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Development of the terahertz computed-tomography system for the 3D visualization of
the internal network of black rubbers
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In modern society, rubber composites filled with carbon black (CB), i.e.,, "black rubber" have
been widely used in various applications, such as tires and anti-vibration rubbers. It is well known
that CBs form a conductive network inside rubber composites. Despite the usage of various
applications, the influence of the CB-based network on the mechanical and electric properties is
still not fully understood, because it is difficult to visualize the CB-based network structure inside
the rubber composites under various mechanical deformation. Because black rubbers are opaque to
visible light, the conventional inspection techniques with visibie light cannot be straightforwardly
applied to investigate the internal network structure. Thus, it is required to develop a new
inspection method for unveiling the relationship between the internal structure and the pliysical
properties.

Recently, we have developed a novel non-destructive internal inspection method based on
terahertz polarization spectroscopy, because terahertz light can penetrate black rubbers in contrast
to visible light (for instance, Sci. Rep. 9, 39079 (2016)). In addition, we found that it is possible to
estimate the microscopic CB structure from the macroscopic properties with a combination of
terahertz polarization spectroscopy and theoretical analysis with an effective medium
approximation (Appl. Phys. Lett. 111, 221902 (2017)). Our findings are expected to provide the
complementary knowledge against the conventional inspection methods.

Here, we have aimed to develop a terahertz polarization computed-tomography system and
forther improved aforementioned theoretical analysis to apply to investigate the internal structure
of rubber composites ander arbitrary deformation conditions. First, we tried to fabricate an
all-hand-made light source for the generation and the detection of terahertz wave. Second, we
succeed to improve the analytical method by accounting for the orientational distribution of CBs.
In the near future, we plan to visualize the three-dimensional CB-based network structure by using
the developed system and analytical method.
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