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Abstract: The improvement of the heat transfer rate of phase
change material (PCM) is studied by mixing with carbon fiber
(CF) which is a good heat conductor. The composite PCM is
prepared by blending CF and n-Docosane and its thermal
performance is tested using the method of differential scanning
calorimetry ( DSC) analysis and thermogravimetric/differential
thermal analysis (TG/DTA). In addition, the influence of the
mixing amount and the length of CF on the thermal conductivity
of n-Docosane are investigated. The results show that CF can
significantly improve the heat transfer rate of n-Docosane, and
the mixing amount and the length of CF are two influence
factors. The heat storage and release rates increase with the
increase in the mixing amount of CF. Moreover, the melting
point of n-Docosane is increased from 40.2 to 50.8 T after
being mixed with CF. The heating time is decreased from 720
to 660 s by mixing with 6% of CF, and is decreased to 600 s by
mixing with 10% of CF.
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he phase change material has a unique latent heat per-
formance; i. e, the phase change process is almost iso-
thermal. Therefore, it is beneficial to maintain the tempera-
ture variation on a small scale to make indoor people feel
comfortable. Moreover, PCM can absorb and release a con-
siderable amount of latent heat during phase change. Com-
pared with sensible heat storage materials such as concrete
and brick, latent heat storage materials can greatly reduce
the occupied area of building materials. This kind of materi-
al is regarded as an environmentally-friendly energy-saving
smart material, which has very wide application pros-
pects' ', It can evidently improve building energy conser-
vation and relieve the contradiction of energy shortages.
More attention has been paid to the phase change materials.
In recent years, the International Energy Agency has de-
veloped a research proposal about PCM and its application
in energy saving of buildings. Europe, America and Japan
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participated in the research proposal. A working group stud-
ying the application of PCM in buildings and other fields
was founded in Australia in December 2003. Recently, o-
verseas scholars have studied thermal analysis and simula-
tion of PCM application in buildings, and have established a
thermal exchange theory model as well as the encapsulation
technology of PCM. Sarier and Onder'*' obtained the form-
stable PCM by directly injecting two kinds of PCMs (n-oc-
tadecane and n-hexadecane) into the honeycomb structure of
polyurethane foam. Athienitis et al. ' performed experi-
mental and simulation studies of a full-scale outdoor room
with PCM gypsum board wall lining with 25% of butyl ste-
arate. They established a detailed finite element difference
model to simulate a heat transfer process. The results show
that the highest room temperature can drop by 4 C in the
daytime when the PCM gypsum board is used as wallboard,
and the heat load can also be significantly decreased at
night. On the basis of the finite element difference method,
Stetiu and Feustel'” developed a heat storage simulation pro-
gram of PCM wallboard. Krupa et al. """ studied the soft and
hard paraffin blended with polypropylene. The results show
that a polypropylene matrix can maintain the compact shape
of PCM.

Different organic polymer bracing materials or capsule
materials were used to prepare the form-stable PCM and
their thermal performance was studied by scholars in China.
Moreover, the experimental studies were carried out in con-
crete and gypsum board applications. Zheng et al. **' devel-
oped the technique of immersing a dry gypsum board into
liquid paraffin to produce a composite phase change gypsum
board. The results show that the phase change temperature
drops by 3 C as paraffin is infiltrated into the gypsum
board. The paraffin/high density polyethylene and paraffin/
styrene-butadiene-styrene phase change heat storage materi-
als as well as their applications in wall and floor were devel-
oped in Tsinghua University"” " .

Although the performances and applications of PCMs
have been investigated, a problem that PCM has a low con-
ductivity is needed to be solved urgently. Low conductivity
of PCM hinders the transfer of the latent heat of PCM. The
problem is serious, especially for the form-stable PCM pre-
pared by the encapsulation method, because the thermal re-
sistance between the PCM and the external heat transfer me-
dium is increased during the heat transfer. Some scholars
tried to use the CF to improve the thermal conductivity of
heat storage materials and prepared high performance com-
posite phase change materials. Mesalhy et al. """ used car-
bon foam and paraffin to prepare paraffin/carbon foam com-
posite phase change materials and studied the influence of
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the pore structure and the thermal conductivity of carbon
foam on the performance of the composite phase change ma-
terials. The results show that the thermal conductivity of the
carbon foam remarkably influences the heat storage and re-
lease rates of composite phase change materials.

The influence of the expanded graphite on the thermal
conductivity of the paraffin/high density polyethylene com-
posite phase change material was studied by Sari'"*'. The re-
sults show that the thermal conductivity of the composite
phase change material rises by 14% and 24% when the
mass fractions of the expanded graphite are 1% and 3%, re-
spectively.

CF is an organic fibrous carbon compound which is car-
bonized in inert atmosphere at high temperature. The CF
formed by asphalt and polymer fiber has been commercial-
ized. The CF is a new carbon material with thermal conduc-
tivity as high as 1 000 W/(m-K). Moreover, the CF has
the merits of low density and good chemical stability. The
thermal conductivity and the performance of PCM can be
improved noticeably by blending the CF. This study aims to
prepare the composite PCM by blending the CF and n-Doco-
sane and investigates the influences of the mixing amount
and the length of the CF on the conductivity of n-Docosane.

1 Methodologies
1.1 Materials

PCM used in this study is n-Docosane. The melting point
is 40 to 44 C. The physical properties are listed in Tab. 1.
The thermal conductivity of n-Docosane is 0. 558 W/(m -
K). The n-Docosane is supplied by Kanto Chemical Co.,
Ltd.

Tab.1 The physical properties of n-Docosane

Flash
point/C

Melting
point/C

Density/
(kg-m~?)

Ignition

point/C Solubility

Soluble in some

40 to 44 :
organic solvents

149 10232 260 to 371 900 (20 C)

The CF is provided by Xingke Dalian CF Co., Ltd. The
diameter of original wire is 7 um, and the short cut length
of the CF has three kinds of specifications: 4, 6, 10 mm;
the density is 1 760 kg/m".

1.2 Tests of thermal performance

1.2.1 Tests of the heat storage and release rates

The testing apparatus of the heat storage and release rates
is shown in Fig. 1, which consists of the constant tempera-
ture water bath, the thermocouple, and the temperature ac-
quisition instrument.

Test tube

Temperature acquisition
Thermocouple | instrument

Constant temperature
water bath

Fig.1 Apparatus for the test of heat storage and release rates

A5 g sample is put into a 10 mL test tube, and the ther-
mocouple is inserted into the central position of the sample.
The temperatures of the two constant temperature water
flumes are set at 54 and 26 C, respectively. First, the test
tube with the sample is put in the constant temperature water
flume of 26 C. Then, the sample is put into the constant
temperature water flume of 54 C when the temperature of
the sample reaches 26 C, and the sample begins to absorb
and store heat. Finally, the sample is put into the constant
temperature water flume of 26 C when the temperature of
the sample increases to 54 C, and the sample begins to re-
lease the stored heat and the temperature of the sample de-
creases to 26 C. This is a storage and release heat process.
The temperature-time curve is obtained with a temperature
measurement instrument ( RQ9008U, Ruiqgin Electronic
Co., Ltd. China) in the test.

1.2.2 Differential scanning calorimetry

The thermal analysis of n-Docosane is performed by a dif-
ferential scanning calorimetry (DSC204, Netzsch Instrument
Inc., Germany). The DSC measurement is carried out in a
nitrogen atmosphere from 0 to 120 C at a heating rate of
5 C/min.

1.2.3 Scanning electron microscopy

The morphology of PCM and PCM mixed with the CF are
observed with a SEM (JSM-6700F, JEOL, Japan) at an ac-
celeration voltage of 20 kV under low vacuum.

1.2.4 Thermogravimetric/differential thermal analysis
(TG/DTA)

The thermal analysis of n-Docosane mixed with the CF is
performed by a thermogravimetric/differential thermal anal-
ysis ( Diamond TG/DTA, Perkin-Elmer Co., Ltd. USA).
The TG/DTA measurement is carried out in a nitrogen at-
mosphere from 0 to 900 C at a heating rate of 10 C/min.

2 Results and Discussion

The CF, with a thermal conductivity of 800 to
1200 W/(m-K), is a good heat conductor. Moreover, the
CF is compatible with most heat storage materials because it
has a strong ability to resist chemical corrosion. In this stud-
y, the CF with different lengths and different mixing a-
mounts is mixed into n-Docosane, and the temperature vari-
ations of the composite PCM in the heat storage and release
process are investigated. The effects of the CF on thermal
conductivity of n-Docosane are investigated, and the influ-
ences of the length and the mixing amount of the CF on the
thermal conductivity of n-Docosane are studied.

2.1 Microstructure of PCM mixed with CF

The SEM image of n-Docosane mixed with the CF is
shown in Fig. 2. Fig. 2(b) shows that the CFs randomly
disperse in the n-Docosane matrix. Moreover, Fig. 2 (a)
shows that the CFs combine with n-Docosane well, and
some CFs are impregnated by n-Docosane. This is because
the CF is compatible with n-Docosane, which leads to a
good dispersion of the CF in the n-Docosane matrix.

2.2 Thermal property of PCM mixed with CF

The DSC thermogram of n-Docosane is shown in Fig. 3.
The DTA/TG curve of n-Docosane mixed with CF is shown
in Fig.4. It can be seen from Fig. 3 that there are two peaks
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Fig.2 SEM images of n-Docosane mixed with CF.
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Fig.4 DSC thermogram of n-Docosane mixed with CF

on the DSC curves. The main peak at the right side repre-
sents the solid-liquid phase change of n-Docosane, and the
minor peak at the left side represents the solid-solid phase
change of n-Docosane. Fig. 3 shows that the melting point
of the n-Docosane is 40.2 C and the phase change heat is
124.49 J/g. Fig.4 shows that there is an endothermic peak

at 50.8 C, and there is no thermogravimetric loss at this
temperature. This suggests that the corresponding tempera-
ture to the endothermic peak is the melting point of the n-
Docosane mixed with the CF, which is higher than that of
the n-Docosane. Two exothermic peaks at 247. 7 and
351.0 C are due to the thermal decomposition process of n-
Docosane, which agrees with the thermogravimetric loss
from 100 to 351 C in Fig. 4. And the thermogravimetric
loss is as high as 17.7% .

2.3 Effect of mixing amount on thermal conductivity of
n-Docosane

Figs. 5 and 6 show the temperature-time curves of PCM
with and without the CF during the heat storage and release
processes, respectively. The length of the mixed CF is 4
mm, and the mixing amounts are 6% and 10% . In Fig.5,
PI00CFO means that the mass fraction of n-Docosane and
CF are 100% and 0%, respectively. The other legends in
this paper have similar meaning.
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Fig.5 Temperature-time curves of PCM with and without CF
during heat storage process
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Fig.6 Temperature-time curves of PCM with and without CF
during heat release process

The heat storage and release rates are determined by heat-
ing time and cooling time in the same temperature range,
respectively. Fig.5 shows that the heating time is decreased
from 720 to 660 s by mixing with 6% of the CF, and is de-
creased to 600 s by mixing with 10% of the CF. Fig. 6
shows that the cooling time is decreased from 960 to 840 s
by mixing with 6% of the CF, and is decreased to 780 s by
mixing with 10% of the CF. The decrease in the heat stor-
age time and the reduction in the heat release time of com-
posite PCM show the thermal conductivity improvement of
n-Docosane. This is because the CFs with high heat conduc-
tivity not only can improve the thermal conduction diffusion
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of n-Docosane in the liquid and solid states, but also can
improve the thermal convection diffusion during the phase
change of solid and liquid states of n-Docosane.

2.4 Effect of length of CF on thermal conductivity of
n-Docosane

The CFs are distributed in a disordered form in n-Doco-
sane and a network structure is formed by the CFs. The CFs
with different lengths in n-Docosane have different stagger
connecting manners when the mass fraction of the mixed CF
is the same. So, they have different contributions to the im-
provement of the thermal conductivity of n-Docosane. Figs.
7 and 8 show the temperature-time curves of the composite
PCM with 6% and 10% of the CF during the heat storage
process, respectively. The lengths of the CF are 4, 6 and 10
mm, respectively.
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3 Conclusion

A composite PCM is prepared by blending the CF and n-
Docosane. The thermal properties such as heat storage and
release rates are improved by blending the CF, and the CF
can be considered as an effective additive to improve the
thermal conductivity of n-Docosane.

The melting point of n-Docosane is increased from 40. 2
to 50. 8 C after being mixed with the CFs. The heat storage
and release rates increase with the increase in the mixing
amount of the CF. The heating time is decreased from 720
to 660 s by mixing with 6% of the CF, and is decreased to
600 s by mixing with 10% of the CF. The length of the CF
has an influence on the improvement degree of the heat stor-
age rate. For 6% of the CF mixing amount, the endother-
mic rate is raised more by the CF with a length of 6 mm
than by the CF with a length of 4 or 10 mm. However, for
10% of the CF mixing amount, the CF with a length of 4
mm is the best choice to improve the endothermic rate of n-
Docosane.
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