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Abstract. Purified coal-tar was chosen as the raw material for foaming
precursor. Distillation methods that refining light constituent was applied
as preliminary treatment of pitch. Carbon foam was prepared by the
self-foaming of the resultant pitch. The effects of distilling temperature as
well as time on the micro structure, bulk density, porosity, compressive
strength, and thermal conductivity of carbon foam were investigated in this
paper. The compressive strength of produced carbon foam can reach 6.287
ˉ
ˉ
MPa and thermal conductivity can lower than 0.048 W·m 1·K 1.

1. Introduction
Carbon foams are regarded as a novel porous carbon material[1-4], Such excellent
physical and chemical properties such as low density, low thermal conductivity, high
thermal stability, high corrosion resistance, and higher electrical conductivity are performed
in these materials. The unique properties of carbon foams determine their many potential
applications in numerous industries: high-temperature heat capacity materials, porous
electrodes, catalyst supports, filters,structure materials, etc.[5-7] In early 1960s, Walter Ford
acquired carbon foams from the thermal decomposition of thermoset phenolic foams. The
preparation of earlier carbon foams were used organic polymer as raw material. Mesophase
pitch-based carbon foams were produced by AFML(Air Force Material Laboratory), which
used pitch and coal as foam precursor. At present, most of the carbon foam preparation
work mainly focus on the area of use mesophase pitch as raw material.[8-11]
In the present study, almost all pitches that used as foam precursor are commercial
pitches.[12,13]Much attention has been paid to optimizing high thermal conductivity of
carbon foams [5,14] , instead of its low thermal conductivity. China has large coal production,
consumes large amount of coal annually. So, our country has abundant Coal-tar[15]. The
content of pitch in coal tar can up to 57%[16]. Therefore, coal tar can be used as raw material
for the preparation of carbon products. Purified coal-tar was chosen as the raw material for
foaming precursor. Purified coal-tar was chosen as the raw material for foaming precursor.
Distillation was applied as preliminary treatment of pitch. Carbon foam was prepared by
the self-foaming of the resultant pitch. The carbon foam derived from the resultant pitch
possess high compressive strength and low thermal conductivity.
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2. Experiment
Coal tar used in this research was taken from a Coking Plant in Guizhou province.
Impurity was conducted with simple and convenient physical and chemical experiments.
The pre-treatments usually involve the polymerization/condensation of pitch by thermal
treatment. The pre-treatments procedure was performed as follows. Distilling temperature
was set in the range from 100 to 260 °C and time of heat-treatment varied from 1 h to 5 h,
as the methods that refining light constituent in coal tar. Then resultant samples were heated
up to 350 °C at atmospheric pressure with heating rate 10 °C min1 and stirred for 1h in an
autoclave, then heated up to the final temperature 450 °C, and keeping this constant
temperature for 4 h, stirring constantly.
The particle size of foaming precursors were grounded to less than 149 μm. The
foaming process of carbon foams was carried out in a stainless pressure vessel with the
following procedures: increasing the temperature from room temperature to 480 °C at 8 °C
min1, and keeping this constant temperature for 4 h. The pressure of the autoclave was 0.8
MPa at room temperature.
In order to determine the porosity of the block samples both apparent and true densities
were measured. The bulk density was determined by the values of the weight and the
volume, the volume was calculated using dimensions of the sample. The true density was
measured using standard method. The porosity was calculated using an equation:
P(%)=100×((Dt-Db)/(Dt)).
(1)
where Püporosity; Dtütrue densities; Dbübulk densities.
Compressive strength was measured with cube foam samples(2cm×2cm×2cm)by a
electronic universal testing machine (WDW-10C), thermal conductivity was measured by a
laser thermal conductivity testing instrument (C-Therm Tci), X-ray diffraction analyses was
performed with XPert Powder, Micro-structure observation was measured by
SEM(ZEISS).

3. Results
With a given distilling time of 10 h, pitches distilled at 150 °C, 190 °C, 230 °C, 270 °C,
310 °C were named as P-150, P-190, P-230, P-270, P-310 respectively. Resultant carbon
foams were named as CP-150, CP-190, CP-230, CP-270, CP-310. Similarly, distilling
temperature was set as 310 °C, pitches prepared with distilling time of 2 h, 4 h, 6 h, 8 h, 10
h were named as P-2, P-4, P-6, P-8, P-10. Resultant carbon foams were named as CP-2,
CP-4, CP-6, CP-8, CP-10.
SEM Analysis. Fig. 1 shows the SEM images of CP-2, CP-4, CP-8.
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Fig. 1 SEM image of carbon foam
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Foam cell and ligament can be clearly seen in these foams. There are two sorts of
bubbles in the samples: One of them resulted from the volatilization of the light
components when heated the pitch;the other one would be the secondary bubbles, which are
formed with the rupture of bubbles and further coalesce with the neighboring bubbles. The
growth of bubbles generates shear force. The ligaments was produced by the stretched
length of the bubble wall which caused by shear stress. The aromatic planes of the pitch
arranged regularly and paralleled to the axis of ligament also caused by the shear force. Fig.
1 shows with the prolonging of distilling time, the number of bubbles and secondary
bubbles in the carbon foams decreased while the width of ligaments increased obviously.
Physical Property. Fig. 2 shows the effects of distilling temperature on the
physical properties of carbon foam.

Fig. 2 the effect of distilling temperature on the physical properties of carbon foam

Fig. 2 shows that the bulk density went up with the rising distilling temperature. The
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minimum bulk density was 0.868 g cmˉ3 performed by CP-150. Besides, the porosity
decreased with the rising distilling temperature. The compressive strength decreased first
and then increased with the rising distilling temperature. The largest compressive strength
was 6.287 MPa performed by CP-310. Thermal conductivity increased first and then
decreased with the rising distilling temperature. The lowest thermal conductivity was 0.054
W·mˉ1·Kˉ1 performed by CP-150.
Fig. 3 shows the effects of distilling time on the physical properties of carbon foam.
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Fig. 3 The effects of distilling time on the physical properties of carbon foam

Fig. 3 shows the bulk density went up with the prolonging of distilling time. The
minimum bulk density was 0.330 g cmˉ3 performed by CP-2. The porosity decreased with
the rising distilling time. The compressive strength decreased first and then increased with
the prolonging of distilling time. The largest compressive strength was 6.287 MPa
performed by CP-10. Thermal conductivity increased first and then decreased with the
prolonging of distilling time. The lowest thermal conductivity was 0.048 W·m ˉ 1·K ˉ
1
performed by CP-2.

4. Discussion
The content of light component in pitch decreased with the prolonging of distilling time.
During foaming of the pitch, with increasing temperature, on the one hand he viscosity of
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molten pitch decreased, on the other hand the cross-linking reactions were the reason for a
higher viscosity. After a long-time distilling, it was difficult for bubbles to grow up or to
coalesce with each other in such an solution with large viscosity. So, bubbles and secondary
bubbles in carbon foams decreased with the prolonging of distilling time. The regularly
ordering of aromatic components along the the axis of ligament was promoted by
surface tension with the increase of viscosity, which lead to wider ligaments.
The content of light component in pitch decreased with the rising distilling temperature.
Valitilization, decomposition and condensation polymerization of light molecules in pitches
were actively happening in the foaming procedure. Initially, the viscosity of pitches
remained at a low level and bubbles could merge with each other easily. This is the nature
of small bulk density, low strength and large porosity. Conversely, the large viscosity
caused by rising distilling temperature and prolonging distilling time explained higher bulk
density, higher strength and small porosity.
Bulk density of the carbon foam increased with distilling time and temperature, so as
the thermal conductivity. Compared with CP-270 and CP-8, the most dense CP3-10 showed
lower thermal conductivity. That is because the thermal conductivity of solid phase in
CP3-10 is higher than CP-270 and CP-8. Former studies has showed that[17], given a
specific density, thermal conductivity of carbon materials is be inversely proportional to
inter-planar spacing d002. Obtained foams were grounded into powder for XRD
measurements, which provided data for micro structure analyzation.
Fig. 4 shows X-ray diffraction patterns of CP-310, CP-270 and CP-8. Table 1 lists the
inter-plane spacing d002 of CP-310, CP-270 and CP-8. Fig. 3 and table 1 indicated that d002
in CP-310 exceeded that in CP-270 and CP-8, while CP-310 exhibited the lowest thermal
conductivity among these three samples. This is in line with other researchers’ findings.
With a fixed bulk density, the influence of pitch processing conditions on the d002 is
essential reason result in lower thermal conductivity of CP-310.
Table 1 Inter-Plane Spacing D002 In Cp-310, Cp-270 And Cp-8
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Fig. 4 X-ray diffraction patterns of CP-310, CP-270 and CP-8

5. Summary
In general, it was shown that such factors as temperature and time in distillation affect
physical properties of foams substantially.
1. The number of pores in carbon foam decreased with distilling time while ligament
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width followed an opposite trend.
2. Bulk density, compressive strength and thermal conductivity of carbon foam
increased with distilling time or temperature, with which the porosity decreased.
3. CP3-10 performed a lower thermal conductivity than CP-270 or CP-8. This could be
explained as that with a fixed bulk density, d002 in carbon foams varied with pre-treatments.
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