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The prepared permeable bricks using electric porcelain waste as the main raw material are investigated, which improves the
utilization rate of electric porcelain waste, and realizes the organic unity of recycling resource and ecological environment
protection. The effects of different raw material ratios on the permeability coefficient, apparent porosity, compressive strength,
volume shrinkage rate and microstructure properties of electric porcelain waste permeable bricks are investigated. The electric
porcelain waste with a ratio of over 85 wt.% have greatly improved the utilization rate of electric porcelain waste. The results
are shown that the water-to-material ratio or foaming agent content are increased, the porosity and water permeability of the
electric porcelain waste permeable brick are increased, but the compressive strength of the electric porcelain waste permeable
brick is decreased. The 90 wt.% electric porcelain waste, the 3 wt.% kaolin, the 5 wt.% sintering aid, and the 2 wt.% foaming
agents are optimum raw materials ratios, the water-to-material ratio for 0.9 and the drying temperature at 40 °C, the sintering
temperature at 1200 °C and holding time for 1 h are obtained the excellent performance electric porcelain waste permeable
bricks. The permeability coefficient is 3.9x107% cm/s, the volume shrinkage rate is 37.88%, the compressive strength is 1.146
MPa, and the porosity is 79.0%.

Keywords: Permeable bricks, Raw materials ratio, Electric porcelain waste, Permeability coefficient.

Introduction properties of the porcelain blanks will not meet the
standard if the iron and titanium contents in the porcelain
The process of pressing or firing electric porcelain exceeds the standard, thus, the porcelain blanks will be
materials is often accompanied by a series of physical eliminated [7-10]. Electric porcelain waste has increased
and chemical reactions, which directly affect the overall with the development of social economy and the
performance and microstructure of the body [1-3]. electric porcelain industry. These wastes cause great
Most raw materials for preparing electric porcelain are pressure on the environment and limit the sustainable
natural minerals, which contains a wide variety of development of the electric porcelain industry. Therefore,
elements. The preparation procedures for electric porcelain the treatment and utilization of waste from the electric

are varied and may inevitably introduce impurity porcelain industry are very important [11-13].
oxides, such as Fe,O; and TiO,. These impurity oxides The degrees of recycling and reuse of electrical
are distributed unevenly in the green body in an porcelain waste are relatively low. A large amount of
aggregated state and may further damage the properties recyclable electrical porcelain waste is stacked in fields
of the product. These impurity oxides easily cause the and buried in soil. Therefore, the treatment and utilization
phase separation of the microstructure of the porcelain of electrical porcelain waste are particularly important
body, which cannot be normally fused with feldspar [14, 15]. The storage of ceramic waste has increased
glass melt. Increasing electric porcelain pieces are rapidly with the development of the ceramic industry in
unqualified for the production lines of major manufac- the past 20 years, when much attention has been paid
turers every year because of the strict requirements of to gross domestic product development. According to
the process of electric porcelain; the resulting electric statistics, the annual increase in ceramic waste is 4 million
porcelain waste is also increasing [4-6]. tons in Foshan Ceramic Industrial Zone in Guangdong,
Porcelain blanks are prone to deformation, dry cracking, and the annual increase in total ceramic waste nationwide
green firing, and over-firing during the forming, drying, is as high as 10 million tons. Environmental crisis can
and firing processes of electric porcelain, the dielectric be solved and the sustainable development of the society
and economy can be realized if electric porcelain waste

*Corresponding author: is fully utilized [16-18].
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becomes stronger. Current research on used solid waste
is concentrated on fly ash and coal gangue, but research
on the use of electric porcelain waste is few and have
focused on the preparation of mullite porous ceramics,
lightweight aggregates, and lightweight thermal insulation
materials. However, these processes cannot fully satisfy
the utilization of electric porcelain waste generated
every year, and the utilization rate is low. Therefore,
developing new ways to utilize electric porcelain waste
is particularly important.

Experimental Materials and Methods

Electric porcelain waste was sourced from an electric
porcelain company. The surface color of the waste is
off-white, and the chemical composition of the original
waste is shown in Table 1. The electric porcelain waste
was poured into a ball mill and mixed evenly, and the
average particle size was measured to be 6 microns, the
XRD of electric porcelain waste is shown Fig. 1. The
main raw material used in the experiment was the electric
porcelain waste. Calcium oxide and kaolin were
used as the sintering aid and binder, respectively. The
materials were mixed at a certain ratio, ball milled, and
foamed. The slurry was poured into a mold and dried
to obtain the blank permeable brick. Atmospheric
sintering was carried out using the SX-G12133 high-
temperature furnace to study the effect of sintering
technology on the performance of permeable bricks,
and sintered permeable brick samples were obtained
and stored for future use. The density of the sintered
samples was determined using the AR2140 electronic
balance, and the porosity of the samples was determined

600 | .
7 »—Si0,
500 |- +—ALO,
" |
400 | | ¢

300

Intensity

+

200 |- ‘

i wu‘“ wuuu w

0F

.M' iWJMu

L A1 L

10 20 30 40 5‘D 60 70 80
2 0( ° )

Fig. 1. XRD composition analysis of electrical porcelain waste.

Table 1. Chemical composition of electric porcelain waste

through the relationship with theoretical density. The
water permeability coefficients of the samples were
measured using the stable water pressure method
according to the standard of permeable pavement bricks
and permeable road panels (GB/T25993-2010). The
phase separation and microstructure of the sample were
determined using the D8 Advance X-ray diffractometer
and SU8010 scanning electron microscope (SEM),
respectively.

Results and Discussion

Influence of water-to-material ratio on the perfor-
mance of permeable electric porcelain bricks

In this experiment, the ratios of raw materials were
as follows: 90 wt.% electric porcelain waste, 5 wt.%
sintering aid, 4 wt.% kaolin, and 1 wt.% foaming agent.
The raw materials were ball milled with different water-
to-material ratios (0.8, 0.9, and 1.0) for 1 h. The slurry
was placed in a 40 °C oven for drying for 24 h. The green
body was prepared and kept at the same temperature
(1200 °C) for 1 h. Then, the porosity, compressive
strength, water permeability, and volume shrinkage of
the samples were measured, the results are shown in
Fig. 2 and Fig. 3.

Fig. 2 shows that the porosity of the electric porcelain
waste permeable brick continuously is increased whereas
the volume shrinkage rate initially is decreased and
then increased with the increasing water-to-material
ratio. Fig. 3 shows that the compressive strength of the
electric porcelain waste permeable brick is decreased
and its water permeability coefficient is increased with
the increasing water-to-material ratio. Fig.4 shows that
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Fig. 2. The influence of water-to-material ratios on porosity and
volume shrinkage of permeable bricks.

Sample

Analysis items and content (%)

SIO2 A1203 Fe203 CaO

MgO K2O NazO TIO2 MnO LOI

Electric porcelain waste 41.36 47.62 1.67 0.96
Kaolin 3.51 0.84 0.08 34.82

0.80 2.66 0.58 1.98 _ 0.36
0.59 0.20 0.57 0.01 49.70 9.14
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Fig. 3. The influence of water-to-material ratios on compressive
strength and water permeability coefficient of permeable bricks.

the outline of the electric porcelain waste permeable
brick using the different water-to-material ratio. The
volume fraction of water in the green body increases as
the content of increasing added water. In the subsequent
drying process, more holes formed when more water
evaporated. Therefore, the volume of the sintered
sample became larger and the porosity increased, but
the quality was not much different, which led to the
continuous decrease in the compactness and compressive
strength of the sample [19]. The raw materials sticked
to the bottom of the ball milling tank, the waste raw
materials and foaming effect were not ideal, the water
retention was poor, the water permeability coefficient
was low, and the volume shrinkage rate using the water-
to-material ratio for 0.8 was higher than the sample
using the water-to-material ratio for 0.9. In comparison,
when the water-to-material ratio was 1.0, the porosity
of the electric porcelain waste permeable brick was
similar, the compressive strength of the electric porcelain
waste permeable brick was lower, the water retention
was poorer, and the volume shrinkage of the electric
porcelain waste permeable brick was relatively larger
than the sample using the water-to-material ratio for
0.9.

When the water-to-material ratio is 0.9, the excellent
porosity, volume shrinkage, compressive strength, and
water permeability coefficient of the electric porcelain
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Fig. 5. The influence of drying temperature on the porosity and
volume shrinkage of permeable bricks.
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Fig. 6. The influence of different drying temperatures on the
compressive strength and water permeability coefficient of
permeable bricks.

waste permeable brick are shown.

Influence of drying temperature on the performance
of permeable electric porcelain brick

In this experiment, the ratios of raw materials were
as follows: 85 wt.% electric porcelain waste, 5 wt.%
sintering aid, 9 wt.% kaolin, and 1 wt.% foaming agent.
The raw materials were ball milled with a water-to-
material ratio of 0.9 for 1 h. Then, the slurry was dried
in different drying temperatures (40, 50, 60, 70, and

Fig. 4. The Outline drawing of prepared permeable bricks using different water-to-material ratios.
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Fig. 7. Microstructure of sintered permeable bricks at different drying temperatures.

80 °C) in an oven for 24 h to obtain the green body.
The green body was kept at the same temperature
(1200 °C) for 1 h. The porosity, volume shrinkage rate,
compressive strength, and water permeability coefficient
of the samples were measured, and the results are
shown in Fig. 5 and Fig. 6.

Fig. 5 shows that the porosity continuously decreased
and the volume shrinkage rate continuously increased
as the drying temperature increased. Fig. 6 shows that
the compressive strength increased and the water
permeability coefficient dropped as the drying temperature
increased. Fig. 7 shows that the microstructure of the
permeable brick at 40 °C is more compact than those at
60 and 80 °C. However, the pore wall was thinner and
more damaged at 40 °C than at 60 and 80 °C; therefore,
the compressive strength was slightly lower at this
temperature. The moisture in the blank evaporates
quickly when drying at a higher temperature [20, 21].
Moreover, the convection speed is faster, the impact
damage to the material skeleton is greater coupled with
the rapid loss of water, the volume shrinkage of the
blank is faster, and cracks are prone to occur at higher
temperatures. Hence, the compressive strength of the
green body with a higher drying temperature is lower.
Within the same range, the number of pores at 40 °C
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Fig. 8. The effect of foaming agent content on the porosity of
permeable bricks.

are slightly higher than those at 60 °C and considerably
higher than those at 80 °C. However, the size of pores
at 40 °C was not as large as that at 80 °C. Thus, the
drying temperature of 40 °C was chosen based on the
results of various comparisons.

Influence of foaming agent content on the perfor-
mance of permeable electric porcelain brick

Fig. 8 show that the influence of foaming agent
content on the porosity of electric porcelain waste
permeable brick using the ratio of electric porcelain
waste for 85-95 wt.%. The pores of the permeable
bricks initially increased and then decreased with the
continuous improvement of the utilization rate of the
electric porcelain waste. When the mass fraction of
electrical porcelain waste was the same, the porosity
continuously increased with the increasing foaming
agent content [22, 23]. The reason may be that under
constant foaming agent content, the amount of kaolin
gradually decreased as the utilization rate of electric
porcelain waste increased. The main components of
kaolin are CaO and MnO, which account for 84.62%
of kaolin. CaO and MnO can be used as a burning aid.
The permeable brick with 85 wt.% electric porcelain
waste and 9 wt.% kaolin had a slightly underfired
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Fig. 9. The influence of foaming agent content on the compressive
strength of permeable bricks.
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Fig. 10. The influence of foaming agent content on the volume
shrinkage of permeable bricks.

green body, whereas the permeable brick with 95 wt.%
electric porcelain waste, 2 wt.% kaolin, and 2 wt.%
sintering aid had a slightly overfired green body.
Therefore, the electrical porcelain waste fraction of 90
wt.% was selected over 80 wt.% because the porosity
was higher. When the fraction of electric porcelain
waste was constant, more gas was released, more holes
were created, and the porosity was greater as the
foaming agent content increased.

Fig. 9 show that the influence of foaming agent
content on the compressive strength of electric porcelain
waste permeable brick. The compressive strength of
electric porcelain permeable waste bricks has been
declining under the condition of a certain mass fraction
of electrical porcelain waste, the foaming agent is
more, the the compressive strength is lower. When the
foaming agent is 1 wt%, the continuous increase of
electric porcelain waste leads to the continuous reduction
of the amount of kaolin, and the continuous reduction of
the content of kaolin as a binder makes the compactness
of the material skeleton continue to be decreased,
which also leads to the blank. The compressive strength
of the body continues to be decreased. When the electric
porcelain waste is certain, the porosity is increased
with the increasing foaming agent, and the compressive
strength of electric porcelain permeable waste bricks is
reduced.

Fig. 10 show that the influence of foaming agent
content on the volume shrinkage rate of electric porcelain
waste permeable brick. The volume shrinkage rate of
electric porcelain waste permeable bricks is increased
with the increasing electric porcelain waste. When the
foaming agent is certain, the increase of electric
porcelain waste reduces the amount of kaolin. In the
green body of the same quality, the proportion of
kaolin with high electric ceramic waste is small, and
the binder is insufficient during sintering, and the
particles that can be bonded are less, so the volume is
smaller and the shrinkage rate is larger. When the
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Fig. 11. The influence of foaming agent content on the
permeability coefficient of permeable bricks.

electric porcelain waste is certain, the porosity will be
large, and the pores will run away during sintering with
the increasing foaming agent content.

Fig. 11 show that the influence of foaming agent
content on the permeability coefficient of electric
porcelain waste permeable brick, which indicates that
the permeability coefficient of electric porcelain waste
permeable bricks is increased with the increasing
utilization rate of electric porcelain waste. When the
mass fraction of the electric porcelain waste is constant,
the increase of the foaming agent will increase the
water permeability of the green body. When the foaming
agent is constant, with the continuous improvement of
electric porcelain waste, the water permeability of the
green body continues to rise. The small hole of the
green body is thin and the hole wall is often damaged,
and there are broken holes in the large hole, which
makes the water permeability coefficient large. When
the electric porcelain waste is certain, the increase of
the foaming agent makes the green body more porous,
and it is mostly through holes, which shows that the
water permeability is also high. The microstructure of
the electric porcelain waste permeable brick obtained
by the optimal raw material ratio is shown in Fig. 12.

Conclusion

The continuous increasing water-to-material ratio in
the slurry is increased the porosity and the water
permeability coefficient of the permeable brick and
decreased the compressive strength of the permeable
brick using the electric porcelain waste as the main raw
materials. When the water-to-material ratio was 0.9, the
foaming effect was best. The continuous increasing
foaming agent content is increased the porosity and the
water permeability coefficient of the electric porcelain
waste permeable brick and decreased the compressive
strength of the permeable brick. When the foaming
agent was 2 wt.%, the foaming effect was better. The
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continuous increasing drying temperature is decreased
the porosity, compressive strength, and water permeability
coefficient of the electric porcelain waste permeable
brick, and the drying temperature at 40 °C was the
most suitable. The results of experimental analysis and
comparison are shown that the 90 wt.% electric porcelain
waste, the 3 wt.% kaolin, the 5 wt.% sintering aid, and
the 2 wt.% foaming agents are optimum raw materials
ratios, the water-to-material ratio for 0.9 and the drying
temperature at 40 °C, the sintering temperature at 1200
°C and holding time for 1 h are obtained the excellent
performance permeable bricks. The permeability coefficient
is 3.9x107% cm/s, the volume shrinkage rate is 37.88%,
the compressive strength is 1.146 MPa, and the porosity
is 79.0%.
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