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Abstract: Laboratory-scale carbon anodes were produced by a new method of high temperature mould pressing, and their
physico-chemical properties were studied. The influence of mould pressing conditions and coal pitch addition on the bulk density,
crushing strength, and oxidation resistance was analyzed. The microstructure of carbon anodes was investigated by scanning electron
microscopy (SEM), and the mechanism of producing carbon anodes by high-temperature mould pressing was analyzed. The results
show that when the anodes are produced by high-temperature mould pressing, coal pitch can expand into the coke particles and fill
the pores inside the particles, which is beneficial for improving the quality of prebaked anodes. The bulk density of carbon anodes is
1.64-1.66 g/cm’, which is 0.08—0.12 g/cm® higher than that of industrial anodes, and the oxidation resistance of carbon anodes is

also significantly improved.

Key words: carbon anodes; high temperature mould pressing; aluminum electrolysis; high bulk density

1 Introduction

called the heart of aluminum
electrolysis cells, and their quality directly influences the
operation conditions and techno-economic data of the
aluminum electrolysis cells. The commercial operation
shows that about 70% of cell malfunction is caused by
low quality anodes [1,2]. The basic requirements of
anodes for aluminum electrolysis are as follows: 1) High
density, low resistivity and high mechanical strength;
2) Low susceptibility to thermal impact or good
heat-break resisting ability; 3) Low air permeability; 4)
Low air and CO, reactivity [3,4].

Based on the existing practice, it is difficult to
improve anode quality by increasing the real density and
electrical conductivity of calcined petroleum coke,
improving adhesion and carbonization abilities of coal
pitch, and raising calcination temperature of anodes
[5—7]. Outcomes of these data depend on raising
calcination temperatures to improve the performance of
calcined petroleum coke and coal pitch, but it is very
difficult with the present equipment. This would require
making a substantial improvement on the equipments
and materials of calciner and the roaster system, which is

Anodes are

less economically viable [8,9].

An important way to improve anode quality is by
increasing anode bulk density. The anode bulk density,
which has a close relation with porosity, oxidation
resistance, resistivity, thermal conductivity and
mechanical property, is an important index. The
increasing of anode bulk density can decrease the
porosity and permeability, and improve thermal
conductivity and oxidation resistance. It also can prolong
the lifetime of anodes in the condition of constant size,
lessen the effect of artificial action, keep the balance of
the electric field and magnet field, and keep a reliable
and efficient operation of aluminum electrolysis cell
production [10,11].

In the 1980s, American Union Carbide Corporation
started to use a new method to produce blast furnace
carbon brick. In the new method, the mould pressing and
baking of carbon brick were completed in one step. The
carbon brick had a very good quality with high density,
low porosity and permeability, high thermal conductivity
and excellent mechanical property [12]. In the 1990s and
2000s, FENG et al [13] used the same method to produce
carbon anodes. The density of the carbon anodes which
were composed of calcined coke, green petroleum
coke and coal pitch was up to 1.71 g/em’, the specific
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electrical resistance was about 50 Q:mm%m and the
crushing strength was above 40 MPa. Although the
quality of carbon anode which was produced by the
method of pressing and baking completed in one step
was very good, it consumed more energy since it was
baked by electricity, which led to inventory cost added,
so it failed to use in industry.

In order to save energy, a new anode production
technology called high-temperature mould pressing was
developed [14]. When using this method to produce
anodes, a lower current run through the two sides of the
mould and the materials were heated by themselves, then
a green anode was produced at a given temperature
(lower than 250 °C) with high pressure, finally a
prebaked anode was obtained after the green carbon
anode calcined in the baking furnace. In this work,
laboratory-scale carbon anodes are produced by high
temperature mould pressing, and their physico-chemical
properties are studied.

2 Experimental

2.1 Experimental materials

In the present work, the materials used were
calcined petroleum coke, spent anodes and off-grade
green anodes fragments. Coal pitch with softening point
of 105 °C was used as adhesive. The materials consisted
of four grain sizes (5—8 mm, 2—5 mm, 1-2 mm and
powder) and the batch formula was identical with the
industrial anodes.

2.2 Experimental apparatus

The high temperature mould pressing apparatus
consisted of a pressure mould and an electrically heated
pressurization apparatus. A drawing of the experimental
arrangement is shown in Fig. 1. The pressure mould
consisted of a core and a mould jacket which had an
inside diameter of 110 mm and a height of 250 mm.
There was a steel tube with an inside diameter of 260
mm, and an outside diameter of 268 mm and a height of
250 mm at the outer wall of the mould jacket.
Heat-resistant concrete was filled between the tube and

the core. The mould core was made of heat-resistant steel.

The pressurization apparatus was a hydraulic jack with
100 MPa pressure. The electrical equipment consisted of
an electric heater and a transformer of 15 kW. The
electric heater was the carbon anode itself. The output
voltage of the transformer was controlled by a voltage
regulator.

2.3 Experimental method

The mixture of materials for producing carbon
anode was prepared by weighing the components in the
desired proportions and preheating to given temperature

12""---———-T

l—

g———ﬁ'ﬂ""“"ﬁ‘(\' S " P
a— ;
S—E 1L = »
s—H | P ®
— - :

9 2 11

4 —F———= = E
2—@r— = == g
&~

1

Fig. 1 Apparatus of high temperature mould pressing: 1—Steel
frame; 2—Asbestos plate; 3—Steel plate; 4—Copper plate; 5—
Mould core; 6—Thermocouple; 7—Pressurized carbon anode;
8—Mould jacket; 9—Mould base; 10— Water-cooled steel
plate; 11—Hydraulic jack; 12—Digital temperature display

in a resistance furnace. Then the mixture was put into a
malaxator preheated to the same temperature (the
kneading temperature). At the same time, coal pitch was
melted at the kneading temperature, and then kneaded
with the other materials. After kneading for a given time,
the mixture was put into the mould and pressed under 20
MPa. Then the electric current was turned on and the
mixture was heated. The temperature and the pressure
were monitored by a thermocouple and a pressure gauge,
respectively. The pressure increased with the increasing
of electric current. The pressure and temperature reached
a given value, and kept for several seconds, and then the
pressure was cut off and electric current was turned off.
Green carbon anodes could be obtained after the sample
was demoulded, and prebaked anodes for aluminum
electrolysis cell could be obtained after the green carbon
anode was baked in industrial baking furnace.

After each experiment, a sample of the baked
carbon anode was taken for analysis. The bulk density,
specific electrical resistance, crushing strength, remains
of CO, and air reaction were determined.

3 Results and discussion

The compression moulding process is the key to
produce high quality green anode. The major factors
influencing the chemical and physical properties of
anodes are moulding pressure and moulding temperature.
A optimal moulding process of suitable pressure and
temperature is important.

It is better to remain for a few minutes before
demoulding in order to cool down the temperature of
green anodes. If the demoulding temperature is too high,
the green anodes break easily and the crushing strength
of the prebaked anodes is low. If the demoulding
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temperature is too low, the green anode will glue on the
mould and is difficult to demould. A green anode which
has smooth surface and compact interior structure with
outside diameter of 110 mm, height of 70—100 mm and
mass of 1.2—1.5 kg can be produced under proper
conditions (Fig. 2). The density testing showed that the
bulk density of green anodes are all over 1.70 g/cm’.

Fig. 2 Photo of laboratory-scale green carbon anodes

It should be noted that since the temperature tested
by thermocouple is the surface temperature of green
carbon, there may be a deviation from 10 to 40 °C. The
present temperature is the actual temperature tested by
thermocouple.

3.1 Effect of moulding pressure and moulding
temperature on bulk density of prebaked anodes
Moulding pressure and moulding temperature are

important factors influencing the quality of prebaked

anodes. The higher the moulding pressure is, the tighter
the solid particles contacting and the lower the porosity
is. But if the moulding pressure is too high, it may make
solid particles brittle fracture, which deteriorates anode
crushing strength and resistivity. Moulding temperature
mainly has an impact on the viscosity of coal pitch.

When moulding temperature is low, coal pitch has high

viscosity and poor flowability, and its bond property is

poor. But if moulding temperature is too high, the low
viscosity and good flowability of coal pitch will make it
distribute inhomogeneously. Besides that, raising the
moulding properly is
improving bulk density and decreasing the porosity of
prebaked anodes [14]. Figure 3 shows the effect of
moulding pressure and moulding temperature on the bulk
density of prebaked anodes.

The bulk density of prebaked carbon anode
increases with the increasing of moulding pressure and

temperature beneficial to

moulding temperature when the moulding temperature is
lower than 150 °C and the moulding pressure is lower
than 70 MPa.
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Fig. 3 Effect of moulding pressure and moulding temperature
on bulk density of prebaked anodes

3.2 Effect of coal pitch addition on bulk density and
crushing strength of prebaked anodes

The addition of coal pitch is another major factor
influencing the quality of prebaked anodes. Too little
coal pitch addition results in incomplete filling between
coke particles, which leads to low bulk density, high
porosity and low crushing strength. But on the other
hand, since 40% of coal pitch is volatile in the process of
anode calcination [15], the more the coal pitch addition,
the lower the bulk density is. Besides, if the addition of
coal pitch is too much, some will spread out of green
anodes in the moulding process, which causes a loss of
pitch. The effect of coal pitch addition on the bulk
density and crushing strength is shown in Fig. 4.
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Fig. 4 Effect of coal pitch addition on bulk density and

crushing strength of prebaked anodes

As shown in Fig. 4, the bulk density is not
significantly influenced by coal pitch addition, but the
crushing strength is obviously influenced. The crushing
strength increases with the increasing of coal pitch
addition, but the bulk density of prebaked anode
increases firstly, and then decreases. The optimal
addition of coal pitch is 14%.
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3.3 Effect of moulding pressure and moulding
temperature on air and CO, reactivity of
prebaked anodes
During the process of aluminum electrolysis, CO,

producing from anode bottom and air will corrode
carbon anodes due to high bath temperature. The
corrosion leads to extra consumption of anodes and
produces a lot of carbon residue in the bottom of
aluminum cell, which decreases the current efficiency
and deteriorates the technical and economic
performances [16]. So an excellent oxidation resistance
of anode is a basic requirement for modern aluminum
electrolysis cells. The oxidation resistance is always
characterized by remains of CO, reaction and remains of
air reaction. Figures 5 and 6 show the effect of moulding
pressure and moulding temperature on the remains of air
and CO, reaction of prebaked anodes.
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Fig. 5 Effect of moulding pressure and moulding temperature
on remains of air reaction
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Fig. 6 Effect of moulding pressure and moulding temperature
on remains of CO, reaction

As shown in Figs. 5 and 6, when the moulding
pressure and moulding temperature are low, the remains
of air and CO, reaction of prebaked anodes are low. They
increase with the increasing of moulding pressure and

moulding temperature, but change little while the
moulding pressure is over 70 MPa and moulding
temperature is over 150 °C. The remains of air and CO,
reaction closely correlate with the bulk density and the
porosity of prebaked anodes, and their changing with
moulding pressure and moulding temperature is similar
to the changing of bulk density.

3.4 Mechanism of quality improving by high

temperature mould pressing

Anodes mainly use calcined petroleum coke as
materials. There are a lot of pores in some petroleum
coke particles. In the kneading process, coal pitch will be
uniformly distributed on the surface of petroleum coke
particles, but can not expand into the particles. Figure 7
shows the SEM image of industrial prebaked anodes. As
shown in Fig. 7, in the process of traditional vibration
moulding, coal pitch can only fill the void spaces
between coke particles and can not expand inside the
particles either. So most of the pores inside the coke
particles remain in the prebaked anodes, and the pores
have a very adverse effect on the quality of prebaked
anodes for increasing the porosity, decreasing the bulk
density and deteriorating the oxidation resistance [17].

Fig. 7 SEM images of pores of industrial prebaked anodes

Figure 8 shows the SEM image of prebaked anode
produced by high temperature mould pressing. As shown
in Fig. 8, when the anode is produced by high
temperature mould pressing, any pores can not be found
inside the prebaked anodes that are not similar to the
anodes produced by traditional vibration moulding,
except for some vents which are the escape passages of
coal pitch volatile. This indicates that most of pores
inside the coke particles may be filled when the anodes
are produced by high temperature mould pressing. The
filling of pores can decrease the porosity and increase the
bulk density of anodes. It can decrease the possibility of
air and CO, diffusing into the inside of carbon anodes
and reduce the contact area between anodes and the air
and CO,, which are very beneficial to slowing the
oxidation reaction. It can also increase the cohesiveness
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around the pores, which decreases the possibility of
carbon debris broke off from the anodes to prevent extra
consumption of anodes. This is the major cause of the
bulk density increasing resistance
improving.

and oxidation
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Fig. 8 SEM image of prebaked anode produced by high
temperature mould pressing

The result of filling of pores will get better with the
decreasing of the viscosity of the coal pitch and the
increasing of moulding pressure. But if the viscosity of
coal pitch is too low, the coal pitch has a good
flowability and it is difficulty to remain in its place.

The physical properties such as bulk density,
electrical resistance, crushing strength, remains of CO,
and air reaction of the prebaked anodes produced in the
conditions of moulding pressure of 70 MPa, moulding
temperature of 150 °C and coal pitch addition of 14%,
were determined. The results and the physical properties
of industrial prebaked carbon anodes produced by the
same materials are listed in Table 1.

Table 1 Physical properties of laboratory and industrial
prebaked carbon anodes

Property Laboratory Industrial

anodes anodes

Bulk density/ (g-cm ) 1.64-1.66 1.54-1.56
Electrical resistance/(u€2-m) 55-70 55-60
Crushing strength/MPa 35-40 40-45
Remains of CO, reaction/% 91-93 86—88
Remains of air reaction/% 82-86 75-80
Thermal expansion (20-300 °C)/K ' 4.0-4.5 4.0-4.5

As shown in Table 1, the bulk density of carbon
anodes produced by high temperature mould pressing is
0.08—0.12 g/cm’ higher than that of industrial anodes,
which means that the utilization time of the carbon
anodes produced by high temperature mould pressing
will prolong about two days in comparison with
traditional anodes whose utilization time is about 30 d.
On the other hand, the increasing of bulk density leads to

lower porosity and more excellent oxidation resistance,
which indicates lower anode consumption. All of these
are beneficial to improving the operation conditions and
the techno-economic data of the aluminum electrolysis
cell.

However, compared to industrial anodes, the
electrical resistance of laboratory-scale carbon anodes is
higher and the crushing strength is lower. There may be
two reasons for the disadvantage. Firstly, the
laboratory-scale anodes are overfired when baked with
industrial anode (Length is 1500 mm, height is 600 mm
and width is 660 mm) together, and the overfiring have
adverse influence on electrical resistance and crushing
strength. Secondly, the moulding pressure of 70 MPa is
too high which makes the bigger coke particles crack.

4 Conclusions

1) High bulk density and low porosity of carbon
anodes can be obtained by high temperature mould
pressing. The bulk density of carbon anodes produced by
high temperature mould pressing is 0.08—0.12 g/cm’
higher than that of industrial anodes.

2) Producing carbon anodes by high temperature
mould pressing can make coal pitch expand into the coke
particles and fill the pores inside the coke particles. The
filling of pores reduces the contact area between anodes
and the air and CO,, and increases the cohesiveness
around the pores, which slows the oxidation reaction and
decreases the extra consumption of anodes. Compared to
the present industrial anodes, the oxidation resistance of
carbon anodes produced by high-temperature mould
pressing is significantly improved.
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