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Abstract: Micro-honeycomb ceramics were successfully fabricated through brush-coating with cloth fabric as pore-forming agent.
The influence of pore-forming agent and slurry’s moisture content on the micro-honeycomb ceramics was investigated. The results
indicated that micro-honeycomb ceramics made from pore-forming agent cloth fabric with fibre diameter of 100 um and slurry with
45% (mass fraction) moisture content have the porosity of 65% (volume fraction), bending strength of 24.3 MPa, pore size of about
100 pm, cell wall thickness of about 50 um and porosity of 1131 pore/cm’. It was suggested that the pore size and the porosity could
be adjusted using the pore-forming agent and moisture content of the slurry respectively.
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1 Introduction

The ceramic thin-wall multi-channeled honeycombs
(monoliths) have a combination of high gas flow rate and
elevated temperatures resistance, which makes them as
structural substrate in applications such as automotive
catalysis, combustion and hot gas clean up [1-3]. The
normal honeycomb ceramics were made by the methods
of extrusion [4—7] or low pressure injection molding.
Because of the confined condition of extrusion die and
the extrusion pressure, recent developments in the field
of honeycomb ceramics make slow progress, and the
prepared honeycomb ceramics have only 181 pore/cm’.
In order to increase the specific surface and porosity of
the honeycombs, y-Al,O; is commonly used as carrier
materials in the honeycomb substrate [8—9]. Recently,
such kinds of high surface area honeycomb ceramics find
increasing applications in many fields [10—11].

In this work, a simple and efficient method for the
preparation of micro-honeycomb ceramics was proposed.
The commercial cloth fabric was used as pore-forming
agent to fabricate micro-honeycomb ceramics by
brus-coating method. Cloth fibers may be packed or
constructed for almost catalytic application [12] or

Si/SiC ceramic [13]. Of course, the cloth fabric is a fine
pore-forming agent of porous ceramics which has
longitude weft thread. This enables us to make the 2D
porous ceramics. It was suggested that the pore size and
the porosity could be adjusted using different kinds of
pore-forming agent and the moisture content of the slurry,
respectively. This micro-honeycomb ceramics has
promising application prospect in high-temperature dust
removal, automotive exhaust treatment and catalyst, etc
[14—-15].

2 Experimental

Six kinds of commercially available cotton fabrics
were used as pore-forming agent of micro-honeycomb
ceramics.

All raw materials of slurry used in this experiment
were commercial, such as Al,O;, clay, bentonite, BaCOs,
CaCoOs, talc. The composition of slurry with different
moisture content is shown in Table 1.

The slurry was milled, and brushed over the cotton
cloth piles. Entrapped air was removed manually with
squeeze rollers. This process was repeated several times
to get a desired thickness. Subsequently, the laminate
was kept in the oven at 80 °C for 12 h. Then, it was
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Table 1 Slurry composition of different moisture content (mass
fraction, %)

No. Al,O; Clay Bentonite BaCO; CaCO; Talc H,O

1 385 55 1.65 3.85 1.65 3.85 45
2 35 5 1.5 3.5 1.5 35 50
3 315 45 1.35 3.15 1.35 315 55
4 28 4 1.2 2.8 1.2 2.8 60
5 245 35 1.05 2.45 1.05 245 65

sintered in a muffle furnace. The sintering process was
performed at the following conditions: raising
temperature to 800 °C at the rate of 5 °C/min and
dwelling the temperature for 3 h, followed by raising
temperature to 1 350 °C at the rate of 5 °C/min and
dwelling the temperature for 2 h.

The open porosity was determined by the
Archimedes method with distilled water as liquid
medium. Microstructures of the cotton fabric were

observed by ESEM (FEI QUANTA—200, Holland). The
microstructures of the micro-honeycomb ceramics were
observed by SEM (JSM—6400F, Japan). The
decomposition behavior of cotton fabric No. 1 was
studied by thermogravimetric analyzer (DSC/TG) at a
heating rate of 10 °C/min from room temperature to
1000 °C in neutral atmospheric condition. DSC/TG
analysis was performed on Netzsch (STA 409C) thermal
analyzer with alumina powder as the reference sample.
According to German Standard Code DIN 52292,
coaxial double ring bending test (Shenli Material Testing
Machine, China) was carried out to measure the bending
strength of the ceramic specimen.

3 Results and discussion

3.1 Performance of cloth fabric
Figure 1 shows SEM images of all cloth fabrics.

Y L) A J N

Fig. 1 SEM images of pore-forming agents: (a) Cloth fabric C1; (b) Cloth fabric C2; (c) Cloth fabric C3; (d) Cloth fabric C4;
(e) Cloth fabric C5; (f) Cloth fabric C6
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Except for cloth fabric CS5, the others are all plain woven
cotton fabric. The thread diameters vary from 100 to 150
um and the knitting tightness is different. Cloth fabric C5
is twill cloth whose knitting tightness is the largest, and
the thread diameter is 150 pm.

Figure 2 shows the DSC/TG curves of cloth fabric
Cl1. Apart from the loss of physisorption water at the
initial oxidation stage, the mass loss of the cloth fabric
C1 is 70% at 325 °C. At the end of the oxidation stage,
the mass loss of cloth fabric Cl is around 99% at
temperature 490 °C. Taking the slurry adhered to the
cloth fabric into account, which may hinder the oxygen
diffusion, the sintering temperature of micro-honeycomb
ceramics was designed nearly at 800 °C.
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Fig. 2 DSC/TG curves of cloth fabric C1
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3.2 Influence of different pore-forming agents
3.2.1 Strength and porosity of ceramic

While slurry formula No.l1 and sintering schedule
remain unchanged, different types of pore-forming
agents were used in the experiment. The cloth fabrics
with different diameters and knitting tightness as
pore-forming agent were studied. Their influences on the
strength and open porosity of micro-honeycomb
ceramics were studied.

Figure 3 shows the influence of pore-forming agent
on the flexural strength and porosity of the ceramic. It
can be seen that the strength of ceramic will be low when
the porosity is high, and vice versa. The highest porosity
and the lowest flexural strength appeared with cloth
fabric C1. The cloth fabric C1 has the smallest cloth
fabric diameters and the maximum density, which
embraces more pore-forming agents in unit mass, so the
porosity increased and the flexural strength decreased.
On the other hand, the effect became significant with the
decrease of the thickness of cloth fabric C1. This
simultaneous action results in the highest porosity and
lowest strength with cloth fabric C1 pore-forming agent.
3.2.2 Structure and microstructure

Figure 4 shows the cellular microstructures of the
micro-honeycomb ceramics. It can be seen that the
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Fig. 3 Influence of pore-forming agent on strength and porosity

microstructure of the as-prepared ceramics exhibits
different 2D pores with various diameters and the
porosity varies with the texture densities. The pores and
cell wall thickness can be classified into two groups:
small pores and thin cell wall (as shown in Figs. 4(a) and
(b)), large pores and thick cell wall (as shown in
Figs. 4(c), (d), (e) and (f)), depending on their pore-
forming agent. The average pore diameter of each group
is about 100 pm for the small pores and 130 um for the
large pores. This implicates that the diameter of cloth
fabric determines the diameter of micro-honeycomb
ceramics pore. Moreover, the average cell wall thickness
of each group is about 50 pm for the thin cell wall and
200 pm for the thick cell wall. The thickness of
pore-forming agent layer determines the cell wall
thickness, i.e., porosity. It can be calculated from Fig. 4(a)
that there are 1131 pore/cm’ which is 6 times higher
than that of the normal honeycomb ceramics. Most of the
pores show a round or elliptical shape. It is suggested
that the pore size and porosity could be easily adjusted
by using different kinds of cloth fabric.

3.3 Influence of moisture content of slurry
3.3.1 Strength and porosity of ceramic

All conditions were unchanged except the moisture
content of slurry. The influence of moisture content of
slurry on the strength and open porosity of
micro-honeycomb ceramics prepared using cloth fabric
C1 was studied. The moisture content impacts the solid
content and flowability of slurry. At lower moisture
content, the solid content is higher and the flowability is
worse. On the contrary, at higher moisture content, the
solid content is less and the flowability is better. Of
course, the solid content and the flowability of slurry will
affect the performance of the

ceramics.

micro-honeycomb

Figure 5 shows the influence of moisture content
of slurry on the strength and porosity of ceramic. When
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Fig. 4 SEM images of micro-honeycomb ceramics fabricated with different pore-forming agents: (a) C1; (b) C2; (¢) C3; (d) C4;

(e) Cs5;(H) Co

the moisture content of slurry was gradually enhanced
from 45% to 60% (mass fraction), the porosity of
ceramic decreased from 65% to 28% (volume fraction).
The reason can be attributed to the fact that the
flowability of slurry was enhanced with increasing the
moisture content. However, the solid content of slurry
dropped slowly with the increase of the moisture content.
Further increasing the moisture contents the solid
adhered to the cloth fabric surface declined because the
solid content of slurry was dropped too much. This is the
reason why the porosity increased when the slurry’s
moisture content varied from 60% to 65% (mass
fraction) at last.

Generally, lower porosity leads to higher value of
the bending strength. However, the maximum bending
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Fig. 5 Porosity and bending strength of ceramic vs moisture
content of slurry
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strength of 50 MPa was obtained in the case where the
mass fraction of water was 55% in the slurry. While the
minimum bending strength of 24.9 MPa was obtained in
the case where the mass fraction of water was 60% in the
slurry. It can be deemed that the low strength of ceramic
was derived from specimen fabricated with delaminating.
3.3.2 Structure and microstructure

Figure 6 shows SEM images of micro-honeycomb
ceramics fabricated using slurry with different moisture
content. For micro-honeycomb ceramics fabricated using
slurry No. 1-3 (as shown in Figs. 6(a), (b) and (c)), a
large number of pores are separated each other and the
amount of pores is larger, and open pores appear. From
Fig. 6(a) the porosity was calculated to be 1131 pore/cm?,
which means high porosity and low strength. The
structure of micro-honeycomb ceramics with separated
and open pores is very important because it is related to
intrinsic properties such as mechanical, permeability, and

thermal conductivity properties. On the contrary, most
pores in the sample fabricated using slurry No. 4 are
connected with each other, leading to low porosity, 497
pore/cm’. The strength of ceramic fabricated using slurry
No. 4 (Fig. 6(d)) is low because of the appearance of
delaminating. In addition, most pores in the sample
fabricated using slurry No. 5 (Fig. 6(e)) are connected
without delaminating, leading to higher strength than
slurry No. 4.

Figure 6 also indicates that the pore sizes and cell
wall thickness are different for the five different samples.
From the microscopy observation, the average pore and
pore size distribution of micro-honeycomb ceramics
were obtained by using image analysis. The samples
fabricated using slurry No.1—3 show similar pore size of
around 100 um, and the cell wall thickness of 100 pum.
Most of the cellular pores in the samples made from
slurry No.1 and No. 2 show a round or elliptical shape,

Fig. 6 SEM images of micro-honeycomb

ceramics fabricated using slurry with
different moisture contents: (a) No. 1;

(b) No. 2; (c) No. 3; (d) No. 4; (e) No. 5
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but the cellular pores in the sample made from slurry
No. 3 show an irregular shape. The diameter of the pore
in the sample fabricated using slurry No. 4 is about 80
um, and the cell wall thickness is 200 um. Most of the
cellular pores in the sample made from slurry No. 4 show
an alignment shape. Figure 6(e) shows that many pores
connect with each other, then big pores of about 500 pm
are formed.

The above results confirm that the microstructure of
micro-honeycomb ceramics were significantly influenced
by the moisture content of slurry. With the water in the
slurry increasing, the solid content of slurry drops.

4 Conclusions

1) The key to fabricate micro-honeycomb ceramic
with high surface area is to choose appreciate
pore-forming agent and moisture of slurry.

2) The cloth fabric with the smallest fabric
diameters and the maximum density can be used for the
fabrication of micro-honeycomb ceramics with pore size
of 100 pum.

3) The moisture content of slurry has significant
influence on the ceramics. When the content of H,O in
the slurry is 45%, the fabricated micro-honeycomb has
fine microstructure.
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