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Abstract: Three kinds of rubber compounds were prepared, and their underwater acoustical properties were investigated
for anechoic coating. Dynamic mechanical properties of the rubber compounds were measured using a dynamic mechanical
analyzer and extended to 100 kHz using time—temperature superposition. The sound speed, reflection coefficient, and atten-
uation constant were calculated. Silicone rubber showed the lowest reflection coefficient, and nitrile rubber showed the
highest attenuation constant. The acoustic properties of nitrile rubber compounds with various compositions were inves-
tigated. The sound speed, reflection coefficient, and transmission coefficient of the nitrile rubber in the frequency range of

200-1000 kHz were measured in a water-filled tank.
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Experimental

1. XM=

Alg]& 17 = Silastic GP-70 (Dow Chem. Co.)& AF&-3}
Fal, B8 7= Exxon 268 (Exxon), HEY 11F= KNB35L
(F2 AR ok FUstel ALgsielch Jh AL N2 5
TS, 12T WA N1 (91R45)S T} ALt

2. Al® H=

50°C9] two-roll millof| A A=2E &3t T oscillating disk
rheometer (Torsion Thrust Vulcameter, Zwick Co.)& AME-35}¢]
ST A9 B3} oA A3 AT ¢ F= H B
A#e Azt

3. S5 Wery =3

52 At EAL dynamic mechanical analyzer (DMA,
DMA2980, TA Ins. Co.)& ARE3SFe] -30°C, —20°C, —10°C,
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0°C, W 10°Cel A H3ht. ol Fukg WL 0.
Hz~100 HzZ 3}$tt.

Results and Discussion
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Table 1. The Recipe of Rubber Compounds

Silicon rubber ~ Butyl rubber  Nitrile rubber

Base rubber 100.0 100.0 100.0
Carbon black 5.0 5.0 5.0
Stearic acid 1.0 1.0 1.0
Zn0O 3.0 3.0 3.0
Process oil 1.0 1.0 1.0
Dicumyl peroxide 1.0 - -
Sulfur - 2.0 1.5
Total 110.0 111.0 111.5

Table 2. Curing Condition of Rubber Compounds
Rubber

Curing temperature (°C)  Curing time (min)

Silicon rubber 170 11
Butyl rubber 165 20
Nitrile rubber 165 9
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Figure 1. E' and master curves of silicon rubber (a), butyl rubber
(b), and nitrile rubber (c).
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Figure 2. Sound speed of rubber compounds.
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Figure 3. Acoustic impedance of rubber compounds.
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Figure 4. Reflection coefficient of rubber compounds.
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Figure 6. Attenuation constant of rubber compounds.
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Figure 7. Reflection coefficient (a) and attenuation constant (b)
of nitrile rubber with various sulfur content.
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Figure 8. Reflection coefficient (a) and attenuation constant (b)
of nitrile rubber with various carbon black content.
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Figure 9. Reflection coefficient (a) and attenuation constant (b)
of nitrile rubber with various process oil content.
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Figure 10. A schematic diagram of water filled tank test
apparatus.
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Figure 11. Sound speed of nitrile rubber measured in water filled
tank.
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Figure 12. Reflection coefficient (a) and transmission coefficient
(b) of nitrile rubber measured in water filled tank.
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