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Acoustic Analysis of Boundary Layers within Polymeric Composite

Materials Containing Inorganic Small Particles
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Compressibility of boundary layers in polymer composites can be evaluated acoustically
by applying a two states model based on a solvation model. In this tutorial paper, we introduced
the method to characterize the elastic properties of the boundary layer, as well as features of
acoustic characterizations for materials. Polyvinylchloride (PVC) and styrene-butadiene rubber
(SBR) were used as polymer matrices. Calcium carbonate (CC) and carbon black (CB) were
used as fillers and these were dispersed in the matrices. Velocities of elastic waves propagating
in the PVC/CC and SBR/CB composites were measured by using two bulk wave velocity
measurement systems. Acoustic images and surface wave velocities of the composites were
measured with an acoustic microscope. Amount of boundary layers for the PVC/CC and
SBR/CB composites were determined from the acoustic image and from the thermal gravimetric
curve, respectively. The partial specific volume of those particles was almost same as the specific
volume in each particle. Values of the partial specific adiabatic compressibility of the CC and
CB were 1.4+0.7x10 '""Pa-! and —0.5+0.5x10 'Pa~!. These values suggested that the
boundary layer in the PVC/CC composite was softer than the matrix and that in the SBR/CB
composite was harder than the matrix.
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Fig.1 Schematic diagram of the two states model for

polymeric composite materials.
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measurement system using time-to-amplitude
converter (TAC). Solid line: r.f. signals. Broken
line: digital data.
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Table 1 Sample formulations (unit in phr).

SBR (1502) 100
Carbon Black (N220) 0~50
Anti-oxidant 6PPD¥ 1
Stearic Acid 2
Zinc oxide 3
Sulfur 1.5
Accelerator CBSY 1

¥ N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine.
® N-cyclohexyl-2-benzothioazolylsulfeneamide.
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Fig.5 Plots of densities (a), longitudinal wave velocities

(b) and transverse wave velocities (c) against the
particle concentration for the PVC/CC composite.

Table 2 Densities and longitudinal wave velocities of

the PVC composites at the particle concentration

of 0 wt%.
Particl Po C1,0
article type kg m? o
glass® 1396 2389
mica* 1396 2380
calcium carbonate 1397 2343

* referred from the result of our previous study.’®3%
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Fig.6 An acoustic image of the surface of the PVC/CC

composite (2 wt%).
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Fig.7 Plots of the leaky surface skimming

compressional wave (LSSCW) velocity against
the particle concentration for PVC/CC composite.
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Fig.8 Plots of density ratios (filled circle) and

compressibility ratios (open circle) against particle
concentration for the PVC/CC composite.

Table 3 Adiabatic compressibilities and partial specific
adiabatic compressibilities of glass, mica and
calcium carbonate particles dispersed in PVC

matrices.

. Kp Kp
Particle type 10-10pg -1 10-10pa -1
glass™® 0.25 0.0£0.5
mica* 0.23 —1.1+0.5
calcium carbonate 0.13 1.4+0.7

* referred from the result of our previous study.’%3%
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KO)FDr, TREND CCRT- L BEIFIEFHDOPVC D&
W ihEs 57201218, B8O S e s 248D S
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Fig.9 Plots of densities (a) and longitudinal wave

velocities (b) against the particle concentration
for the SBR/CB composite.
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Fig.10 An acoustic image of the surface of the SBR/CB
composite (40 phr).
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Fig.12 Particle concentration dependencies of
1 (b) compressibility ratios (open circle) and density
08 ratios (filled circle) for the SBR/CB composite.
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Fig.11 Results of the thermal gravimetry for the SBR/CB HIE-0.54£0.5x10" 10 Pa~ ! THY, CBRAFDEHMHO

composites (40 phr) before the Soxlet extraction
(a) and after the extraction (b). Narrow line
indicates the temperature dependency of the mass
of CB normalized by that of SBR/CB composite
before the extraction.
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