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ABSTRACT

This study aimed to determine the optimal composition of silicone composite materials for use as elastography
ultrasound phantom materials by analyzing changes in elasticity based on silicone hardness and additives. The
base silicone samples were prepared with hardness levels of 0.1, 0.3, and 0.5. For experimental groups, 5% by
weight of activated carbon and titanium dioxide were added to the silicone with a hardness of 0.1. After mixing
with a stirrer and curing, the elasticity of the samples was measured using ultrasound. The results indicated
significant changes in elasticity depending on the type of additive. Although no significant differences in elasticity
and shear wave velocity were observed among the pure silicone samples with varying hardness (0.1, 0.3, and
0.5), the addition of activated carbon and titanium dioxide to silicone with a hardness of 0.1 resulted in enhanced
compressibility, characterized by reduced elasticity (85.3 kPa and 77.71 kPa, respectively) and shear wave velocity
(5.33 m/s and 5.09 m/s, respectively) compared to pure silicone. Notably, the samples with titanium dioxide
exhibited slightly lower elasticity and shear wave velocity than those with activated carbon, suggesting a distinct
influence of titanium dioxide on material properties. In conclusion, the properties of silicone vary depending on
the type of additive, and titanium dioxide, in particular, enhances compressibility, suggesting its potential use in

applications requiring high compressibility.
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Table 1. Experimental design based on silicone
hardness and additive types

Groups Hardness of silicone Types of additives
A 0.1 No
B 0.3 No
C 0.5 No
D 0.1 Activated carbon (AC)
E 0.1 Titanium dioxide (TD)
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Fig. 1. Phantom production.
(A) Silicone 0.1, (B) Silicone 0.3, (C) Silicone 0.5, (D)
Silicone 0.1+AC, (E) Silicone 0.1+TD.
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Fig. 2. Ultrasound images with elasticity and shear wave
speed measurements.
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Table 2. Elasticity and Shear wave speed according to
silicone hardness and silicone composites.

Shear wave speed

Elasticity (kPa) (m/s)

Hardness of

roups silicone Mean Standard Mean Standard
Deviation Deviation
A silicone 0.1 182.07 9.31 7.79 0.2
B silicone 0.3 184.5 133 7.84 0.28
C silicone 0.5 183.56 18.0 7.81 0.39
D  silicone 0.1+ AC 853 6.64 5.33 0.2
E  silicone 0.1+ TD 77.71 435 5.09 0.14

AC: activated carbon, TD: titanium dioxide
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Fig. 3. Elasticity evaluation.
(A) Silicone 0.1, (B) Silicone 0.3, (C) Silicone 0.5,
(D) Silicone 0.1+AC, (E) Silicone 0.1+TD.
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Fig. 4. Shear wave speed.
(A) Silicone 0.1, (B) Silicone 0.3, (C) Silicone 0.5,
(D) Silicone 0.1+AC, (E) Silicone 0.1+TD.
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