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Preparation of MWCNTs/TiO2> Dioxide Composite Powder
and Study on Spatial Absorption Model
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Abstract: Multi-walled carbon nanotubes (MWCNTSs) and TiO, were mixed by ball milling to obtain composite powders. The

composite powders were characterized by XRD, SEM and network vector analyzer. The absorbing properties of composite

powders in space were analyzed by theoretical calculation using numerical models. The results show that the dispersibility of
MWCNTs in the MWCNTSs/TiO, composite powders with anhydrous ethanol wet mixing is better. Wet-mixed MWCNTSs/TiO,

composite powders have better impedance matching characteristics and spatial absorbing ability in 2~18 GHz band, which

provides a theoretical reference for the practical application of composite absorbing materials.
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Multi-walled carbon nanotubes (MWCNTSs) have
excellent electrical properties and large specific surface
area. Mixing MWCNTs with TiO, can improve the
photocatalytic activity of titanium dioxide. Ye et al'"!
pared the titanium dioxide coated multiwalled carbon
nanotubes (MWCNTs) composite photocatalysts by the
controllable oxidation of titanium carbide coated
MWCNTs obtained by the molten salt method using
MWCNTs as a reaction template and metal titanium
powder as a titanium source. Xu et al™ prepared a carbon
nanotubes (CNT)/TiO, nanocomposite photocatalyst by a
simple impregnation method, which is used, for the first

pre-

time, for gas-phase degradation of benzene. It is found that
the as-prepared CNT/TiO, nanocomposite exhibits an
enhanced photocatalytic activity for benzene degradation,
as compared with that over commerical titania (Degussa
P25). Lee et al®® reported an efficient and environmentally
benign biomimetic mineralization of TiO(2) at the
graphitic carbon surface, which successfully created an
ideal TiO(2)/carbon hybrid structure without any harsh
surface treatment or interfacial adhesive layer. The direct
contact of the NCNT surface and TiO(2) nanoshell without
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any adhesive interlayer introduced a new carbon energy
level in the TiO(2) band gap and thereby effectively
lowered the band gap energy. Consequently, the created
core/shell nanowires showed a greatly enhanced visible
light photocatalysis. Zhang et al'¥ prepared anatase
TiO,-CNT catalysts with high specific surface areas by de-
positing TiO, particles on the surface of carbon nanotubes
(CNTs) by a modified sol-gel technique. The catalytic ac-
tivity of the anatase TiO,-CNT catalysts was assessed by
examining the degradation of methylene blue (MB) from
model aqueous solutions as a probe reaction under visible
light and ultrasonic irradiation. Yang et al™ reported a new
method for improving the photocatalytic activity of TiO, by
dispersing titanium dioxide onto carbon nanotubes (CNTs)
modified by acid and polyvinyl alcohol. Wang et al'® pre-
pared a novel kind of carbon nanotubes/titanium dioxide
(CNTs/TiO,) composite photocatalyst by a modified sol-gel
method in which the nanoscale TiO, particles were uni-
formly deposited on the CNTs modified with poly (vinyl
pyrrolidone) (PVP). Hu et al'” prepared TiO, sol by sol-gel
method and TiO, films were coated on industrial diamond
surface by impregnation method. Ma et al'® successfully
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prepared CNTs/TiO, complexes by the sol gel method
without using surfactants, and the photocatalytic activity of
CNTs/TiO, composite was investigated by UV-Vis spec-
trophotometer. The effect of CNTs doping amount on the
photocatalytic degradation efficiency was studied system-
atically. Ma et al' prepared CNTs/TiO, composite photo-
catalyst by the sol-gel method. X-ray diffraction (XRD),
scanning electron microscopy (SEM), nitrogen adsorption
(BET), differential ther-
mal-gravimetric analyzer (TG-DTA) and infrared absorp-

and desorption analyzer
tion spectrometer (FT-IR) were used to characterize the
crystal form, stability and morphology of
CNTS/TiO, composite photocatalyst. Wang et al!'”!
sol-gel method, with four butyl titanite as precursor, car-

thermal
used

boxylate multi-walled carbon nanotubes (0CNTs) as a car-
rier, ethanol as solvent, glacial acetic acid as an inhibitor, to
successfully prepare TiO, nanoparticles loaded carbon
nanotubes composite photocatalyst (TiO,/oCNTs).

At present, the research on MWCNTs/TiO, mainly
focuses on its preparation process and photocatalytic
activity. Considering that TiO, is a semiconductor material
with high dielectric constant, good thermal stability, good
dielectric property and chemical corrosion resistance, its
conductivity varies with temperature, and can be
combined with microwave absorbent to improve the
microwave absorbing properties of materials!"' . T
addition, MWCNTs have many defects but excellent
conductivity, excellent microwave absorptivity and lighter

n

mass. They are excellent microwave absorbents and are
used in the preparation of stealth materials and
electromagnetic shielding materials!">'®. Considering the
excellent absorbing properties of TiO, and MWCNTs, the
microwave absorbing properties of MWCNTs/TiO, were
studied by homogeneous mixing dry grinding and wet
grinding with ethanol with the rolling ball mill.

1 Experiment

MWCNTs and chemically pure TiO, were placed in a
polyester tank and uniformly mixed by a rolling ball mill.
The ball milling experiment was carried out in two groups.
One group is MWCNTs mixed with TiO, in a mass ratio of
m(Ti0,):m(MWCNTs)=19:1, and dry grinding at 300
r/min for 1 h under the protection of argon. The ball to
material ratio is m(ball):m(sample) = 10:1. The steel ball is
GCrl5 (10 mm). For the other group, about 50 mL of
ethanol was added to make the steel beads submerge, and
other conditions are the same as the first group.

X-ray diffractometer (D/MAX 2400, Japan Science, Cu
target, 40 kV, 30 A) was used for sample element
composition analysis. Field emission scanning electron
microscopy (SEM) (Nova Nano SEM 450) for material
characterization and analysis is at the nanoscale. The
vector (HP-8722ES) measured

network analyzer

electromagnetic parameters.

In this study, the transmission model of TE wave
(transverse wave) perpendicularly incident into the random
dispersion space of MWCNTs/TiO, composite powder
particles is shown in Fig.1. Assuming that the particles are
uniformly distributed, TE waves propagate along the z-axis,
the electric field is parallel to the y-axis and the magnetic
field is parallel to the x-axis. The medium is divided into
three layers, and the thickness of the absorber is d.

The basic equations of electromagnetic field are Max-

well's equations!"*??

VXxE =—-jouH, VxH =-jocE »

V-¢E=0,V.-uH=0 (D
Among them, p, is vacuum permeability, ¢ is dielectric
constant, @ is electromagnetic angular frequency, E is elec-

tric field strength, and H is magnetic field strength.
The field in dielectric I is expressed as:

E(]y = Eo(eijkoz + "ejkoz) ’
H0r — ko Eo(e*jkoi _ ,,.ejkoz) (2)
' DU,

Among them, E, is the amplitude of the electric field of
the incident wave, r is the reflection coefficient of electro-
magnetic wave at z=0 interface, and k, is the wave number
of electromagnetic waves in air.

The field in dielectric II is expressed as:
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Fig.1 Physical model of electromagnetic wave propagation in
absorber with MWCNTs/TiO, composite powder particles
distribution: I-Air, II-Absorber, III-Air; E; is the incident
wave, FE;is the reflection wave, E;; is the transmission
wave entering the absorber, E), is the reflection wave

coming from the absorber, and E| is the transmission wave
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Among them, Epy and Epg are the amplitudes of transmis-
sion and reflection electric fields in dielectric II, respec-
tively, and k& is the wave number of electromagnetic waves
in the absorber.

The field in medium III is expressed as:

—jkoz k ]
E, =Ejge™, H, = w; E e %* (4)
0

Where ¢ is the transmission coefficient of electromagnetic

wave.
From the continuity boundary conditions of electric field
and magnetic field at the interface of z=0 and z=d:

’ H H

z=0 = 1x

Eoy |z:0 = E]y |z:0 0x z=0 ’

E =E (5)

z=d 2y » H

z=d 1

=H
1y z=d 2xlz=d

The wave impedance of dielectrics I, II and III are Z,, Z;
and Z,, respectively *!:

Zo = [Ho 7 = HoHy (6)
£, ! £,€,

Among them, the dielectric constant and permeability of
the vacuum is g, and p,, respectively. The relative dielectric
constant and permeability of dielectric II is &, and u,, re-
spectively.

The expressions of reflection coefficient » and transmis-
sion coefficient ¢ of electromagnetic wave can be obtained
from the Eq.(7):

r o= 2" -1 >

1+ 7%+ 2y coth(jkd)

jkod

‘= 2xe
(1+ y?)sinh(jkd)+ 2 y cosh(jkd)

Among them, x= lﬂz/gz .

From the above, the reflectivity R, transmittance 7 and an

(7)

attenuation value A4, of electromagnetic wave can be ob-
tained as follows:

2 2

R:|r| ) T=|t| » A, =-10log,, T (3)

2 Results and Discussions

2.1 XRD analysis

Dry mixed MWCNTs/TiO, and wet mixed
MWCNTs/TiO, were characterized by XRD. The results of
the characterization are shown in Fig.2. Diffraction peaks
(224) of dry mixed MWCNTs/TiO, (JCPDS file No.
21-1272) showed the weakest peak intensity at 26=82.698°.
Diffraction peaks (116) of wet mixed MWCNTs/TiO,
(JCPDS file No.71-1168) appeared to have the weakest
peak intensity at 20 = 68.466 °. The peaks are 25.040°,
37.483°, 47.722°, 53.718°, 54.919°, 62.422°, 68.657°,

70.137°,74.980°, 82.698° (marked with black prisms) as dry
mixed MWCNTs/TiO, diffraction peaks. The peaks are
25.039°, 37.420°, 47.641°, 53.679°, 54.799°, 62.444°,
68.466°, 70.102°, 74.720°, 82.699° (marked with inverted
triangles) as wet mixed MWCNTs/TiO, diffraction peaks.
The peak intensity of dry mixed MWCNTs/TiO, and the
peak intensity of wet mixed MWCNTs/TiO, are nearly
identical.

In summary, the peak value of TiO, of the mixed
powders of MWCNTs/TiO, by dry and wet milling is
basically the same by XRD characterization, which
indicates that the phase of MWCNTs/TiO, by dry milling
and that of MWCNTSs/TiO, by wet milling is unchanged,
and the peak strength reaches the maximum when 260
reaches about 25°. It is further found that the peak value of
MWCNTs/ TiO, in wet milling is gentler than that in wet
milling, which indicates that wet milling has better
dispersion effect.

2.2 SEM analysis results

Fig.3a and 3b are SEM images of dry mixed
MWCNTs/TiO, and wet MWCNTSs/TiO,,
respectively. It can be seen from the figure that the
MWCNTs are long and thin graphite cylinders, and the
nanometer TiO, is spherical. Fig.3a shows the
MWCNTs/TiO, mixed by direct ball milling, and the
fusion dispersion effect of MWCNTSs and TiO, is relatively
poor, and the agglomeration phenomenon occurs in
MWCNTs. Fig.3b shows the MWCNTs/TiO, mixed by
ethanol ball milling, and the fusion dispersion effect of
MWCNTs and TiO, is better, and there is no
agglomeration in MWCNTs.

2.3 Network vector analytical test result

The dry ground MWCNTs/TiO, and the wet ground
MWCNTs/ TiO, with alcohol powder samples are mixed
with paraffin with a 7:3 mass radio, respectivety, The sample
thickness is 2 mm. The network vector analyzer HP-8722ES

mixed
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Fig.2 XRD patterns of the MWCNTSs /TiO;, samples
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Fig.3 SEM images of dry-mixed (a) and wet-mixed (b)
MWCNTs/TiO, samples

was used to measure the electromagnetic parameters in the
frequency range of 2 GHz to 18 GHz, as shown in Fig.4.

It can be seen from the electromagnetic parameters in
Fig.4 that the real part of the relative dielectric constant of
the dry mixed MWCNTs/TiO, is 13.46~19.77, and the
imaginary part is 4.02~7.40. The real part of the relative
magnetic permeability is 0.94~1.03, and the imaginary
part is 0.01~0.21. The real part of the relative dielectric
constant of wet mixed MWCNTs/TiO, is 15.29~28.91, and
the imaginary part is 8.35~13.74.The real part of the
relative magnetic permeability is 0.94~1.02, and the
imaginary part is 0.02~0.25. The above indicates that the
electromagnetic parameters of MWCNTs/TiO, powder
added to ethanol wet milling are larger than those of dry
milled MWCNTSs/TiO,.

The high SE results of these composites are related to the
formation of a MWCNT micro-current network in the
composites®**®!. It can be seen in Fig.3 that MWCNTs and
TiO, cross each other to form a network. The hopping and
migrating electronic transport, which occur in the MWCNT
network on the conductivity, dielectric properties and
microwave attenuation performances.

2.4 Analysis of numerical simulation results

Substituting the electromagnetic parameters ¢ and u in
Fig.4 into the Eq.(8), and the reflectance R, the
transmittance 7, and the attenuation value A4, of the
electromagnetic wave through the dry mixed MWCNTs/TiO,

Electromagnetic Parameter
S

30

20

15t

Electromagnetic Parameter

A A A 4 N A A
0 ko —— s s s s - pm——

0 2 4 6 8 10 12 14 16 18 20
Frequency/GHz

Fig.4 Electromagnetic parameters of dry mixed MWCNTs/TiO> (a)
and wet mixed MWCNTSs/TiO; (b)

and the wet mixed MWCNTs/TiO, are calculated, as
shown in Fig.5.

The absorbing properties of dry mixed MWCNTs/TiO,
and wet mixed MWCNTs/TiO, were analyzed based on the
wave impedance matching characteristics and attenuation
characteristics of the electromagnetic wave absorbed by
the material. It can be seen from the reflectance curve R in
Fig.5, in most of the frequency bands, that the reflectance
of the wet mixed MWCNTs/TiO, is smaller than that of the
dry mixed MWCNTs/TiO,. Fig.5 shows that the wave
impedance matching characteristics of wet mixed
MWCNTs/TiO, are better than those of dry mixed
MWCNTSs/Ti0,. The transmittance curve 7 in Fig.5 shows
that the transmittance of the wet mixed MWCNTSs/TiO, is
smaller than that of the dry mixed MWCNTs/TiO,. It is
shown that the electromagnetic loss of wet mixed
MWCNTSs/TiO; in space is greater than that of dry mixed
MWCNTSs/Ti0O,. The attenuation curve A4, in Fig.5 shows
that the wetted MWCNTSs/TiO, has a larger attenuation
value in space than in that of the dry mixed
MWCNTs/TiO,. It also shows that the wet-mixed
MWCNTSs/TiO, has better absorbing effect in space in the
2~18 GHz band.

MWCNTSs/TiO, not only has photocatalytic activity, but
also can be used to prepare stealth materials and electro-
magnetic shielding materials. In this study, the macroscopic
spatial wave absorption of MWCNTS/TiO, was studied,
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Fig.5 Absorbing characteristics of MWCNTs/TiO,: (a) R-

reflectance  curves, (b) 7-transmittance curves, and

(c) Ay-attenuation curves

while the microscopic wave absorption of MWCNTS/TiO,,
including relaxation, charge transport, magnetic resonance
eddy
synergistic effects

and current, as well as

[27-29]

magnetic-dielectric
, needs to be further studied.

3 Conclusions

1) The dry-milled MWCNTs/TiO, fusion dispersion ef-
fect is relatively poor, and the MWCNTs are prone to ag-
glomeration. However, the MWCNTs/TiO, blended with
anhydrous ethanol is better dispersed, and there is no ag-
glomeration in MWCNTs.

2) The wave impedance matching characteristics of wet
mixed MWCNTs/TiO; in the frequency range of 2~10 GHz
and 15~18 GHz are better than those of dry mixed
MWCNTs/TiO,. In the frequency range of 2~18 GHz, the
electromagnetic loss of wet mixed MWCNTs/TiO, in space
is greater than that of dry mixed MWCNTSs/TiO,. In the
2~18 GHz band, the wet MWCNTs/TiO, has better absorb-
ing effect in space.
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