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The electrical conductivity is one of the main parameters
that affect the shielding effectiveness. However, a material
that exhibits low electrical conductivity does not necessarily
exhibit poor shielding effectiveness, even in the case that
reflection is the dominant mechanism of shielding.

For example, cement paste containing 0.1 pm diameter
carbon filament exhibits much lower conductivity but much
higher shielding effectiveness than cement paste containing
15 um diameter carbon fiber at the same volume fraction
[1,2]. Reflection is the dominant mechanism of shielding for
both cements. Cement paste containing 0.1 pm diameter
carbon filament is more reflective and thus more effective in
shielding than that containing 15 um diameter carbon fiber.

The high reflectivity of cement containing 0.1 um carbon
filament is due to the small diameter of the component of
high reflectivity and the consequent large interface area per
unit volume. Because of the skin effect, a large area of the
component of high reflectivity helps the shielding.

Therefore, in case of a composite material that contains
components that are very different in reflectivity, the appli-
cation of Eq. (4a) of the Discussion by Tumidajski to the
overall composite can be misleading. The more relevant
skin depth is that of the component of high reflectivity
rather than that of the overall composite. Furthermore, the
surface area of the reflective component needs to be
included in the consideration.

The low conductivity of cement paste containing 0.1 um
carbon filament is due to the small diameter of the filament
and the consequent large number of filament—filament
contact points per unit volume. Due to the electrical resis-
tance associated with each contact point, the conductivity of
the composite is low.
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The importance of a large surface area for reflectivity is
also supported by the high reflectivity of flexible graphite
(skin depth=44 um at 1 GHz) compared to polycrystalline
graphite (skin depth=62 pm at 1 GHz) [3]. Flexible
graphite exhibits a large surface area. The importance of a
large interface area is also supported by the high reflectivity
of a polymer—matrix composite containing 0.4 um diameter
nickel (skin depth=0.47 pm at 1 GHz) filament compared
to that containing 2 um diameter nickel fiber at the same
volume fraction and the high reflectivity of the composite
containing 2 pum diameter nickel fiber compared to that
containing 20 pm diameter nickel fiber at the same volume
fraction [4].

In the case of a cement—matrix composite containing
graphite particles (the material of the paper under discus-
sion), the electromagnetic radiation interacts with each
graphite particle while the interaction with the cement
matrix is little. Thus, the skin depth for a graphite particle
is relevant to the understanding of the effectiveness of the
graphite particles in enhancing the shielding of the cement—
matrix composite. Even if the skin depth is considerably
larger than the size of a graphite particle, it is still relevant,
because the interaction of the electromagnetic radiation with
a conductor decreases exponentially as it penetrates into the
depth of the conductor and the skin depth is the depth for
decay by a factor of 1/e.

The larger are the conductive particles used in a com-
posite material for shielding, the less is the effectiveness of
the particles at a fixed volume fraction and a fixed compo-
sition of the particles. This is due to the skin effect, which
makes the inner part of a particle contribute less to shielding
than the outer part of the particle. This notion is supported
by experimental results in a comparative study of a consid-
erable variety of cement—matrix and polymer—matrix com-
posites [1,2].

The measured resistivity values reported in the paper
under discussion were obtained using the four-probe meth-
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od. As a result, the contribution of the resistance of the
electrical contacts to the measured resistance was negligible.

The high resistivity values (10° € cm) obtained are
reasonable, because the graphite particles are much lower
in aspect ratio than carbon fibers and the percolation
threshold has not been reached, even for the highest graphite
particle content of 0.92 vol.%. In contrast, for carbon fibers,
the percolation threshold is low (between 0.5 and 1.0 vol.%)
[5,6]. Resistivity values that are almost as high as those in
the paper under discussion have been reported for cement
pastes containing coke powder, the percolation threshold of
which is beyond 9.2 vol.% coke [7].

The calculated resistivity values shown in Table 2 of the
Discussion by Tumidajski are unreasonably low, in view of
previous work on related materials [6,7], as well as the
measured values in the paper under discussion. The calcu-
lated shielding effectiveness values shown in Table 1 of the
Discussion by Tumidajski are also unreasonable, in view of
the measured values reported in the paper under discussion.
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