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Abstract Graphitized porous carbon microspheres/paraffin composite phase change materials were prepared which
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could be used for the thermal management. KOH was introduced to help carbon microspheres to form the porous structure.

The porous carbon microspheres exhibited good sphericity, abundant pores and large surface area, which would be more

convenient to absorb the paraffin. The porous carbon microspheres were treated under different temperatures using

Fe(NO,), as catalyst to investigate the degree of graphitization. The graphitization temperature played an important role in

improving the thermal conductivity of the phase change composite.

Keywords porous carbon microspheres; graphitization; phase change; thermal interface materials; paraffin

1 Introduction

Phase change thermal interface materials (TIMs)
might be more effectively used in the electronics
compared with conventional TIMs since the large
latent heat absorption during the phase change
process can delay or modify the temperature increase.
Paraffin waxes are usually used as the phase change
materials (PCMs) due to their advantages such as
high latent heat, chemically stable, and commercially
available at low cost!". However, paraffin wax has
low thermal conductivity and might overflow when it
melts, which has impeded the absorption and release
of heat for the phase change materials.

Various techniques have been used to improve
the performance of thermal conductivity of phase
change materials, such as filling high thermal fillers
into organic PCMs and providing an effective
thermal conductive way for the PCMs, choosing high
thermal conductive porous materials as substrate
or encapsulating phase change materials with high
thermal conductive shell”®.

Carbonaceous materials such as expanded
graphite!” and carbon fiber'® would be good filler to
enhance thermal conductivity of PCMs. However,
many carbonaceous materials could not provide
three-dimensional thermal conduction path because
of their low dimension structure. Carbon microsphere

could be a better choice due to its 3D structure. In

order to obtain a better coordination with paraffin, it
is essential to increase the specific surface area and
graphitization.

In this paper, we report the porous graphitized
carbon microspheres-paraffin composite as phase
change thermal interface materials. The effect of
graphitization of porous carbon microspheres on the

thermal performance was also investigated.

2 Experimental

2.1 Preparation of Carbon Microspheres

A certain quality of glucose and Fe(NO,);-9H,0
were dissolved in aqueous solution respectively
and mixed into 60 mL solution. After ultrasonic
dispersing, the mixed solution was put into PTFE
lining and the hydrothermal reaction happened when
the hydrothermal synthesis reactor was put into a
drying oven. After hydrothermal reaction, the dark
brown colloid was washed with anhydrous ethanol
and deionized water. At last, carbon microspheres
were obtained after drying and grinding.

2.2 Preparation of Porous and Graphitic Carbon

Microspheres

A certain quality of carbon microspheres and KOH
were dissolved in aqueous solution respectively
and mixed. After ultrasonic dispersing, the mixed
solution was dried in the drying oven and the

drying powder was put into ceramic crucible. Then
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the drying powder was calcined in tube furnace at
nitrogen atmosphere. The heating rate was 5°C/min
and the calcined temperature was 700°C. The porous
carbon microspheres were obtained after washing
the calcined product with HCI and deionized
water. The preparation of porous graphitized
carbon microspheres was similar to porous carbon
microspheres except that original materials were
porous carbon microspheres and Fe(NO;);-9H,0 and
the calcined temperature was higher than 1000°C.
At last, porous and graphitized carbon microspheres
were obtained after drying and grinding.

2.3 Characterization and Measurement

The morphology of samples was characterized
by field emission scanning electron microscopy
(FE-SEM, FEI Nova Nano SEM 450). The X-ray
diffraction (XRD, Rigaku D/Max 2500, Japan)
with Cu-Ka radiation was taken to measure
the crystallographic structure of the products.
Adsorption-desorption measurements were
conducted on a micromeritics ASAP 2020 BET
apparatus with liquid nitrogen at 77 K. The thermal
conductivity was investigated by TIM thermal
resistance & conductivity measurement apparatus

(LW-9389), as is shown in Fig. 1.

Fig. 1. The core part of the TIM thermal resistance and thermal

conductivity measurement apparatus (LW-9389)

3 Results and Discussion

As is shown in Fig. 2 (a, b), the particle size of initial
carbon microspheres prepared by hydrothermal
method were about 5—10 um with good sphericity.
The dehydration reaction take place between glucose
molecules with long chains gave rise to the bonding
between carbon microspheres. The dispersion of the
carbon microspheres was improved by ultrasonic
and more homogeneous carbon microspheres could
be prepared. As is shown in Fig. 2 (c, d), the highly
graphitized porous carbon microspheres remain good
sphericity. The specific surface area was expected
to have a substantial increase after porous-forming

treating at 700°C and graphitization at 1500°C.

(a) Initial carbon microspheres (b) Initial carbon microspheres

(d) Porous highly graphitized

(c) Porous highly graphitized

carbon microspheres treated by carbon microspheres treated by

porous-forming at 700°C graphitization at 1500°C

Fig. 2. SEM of carbon microspheres
The principle of porous treatment was shown in
equation (1), (2), (3) and (4). At high temperature

(700°C), KOH had been decomposed into K,O and
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H,0, and the K,O and H,O reacted with the carbon
microspheres. After the reaction between KOH and
carbon microspheres, more and more holes had been
obtained and the surface area improved substantially.
4KOH + C - K,CO; + K,0 + 2H, (1)

2KOH — K,0 + H,0 )
C + H,0 —H, + CO 3)
C + K,0 -2K + CO (4)

Graphitized carbon microspheres were obtained
by adding Fe(NO,), in the carbon microspheres and
being calcined together to reorder carbon atoms of
carbon microspheres. As is shown in Fig. 3, the XRD
curves of carbon microspheres which were prepared
at different temperature showed different shape. The
curve of initial carbon microspheres displayed a
broad and weak peak. It suggested that initial carbon
microspheres were amorphous carbon and the

degree of graphitization was very low. After treated

with KOH and calcined at 700°C, the peak of curve
changed sharply but the degree of crystallinity and
the graphitization of carbon microspheres were still
very low. As the temperature increased, the degree
of crystallinity and the graphitization of carbon
microspheres increased and were closer to graphite.
The degree of graphitization was calculated by
equation (5) and the corresponding values of 1200°C,
1300°C, 1400C and 1500°C were 68%, 75%,
79% and 90%, respectively. High temperature
made the carbon atoms react with iron atoms
to generate compounds and higher temperature
made the reaction be completed more fully. As the
temperature fell, the carbon atoms were separated
out from compounds and arranged into structure of
graphite "',

2=(0.3440—d,,) / (0.3440—0.3354)  (5)

Here, g means the degree of graphitization, d,=

25.82°
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Fig. 3.

XRD curves of porous carbon microspheres treated by porous-forming at 700°C and graphitization at different temperatures



A / (2sinf) corresponds to the interlayer distance, A
is X-ray wavelength, and @ is (002) plane diffraction
angle.

As is shown in Fig. 4, the carbon microspheres
prepared by the hydrothermal method contained
more functional groups, suggesting that the
graphitization of initial carbon microspheres was
very low which was consistent with the XRD results.
The graphitization of carbon microspheres was
improved at higher temperatures. After treatment at
700°C, some infrared absorption peaks disappeared
or the intensity was reduced, for example, the
absorption peaks at 1016.6 cm™ ' and 1693.5 cm ™'
disappeared and the one at 1372.8 cm ™' was reduced.
When the initial carbon microspheres were treated at
a high temperature, the process of dehydration and
carbonization made initial carbon microspheres lose
H and O atoms, therefore the amount of C-H and C-O
functional groups was decreased and the absorption
peaks disappeared or became weakened. Although
many functional groups were decomposed during
porous progress, the carbon microspheres were
amorphous and the graphitization of porous carbon
microspheres were low. As is shown in Fig. 4(c),
after being graphitized at 1500°C, the functional
groups were further reduced or disappeared.
The hydrogen and oxygen contained in carbon
microspheres have been removed after calcination at
1500°C.

In order to increase the surface area and improve
the adsorptivity of carbon microspheres, the porous
carbon microspheres were prepared by calcination
with KOH at 700°C. After calcination, the pore
size in the surface of carbon microspheres and
surface area of carbon microspheres were improved

obviously as is shown in Fig. 5. The BET surface
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(b) Porous carbon microsphere treated by porous-forming at 700°C
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(c) Graphitized porous carbon microspheres treated by porous-
forming at 700°C and graphitization at 1500°C

Fig. 4. Infrared absorption spectrum of carbon microspheres

area of initial carbon microspheres was 5.7 m’/g

and the average size of carbon microspheres was

less than 5 nm. After porous-forming at 700°C
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Fig. 5.

and graphitized at 1500°C, the BET surface area
of carbon microspheres was 1307.5 m’/g and the
average size of carbon microspheres was greater than
10 nm. It is expected that the high surface area could
improve the absorption of paraffin.

As is shown in Fig. 6, the thermal conductivity
of porous graphitic carbon microspheres (20 wt%)-
paraffin (80 wt%) composite thermal interface
materials gradually increased along with the
graphitized temperature. When the temperature
was higher than 1000°C, Fe atoms reacted with

C and generated iron-carbon compounds. As the

Pore diameter/nm
(b) Pore size distribution of initial carbon microsphere
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(d) Pore size distribution of highly graphitized porous

carbon microspheres treated by porous-forming at 700°C and

graphitization at 1500°C
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Fig. 6. Thermal conductivity of paraffin composite phase change

thermal interface materials with porous carbon microspheres

graphitized at different temperature
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temperature was higher, the reaction was more
intensive. When the temperature dropped, Fe of iron-
carbon compounds was separated and carbon atoms
were recombined into graphite. And the higher
temperature resulted in higher graphitization and
better thermal conductivity. Compared with the pure
paraffin wax, the thermal conductivity of composite
thermal interface material was improved 300%
and reached 1.6 W/(m'K) when the porous carbon
microspheres were graphitized at 1400°C.

4 Conclusions

Highly graphitized porous carbon microspheres
were obtained and used as substrate for phase
change thermal interface materials. After porous-
forming and graphitization at high temperature, the
surface area of carbon microspheres was improved
260 times to achieve 1307.5 m*/g and the degree of
graphitization of carbon microspheres reached 90%.
With the increase of graphitized temperature, the
thermal conductivity of graphitized porous carbon
microspheres-paraffin composite phase change
thermal interface materials was also enhanced.
Compared with the two-dimensional graphite,
carbon microspheres with high graphitization and
large specific surface area have the advantages of
3D thermal conductive path, which might be a more

attractive filler for thermal management.
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