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Abstract:
polyethylene-carbon black composites in the frequency range of 0.3—-2.0 THz as a function of frequency and volume

Terahertz time-domain spectroscopic technique was applied to investigate the optical properties of

fraction of the carbon black. It is found that the absorption coefficient and the refractive index of the composite
increased with increase of carbon black content. At the same carbon black concentration, the absorption coefficient
increased and the refractive index decreased with increase of frequency. The experimental measurements were
analyzed by using Debye theory of dipole relaxation under the assumption that carbon black particles dispersed in the

polyethylene matrix behave like dipoles and contribute mainly to the dielectric loss.
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Fig.1 THz-TDS for virgin PE , PE-CB composites (dot
line) and reference (N, atmosphere, solid line)
Spectra for composites with high CB (carbon) contents were
magnified due to their very weak intensities.
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Fig.2 Fourier transform spectra of THz
time-domain measurements for PE,

PE-CB composites and reference (N;)

The spectra of PE-CB composites with high content were magnified.
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Fig.3 Power absorption coefficient («) as a
function of frequency ( f) for PE-CB composites
with different CB contents
The solid lines are fittings to the experimental results

by using Debye theory of dipole relaxation.
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Fig.4 Change of power absorption coefficients («)
as a function of carbon black content (¢) at several
specified frequencies
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Fig.5 Change of refractive index (n) as a function
of frequency (f) for PE-CB composites with
different CB contents
The solid lines are fittings to the experimental results by using
Debye theory of dipole relaxation.
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Fig.6 Refractive index (n) of PE-CB composites as a
function of carbon black content (¢) at
specified frequencies
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Table 1 Fitting parameters for polyethylene-carbon
black composites with various carbon black contents

(%) Eu &, Ae T/ps  o/(S'm™)
1.04 2.418 2.553 0.135 0.099 3.11
2.57 2.538 2.861 0.323 0.112 6.93

5.01 2.712 3.577 0.865 0.114 15.08
8.67 2.725 4.671 1.946 0.116 30.34
13.27 2.7+0.3  6.4+0.6  3.6x04 0.12+0.01 48.4+4.8

¢: volume fraction of the carbon black; ¢.: high frequency

dielectrics; & static dielectrics; Ae=g~¢..
7: relaxation time of dipoles; o electrical conductivity
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Fig.7 Electrical conductivities (o) and optical
parameters A¢ obtained for PE-CB composites
as a function of carbon black content
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