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Waveform characteristics of ultrasonic wave generated from
CNT/PDMS composite
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& B £33 PMMA (Poly methyl methacrylate) 7]3 9o &k4L} =52 (Carbon Nanotube, CNT)2} PDMS
(Poly dimethylsiloxane) & T &g E5A|of) o] A A5 ZAlSHA Hed gl o ol 75k 25ab7 gt
o}, 2 =oAL 25u AT ws G5 ol B L AR S 2 o)A BAE FA7E20
um {1 CNT/PDMS E5 Aol ZAREE wf o] | 919 O] 2507} iAYs=A& Algd o] E8l #Helsiqlct 1 At
EHE CNT/PDMS EgA| oAM= 524 25317, 71 9] /4= B3| o] 248 £/d 4ho]+20 % Hstoi =
A WH5HA] o= A ERISHITE LU H(+), ()8 T2 32 GRAGT ST AU U, E85, a5l A
ShH Z7 s, QA= e thelial= RIZdskA 5] b= Atk vobrl 215 A2k CNT/PDMS 54| of| A 1
APl 250ke] &7 Aot AlEe ol Auke] vluRRE 1824 gk T 4= stk

siAMR0]: 220} EWALA, detAay), 240}, g4 H (Carbon Nanotube, CNT), PDMS (Poly

dimethylsiloxane) BHd 53|

ABSTRACT: When a laser pulse is irradiated on a CNT (Carbon Nanotube) and PDMS (Poly dimethylsiloxane)
composite coated on a transparent PMMA (Poly methyl methacrylate) substrate, a strong ultrasonic wave is
generated due to the thermoelastic effect. In this paper, the thermoacoustic theory related to the wave generation
by the CNT/PDMS composite was established. The waveforms of ultrasonic waves when a laser pulse having a
Gaussian waveform is irradiated on the composite with a thickness of 20 pm were numerically simulated. From
the results, it was confirmed that ultrasonic shock waves can be generated from the CNT/PDMS composite and
the waveforms are changed little even if the physical properties of the composite are changed by 20 %. It was
found that the peak positive and negative pressures increase as the thermal expansion coefficient increases, or as
density, heat capacity and sound speed decreased. However, those changes were not so sensitive with thermal
conductivity. In addition, the physical properties of the CNT/PDMS composite fabricated in this study were
estimated from the comparison of the measurement and simulation results.

Keywords: Ultrasonic transducer, Thermoelastic effect, Shock wave, CNT (Carbon Nanotube), PDMS (Poly

dimethylsiloxane) elastomer
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Fig. 1. Schematics of a laser generated ultrasound
transducer with CNT/PDMS composite.
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Table 1. Physical properties of materials.!"”

Specific Thermal | Thermal | Sound .
. heat .. . Density
Material capacity conductivity | expansion| speed [ke/m’]

-6
kg | [WmKD | [109K] | [ms]

PMMA | 1420 0.19 70 2,690 | 1,190
CNT 460 1500%* 280 2,130 440
PDMS 1460 0.16 900 987 970
Water 4200 0.6 210 1,481 998

* https://en.wikipedia.org/wiki/Carbon_nanotube
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Fig. 2. Waveforms of the laser pulse (a) and the
estimated waveform for thermal source (b).
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Fig. 4. Positive peak (a) and negative peak (b) variation with physical parameters of the shockwave.
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Table 2. Obtained physical properties of the CNT/PDMS
composite by simulation,
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