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A new method is proposed to solve edge cracking and corrosion in rolling process of the magnesium alloy plate. Usually in the
process, the edge cracking is caused by the great temperature difference between the edge and the center of the alloy plate and the
corrosion is by water in air. The method uses hot air wrapped around the plate to perfectly prevent edge cracking and corrosion.
The method also includes cathodic protection for the magnesium alloy based on electrochemistry. The suppression of cathodic
protection on the chemical activity of the magnesium alloy was studied. The experiment shows that the new method of edge
heating with hot air wrapping is effective to prevent edge cracking and corrosion. Also, the cathodic protection can effectively
suppress the chemical activity of the magnesium alloy and improve the surface quality in the rolling process of the magnesium

plate, which provides a new concept in rolling process of the magnesium alloy.

1. Introduction

Magnesium alloys are new materials for the biomedical and
automobile industries. The alloys have a lot of properties,
such as low density, high specific strength, high specific
stiffness and fatigue strength, good thermal conductivity,
good damping and vibration reduction, good cutting per-
formance, and easy recycling, that leads to numerous in-
dustrial applications [1-3]. The environment control of
rolling equipment has a great effect on the quality in the
rolling process of the magnesium alloy [4-6].

Firstly, the temperature has a great influence on the
forming and cracking quality after rolling [7-10]. There is a
large temperature difference between the center and the edge
of the magnesium alloy in the rolling process of the mag-
nesium alloy. The temperature results in a metal flow dif-
ference between the center and the edge of the alloy. Edge
crack occurs when the additional tensile stress on the edge
exceeds the fracture strength limit of the magnesium alloy
[11, 12].

The existing methods for temperature control in the
rolling process of the magnesium alloy are induction
heating, resistance heating, flame heating, etc. [13]. In the
roll heating method, the heating efficiency of the magnesium
alloy plate is low. The temperature difference between the
center and the edge is difficult to be eliminated, and the
problem of friction heating between the associated roll and
the magnesium alloy plate as well as the bearing lubrication
deterioration of the roll system may also occur. By the re-
sistance heating method, the temperature difference between
the center and the edge of local heating cannot be targeted.
Although the flame heating method can effectively eliminate
the local heating caused by the temperature difference be-
tween the center and the edge, the magnesium element in the
magnesium alloy has active chemical properties, which is
easy to induce the modification of the magnesium alloy and
even induce the spontaneous combustion accident of the
magnesium alloy.

The heating transfer has three forms: conduction, ra-
diation, and convection based on thermodynamics. After
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performing research and experiment, it was found that the
main reason of temperature difference between the center
and the edge is the unbalanced dissipation of the plate
caused by hot air convection at the edge. Also, another
reason is the friction heating between the plate and rollers.
Accordingly, an active temperature compensation method
using air heating at the edge is proposed in this paper. This
method eliminates the temperature difference in rolling
process using the temperature compensation effect that the
raised hot air wraps on both sides of the plate. So finally, the
method prevents edge cracking.

Secondly, the magnesium element in the magnesium
alloy has active chemical properties, which can easily react
with the chemical elements in the rolling environment [14].
So far, the effect of humidity on the forming of the mag-
nesium alloy in the rolling environment has often been
ignored. Above 120°C, water vapor will accelerate the oxi-
dation speed of magnesium alloys [15, 16]. According to the
chemical properties of magnesium, there are the following
reactions:

Mg + H,0 + CO, = MgCO,; + H, (1)
Mg+ H,0 =MgO +H, (2)
Mg +2H,0 = Mg(OH), + H, (3)

Obviously, magnesium alloys can easily produce hy-
drogen in high-humidity rolling environment [17-19], as
shown in (1)-(3). The ignition temperature of pure hydrogen
is 400°C, and the lowest ignition point of hydrogen in air is
574°C. It is lower than the ignition points 632-635°C of
magnesium in air [20]. At the same time, metallic magne-
sium can be used as a high-energy storage material for
hydrogen storage [21]. At about 250°C and at normal
pressure, magnesium and hydrogen can be produced, which
can release hydrogen at low pressure or slightly higher
temperature [22]. In the field of electrochemistry, hydrogen
can also cause hydrogen corrosion in the form of hydrogen
bulging [23-25], hydrogen embrittlement [26-28], and
hydrogen corrosion [29, 30]. Hydrogen can be immersed
between the lattice of the metal and expand or deform the
lattice and finally make the metal brittle that is called as
hydrogen embrittlement. In the process of rolling, the
embrittlement would result in cracks in the middle of the
magnesium alloy that affects the quality of the magnesium
alloys [31-33]. Therefore, it is necessary to dehumidify in the
rolling environment [34, 35].

Magnesium metal reacts with other substances in the air
as follows [36]:

2Mg + O, = 2MgO
3Mg + N, = Mg;N,
2Mg + CO, = 2MgO + C
Mg + Br, = 2MgBr,
2Mg + SiO, = 2MgO + Si
Mg+ H,S = MgS + H,

(4)
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Because of so many chemical reactions, active preven-
tion should be used in engineering [37, 38]. The protection
gas sulfur hexafluoride is often used to isolate during the
casting of the magnesium alloy [39, 40]. However, this
method is used in rolling equipment, so a series of problems
may arise. First of all, the cost of rolling process is rising. The
protective gas only needs to cover the pouring ladle in
casting, but it is obviously difficult to realize on the rolling
process with the length in kilometers. The sharp increase in
cost naturally affects the scope of application of the mag-
nesium alloy, but it has certain feasibility for small batch or
coil rolling. Secondly, the specific heat capacity of the
protective gas is lower, so it needs rapid circulation to
achieve the edge-wrapped insulation. Thirdly, sulfur hexa-
fluoride gas can cause depletion of the ozone layer [41]. Once
a large amount of the protective gas leaks, it will cause
environmental hazards. Therefore, more safe and inexpen-
sive protection methods are needed in the magnesium alloy
rolling equipment. The cathodic protection method should
become an option for the rolling equipment of the mag-
nesium alloy [42, 43].

Based on this, the new concept of thermal insulation
rolling table equipment and edge crack suppression for the
magnesium alloy is put forward in this paper. Combined
with the study of cathodic protection, the method realizes to
suppress edge crack and hydrogen corrosion [44, 45] in
rolling process of the magnesium alloy plate and effectively
improve the forming quality of the magnesium plate [46].

2. Design of Thermal Insulation Device and
Working Principle of Cathodic
Protection Equipment

2.1. A Hot Air Edge Temperature Compensation Roller In-
cubator for Rolling the Magnesium Alloy. According to the
basic principle of air flow, the traditional conveying roller
table is shown in Figure 1(a). The rapid air flow will be
formed on both sides of the magnesium alloy plate. Edge
temperature is lower than the center temperature. That is,
T, <T. (T, is the center temperature of the magnesium alloy
plate and T, is the edge temperature of the magnesium alloy
plate). According to the basic principle of air flow, the air
flow diagram of a heat preservation conveying roller table
can be designed, as shown in Figure 1(b).
The basic principle of air flow is as follows:

- vV
T G R R
m

where Ly represents the energy consumed by air to over-
come flow resistance, (J/kg); L, is the wind pressure gen-
erated by external wind energy, (J/kg); p,and p, are the
parameters of the section which are the absolute static
pressure of the air flow, (P,); v; and v, are the average ve-
locity of cross-section air flow, (m/s); p,, is the density of the
wind flow, (kg/m’); Z, and Z, are the air gravity potential
energy parameters, height from datum (m).

According to the above basic principle formula (5), the
air flow is shown in Figure 1(b). The edge temperature is
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FIGURE 1: Air flow diagram of the magnesium alloy plate roller table. (a) Air flow diagram of the traditional conveying roller table. (b) Air

flow diagram of the insulation conveying roller table.

equal to the center temperature, T, =T.. The internal
structure of the alloy insulation roller table is shown in
Figures 2 and 3.

The architecture of the thermal insulation rolling table
equipment for rolling the magnesium alloy is shown in
Figures 4 and 5. With the recycling hot air as the heat source
L, (5), the new air is heated by the preparation box. The
heated hot air is transferred to the lower side of the roller
table through filters and pipes. The filter can filter out excess
water vapor and metal dust in the air. Then, the hot air is
evenly diffused by the air uniform diffuser and flows from
both sides of the roller to the upper side (Figures 2 and 3).
The hot air recycling device is mounted on the top of the
conveyor roller table and the frame that with the heat
preparation box forms a loop by the pipeline.

In order to achieve the effect of constant temperature of
the magnesium alloy plate, temperature feedback control is
adopted and pressure and temperature sensors are used in
the feedback path.

The theoretical basis of the temperature compensation
roller equipment for the magnesium alloy is hot air con-
vection. Because of the obstacle of the magnesium alloy, the
hot air produced by the heat preparation box will be
wrapped on both sides, thus forming the temperature
compensation for the both edges of the magnesium alloy
plate. A specific thermal insulation design for wrapping both
edges has effectively reduced the rapid temperature loss at
the edges of the magnesium alloy.

The working principle of the temperature compensation
roller equipment for the magnesium alloy is shown as fol-
lows: after filtering and drying, the air is heat up in the heat
preparation box. Then, the hot air is evenly diffused from the
bottom of the equipment through the pipeline. The hot air
then rises and transfers the heat to the magnesium alloy and
then returns to the heat preparation box through the col-
lection device and the recycling pipeline. Efficient recycling
has achieved the goal of energy saving, emission reduction,
and environmental protection.

The temperature compensation roller equipment ach-
ieves the purpose of heating at both edges of the magnesium

alloy, collects harmful gases and dust, and eliminates po-
tential hazards by the approximate steady temperature field
formed by recycling hot air convection. In addition, the
control of the valve in the equipment can effectively prevent
the damage of the downstream production equipment if the
heat preparation box fails. The uniform air diffusion
equipment inside effectively prevents chemical reactions
such as with oxygen and nitrogen, by directly blowing on the
surface of the magnesium alloy, that results in poor surface
quality and potential hazards.

Although the design effectively compensates the rapid
heat dissipation at the edge by dehumidification and edge
insulation, the reaction between magnesium and other air
substances cannot be reduced actively.

2.2. Design and Working Principle of Magnesium Alloy Ca-
thodic Protection Device. Xintao Li found that the cathode of
the battery is not rusty, so he proposed a new concept of
cathodic protection.

The concept of a cathodic protection with an external
power supply is shown in Figure 6. Because of the skin effect,
a “free electron wall” is formed on the metal surface when an
external DC power supply is given (the “free electron wall” is
the outer region of the metal surface, which contains a high
concentration of free electrons). Due to the existence of the
“free electron wall,” a microelectric field is formed between
the metal surface and the environmental particles. It ef-
fectively reduces the possibility that the environmental
particles capture the free electrons of the metal materials.
Also, the wall realizes the protection of the number of free
electrons of the metal materials and thus maintains the
chemical properties of the metal. This method is called
cathodic protection with an external power supply.

In the conventional cathodic protection method, mag-
nesium is used as the sacrificial anode to protect other metals
with low chemical activity [47-50]. In the magnesium alloy
rolling process, cathodic protection is needed for the
magnesium alloy rolling equipment to reduce its chemical
reaction with external materials. The chemical expression is
shown as follows:
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FIGURE 2: Positive view of the hot air edge temperature compensation roller incubator for rolling the magnesium alloy. 1, roller incubator; 2,
roller motor; 3, magnesium plate.
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FIGURE 3: Section view of A-A in the structure of the hot air edge temperature compensation roller incubator for rolling the magnesium
alloy. 1, roller incubator; 2, roller motor; 3, magnesium plate; 4, transmission roller; 5, heat recycling pipe; 6, heat recovery unit; 7, heat return
pipe; 8, insulation layer; 9, insulation box shell; 10, air uniform diffuser; 11, heat transfer branch pipe; 12, hot air pipeline.

FIGURE 4: A schematic diagram of the three-dimensional structure of the hot air edge temperature compensation roller incubator for rolling
the magnesium alloy. 1, roller table; 2, roller motor; 3, heat recycling pipe; 4, filter; 5 and 8, blower; 6, replenishment pipeline; 7, filter; 9, heat
preparation box; 10, pressure sensor; 11, temperature sensor; 12, hot air pipeline; 13, high-temperature speed control valve; 14, rolling
machine; 15, heat recycling device mounted on the top.

original equilibrium potential to the negative, so that the
metal enters the corrosion-free area for protection [54, 55].
In the rolling process of the magnesium alloy plate, the

Cathodic protection: Mg + e = Mg~ (6)

The theoretical basis of electrochemical protection is the

method of controlling corrosion by utilizing polarization
characteristics of the metal electrochemical corrosion pro-
cess [51-53]. The traditional online cathodic protection
principle says that when the magnesium alloy reaches the
equilibrium potential, the cathode current is applied again,
and the electrode potential of the metal is shifted from the

magnesium alloy plate as a cathode electrode forms a circuit
with the air and the earth. The current is extremely small due
to the large resistance of the air. Also, it can be considered as
an open circuit. Therefore, smaller cathode power supply can
be used in this process. This method is different from the
strong current protection in the traditional online cathodic
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F1GURE 5: Top view of the hot air edge temperature compensation roller incubator for rolling magnesium alloy. 1, roller table; 2, roller motor;
3, heat recovery pipe; 4, filter; 5 and 8, blower; 6, replenishment pipeline; 7, filter; 9, heat preparation box; 10, pressure sensor; 11,
temperature sensor; 12, hot gas pipeline; 13, high-temperature speed control valve; 14, rolling machine; 15, heat recycle cover mounted on
rolling mill; 16, rolling mill main motor; 17, speed reduction box; 18, kaleidoscope; 19, unidirectional valve.

FIGURE 6: Schematic diagram of a cathodic protection method of an
external power supply.

protection. The magnesium alloy plate is full of static
electricity. According to the skin effect in electromagnetics,
negative charges will be accumulated in the surface of the
magnesium alloy plate, which is known as negative charge
encapsulated cathodic protection or negative charge pro-
tection. However, there is a potential difference between the
substance in the air and the magnesium alloy plate, which
suppress the chemical reaction.

In order to realize the active cathodic protection
methods, two methods for negative charge cathodic pro-
tection of magnesium alloys are proposed in this paper.

2.2.1. Transmission Roller with Cathodic Protection of
Hanging Bare Wire. The hanging bare electric cables are
installed on alumina ceramic conveyor rollers on the front
and back of the rolling table that is shown in Figures 7 and 8.
The upper end of the bare electric cables is connected with

the negative electrode of the adjustable power supply, and
the lower end is in contact with the magnesium plate. So, the
negative electrode of the adjustable power supply finally is
connected to the magnesium plate, and the positive elec-
trode is grounded. The electric potential of power supply
should be adjusted to the corrosion protection potential of
the magnesium alloy, which meets the requirements of the
cathodic protection.

The hanging bare electric cable is in contact with the
magnesium alloy plate under the influence of gravity in the
process. The negative voltage on the magnesium alloy plate
will produce the cathode protection. Thus, the protection
would reduce the chemical activity of magnesium and
improve the quality of magnesium alloys.

2.2.2. Cathodic Protection Conveyance Roller with Conduc-
tive Roller. Several conductive rollers are installed among
alumina ceramic conveyor rollers in the front and back of
the magnesium alloy rolling table, as shown in Figure 9. The
conductive layer of the conductive roller, shown in Fig-
ure 10, is connected with the negative pole of the adjustable
power supply through the sliding ring. The positive pole of
the adjustable power supply is grounded. The potential of the
adjustable power supply is adjusted to the corrosion po-
tential of the magnesium alloy, which must meets the
conditions of the cathodic protection criterion. The mag-
nesium plate is frictionally connected with the conductive
layer of several conductive rollers under gravity, so that the
voltage of the magnesium plate is negative.

In the transmission, the magnesium alloy plate is fric-
tionally connected with the conductive layer of the con-
ductive roller under gravity. The negative voltage of the plate
realizes cathodic protection and reduces the complex
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FIGURE 7: Structure diagram of the conveying roller with cathodic protection of a hanging bare wire. 1, rolling mill; 2, magnesium plate; 3,

hanging bare wire; 4, motor; 5, adjustable power box.
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FIGURE 8: Sectional view of conveyor roller A-A with cathodic
protection of drooping bare wires. 1, cable bridge; 2, magnesium
plate; 3, hanging bare wire; 4, motor; 5, alumina ceramic conveyor
roller; 6, insulation box.

@) B[ & ()

IR\

FIGURE 9: Structure diagram of the cathodic protection conveyance
roller with a conductive roller. 1, magnesium plate; 2, alumina
ceramic conveyor roller set; 3, 3, ..., 3n, first, second, . . ., the nth
conductive roller; 4, adjustable power box.
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F1GURE 10: Structure diagram of a conductive roller. 1, conductive
layer; 2, insulation layer; 3, sliding ring; 4, bearing.

chemical reaction between magnesium and external
substances.

3. Design of the Experimental Equipment
and Methods

According to the working principle of the temperature
compensation roller equipment, the air-drying box of the
general equipment is used to simulate its work. The type of
purchased hot air insulation box is a 10hs electrothermal
constant temperature drying box. Because there is no hot air
circulating the heating equipment in the laboratory, side
heating is used for the heating of the hot air-drying box. In
order to observe the heating process of the magnesium alloy
effectively, magnesium alloy plates were placed vertically.
The temperature difference between the upper and lower
parts of the magnesium alloy plate can be clearly observed by
the infrared thermometer.

Cathodic protection power supply: an SS3323 trackable
DC regulated power supply is selected. Since the cathode
protection voltage is applied only to realize the negative
electrostatic charge, electrochemical suppression of the
formation of chemical reaction conditions between external
substances and magnesium alloys can be achieved.

The theoretical standard electrode voltage potential of
magnesium is —2.37 V (EH) [56]. The selection of cathode
voltage for cathodic protection is based on the electrode area
of the magnesium alloy plate in the process. Also, the surface
of the plate is rarely absolutely smooth during the rolling
process. So, the real surface area is 2-3 times its geometric
area. Considering the multiple cathode reactions, thermo-
electric battery effect, variation of the rolling temperature,
resistivity of the heated magnesium alloy, and redundancy of
the protective voltage, —10 V is selected as the setting value of
the cathode voltage.

The nominal composition of the magnesium alloy: the
Mg-Al-Zn alloy Mg,Al,Zn plate is selected. The aluminium
in the plate is used to suppress the hydrogen evolution and
self-corrosion as the magnesium anode, and the zinc is used
to reduce the voltage “lag” effect caused by aluminium.

Dimensions are as follows: 200%200%*5mm and
2002003 mm.

Temperature measuring equipment which was used is
the thermal imager FlukeE4.

Experimental method: magnesium alloy plate specimens
were placed vertically in a 10hs electrothermal constant
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temperature drying box, as shown in Figure 10. No cathode
protection voltage was applied, and power was offed to cool
down after reaching the highest temperature. During this
process, the Fluke thermal imager was used to measure the
temperature and record the temperature field distribution.
Then, another sample of the magnesium alloy plate was placed
vertically in a 10 hs electrothermal constant temperature drying
box and cathodic protection voltage was applied, as shown in
Figure 11. The steps were repeated as given above, and the
temperature field distribution was recorded.

The experimental results of two magnesium alloy plate
specimens were randomly sampled by a third party. Under
the scanning electron microscope (SEM) and EDS analysis,
the effect of cathodic protection voltage on the magnesium
alloy was observed.

The experimental steps are as follows:

(1) The magnesium alloy plate was erected in the air-
drying box, and the electrothermal heating drying
box was set at 400 degree Celsius. The temperature
was measured by the Fluke thermometer E4, in-
cluding the process of heating and cooling, and the
temperature distribution of the magnesium alloy
plate was observed.

(2) Cathodic protection power test, SS3323, was used to
track the DC power supply, the positive electrode
was grounded, and the negative electrode was
connected to the magnesium alloy metal plate
through a conductive clamp. The voltage was set at
10V, and the heating experiment was conducted.
The Fluke thermometer E4 was used to measure the
temperature field distribution of the magnesium
alloy plate.

(3) After the heating experiment was completed, the
surface difference of the metal was visually mea-
sured. The samples were randomly sampled by a
third party and then analyzed by scanning electron
microscopy (SEM) and EDS to compare the differ-
ences between the samples.

(4) The experimental data were analyzed and compared,
and the experimental conclusion was drawn.

4. Experimental Results and Analysis

4.1. Analysis of Air Flow on Infrared Thermal Imaging Test of
Magnesium Alloy Plate. As shown in Figure 11, the thermal
conductivity of magnesium alloys is good, and it is greatly
affected by the temperature distribution of heated air. The
experimental results show that the temperature gradient of
the magnesium alloy plate decreases from the top to the
bottom, and the temperature difference is highly likely to
occur.

It can be seen from Figure 12 that during the cooling
process of hot air, the gradient of the upper and lower
temperature of the hot air can still be seen. At the same time,
the surface colour changes significantly.

In order to better show the hot air heating process of the
magnesium alloy, a thinner magnesium alloy plate of 3 mm

was selected and the above experiments were conducted by
cathodic protection.

As shown in Figure 13, it can be clearly seen that the
3 mm magnesium alloy plate is more obviously affected by
the heating of heated air and more intuitively illustrates the
uniformity of hot air, which has an effect on the temperature
of the magnesium alloy plate.

4.2. Improvement of Corrosion by Cathodic Protection.
The superficial morphology of magnesium alloys is observed
by scanning electron microscopy (SEM), as shown in
Figures 14-17. The magnesium alloy plates with the
Mg,Al;Zn model were placed in a hot air dryer and heated,
one piece without cathode protection negative voltage
(Figures 14 and 15) and the other with cathode protection
negative voltage (Figures 16 and 17). The experimental
results show that the superficial morphology of the mag-
nesium alloy with cathodic protection voltage is superior to
that of the magnesium alloy without cathodic protection
voltage. It can be proved that it is feasible to control the high-
temperature chemical reaction of the magnesium alloy by
online cathodic protection.

That is to say, cathodic protection can effectively control the
chemical activity of magnesium alloy metals. Its theoretical basis
is to increase the number of negative electrons of the active
metal-magnesium alloy through external power supply. Under
the skin effect, electrons of the magnesium alloy plate gather on
the metal surface, form potential difference with the outside air,
and suppress the reaction of the magnesium metal.

In the field of chemistry, the transient process of
chemical reaction is deeply analyzed. The microscopic re-
actions of the same substance are inconsistent under the
same experimental conditions (Figures 14 and 15). In this
experiment, the edge temperature of hot air is higher than
the center temperature, and the temperature of the yellow
flame is higher than that of the red flame (Figure 13). In
addition, there is a deep scratch in the upper right corner
(Figure 14) and a deep scratch in Figure 15. That is to say, the
process of heating chemical reaction, is a process of
microchange. As time goes on, the magnesium oxide powder
is gradually formed and the metal surface is released.
Therefore, the heating efficiency also has an effect on the
superficial morphology of the rolled magnesium alloy.

As shown in Figures 14-16, the effect of cathodic pro-
tection on the magnesium alloy plate is very obvious. Under
the microscopic structure, it can be seen that applying ca-
thodic protection voltage (Figure 16) can effectively suppress
the chemical reaction between the magnesium alloy and the
outside world. Not only irregular morphology of obvious
chemical reaction (Figure 14), but also impurity precipita-
tion (Figure 15) appeared on the magnesium alloy plates
without cathodic protection. During the rolling process of
the magnesium alloy plate, the hard particles are pressed into
the magnesium alloy plate by the rolling force of the roller,
and the cracks will occur randomly, resulting in the decline
of product quality.

In order to further understand the composition, EDS
analysis was carried out. It can be seen that the loose
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FIGURE 13: Hot air heating experiment of the electro-magnesium alloy with cathodic protection.

magnesium oxide component with rugged mountain-like
morphology appears on the magnesium alloy plate without
cathodic protection, as shown in Figure 14. Granular
powders are produced because of the impurities in mag-
nesium alloys during smelting, as shown in Figure 15.
From Figure 16, some bulges of about 4 microns in
diameter on the magnesium alloy plate with cathodic pro-
tection can be seen. EDS analysis shows that the magnesium
alloy reacts with oxygen in the air, and the magnesium alloy
produces local bulges. By comparing Figures 14 and 17 and

using EDS analysis and comparison, it can be seen that there
is no loose magnesium oxide component with rugged
mountain-like morphology in the magnesium alloy plates in
Figure 14, which verifies that cathodic protection can
suppress the chemical reaction of magnesium alloy
oxidation.

By EDS analysis (Figure 18), it can be concluded that by
applying negative cathodic protection voltage, chemical
reactions such as oxidation in magnesium alloy forming
process can be effectively suppressed, which verifies the
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FIGURE 14: Superficial morphology experiment and EDS analysis of the directly heated magnesium alloy plate by SEM (3000 times) without
cathodic protection voltage.
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FIGURE 15: Superficial morphology experiment and EDS analysis of the directly heated magnesium alloy plate by SEM (3000 times) without
cathodic protection voltage.
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FIGURE 16: Experimental bulging phenomenon of SEM (3000 times) micromorphology of the magnesium alloy plate heated by cathodic
protection.
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FIGURE 17: SEM (3000 times) micromorphology experiment and EDS analysis of the magnesium alloy plate heated by cathodic protection.
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FIGURE 18: SEM (3000 times) micromorphology experiment and EDS analysis of the magnesium alloy plate after cathodic protection heating.

feasibility of the application of the electrochemical protec-
tion theory to active metal magnesium alloy forming.

To sum up, the thermal insulation of the magnesium
alloy edges is achieved by circulating dry hot air, and the
electrochemical reaction is achieved by applying cathode
protection voltage to control the chemical reaction ability of
the active magnesium alloy, which is helpful to improve the
forming of magnesium alloy rolling.

5. Conclusion

(1) The temperature difference between the center and
the edge of the magnesium alloy plate can be im-
proved by the active temperature compensation
method of the magnesium alloy edge during rolling,
and then the edge crack can be reduced.

(2) The experimental results of cathodic protection
voltage applied to the magnesium alloy verify that
the chemical reaction of the magnesium alloy with
other external substances can be effectively sup-
pressed by the electrochemical method.

(3) During the production of the magnesium alloy,
corrosion of the magnesium alloy resulting from the
moisture in the air may directly affect the perfor-
mance of the magnesium alloy. Therefore, the cor-
responding drying and filtering measures should be
taken for the rolling equipment of the magnesium
alloy.
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