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Abstract: Scholars aim for the improved impedance matching (Z) of materials while maintaining their excellent wave absorption proper-
ties.  Based on the hydrolysis  characteristics  of  isopropyl  titanate,  a  simple preparation process  for  the coating of  carbonyl  iron powder
(CIP) with TiO2 was designed. Given the TiO2 coating, the Z of the CIP@TiO2 composite was adjusted well by decreasing the dielectric
constant.  Moreover,  the  interfacial  polarization  of  CIP@TiO2 was  enhanced.  Ultimately,  the  electromagnetic-wave  (EMW)  absorption
property of the CIP@TiO2 composite was improved substantially, the minimum reflection loss reached −46.07 dB, and the effective ab-
sorption bandwidth can reach 8 GHz at  the composite thickness of 1.5 mm. Moreover,  compared with CIP, the oxidation resistance of
CIP@TiO2 showed remarkable improvement. The results revealed that the oxidation starting temperature of CIP@TiO2 was about 400°C,
whereas the uncoated CIP had an oxidation starting temperature of approximately 250°C. Moreover, the largest oxidation rate temperat-
ure  of  CIP@TiO2 increased  to  around 550°C.  This  work  opens  up  a  novel  strategy  for  the  production  of  high-performance  EMW ab-
sorbers via structural design.

Keywords: carbonyl iron@titanium dioxide; electromagnetic-wave absorption; impedance matching; oxidation resistance

 

 1. Introduction

The electromagnetic pollution generated by wide applica-
tions of electronic devices not only influences the regular op-
erations  of  sensitive  electrical  equipment  but  also  threatens
human  health.  The  application  of  electromagnetic-wave
(EMW) absorption materials can be used to effectively tackle
electromagnetic  pollution  in  daily  production  and  life  [1].
Electromagnetic  radiation  can  be  absorbed  efficiently  by
EMW  absorption  materials  and  converted  to  heat  energy.
Thus,  they have been an important  concern and widely de-
veloped in recent years [2–4].

Given its excellent temperature stability, low vortex loss,
and  affordable  production,  carbonyl  iron  powder  (CIP)  has
become one of the frequently used EMW absorption materi-
als [5–6]. In general, magnetic materials follow Snoek’s law
[7]:

(µs−1) fr =
2
3
γ×4πMs (1)

µs−1
fr

µs−1 fr

where γ represents the gyromagnetic ratio, Ms indicates the
saturation magnetization,  refers to the static susceptib-
ility,  and  denotes  the  relaxation  frequency.  Moreover,

 and  correspond  to  the  maximum of  the  imaginary
part of the complex permeability µ″. Materials with a large
Ms tend to have a high µ″. Compared with traditional ferrite
magnetic  absorbing  materials,  CIP  has  a  higher  saturation

magnetization  and  a  Snoek  limit  at  higher  frequencies  and
can be applied to a wider frequency range of EMW absorp-
tion materials [8–9]. Although the application of CIP in the
field  of  EMW absorption  has  numerous  advantages,  it  also
faces several limitations when used as a single-EMW absorp-
tion material. For example, the strong oxidation of CIP leads
to easy oxidation in high-temperature environments and easy
corrosion  in  high-humidity  environments  [10],  and  its  poor
impedance  matching  (Z)  often  results  in  impedance  mis-
match, which prevents the EMW from penetrating the mater-
ial effectively [11]. Therefore, CIP can be applied widely in
the EMW absorption field by adjusting its Z and enhancing
its oxidation resistance and corrosion resistance while main-
taining its excellent absorption performance. Surface coating
is a common method to improve the EMW absorption prop-
erty of CIP [12–13]. It can create a core–shell structure that
isolates CIP from oxygen and increases oxidation and corro-
sion resistance. The coated material can also be used to ad-
just the electromagnetic parameters of CIP to improve its Z
and  increase  its  interface  polarization  and  relaxation.  The
coated  CIP  can  generate  multiple  scattering  to  the  incident
electromagnetic  EMW  because  of  its  unique  core–shell
structure, which promotes the enhancement of its EMW ab-
sorption  performance.  The  typically  used  coating  materials
include SiO2 [14–15],  MnO2 [16–17],  BaTiO3 [18–19],  BN
[20–21], C [22–23], polymethyl methacrylate [24–25], poly- 
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aniline  [26–27],  TiO2 [28–31],  and  so  on.  Among  these
coated materials, TiO2 has garnered the most interest due to
its strong isolation, simple coating process management, effi-
cient base material protection, and affordable price. Xu et al.
[28]  successfully  synthesized  the  core–shell  structure  car-
bon@titanium  dioxide  composite  microspheres  with  a
wrinkled surface through a three-step method and built up the
relationship between the TiO2 layer thickness and the EMW
absorption  property.  The  minimum  reflection  loss  (RLmin)
reached −49.21 dB at the thickness of 2 mm, and the corres-
ponding  effective  absorption  bandwidth  (EAB)  was  5.27
GHz. Liu et al. [29] coupled polyaniline (PANI) to the por-
ous  TiO2 anchored  on  magnetic  graphene  via  a  two-step
strategy combining in situ polymerization and a hydrotherm-
al  process.  The  results  indicated  that  magnetic  graphene@
PANI was completely covered by porous TiO2 with random
orientations, and the saturation magnetization of the compos-
ite was 19.2 A∙m2∙kg−1; the RLmin of the composite was up to
−45.4  dB.  Qiao et  al. [30]  fabricated  the  Ni-embedded
TiO2/C  core–shell  ternary  nanofibers  using  the  combined
methods  of  electrospinning  and  subsequent  thermal  treat-
ment.  The  surface  of  the  carbon  nanofibers  (diameter:
200 nm) was coated with a rough and wrinkled layer of TiO2,
and metallic Ni nanoparticles with a size of 20–30 nm were
uniformly  embedded  in  the  nanofiber  matrix.  The  ternary
nanofibers with a molar ratio of 4:1 between TiO2 and metal-
lic Ni exhibited an excellent maximum EAB of 6.7 GHz at
the thickness of 2.6 mm, with the RLmin reaching −74.5 dB at
2.0  mm.  Chen et  al.  [31]  synthesized  multifunctional  com-
posite  microspheres  with  a  Co20Ni80 core  and  anatase  TiO2

shells  (Co20Ni80@TiO2)  by  combining  a  solvothermal  reac-
tion and a calcination process. The Co20Ni80@TiO2 core–shell
particles (CoNi@TiO2) with a well-defined core size of 500
nm  demonstrated  a  remarkable  wide-band  electromagnetic
shielding  performance  of  up  to  6.2  GHz  (10.0–16.2  GHz;
−10  dB)  within  2–18  GHz.  All  these  studies  and  results
demonstrate TiO2 as an ideal material to satisfy the require-
ments of EMW absorption. Thus, scholars should further in-
vestigate the excellent process of coating CIP with TiO2.

Based on the hydrolysis characteristics of isopropyl titan-
ate  (TTIP),  the  CIP@TiO2 composite  was  prepared  by  a
simple  sol–gel  method  in  aqueous  ethanol.  The  CIP@TiO2

had  a  core–shell  structure  in  which  CIP  was  the  core,  and
TiO2 served  as  the  shell  covering  the  surface  of  CIP.  The
morphology and structure of the CIP@TiO2 composite were
characterized  by  an  X-ray  diffractometer  (XRD),  scanning
electron  microscope  (SEM),  and  transmission  electron  mi-
croscope  (TEM),  and  the  performance  of  EMW absorption
was tested using a vector network analyzer. In addition, we
investigated  the  influence  of  CIP  oxidation  resistance  by
TiO2 coating.  The  test  results  showed  that  the  core–shell
CIP@TiO2 had  excellent  EMW  absorption  properties  and
oxidation resistance.

 2. Experimental
 2.1. Materials

The CIP (average particle size of 9.7 µm) was supplied by

Xindun Alloy Welding Material  Spraying Co.,  Ltd.  Isopro-
pyl  titanate  (TTIP)  (95%)  was  purchased  from  Shanghai
Maclin  Biochemical  Technology  Co.,  Ltd.  Ethyl  alcohol
(analytical  reagent,  99.7%)  was  acquired  from  Yantai
Shuangshuang Chemical Co., Ltd.

 2.2. Preparation of CIP@TiO2

To describe the synthesis process visibly, we provide de-
tails for the preparation of the CIP@TiO2 EMW absorption
composite (Fig. 1) as follows.
 
 

TTIPAbsolute alcohol

Absolute

alcohol

Ultrasonic

dispersion Stir

Carbonyl iron powder (CIP) 

1. Separation
2. Washing 
by absolute
alcohol

Drying

Fig.  1.     Schematic  of  the  CIP@TiO2 composite  preparation
process.
 

First, 1.0 g CIP was ultrasonically dispersed in 20 mL of
anhydrous ethanol.  Then, 1.0–3.0 mL TTIP and 30 mL an-
hydrous ethanol were added, and the mixture was stirred at
500 r/min for 180 min. The product was separated, washed
with anhydrous ethanol, and dried at 60°C for 12 h. Finally,
the dried product was ground and collected. In this investiga-
tion,  four  groups  were  set  for  the  comparison  experiments
and named Ti-0, Ti-1, Ti-2, and Ti-3 based on the different
amounts of TTIP addition. Table 1 shows the amount of re-
agents added in each experiment.
 

Table 1.    Reagent addition amount in each experiment

Experimental group CIP / g TTIP / mL
Ti-0 1.0 0
Ti-1 1.0 1.0
Ti-2 1.0 2.0
Ti-3 1.0 3.0

 

 2.3. Characterization

An XRD (DX-2700, Dandong Haoyuan Instruments Co.,
Ltd.)  was  used  for  the  phase  and  structural  analysis  of  the
EMW absorption composite.  The scanning range was from
10° to 90°. The internal morphology of the absorption mater-
ials  was  observed  using  an  SEM  (Merlin  Compact,  Zeiss),
and the surface elements were analyzed by energy dispersive
spectroscopy  (EDS)  spectral  analysis.  A  TEM  (JEM-2100,
JEOL) was used to investigate the sample characteristics of
the  EMW  absorption  composites.  The  sample  morphology
and  high-resolution  image  were  observed  with  bright-field
and  phase-contrast  imaging,  respectively.  Diffraction  pat-
terns  were  acquired  by  selected  electron  diffraction  opera-
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tions.  A vibrating sample magnetometer (Lake-Shore 7404,
Lake-Shore) was used to analyze the magnetic properties of
the samples.  The high-temperature oxidation process of  the
samples was analyzed using a thermal analyzer (DTAN-60H,
SHIMADZU).

To  explore  the  EMW  absorption  properties  of  the
CIP@TiO2 EMW composite, we used the EMW vector net-
work analyzer (Agilent N5245A, Agilent) to test  the EMW
absorption  properties.  The  samples  were  prepared  by  uni-
formly mixing the CIP@TiO2 powder and molten paraffin at
the  mass  ratio  of  4:1  and cold pressing the  obtained mixed
colloid in the mold into circular samples with outer and inner
diameters of 7.0 and 3.04 mm, respectively.

 3. Results and discussion
 3.1. Synthesis mechanism of CIP@TiO2

Fig.  2 shows  the  synthesis  mechanism  of  CIP@TiO2.
First,  the TTIP with four isopropoxy functional groups was

hydrolyzed  into  the  hydrolysis  product,  and  the  hydrolysis
product was condensed with the hydroxyl group on the CIP
surface to construct the underlying molecular layer. The free
hydrolysis products that contained the hydroxyl groups con-
tinuously  reacted  with  the  basal  molecular  layer,  which  al-
lowed the TiO2 shell on the CIP surface to grow incessantly
and  eventually  form  the  intact  TiO2 shell  [32].  Moreover,
Wei et al.  [33] investigated the kinetics of the TTIP hydro-
lysis  reaction.  They  observed  that  the  hydrolysis  of  TTIP
mainly occurs  in  the  following stages:  First,  the  C–O bond
dissociated  to  form  Ti(O⋅)(OC3H7)3.  Second,  the  Ti–O  or
C–O bond was broken to form TiO(OC3H7)2 or Ti(O⋅)(OH)
(OC3H7)2.  Third,  C–O  cleavage  preferred  TiO(OC3H7)2,
which  produced  TiO(OH)(OC3H7)  and  TiO(O⋅)(OC3H7).
These species either combined immediately to form clusters
or continually released the remaining –OxC3Hy groups to cre-
ate  small  intermediates,  such  as  TiO(OH)2,  Ti⋅O(OH),  and
Ti⋅⋅(OH)2. In addition, early clusters can be observed before
the first TiO2 molecule was observed in the simulation.

 
 

HydrolysisO
HO

HO HO

HO

OH
OH OH

OH OH

O O
OH

O

O

Ti Ti
Ti TiBonding

O

Fig. 2.    Bonding mode of the TiO2 coating process.
 

 3.2. Phase and morphology characterization

Fig.  3 presents  the  XRD  image  of  the  composite.  The
spectra  of  Ti-0  showed  three  diffraction  peaks  at  44.67°,
65.02°, and 82.33°, which correspond to the (110), (200), and
(211)  crystal  planes  of α-Fe,  respectively  (JCPDS  No.  06-
0696)  [34].  As  displayed  in  the  XRD  image  of
CIP@TiO2(Ti-2), the position and intensity of the three dif-
fraction peaks remained unchanged after TiO2 coating com-
pared  with  Ti-0.  This  finding  preliminarily  proved  the
amorphous  structure  and  low  content  of  the  coated  TiO2

shell. Other studies also obtained similar results [35–37].
Fig. 4(a) and (b) shows the SEM images of CIP (Ti-0) and

CIP@TiO2 (Ti-2),  respectively.  The  figure  reveals  that  the

uncoated CIP had a spherical structure with a smooth surface,
and the  surface  of  CIP@TiO2 featured a  coated layer  com-
posed of various irregular small particles. The EDS element
analysis of CIP@TiO2 was performed to further investigate
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Fig. 3.    XRD spectra of Ti-0 and Ti-2.
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Fig.  4.     (a)  SEM  image  of  CIP  (Ti-0),  (b)  SEM  image  of
CIP@TiO2 (Ti-2), (c) distribution of Fe in CIP@TiO2 (Ti-2), (d)
distribution  of  O  in  CIP@TiO2,  (e)  distribution  of  Ti  in
CIP@TiO2,  and  (f)  TEM  image  of  CIP@TiO2 (Ti-2)  (illustra-
tion is the selected electron diffraction image of shell area).
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the element distribution in the CIP@TiO2 composite. The test
results  revealed that  the main element,  that  is,  Fe,  was uni-
formly distributed in CIP@TiO2, where Ti and O were also
present (Fig. 4(c)–(e)), and Ti was uniformly dispersed on the
surface  of  Fe.  However,  O  was  distributed  in  some  dense
areas because of the characteristic of the CIP preparation pro-
cess, and some O atoms were evenly dispersed in CIP [38],
overlapping  with  the  O  in  TiO2 to  form partially  dense  re-
gions.  The  TEM  test  further  confirmed  the  structure  of
CIP@TiO2,  and as shown in Fig.  4(f),  the core–shell  struc-
ture  of  CIP@TiO2 can  be  observed  distinctly.  The  black
sphere at the center is the CIP core, and the translucent thin
outer shell is the coated TiO2 shell. Fig. 4(f) also shows the
selected electron diffraction on the shell area. The results re-
vealed no evident single-crystal or polycrystal characteristics,
which indicated the amorphous structure that corresponded to
the XRD findings.

 3.3. Microwave absorption performance

Reflection  loss  (RL),  which  is  described  using  electro-
magnetic characteristics, such as frequency and thickness, in
accordance  with  transmission  line  theory,  can  be  used  to
define the EMW absorption property. The specific formulas
are shown in the following equations:
RL(dB) = 20lg |(Zin−Z0)/ (Zin+Z0)| (2)

Z0 =

√
µ0

ε0
(3)

Z = |Zin/Z0| =
√
|µr/εr|tanh

[
j (2π f d/c)

√
µrεr
]

(4)

εr = ε
′− j ·ε′′

µr µr = µ
′− j ·µ′′

where Z0 represents the impedance of the air, Zin denotes the
impedance of the material, f indicates the frequency, d refers
to the thickness of the material, c is the speed of light, εr cor-
responds to the complex dielectric  constant  ( ),
and  represents the magnetic permeability ( )
[39–42]. Fig.  5 shows  the  RL  values  of  different  samples.
The RLmin reached −46.07 dB at 5.04 GHz and a thickness of
3.1 mm for Ti-1 and −22.77 dB at 3.28 GHz and a thickness
of 4 mm for Ti-0. Furthermore, the effective frequency band-
width  of  the  RL below −10 dB (over  90% electromagnetic
absorption) was 8 GHz at the thickness of 1.5 mm for Ti-2,
and such a value is larger than that of Ti-0. Compared with
CIP,  the  EMW  absorption  intensity  and  material  coating
thickness of CIP@TiO2 exhibited considerable improvement.
Moreover, a small difference was observed in the EMW ab-
sorption property between Ti-2 and Ti-3. Such a finding was
due to  the  bonding mechanism of  hydrolysates,  which lim-
ited the shell thickness and thus resulted in similar TiO2 shell
thicknesses of Ti-2 and Ti-3.

To  further  investigate  the  EMW  absorption  property  of
CIP and the CIP@TiO2 composites, we presented the calcu-
lated RL values of Ti-0 and Ti-2 in three dimensional (3D)
diagrams. Fig. 6(a) and (b) shows the RL performance of CIP
and the CIP@TiO2 composites, respectively, under the influ-
ence of frequency and thickness. The CIP without TiO2 coat-
ing exhibited a low RL in the frequency range of 2–6 GHz
and thickness range of 3–4 mm. Meanwhile, the CIP@TiO2
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Fig. 5.    RL values with different TiO2 contents of CIP@TiO2 composite: (a) Ti-0, (b) Ti-1, (c) Ti-2, and (d) Ti-3.
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showed a low RL in the frequency range of 6–10 GHz and
thickness  range  of  2–3  mm. Fig.  6(c)  and  (d)  displays  the
EMW absorption  performance  difference  between  CIP  and
CIP@TiO2, respectively. After CIP has been coated by TiO2,
the absorption peak of RL moved to the direction of high fre-
quency  and  low  thickness,  and  the  effective  absorption  re-
gion shifted to the area with smaller thickness and higher fre-
quency.

Fig. 7 displays the EMW absorption performance change
of CIP and CIP@TiO2,  with the increased content of TTIP,
the absorption peak position at 1.5 mm remained almost un-
changed,  and  the  positions  of  the  2.0  and  2.5  mm  groups
showed similar  trends;  that  is,  they increased first  and then
decreased  in  a  very  small  range.  Moreover,  for  the  same
component  of  the  absorbing  material,  with  the  increase  in
thickness, the RLmin peak position moved to low frequencies.
This  phenomenon  can  be  explained  by  the  quarter-
wavelength  model.  It  can  be  described  by  the  following
equation [14]:

tm = nc/
(
4 fm

√
|εr| |µr|

)
, (n = 1,3,5, . . . ) (5)

µr

µr

where tm and ƒm represent the thickness and peak frequency,
respectively. ɛr and  mean  the  complex  permittivity  and
permeability at ƒm, respectively. When the values of ɛr and 
are fixed, for the satisfaction of the formula requirements, the
RLmin peak position of  the composite  material  must  shift  to
lower frequencies with the increase in sample thickness. Ti-1,
Ti-2,  and  Ti-3  revealed  small  differences  between  their

EMW absorption because the bonding mechanism of hydro-
lysates limited the shell thickness, which resulted in similar
TiO2 shell thicknesses in the three groups of experiments.

tanδε

tanδε

tanδµ

Fig. 8(a)–(c) shows the frequency dependences of the ε′,
ε′′, and  (dielectric loss angle tangent value) of CIP and
CIP@TiO2 composites.  Compared  with  the  uncoated  CIP
(Ti-0),  given  the  introduction  of  TiO2,  the ε′  and  ε′′ of
CIP@TiO2 were  reduced,  and the  of  CIP@TiO2 was
reduced considerably. Moreover, the stability of the ε′ (small
difference in the range of 2–18 GHz) benefited the improve-
ment of the Z of the material [43]. Fig. 8(d)–(f) illustrates the
µ ′, µ ′′, and  of CIP and CIP@TiO2 composites, respect-
ively. When TiO2 was coated on the CIP surface, compared
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tanδµwith those of the CIP, the µ ′, µ ′′, and  of the CIP@TiO2

composite exhibited less variation. This finding indicates that
the  TiO2 shell  had  a  negligible  influence  on  the  magnetic
properties of the CIP.

Fig. 9 shows the Z values of CIP and CIP@TiO2 compos-
ites with different thicknesses. In general, the Zin of materials
with a good Z should be close to the Z0. Therefore, the Zin/Z0

of EMW absorption material close to 1 implies a desirable Z
[44].  As  shown  in Fig.  9(a),  the  thick  CIP  can  achieve  an
ideal Z and peak at low frequencies. Ti-1, Ti-2, and Ti-3 ex-
hibited  the  same  tendency.  Their  input  impedances  were
closer  to  1  compared  with  that  of  CIP  (Fig.  9(b)–(d)),  al-
though some curves of lower thicknesses crossed the optim-
um  Zin/Z0 value  line.  Compared  with  that  of  CIP,  the Z of
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CIP@TiO2 was optimized evidently. However, as the bond-
ing  mechanism  of  hydrolysates  limited  the  shell  thickness,
Ti-1,  Ti-2,  and  Ti-3  showed  similar Z,  which  provided  the
opportunity to acquire the ideal Zin/Z0 value with a thin layer,
which is beneficial for applications of EMW absorption ma-
terials. For instance, as shown in Fig. 9(a), the original CIP
must be at least 4 mm thick to obtain the optimal value, and
Fig. 9(c) shows that this thickness may be reduced to 3 mm
with TiO2 coating. In addition, when the frequencies corres-
ponding to the optimal Zin/Z0 values were broadened, the bet-
ter Zin/Z0 values corresponded to wider and thinner absorbers.
The CIP coated by TiO2 is anticipated to be an excellent thin
EMW absorption material.

In general, Z and attenuation constant play a major role in
outstanding  EMW  absorbers,  and  dielectric  and  magnetic
losses are the main types of losses [45]. CIP is a typical mag-
netic absorption material; thus, its EMW absorption mechan-
ism is mainly magnetic loss, including natural resonance and
eddy vortex loss [46]. However, a portion of EMW can enter
CIP,  and  the  majority  of  EMW  is  reflected  because  of  the
poorly matched input and free space impedances. Although
CIP has a strong EMW attenuation capability, it still shows
poor  EMW  absorption  characteristics.  The Z relationship
between  CIP  and  free  space  improved  considerably  due  to
the existence of a TiO2 shell, which enhanced the overall in-
put impedance of CIP@TiO2 (Fig. 10). Therefore, more in-
cident EMW can penetrate the CIP interior. Moreover, given
the  heterogeneous  interface  between  CIP  and  TiO2,  hetero-
geneous  interface  polarization  occurred,  and  the  EMW  en-
ergy was converted to thermal energy through interfacial po-
larization relaxation [45,47]. These mechanisms that resulted

in the formation of CIP@TiO2 composites indicate excellent
EMW absorption characteristics.

Fig. 11(a) shows the changes in the weight of CIP@TIO2

with the gradual increase in temperature from the thermogra-
vimetric (TG) analysis. The oxidation starting temperature of
uncoated  CIP  (Ti-0)  was  approximately  250°C.  Thereafter,
the  weight  continuously  increased  with  the  increase  in  the
temperature  and  finally  reached  a  stable  value.  CIP@TiO2

showed a similar trend as CIP (Ti-0), but the initial oxidation
temperature increased to around 400°C. When the temperat-
ure  reached  650°C,  the  weight  of  the  four  experimental
groups  remained  almost  unchanged;  that  of  Ti-0  was  re-
tained at 138%, and those of Ti-1 to Ti-3 were at 140%. This
phenomenon was caused by the transformation of the origin-
al  amorphous  TiO2 into  a  slightly  denser  rutile-type  TiO2

[48]. Fig. 11 (b) shows the curves of the weight change rate
with temperature by the derivative TG (DTG) analysis. The
figure also reveals that pure CIP (Ti-0) had the largest weight
change rate  at  ~500°C, which indicates  that  the CIP oxida-
tion rate was the fastest at this temperature. However, given
the introduction of TiO2, the largest oxidation rate temperat-
ure of CIP@TiO2 increased to around 550°C. This test indic-
ated that the introduction of TiO2 coating improved the ini-
tial conditions of high-temperature oxidation, delayed the oc-
currence of high-temperature oxidation, and substantially im-
proved the oxidation resistance of CIP.

 4. Conclusions

In  summary,  based  on  the  hydrolysis  characteristics  of
TTIP, a simple preparation process of CIP coated with TiO2

was proposed. The TTIP was used as a titanium source, the
surface modification process of CIP coated with TiO2 in an-
hydrous ethanol was realized, and the CIP@TiO2 composite
was  obtained.  The  CIP@TiO2 composite  has  the  following
characteristics.

tanδε
tanδµ

(1) Attributing to the coated TiO2, the ε′, ε″ and  of
CIP@TiO2 decreased considerably, but the µ′, µ′′, and 
of  CIP@TiO2 were  almost  unchanged.  The  test  results
showed  that  CIP@TiO2 had  a  better Z compared  with  the
CIP.
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(2) The heterogeneous interface polarization between CIP
and TiO2 further enhanced the EMW absorption property of
CIP@TiO2.  Therefore,  the  CIP@TiO2 composite  exhibited
desirable Z and excellent attenuation capacity for EMW. The
EMW absorption test  revealed that  the RLmin of CIP@TiO2

can  reach −46.07  dB,  and  the  EAB  was  8  GHz  when  its
thickness  was  1.5  mm.  The  EMW  absorption  property  of
CIP@TiO2 was  improved  evidently  in  terms  of  EMW  ab-
sorption intensity, material coating thickness, and EAB.

(3) Given the coated TiO2 on the CIP surface, the oxida-
tion starting temperature of CIP@TiO2 was about 400°C, and
that  of  uncoated  CIP  (Ti-0)  was  approximately  250°C.
Moreover,  the  largest  oxidation  rate  temperature  of
CIP@TiO2 increased to around 550°C.

This work opens up a novel strategy for the manufacture
of  high-performance  EMW  absorbers  through  structure
design.
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