
Phase change insulation for energy efficiency based on wax-halloysite composites
Yafei Zhao, Suvhashis Thapa, Leland Weiss, Yuri Lvov

Institute for Micromanufacturing, Louisiana Tech University, Ruston, LA 71270

Abstract
Wax can be used as a phase change material in solar energy storage but has low thermal conductivity and cannot
sustain shape at higher temperature (above 55 C). Introducing 50% halloysite clay nanotubes into wax yields a
stable and homogenous phase change composite with thermal conductivity of 0.36 Wm-1K-1 and no leaking until
70 C (preserving layer-shape above the original wax melting point). Thermal conductivity of
wax/halloysite/graphite (45/45/10%) composite showed a six-fold conductivity increase to 1.4 Wm-1K-1 compared
to pure wax and had no liquid wax leakage until 81 C. Wax/halloysite/graphite/carbon nanotubes (45/45/5/10%)
composite show thermal conductivity of 0.85 Wm-1K-1 while maintaining the original shape until 91 C. Vectorial
thermal energy transfer for double layers of different phase change materials demonstrated heat flux difference in
the opposite directions differed by 25%. This variance in layer conductivity allows for smart building roof
insulators with increased absorption during hot weather but limited thermal losses during periods of cooler
temperatures. The new wax-nanoclay composite is a promising heat storage material due to good heat capacity,
high thermal conductivity and ability to preserve its shape during wax melting.

Conclusions
(1)Halloysite can offer as a support to maintain wax shape during heat absorption and phase change even when the temperature
of the PCM exceeds the melting point.
(2)Halloysite can also improve the thermal conductivity of wax. Shape stabilized temperature and thermal conductivity can be
further enhanced by adding graphite or carbon nanotubes to wax/halloysite composite.
(3)More than one phase change materials with different thermal conductivity and melting point can be combined to improve the
performance of phase chage storage, and this design has a potential application in the building roof.

Acknowledgements
Support with NSF-1029147 and NSF-
EPS1003897 grants are acknowledged.

Authors are thankful to Applied Minerals
Inc., USA for providing halloysite samples.

Wax and Halloysite nanotubes
Wax as a phase change material (PCM)

Advantages:
High heat of fusion (150-250 J/g),
Appropriate melting temperature (51-53 C),
Chemically inert and stable and noncorrosive and nontoxic

Disadvantages:
Low thermal conductivity (~0.25 W/ mK)

For further information contact ylvov@latech.edu

Experimental setup
The composites were prepared by reflux blending and impregnation method. Wax was melted at 80 C and
dissolved in 80 mL isooctane solution to form a homogenous solution under continuous stirring for 10 min.
Halloysite (and graphite and carbon nanotubes) was added to the above solution and the resulting mixture was than
stirred and refluxed under 80 C for 3 hours. Finally, the composites were sealed in a vacuum drier at room
temperature for 3 days to evaporate isooctane solvent from the mixture.

Results and discussion

Table 2. Thermal conducivity of composites

Figure 3. Images of pure wax (a) wax/halloysite (b) wax/graphite (c)
wax/halloysite/graphite (d) wax/halloysite/graphite/carbon nanotubes at
different temperature
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W:HNT:G:CNT 
(w%)

Melting 

Transition 
T (ºC)

Melting point 
T (ºC)

Melting latent heat 
∆H (J/g)

Total 
latent heat 
∆H (J/g)

100:0:0:0 47.5 52.3 140.5 171.0

50:50:0:0 47.4 53.3 89.9 107.7

45:45:10:0 47.1 52.9 57.4 68.4

45:45:5:5 46.8 52.7 73.6 88.1

87:10:0:3 47.4 52.7 120.6 145.7

45:45:0:10 47.1 52.7 64.5 75.7

Table 1. Melting point and heat transfer of wax/halloysite composites 

Figure 4. DSC curve for the wax/halloysite composites

(1) The melting point of wax is about 51-53 ºC. By adding halloysite into
wax, wax can keep shape when it is heated above melting point.

(2) The shape of wax/halloysite composites become more stable when
graphite and carbon nanotubes were added. There is no shape
deformation when the composites were heated as high as 90 ºC.

(3) Only adding graphite to wax cannot make shape stabilized PCM.

(1)The melting point and transition of
wax/halloysite composites are the nearly
the same as pure wax, which means
halloysite, graphite and carbon nanotubes
will not change the properties of wax.

(2) The melting latent heat depends on the
ratio of wax.

(3)Thermal conductivity of wax (0.25
W/m2K) can be increased by adding
halloysite, graphite and carbon nanotubes .

(4) Thermal conductivity can be increased to
as high as 1.4 W/m2K when 10% graphite
was added.

Halloysite nanotubes
Two-layered (1:1) aluminosilicate
Hollow tubular structure in the submicron range
Chemically similar to kaolin
Length: 0.5-1.5 μm, inner/outer diameter: 15 /50 nm
Maintenance of phase change material shape during
heat absorption and phase change
Improve the thermal conductivity of PCM
Graphite or carbon nanotubes further enhance thermal
conductivity and shape stabilized temperature

Figure 1. SEM images of halloysite nanotubes (a),
wax/halloysite (50/50%) (b), wax/halloysite/graphite
(45/45/10%) (c), photography of wax/halloysite (70/30%) (d).

Figure 2. Phase change materrials test device setup (left) and Acrylic PCM housing (right). 

Halloysite can be dispersed uniformly into wax.
Wax:halloysite:graphite:car

bon nanotubes (wt%)
Thermal conducivity 

(Wm-1K-1)
Shape deformation T 

(°C)
100:0:0:0 0.25 53
0:100:0:0 0.10 —
90:10:0:0 0.50 60
50:50:0:0 0.36 70
85:10:0:5 0.57 53

45:45:10:0 1.40 81
90:0:10:0 0.65 53
45:45:5:5 0.85 91

Figure 4. Proposed roof insulation scheme with vectorial heat transfer (left) and the
thermal energy transfer of the bilateral insulator with gradient thermal conductivity.

(1) Higher thermal conductivity
composite allows for more
heat transfer in direction up-
down than down-up. Lower
thermal conductivity bottom
layer releases less thermal
energy.

(2) The multilayer phase change
material has a potential
application in the building
roof to adjust room
temperatures by design of
proper multilayer coating.


