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Table 2. The physical parameters adrboxyl functionalized mukivalled carbon nanotubes
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Fig. 3. The reflection loss of control sample and cemdWCNTs-COOH composite with different geometries; chiral, zigzag and
armchairby short circuit of the waveguid®ethod.Thickness of 3 mm. b) Thickness of 6 mm.
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Abstract:

Many studies have been conducted on the absorption and protection of electromagnetic waves to reduce the
harmful effects of electromagnetic radiation on the environment. High conductivity shields are used to prevent
the penetration of electromagnetic wavésconvenient and useful method of obtaining electromagnetic
shielding materials is the addition of conductive carbon materials including carbon fibers, carbon filaments,
and carbon nanotubes. Carbon nanotubes can easily form a conductive network mvétenial field due to

their two-dimensional tubular structures and high conductivity, which results in a high electrical permeability
ambience Therefore, the increase in dielectric losses results in reflection losses of electromagnetic waves.
Thus, the pesence of carbon nanotubes in the adsorbent improves the absorption properties of electromagnetic
waves.

In this study, the electromagnetic wave absorbing properties of-walléd carbon nanotubes (MWCNT)
functionalization with carboxyl-COOH) group /ement composites with different shapes; chiral, zigzag and
armchair were studied by short circuit of the waveguide and matched load m&thoels. i nf 1l uence of
shape and sample thickness propertigsher ec lebdct amdna gnal yze
frequen &yl LGrHby g shortocifcuit of the waveguide and matched load metfbdssamples were
prepared in two thicknesses of 3 and 6 mm, and the amount of nanotubes added wasTOhl&wta d d i t i
0.wlt . % MWCNT egmrheaantcles t he absorption perforS8da@@dz. of
With the incr e3anmsme Guoi, tthh ¢ kficsgu dmroym bandwidt hs of t
composites increases ebwu Byconparingnthenrbselis ofocetectrgmagnitic wale ¢ r
absorbing of the samples with two different methods are deduced that in the samples with a thickness of 3 mm,
the absorbing of waves by matched load method is better than short circuit method miteched load.
However, in samples with a thickness of 6 mm, there is not much different. Also, the electromagnetic wave
absorbing of the composite samples with a thickness of 3 mm performed better by short circuit method at
frequencies below 10.5 GHz, idithe composite samples had better absorbing in the matched load method
at frequencies greater than 10.5 GHz. In addition, the electromagnetic wave absorbing of the composite
samples with a thickness of 6 mm show better results by short circuit metlovgeatfrequencies and by

0
t
]

matched load method at higher frequendids.r e o ver, the absorption bebhavior
mm di ffers from the other two samples becauseatde cl
symmetric. Furthermore, the structural analysis and

shapes have b escannirgelpciranmicrdscopeSiEnVg) tt Bearining eteatren microscope
images ofMWC N T / ¢ e mesnit shewgdispgersion of nanotubes in composite. Connecting of nanotubes
and cement leads to reduction of porosity and formation of regional conductive network. As a result, the
electrical conductivity is increased and the electromagnetic field in thereisvattenuated.

Keywords: Carboxyl functionalized muhivalled carbon nanotubes, Cement composite, Short circuit,
Matched load.



