing molten zinc was
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placed on an insulated platform. The main body of the electromagnetic field gen-
erator (DJXR-800, Hebei golden century electric Co., Ltd., China) was located on
the top of the zinc pot. The electromagnetic field generator was supported by a
supporting platform, which was equipped with idler wheels and height regulating
device. The operated zone of electromagnetic field can be changed by moving the
location of the idler wheels. The distance between the surface of molten zinc and
the electromagnetic field generator can be regulated by the height regulating de-
vice. The power control cabinet provided and regulated all the power used in ex-
periments. Electric wires connected the electromagnetic field generator and the
power control cabinet. The electromagnetic field was generated by three-phase
alternating current and the maximum on-load voltage, loading current and fre-
quency were 400 V, 600 A, and 50 Hz, respectively. The electromagnetic field gen-
erator was able to work in high temperature environment from 400 to 700°C on
account of it was equipped with water-cooling and protection system. Cooling
water kept circular flow driven by a circulating water pump from the cooling wa-
ter tank to the electromagnetic field generator though water pipes. Cooling water
was used to prevent the heat transfer from zinc pot to electromagnetic field gen-
erator so as to keep the normal work temperature of the electromagnetic field
generator below 80°C. The thermocouple II was used to monitor the temperature

change of cooling water.
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Figure 1. Schematic diagrams of the overall setup designed to remove zinc dross by the
electromagnetic dross removal technology.

A photograph of the experimental setup is exhibited in Figure 2. All the com-
ponents in this apparatus were made of non-magnetic materials including 304
stainless steel, 201 stainless steel, copper alloy, and rubber, which were not vul-
nerable to magnetization. Therefore, the device itself should not influence the ex-
perimental results.

Zinc ingots with a composition of 0.175% - 0.22% Al and <0.06%Fe were se-
lected as experimental materials. In the experiment process, firstly, zinc ingots
were put in zinc pot (made of 201 stainless steel with a dimension of 500 mm in
length, 200 mm in height, and 150 mm in width) and were heated to 800°C and
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experienced 30 minutes of heat preservation. Then, the zinc pot filled with molten
zinc was transferred to the insulated platform. The electromagnetic field generator
placed on the supporting platform was moved on the top of zinc pot and kept a
180 mm distance between the bottom of the electromagnetic field generator and
the surface of molten zinc. For the convenience of observing the flowing situation
of molten zinc and the distribution of zinc dross in the experiment process, a third
part of the zinc pot was exposed and was not covered by the electromagnetic field
generator. It should be noted that, although the size of the area on the upper sur-
face of the zinc pot uncovered by the electromagnetic field in the experiment was
designed solely for the convenience of experimental observation and operation, it
is consistent with the fact that, electromagnetic field generators cannot cover the
entire upper surface of the zinc pot in actual industrial production. In addition,
these non-electromagnetic-field covered areas provide operational space for effec-
tively and in real time removing the zinc dross that has been gathered by the elec-
tromagnetic dross removal technique. In the following, the power of the electro-
magnetic field generator was turned on and the experiment started. The loading
current and frequency were 300 A and 20 Hz respectively. In the experiment pro-
cess, the temperature of molten zinc was monitored by thermocouple I, and ex-
periment was over by the time of the temperature of molten zinc below its melting

point.
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Figure 2. Photograph of the main components of the experimental setup.

3. Results and Discussion

Without the effect of electromagnetic field, zinc drosses formed and were ran-
domly distributed on the surface of molten zinc after the zinc ingot melted as
shown in Figure 3(a). This phenomenon was common and consistent with the
reality of the real situation in zinc pot of hot-dip galvanizing line. However, zinc
drosses formed on the surface of molten zinc were regularly distributed with the
effect of electromagnetic field as shown in Figure 3(b). The electromagnetic field
generator can produce an alternating magnetic field. The molten zinc, acting as a
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conductive fluid, generated induced currents within it under the influence of the
alternating magnetic field. The induced currents interacted with the magnetic
field to produce electromagnetic forces that drove the movement of the molten
zinc. Through electromagnetic induction, energy conversion was achieved,
thereby enabling the non-contact transformation of electromagnetic energy into
the kinetic energy of the molten zinc. Since the electromagnetic field can be arti-
ficially controlled, meaning the electromagnetic force can also be controlled, it is
possible to direct the flow of the molten zinc as desired. This allowed for the con-
trolled directional movement of surface zinc dross by the molten zinc, achieving
the goal of concentrating the zinc dross. The area labeled S, was covered by elec-
tromagnetic field, and the area labeled S, was not covered by electromagnetic field.
It can be seen that there was a small amount of zinc drosses in area S; and most of
zinc drosses aggregated at area S,. After the experiments, the solidified zinc ingot
was cut across cross-section, and the cross-section morphologies of the labeled
region R, and R, were observed and the results were shown in Figure 3(c) and
Figure 3(d), respectively. It was obvious found that there were few zinc drosses
on the surface of the solidified zinc ingot shown in Figure 3(c), and a large quan-
tity of zinc drosses aggregated on the surface as shown in Figure 3(d). It indicated
that electromagnetic field indeed effectively modified the distribution of zinc

drosses formed on the surface of molten zinc.

=/inc drosse=

Figure 3. Morphology and distribution of zinc drosses formed on the surface of molten
zinc without electromagnetic field (a) and with electromagnetic field (b). The cross-section
morphology of the labeled region R1 (c) and R2 (d).

In order to reflect the aggregation effect of electromagnetic field on zinc dross

formed on the surface of molten zinc, the aggregation degree was defined as the
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proportion of the amount of the formed zinc drosses to the distribution area of
zinc drosses. For the sake of analysis, it is assumed that 100 zinc drosses were
formed. Without the effect of electromagnetic field, zinc drosses randomly dis-
tributed on the surface of molten zinc, as shown in Figure 3(a), and the aggrega-
tion degree under these circumstances was defined as the initial aggregation de-
gree, Dy, which was expressed by formula (1). With electromagnetic field, zinc
drosses are regularly distributed on specific areas of the surface of molten zinc as
shown in Figure 3(b), and the aggregation degree under these circumstances was
defined as the experimental aggregation degree, D., which was expressed by for-

mula (2). Thus, the relative aggregation degree, D;, was expressed by formula (3).

D, =100/$ (1
D. =100/5. (2)
D, = (D. — Do)/ Dy (3)

where, & was the distribution area of zinc dross without electromagnetic field, m%
S. was the distribution area of zinc dross with electromagnetic field, m?.

In order to verify the reliability of the results, the experiment was repeated for
three times, and the results are shown in Table 1. It can be found that the results
of the relative aggregation degrees obtained from the three experiments were sim-
ilar, and the experiment was reliable. It was necessary to point out that the relative
aggregation degrees were small. The main reason inducing a small relative aggre-
gation degree was attributed to zinc drosses were not removed from the surface of
molten zinc in time after flowing through the electromagnetic field working zone.
Therefore, the probability of zinc drosses stayed in the electromagnetic field work-
ing zone was increased and resulted in a small relative aggregation degree. In ac-
tual industrial production, to address this problem, a dross removal zone can be
set up at a specific location on the corner of the zinc pot uncovered by the elec-
tromagnetic field. Robots can be employed to perform automatic real-time oper-
ations, ensuring that the zinc dross collected by the electromagnetic dross collec-
tion device is promptly removed from the zinc pot, thereby improving the dross

removal efficiency.

Table 1. The relative aggregation degree of zinc drosses.

Number of experiments S/m? Dy Se/m? D. D:
1 0.075 1333 0.0593 1686 26.4
2 0.075 1333 0.0589 1695 27.1
3 0.075 1333 0.0595 1679 259

4. Conclusion

An instrument devoted to removing zinc dross in zinc pot of hot-dip galvanizing
line under the effect of electromagnetic field was developed. The applied electro-
magnetic field could drive the moving of molten zinc, and further drive the mov-

ing of zinc drosses in a designed direction. The distribution of zinc drosses on the
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surface of molten zinc was explored using this instrument and the obtained results
were reliable. Zinc drosses were effectively aggregated in a certain zone in zinc pot
on condition of applying an electromagnetic field, and the maximum value of the
relative aggregation degree was 27.1. The developed instrument opened up a new
way to remove zinc drosses produced on the surface of molten zinc in zinc pot of
hot-dip galvanizing line. However, the current results were limited to experi-
mental research, and there were still many aspects, such as challenges in scaling
the device, managing energy consumption, ensuring material compatibility in a
continuous production environment, and deserving to be considered and opti-

mized before the real industrial application.
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