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Abstract—A never reported effect as a result of omitting
vacuum treatment during fabrication of PDMS/CNTs
nanocomposite is reported. EDS and FESEM results indicate
the presence of voids and NaCl crystals on the surface of
nanocomposite. The results indicate the importance of
vacuum treatment prior to the curing of nanocomposite.
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I.  INTRODUCTION

PDMS/CNTSs nanocomposite is attracting a lot of attention
as a result of their numerous applications in flexible
electronics[1], haptic devices[2] and organic electronics[3].
Several research groups have been trying to optimize the
process of fabricating such nanocomposites to reduce the
amount of CNTs in PDMS[4]; for homogeneous dispersion of
CNTs in PDMS and to commercialize the fabrication process
for further applications and studies. There are few reports of
homogenous dispersion of functional CNTs in modified

PDMSI5], [6] though; these techniques, processes and
materials are costly and inefficient for commercial
applications.

There are several vital steps to fabricate PDMS/CNTSs
nanocomposite that have been argued and studied, such as
functionalization of CNTs[7], plasma treatment of PDMS[8]
and curing time and temprature[9], nonetheless there is not a
single report to magnify the importance of vacuum treatment
prior to the curing of nanocomposite. Although many groups
reported to have carried out this step to avoid the formation of
air bubbles that could cause voids in nanocomposite, herein a
previously never reported outcome in addition to formation of
voids is reported, that may happen as a result of omitting
vacuum treatment step.

Il. MATERIALS AND METHODS

A. Materials

Commercial multiwall carbon nanotubes (MWCNTS)
produced by catalytic decomposition (L.MWNTs-2040,
length=5-15pum,  diameter=20-40nm,  Shenzhen  Nano-

technologies Port Co. Ltd., Shenzhen, China);
Polydimethylsiloxane (PDMS) (SYLGARD 184); THF
(Sigma Aldrich); All chemicals were used as received without
further purification.

B. Methodology

PDMS/CNTs nanocomposite was prepared using solvent
mixing. The CNTs were mixed with THF (0.1mg/ml) through
ultrasonication for one hour. PDMS base was mixed with THF
(100mg/ml) in a separate beaker for 30 minutes. The two
mixtures were then mixed together via magnetic stirring on a
hotplate at 80°C to remove THF; the sample was ultrasonically
mixed after every 30 minutes of stirring. After evaporation of
the solvent, curing agent was added to the mixture and
vigorously stirred for 10 minutes. The final product was then
molded. The fabricated nanocomposite was then placed in
oven at 150°C for 15 minutes until the nanocomposite fully
dried.

C. Characterizations

The fabricated nanocomposite was subjected to FESEM
(Fei Nova Nanosem 230) imaging and EDS (Fei Nova
Nanosem EDS) analysis.

I11. RESULTS AND DISCUSSION

A. FESEM Imaging

By looking at the fabricated nanocomposite via naked eyes
an unsmooth and uneven surface was easily noticeable. Fig. 1
displays the obtained FESEM image of the fabricated
nanocomposite in which the voids generated as a result of
omitting vacuum treatment prior to curing are clearly
demonstrated. Omitting vacuum treatment results in presence
of air bubbles within nanocomposite that produced voids after
curing.

Fig.1 FESEM image of PS/NTs nanocomposite
indicating the presence of voids
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B. EDS Analyses

Fig. 2 shows the EDS results of fabricated nanocomposite.
The presence of cubic crystal structures were noticed all over
the nanocomposite which were subjected to EDS analysis. The
result indicates the presence of NaCl on the surface of
fabricated material. This may be due to the presence of Pt
catalyst present in the curing agent of sylgard 184 PDMS.

It is well known that cross linking of sylgard 184 PDMS is
due to hydrosilylation which is a catalytic process in which
molecules of base and curing agent bond to produce the final
solid product. There are several types of available Pt catalyst
however; the presence of NaCl indicates the presence of
Sodium hexachloroplatinate (NazPtClg) as the catalyst in the
curing agent.

Based on this result it could be said that during vacuum
treatment the chlorine atoms are removed from the sample and
sodium atoms are sedimented. By neglecting the vacuum
treatment these atoms remain in the sample and bond during
curing process which result in presence of NaCl in the sample.

cl

Au

Fig. 2 EDS results of fabricated nanocomposite
indicating the presence of NaCl crystals

IV. CONCLUSIONS

These results indicate that to avoid having voids in the
sample which is considered as defects and could result in
difficulties and errors in physical, chemical, thermal,
electrical, optical and mechanical measurements, vacuum
treatment prior to curing process is necessary. On the other

hand it is clear that while using sylgard 184, vacuum treatment
is an important step in which the residue elements present in
curing agent are removed. The presence of NaCl crystals
confirms this suggestion.

REFERENCES

[1] H. C. Jung, J. H. Moon, D. H. Baek, J. H. Lee, Y. Y. Choi, J. S.
Hong, and S. H. Lee, “CNT/PDMS composite flexible dry
electrodesfor long-term ECG monitoring,” IEEE Trans. Biomed.
Eng., vol. 59, no. 5, pp. 1472-1479, 2012.

[2] S. Pyo, J.-I. Lee, M.-O. Kim, T. Chung, Y. Oh, S.-C. Lim, J. Park,

and J. Kim, “Development of a flexible three-axis tactile sensor

based on screen-printed carbon nanotube-polymer composite,” J.
Micromechanics Microengineering, vol. 24, no. 7, p. 75012, 2014.

[3] Y. Zang, F. Zhang, C. Di, and D. Zhu, “Advances of flexible
pressure sensors toward artificial intelligence and health care
applications,” Mater. Horiz., vol. 2, no. 2, pp. 140-156, 2015.

[4] C. Gerlach, D. Krumm, M. llling, J. Lange, O. Kanoun, S.
Odenwald, and A. Hubler, “Printed MWCNT-PDMS-Composite
Pressure Sensor System for Plantar Pressure Monitoring in Ulcer
Prevention,” IEEE Sens. J., vol. 15, no. 7, pp. 3647-3656, 2015.

[5] C. F. Hu, W. S. Su, and W. Fang, “The integration of CNTs-based
flexible tactile sensor and flexible circuit by polymer molding
process,” 2011 16th Int. Solid-State Sensors, Actuators
Microsystems Conf. TRANSDUCERS’11, pp. 414-417, 2011.

[6] a. B. Bourlinos, V. Georgakilas, N. Boukos, P. Dallas, C. Trapalis,
and E. P. Giannelis, “Silicone-functionalized carbon nanotubes for
the production of new carbon-based fluids,” Carbon N. Y., vol. 45,
no. 7, pp. 1583-1585, 2007.
[71 S. K. Yadav, I. J. Kim, H. J. Kim, J. Kim, S. M. Hong, and C. M.
Koo, “PDMS/MWCNT nanocomposite actuators using silicone
functionalized multiwalled carbon nanotubes via nitrene chemistry,”
J. Mater. Chem. C, vol. 1, no. 35, p. 5463, 2013.
[8] A. L. Cordeiro, S. Zschache, A. Janke, M. Nitschke, and C. Werner,
“Functionalization of poly(dimethylsiloxane) surfaces with maleic
anhydride copolymer films,” Langmuir, vol. 25, no. 3, pp. 1509—
1517, 2009.
[9] S. Azhari, M. N. Hamidon, K. I. Usman, I. H. Hasan, I. Ismail, and
K. Nicodemus, “Effect of aggregation on dielectric property of
MWCNT/PDMS nanocomposite,” in 2015 IEEE Regional
Symposium on Micro and Nanoelectronics (RSM), 2015, pp. 1-4.

21 || NanoMITe Annual Symposium 2016, UTM KL, 28 Sept 2016



	I. INTRODUCTION
	II. MATERIALS AND METHODS
	A. Materials
	B. Methodology
	C. Characterizations

	III. RESULTS AND DISCUSSION
	A. FESEM Imaging
	B. EDS Analyses

	IV. CONCLUSIONS
	REFERENCES




