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MICROWAVE ABSORPTION AND ELECTROMAGNETIC INTERFERENCE SHIELDING PROPERTIES
OF CARBON BLACK/MnNiZn FERRITE NANOCOMPOSITES-FILLED PARAFFIN WAX
IN THE FREQUENCY RANGE (8.8-12 GHz)

In this present work, we offer the design of good, wideband microwave absorption materials (MAMs) based
on CB/Mng1NigsZno4Fe,04 (carbon black/MnNiZn ferrite). The ferrite is prepared by a self-combustion method
using sucrose as fuel. The chemical is utilized for the synthesis of carbon black nanopowder is carbon black powder
(2—8 um). Then, the operation is continued via mixing carbon black and MnNiZn ferrite through the grinding balls.
Four various weight ratios of CB/Mno1NiosZnosFe,04 (1:0, 1:1, 2:1, and 3:1) with various thicknesses (2—4—6 mm)
are prepared. X-ray diffractometry and FTIR spectroscopy are utilized in order to characterize samples. The
morphology of the powders is investigated by SEM. The electromagnetic interference (EMI) shielding and
microwave absorption properties are measured in the frequency band of 8.8—12 GHz to accomplish the practical
characterization. The MAMs show broad bandwidths under -10 dB in the range of 0.3—-3.2 GHz and reasonable
surface density in the range of 2.91-3.66 kg/m? with a weight ratio within a paraffin matrix of 40% w/w. The MAM
shows a minimal reflection loss of -18.3 dB at the frequency of 11.4 GHz for the thickness of 2 mm. The maximum
shielding efficiency is 18.5 dB at 11.5 GHz for 2 mm thickness of the CB/F-21 nanocomposite sample.

Key words: MnNiZn ferrite, carbon black, Absorption bandwidth, Reflection loss, Shielding efficiency.
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CBOICTBA NOMNOLWEHNA MUKPOBOJIH M 9KPAHUPOBAHMA 3/1EKTPOMArHUTHbIX MOMEX HAHOKOMIMO3UTOB
yepHoro yrnepoga/pepput MnNiZn ¢ napadnHOBLIM HanoAHUTENEM B apuanasoHe 8,8—12 M

B paHHOM paboTe Hamu npeanoxeHa pa3paboTKa MaTepuanos C LUMPOKOMOAOCHBIM MOTNOLLEHNEM
MWKPOBOJIHOBOTO M3Ay4YeHua Ha ocHoBe CB/Mng1NiosZnosFe;0s (YepHbiin yrnepoa/depput MnNiZn). GeppuTtsl
NoJly4eHbl METOA0M CaMOBO3ropaHuA C UCMO/Ib30BaHMEM Caxapo3bl B KAYeCTBe TOMNNBA. XMMMUKAT MCNONb3YeTCA
ONA CMHTE3a HAHOMOPOLWKa, NPeACTaBAALLEro COHoM NOPOLIOK CaxmM (2—8 MKM). 3aTeM onepaLmio NPOAOKAT
nyTem nepemellnBaHms caxm n depputa MnNiZn yepes mentolime Wwapbl. FOTOBAT YETbIPE Pa3/INUYHbIX BECOBbIX
cooTHoweHua CB/MnoiNiosZnosFe 04 (1:0, 1:1, 2:1 v 3:1) pa3nuyHoi ToawmHbl (2, 4, 6 Mm). PeHTreHoBCKas
andpaktometTpus M FTIR-CMEKTPOCKONMA  MCMOAL3YIOTCA A8 ONpeAeneHns  XapaKTepucTuk  0bpaslos.
Mopdonornio NopoLKoB UccaeayoT ¢ nomollbto COM. DKpaHUMPOBaHWE 31EKTPOMArHUTHbIX nomex (IMIM) u
CBOWCTBA MOT/IOWLEHMA MUKPOBOIH M3MePAIOTCA B nosoce YactoT 8,8—12 [Tu A1A NoayYyeHUA NPaKTUYECKMX
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Microwave absorption and electromagnetic interference shielding properties of carbon black/MnNiZn...

XapaKTepucTuK. Matepuansl, NOr0WAOWMEe MUKPOBOHOBOE U3TYHEHME, MMEIOT LLMPOKYHO NO0CY MPOMNYCKaHMA
Huxe -10 ab B amnanasone 0,3-3,2 T U NpUEeMIEMYIO NOBEPXHOCTHYIO MJIOTHOCTL B AnanasoHe 2,91-3,66 Kkr/m2
NpW BECOBOM COOTHOLIEHMM B NapaduHoBom maTpuue 40% no secy. MaTepuan, NOrNoLWAOLLMIA MUKPOBOHOBOE
N3Ny4yeHue, NPu TONWMHE 2 MM AEMOHCTPUPYET MUHUMANbHOE 3HaYeHWe obpaTHoM notepm (-18,3 Ab) Ha YacToTe
11,4 TTu. MakcumanbHas abdeKTUBHOCTL 3KpaHUpoBaHua coctasnaeT 18,5 ab Ha vactoTe 11,5 My, Ans obpasua
HaHoKomnosuTta CB/F-21 TOAWMHOM 2 MM.

Kniouesble cnosa: ®Pepput MnNiZn, udepHbl yraepoa, nosoca MOrolleHns, obpaTHble noTepw,
3bbEKTMBHOCTbL 3KPAHMPOBAHMA.

A. Xy6u®" N. Ataccu?, A.A. }apmeHos?, XK. T. Baralwaposal,
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MapaduHMeH ToNTbIpbIAFaH Kapa KemipTekTi/MnNiZn ¢eppuTTi HaHOKOMNO3UTTEPAiH, 8,8-12 My,
[AMaNa30HbIHAAFbI MUKPOTOJIKbIHABI KYTbITY KOHE 9NEeKTPOMArHUTTIK 3KpaHaay KacnetTepi

Byn kymbicta CB/Mng1NigsZnosFe;0s (Kapa KemipTek /MnNiZn deppuTi) HerisiHAer KeH, »onaKTbl
MMKPOTOIKbIHADbI CiHipy MaTepuangapbliHblH, KacablHybl YCbiHbIFAaH. PeppuTTep caxapo3aHbl OTblH peTiHAe
KONZaHy apKbliibl ©3AiriHEH KaHy apKbl/ibl anbiHadbl. XMMUAMBIK 3aT KOMIPTEKTI Kapa yHTaK (2—8 mKm) 6onbin
TabblNaTblH HAHOYHTAK, CUHTE3i YWIiH KoA4aHblnaabl. Onepauma codaH KeriH yHTaKTay Wapaapbl apKblibl Kapa
KemipTekTi »aHe MnNiZn deppuTiH apanacTbipy apKblibl Kanfacadbl. OPTYPAi KanblHAbIKTarbl (2, 4, 6 Mm)
CB/Mno.1NiosZnoaFes04 (1:0, 1:1, 2:1 xaHe 3:1) TopT TypAi canMak, KaTbiHacbl galbiHaanaapl. Yarinepai cunatray
YWiH peHTreHAik ambpakums aHe FTIR cnekTpocKkonuackl KonaaHblnagbl. YHTaKTapabiH mopdonoruacel SEM
KemerimeH 3epTTenedi. MpakTUyeckanblk cunaTTamanapdpl any ViliH 31eKTPOMarHuTTIK Kedeprinepai (EMI)
KOPFay *aHe MWKPOTONIKbIHAbBI YTy KacuneTTepi 8,8-12 Ty *uinik gManasoHbiHAa enweHai. MUKpoTOaKbIHAbI
yTaTblH MaTepuangap 0,3-3,2 [Ty, anana3oHbiHAa -10 Ab-AeH TeMeH KeH eTKi3y KabineTTiniriHe aHe canmarbl
6oMbiHwa 40% napaduHOiKk maTpuuadasbl caiMmaK KaTbiHacbiHoa 2,91-3,66 Kr/m? OManasoHbiHAa KoAalsbl
ayMaKTbIK TbIFbI3AbIKKa Me. MUKPOTOIKbIHAbI KyTaTblH MaTepuan KanblHablFbl 2 Mm 6onaTbiH 11,4 TTu, KuinikTe -
18,3 ab Kepi warblnybiH KepceTedi. KanbiHabiebl 2 mm CB/F-21 HaHOKOMMO3MWTTIK YArICI YWiH 3KpaHaayabiH,
Makcumanasl Tmimainiri 11,5 rru, skuinikte 18,5 ab-ai Kypanabl.

TyliH cesgep: MnNiZn deppuTi, Kapa KemipTeri, CiHipy *Konafbl, Kepi Wafbly, aKpaHAaay TUIMAIAIr.

Introduction

The current development of electronics and
intelligent devices wide the world has generated
electromagnetic interference (EMI), which is
currently becoming a critical problem in the
microwave frequency bands [1-6]. Repression of EMI
and EM radiation plays an essential part in beating this
critical problem. Materials that can reduce EMI draw
a lot of notice due to their important part in blocking
undesirable EMI. Presently, several dielectric loss
materials such as conductive polymers and carbon
materials or magnetic loss materials such as metal
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oxides have played an essential role in elevated-
frequency EM wave absorption. Nevertheless, the
defects involving elevated density, low reflection
absorption, and narrow wideband have hugely limited
conventional loss materials' workable benefits for EM
wave absorption [7-10]. Recently, MA composites
based on carbon and ferrite, have obtained significant
concern due to their excellent electrical and
ferrimagnetic characteristics. Carbonaceous
materials-based composites have pulled in major
attention for microwave absorption lately such as
carbon nanotubes, carbon fibers, graphene and carbon
black because of the unique structure of carbon-based
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materials. More precisely, carbon black is usually
used to fit the requirements of high-effective
microwave attenuation materials because of its
superior  characteristics, for example, high
permittivity, high specified surface region, unique
electronic conductivity, huge interface, etc. [11,12].
Carbon black has a unique place in the range of
elevated-frequency MAMs. Furthermore, spinel
ferrites have excellent MA characteristics due to their
unique magnetic characteristics. MnNiZn ferrites are
considered suitable materials for high-frequency
implementations [13,14]. When MnNizZn ferrite is
blended with CB, the MA characteristics of the
resultant composite are anticipated to enhance.
According to this, CB/ZnosNio2Fe204 nanoparticles
scattered in a SiO, matrix were successfully
synthesized by Anh et al. [15]. The effects of
ZnogNig.2Fe,04 nanoparticles range (0-1.75 wt%) and
various coating thicknesses (1-2.5 mm) on MA
performance in the X-band frequency have been
investigated. The outcomes indicated that a specimen
of 1.5 wt% ZnosNio2Fe,O4 nanoparticles content
showed the highest MA at 10 GHz frequency. Higher

Methods and materials

Synthesis of ferrite (Mno1NigsZno4Fe;04)
nanoparticles

Ferrite (Mng1NiosZno.4Fe204) nanoparticles were
prepared by a  self-combustion  method.
Mng.1NiosZnosFe,04 were synthesized by taking
appropriate amounts of nickel (1) nitrate hexahydrate
(Ni(NOg3)2:6H,0),  zinc  nitrate  hexahydrate
(Zn(NOs3)2:6H20), iron(lll) nitrate nonahydrate
(Fe(NO3)3.9H,0) and manganese(ll) chloride
tetrahydrate (MnCl, .4H,0) were blended together
with an aqueous solution of sucrose (2 moles per metal
ion) and 2% an aqueous solution of polyvinyl alcohol
(PVA). The whole mixture was blended totally and
heated at 90 °C for 7 h to shape a viscous liquid. The
heating process was accompanied by the evolution of
brown fumes of NO, from the decomposed metal
nitrate salts. After that, the mixture was transferred to
dry for 2 h at 200 °C in the furnace to obtain a fluffy
carbonaceous pyrolyzed mass. After that, the resulting
mass was annealed at 750 °C for 4 h to obtain
nanoparticles of ferrite.

Preparation of carbon black nanopowder
The average particle size of as-extradited carbon
black powder was measured utilizing the sieve shaker

coating thicknesses (1-2.5 mm) showed bigger MA
and arrived at a so high absorption of 2 mm thickness.
On the other hand, Akhtar et al. [16] designed
strontium ferrite epoxy (SrF) nanocomposite and CB-
loaded CBSrF nanocomposite. The minimum
reflection loss (RLmin) for the SrF nanocomposite is -
25.19 dB at 13.32 GHz for 10.5 mm thickness,
whereas for CBSrF nanocomposite the RLmin is -31.15
dB at 10.32 GHz for 9.5 mm thickness. Therefore, the
CB-loaded SrF nanocomposite exhibits higher
attenuation effectiveness than the SrF nanocomposite.
In the present work, we study the effect of different
weight ratios of CB/Mng.1NiosZng.4Fe204 and its effect
on EMI shielding and MA properties. The aim of the
study is to prepare MAMs that have high shielding
effectiveness and wideband absorbers with a weight
ratio within a paraffin matrix of 40% w/w and
bandwidth that covers almost the whole frequency
band (8.8-12 GHz). The experimental operation
consists of synthesizing the ferrite by a self-
combustion method. After that, the operation is
continuous by mixing and grinding CB and MnNiZn
ferrite by the grinding balls.

and it was between 2-8 pum. Carbon black
nanopowder has been created via the grinding balls.
The as-extradited carbon black powder was milled for
12 h at 300 rpm.

Preparation of  CB/MngiNiosZnosFe;0q
nanocomposites

CB nanopowder and ferrite nanoparticles were
mixed and milled by the grinding balls. Four various
weight ratios of CB/Mng1NiosZnosFe,04 (1:0, 1:1,
2:1, and 3:1) were prepared. The
CB/Mng.1NiosZng.4Fe,04 nanocomposites were ball-
milled for 1 h at 300 rpm. Table 1 shows the symbols
of nanocomposite samples.

Synthesis of samples for measuring the MA
and EMI shielding properties

Paraffin wax was symmetrically blended with
CB/Mno.1NigsZno4Fe;Os nanocomposites powders
with a weight ratio of nanocomposites within a
paraffin matrix of 40% w/w by heating and stirring for
15 min. Thereafter, the absorption samples with
various thicknesses (2-4-6 mm) were molded to
measure RL and shielding efficiency (SE) in the
frequency band (8.8-12 GHz).
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Results and discussion

XRD patterns

The crystalline structures of the nanopowders are
defined by XRD. The XRD patterns of
Mng.1NiosZng.4Fe2,04 and CB nanopowders are shown
in Figure 1. For the Mno.1NiosZno.4Fe;O4 pattern, six
diffraction peaks are noticed, which conform to (hkl)

planes of (220), (311), (400), (422), (511) and (440),
respectively. The ideal spinel structure is noticed by
the peaks of MnNiZn ferrite [17]. The XRD pattern of
Mno1NiosZng4Fe,O4 is totally matched with the
reference XRD patterns (JCPDS, PDF no. 08-0234).
On the other hand, for the CB pattern, two diffraction
peaks are noticed, which conform to (hkl) planes of
(002) and (100), respectively [18].

Table 1 — Symbols of hanocomposite samples.

Sample symbols Weight ratio
Carbon black Mno.1Nio.sZno.4Fe,04
CB/F-10 1 0
CB/F-11 1 1
CB/F-21 2 1
CB/F-31 3 1
MnNiZn h.n;n!«:
— \ (180
= . P
é 4 = e
a 1)
&
1‘0 2‘0 3'0 4'0 5'0 B'O 7'0 80
20(deg)

Figure 1 - XRD patterns of MnNiZn ferrite and carbon black.

FTIR spectra

Figure 2 shows the FTIR spectra of the
MngiNiosZnosFe,04  nanoparticles and  CB
nanopowder. For  the Mng.1NiosZng 4Fe204
nanoparticles, two peaks at 571.6 cm™ and 446.3 cm™*
are referring to the stretching vibration of (Fe-O),
which emphasizes the forming of the metal-oxygen in
ferrite-based [19]. On the other hand, the peak at
1630.4 cm? in MngiNigsZnosFe,0s and CB s
referring to C=0 stretching vibration, and the peaks at
2348 cm?™ and 3452 cm? are referring to O-H
stretching vibration [20,21].

SEM analysis
The morphology of the MnNiZn ferrite and CB
is verified by SEM, which is illustrated in Figure 3. In
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Figure 3 (a), one can notice the agglomerated
spherical particles of MnNizZn ferrite. The average
diameters of the spherical-shaped particles are
observed to be ranging between 21-59 nm. On the
other hand, the average particle size of CB
nanopowder (Figure 3 (b)) is noticed to be ranging
between 75-481 nm.

EMI shielding and MA properties

There are two general methods that cope with the
interference of incident electromagnetic waves: the
first one is electromagnetic interference (EMI)
shielding and the second one is microwave absorption
(MA). For the EMI shielding method (Figure 4a), the
significant point is to attenuate the transmitted power
of the EM waves (pr). On the other hand, for the
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microwave absorption method (Figure 4b), though, a
metal plate is put to reflect the transmitted power of
the EM waves. As a consequence, the transmitted
power of the EM waves is negligible in microwave
absorption. EMI shielding and MA properties of the
prepared samples are estimated with the free-space
technique. EM waves are generated by a microwave
generator in the frequency band of 8.8-12 GHz (with
wavelengths A= 2.5-3.4 cm), where a microwave
generator is connected by a WR90 waveguide
instrument (IEC Standard R100, X Band). The
incident EM waves (p;,,) are measured by the horn
antenna connected to an oscilloscope, then the
prepared sample perpendicularly is placed between a

microwave generator and the horn antenna to measure
the transmitted power of the EM waves (pr) by an
oscilloscope. As a result, SE can be calculated for the
EMI shielding by applying the equation (1) [22]:
SE (dB) = SEg + SE4 + SEy = 10 logzﬁ. (1)
T

It is significant to note that the multiple reflection
loss (SEj,) can be ignored if the absorption shielding
(SE,) of EMI shielding material is higher than 10 dB
and equation (1) then can be rewritten as [22]:

SE (dB) = SEg + SE, = 10 log ’;ﬂ.
T

(2)

(a)

Il

Transmitance (%)
L N

—— MnNZn fermite

Transmitance (%)
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Figure 2 - FTIR spectra of (a) MnNiZn ferrite and (b) carbon black.

In addition to that, the reflected power of the EM
waves (pr.r) is measured when the EM waves are
incident on the sample surface at an angle of 45° by
an oscilloscope. As a result, the shielding by reflection
(SER) can be calculated for the EMI shielding by
applying the equation (3).

SEg (dB) = —10log(1 — R) =

pref)

= —10log (1 -
Pin

(3)

Finally, the shielding by absorption (SE,) is calculated
by equation (4) [23,24]:

T

= —1010g< Pr

Pin — pref>. (4)

Figure 5 represents the shielding efficiency (SE)
of CB/Mno1NiosZnosFe;Os nanocomposites in the
frequency band (8.8-12 GHz) with various
thicknesses (2—4—6 mm). The results illustrate that the
maximum shielding efficiency is 18.5 dB at the
frequency of 11.5 GHz for the thickness of 2 mm of
the CB/F-21 nanocomposite sample. Figure 6 shows
the SEr and SEA of CB/Mno_lNio,52n0,4F6204
nanocomposites with various thicknesses (2—4—6 mm)
at the frequency of 11.5 GHz. For the microwave
absorption method, the prepared sample is placed on
the metal plate at an angle of 45° to measure the
reflected power of the EM waves (p,.f) by an
oscilloscope. As a result, RL can be calculated by
applying the equation (5) [23,24]:

Pin
Rl (dB) = 10log .

ref

)
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Figure 3 - SEM images of (a) MnNiZn ferrite and (b) carbon black

EMI shielding materials

< o
e oot
RS Seeve Yy
Horu 20 N o/

Horn

Figure 4 - Sketch of the estimate models of (a) electromagnetic interference shielding
and (b) microwave absorption.

Figure 7 illustrates  the RL  of
CB/Mng1NiosZnosFe,0s  nanocomposites  with
various thicknesses (2-4-6 mm) at the weight
percentage of the absorber within a paraffin matrix
(40% wiw). Figure 7 illustrates that the RL attenuation
peaks of samples moved to lower frequencies with
increasing sample thickness. This phenomenon may
be defined by the quarter-wavelength (A/4)
cancellation model, as shown in equation (6) [25-27]:

C
ty = ———————— (6)
4t lurller]

90

Where |&/| and |u | are the modulus of the measured
complex relative permittivity (e,.) and permeability
(1) at matching frequency (fm), respectively. c is the
velocity of light.

Table 2 shows the low surface density (SD) of
all the prepared absorbers. As a result, one can notice
the impact of incorporating Mno1NiosZng4Fe;Os
(magnetic loss material) and CB (dielectric loss
material) on the EMI and MA properties of the
prepared absorber. This incorporation drives to an
effective and low thickness absorber with a wide
bandwidths under -10 dB (BW.1048) [28].
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Figure 5 — SE curves of (a) CB/F-10 nanocomposite, (b) CB/F-11 nanocomposite, (¢) CB/F-21 nanocomposite
and (d) CB/F-31 nanocomposite at various thicknesses (2—4-6 mm).

Table 2 — MA behavior of CB/Mng.1NiosZno.4Fe204 nanocomposites at various thicknesses (2—4-6 mm).

Nanocomposite
samples
CB/F-10

CB/F-11

CB/F-21

CB/F-31

t (mm)

DR NOPAANOOPAANOOOPADN

RLmin (dB)  fm(GH2)

-11.6
-12.5
-11.3
-14.7
-15.8
-13.9
-18.3
-17.2
-17.1
-15.1
-14.6
-16.7

10.9
10.4
9.8
11.5
11.0
10.1
114
10.5
10.0
11.0
10.6
9.9

BW.10d8

(GHz2)

0.7
0.8
0.3
2.0
3.2
2.9
3.2
3.2
2.8
2.5
2.9
2.6

SD (kg/m?)

291
2.92
2.94
3.63
3.65
3.66
3.40
341
3.43
3.09
3.11
3.12

BW.1048/SD
(GHz.m?/kg)
0.24
0.27
0.10
0.55
0.88
0.79
0.94
0.94
0.82
0.81
0.93
0.83
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20 —
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Figure 6 — Bar plot for individual components of SEr and SEa of (a) CB/F-10 nanocomposite, (b) CB/F-11
nanocomposite, (c) CB/F-21 nanocomposite and (d) CB/F-31 nanocomposite with various thicknesses (2—4-6
mm) at the frequency of 11.5 GHz.

00 85 60 108 110 M8 12¢ #0 9% 100 105 110 118 120
l‘-‘mm (GHz) Frequancy (GHz)
o o
(c) (d)
2 S 24 ——2mm
4 4 - e & UMY,
f— 4 mm e & VM
5 4 — 6 mm
- B9
2
&
20 Sy T + - v r <20 T T T N N T
90 25 100 105 10 ns 20 a0 a8 10.0 108 1.0 118 120
Frequancy (GHz)

Frequancy (GHz)

Figure 7 — RL curves of (a) CB/F-10 nanocomposite, (b) CB/F-11 nanocomposite, (c) CB/F-21 nanocomposite,
and (d) CB/F-31 nanocomposite at various thicknesses (2—4-6 mm).
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Conclusions

In this work, a unique type of lightweight
microwave absorber was prepared by using a
combination of CB/Mno.1NiosZnosFe;Os within a
paraffin matrix. CB was introduced to enhance the
mechanism of dielectric loss, while
Mno 1NiosZnosFe,Os was used to enhance the
mechanism of magnetic loss. As a result, one can
notice the impact of combining Mng.1Nios5Zno4Fe204
and CB on the EMI and MA properties of the
absorber. This combination drives to an effective and

is -18.3 dB at 11.4 GHz and the absorption BW.1ogg IS
3.2 GHz for 2 mm thickness and its SD doesn’t
surpass 3.66 kg/m?. The maximum SE is 18.5 dB at
115 GHz for mm thickness of the CB/F-21
nanocomposite sample.
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