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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/Mn0.1Ni0.5Zn0.4Fe2O4 (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 μm). Then, the operation is continued via mixing carbon black and MnNiZn ferrite through the grinding balls. 
Four various weight ratios of CB/Mn0.1Ni0.5Zn0.4Fe2O4 (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/m2 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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Свойства поглощения микроволн и экранирования электромагнитных помех нанокомпозитов 
черного углерода/феррит MnNiZn с парафиновым наполнителем в диапазоне 8,8–12 ГГц 
 

В данной работе нами предложена разработка материалов с широкополосным поглощением 
микроволнового излучения на основе CB/Mn0.1Ni0.5Zn0.4Fe2O4 (черный углерод/феррит MnNiZn). Ферриты 
получены методом самовозгорания с использованием сахарозы в качестве топлива. Химикат используется 
для синтеза нанопорошка, представляющего собой порошок сажи (2–8 мкм). Затем операцию продолжают 
путем перемешивания сажи и феррита MnNiZn через мелющие шары. Готовят четыре различных весовых 
соотношения CB/Mn0.1Ni0.5Zn0.4Fe2O4 (1:0, 1:1, 2:1 и 3:1) различной толщины (2, 4, 6 мм). Рентгеновская 
дифрактометрия и FTIR-спектроскопия используются для определения характеристик образцов. 
Морфологию порошков исследуют с помощью СЭМ. Экранирование электромагнитных помех (ЭМП) и 
свойства поглощения микроволн измеряются в полосе частот 8,8–12 ГГц для получения практических 
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характеристик. Материалы, поглощающие микроволновое излучение, имеют широкую полосу пропускания 
ниже -10 дБ в диапазоне 0,3–3,2 ГГц и приемлемую поверхностную плотность в диапазоне 2,91–3,66 кг/м2 
при весовом соотношении в парафиновой матрице 40% по весу. Материал, поглощающий микроволновое 
излучение, при толщине 2 мм демонстрирует минимальное значение обратной потери (-18,3 дБ) на частоте 
11,4 ГГц. Максимальная эффективность экранирования составляет 18,5 дБ на частоте 11,5 ГГц для образца 
нанокомпозита CB/F-21 толщиной 2 мм. 

Ключевые слова: Феррит MnNiZn, черный углерод, полоса поглощения, обратные потери, 
эффективность экранирования. 
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Парафинмен толтырылған қара көміртекті/MnNiZn ферритті нанокомпозиттердің 8,8-12 ГГц 
диапазонындағы микротолқынды жұтылу және электромагниттік экрандау қасиеттері 

 
Бұл жұмыста CB/Mn0.1Ni0.5Zn0.4Fe2O4 (қара көміртек /MnNiZn ферриті) негізіндегі кең жолақты 

микротолқынды сіңіру материалдарының жасалынуы ұсынылған. Ферриттер сахарозаны отын ретінде 
қолдану арқылы өздігінен жану арқылы алынады. Химиялық зат көміртекті қара ұнтақ (2–8 мкм) болып 
табылатын наноұнтақ синтезі үшін қолданылады. Операция содан кейін ұнтақтау шарлары арқылы қара 
көміртекті және MnNiZn ферритін араластыру арқылы жалғасады. Әртүрлі қалыңдықтағы (2, 4, 6 мм) 
CB/Mn0.1Ni0.5Zn0.4Fe2O4 (1:0, 1:1, 2:1 және 3:1) төрт түрлі салмақ қатынасы дайындалады. Үлгілерді сипаттау 
үшін рентгендік дифракция және FTIR спектроскопиясы қолданылады. Ұнтақтардың морфологиясы SEM 
көмегімен зерттеледі. Практическалық сипаттамаларды алу үшін электромагниттік кедергілерді (EMI) 
қорғау және микротолқынды жұту қасиеттері 8,8-12 ГГц жиілік диапазонында өлшенді. Микротолқынды 
жұтатын материалдар 0,3-3,2 ГГц диапазонында -10 дБ-ден төмен кең өткізу қабілеттілігіне және салмағы 
бойынша 40% парафиндік матрицадағы салмақ қатынасында 2,91-3,66 кг/м2 диапазонында қолайлы 
аумақтық тығыздыққа ие. Микротолқынды жұтатын материал қалыңдығы 2 мм болатын 11,4 ГГц жиілікте -
18,3 дБ кері шағылуын көрсетеді. Қалыңдығы 2 мм CB/F-21 нанокомпозиттік үлгісі үшін экрандаудың 
максималды тиімділігі 11,5 ГГц жиілікте 18,5 дБ-ді құрайды. 

Түйін сөздер: MnNiZn ферриті, қара көміртегі, сіңіру жолағы, кері шағылу, экрандау тиімділігі. 
 

 

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 

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 MnNiZn ferrite is 

blended with CB, the MA characteristics of the 

resultant composite are anticipated to enhance. 

According to this, CB/Zn0.8Ni0.2Fe2O4 nanoparticles 

scattered in a SiO2 matrix were successfully 

synthesized by Anh et al. [15]. The effects of 

Zn0.8Ni0.2Fe2O4 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% Zn0.8Ni0.2Fe2O4 nanoparticles content 

showed the highest MA at 10 GHz frequency. Higher 

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/Mn0.1Ni0.5Zn0.4Fe2O4 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.

 

 

Methods and materials 

 

Synthesis of ferrite (Mn0.1Ni0.5Zn0.4Fe2O4) 

nanoparticles  

Ferrite (Mn0.1Ni0.5Zn0.4Fe2O4) nanoparticles were 

prepared by a self-combustion method. 

Mn0.1Ni0.5Zn0.4Fe2O4 were synthesized by taking 

appropriate amounts of nickel (II) nitrate hexahydrate 

(Ni(NO3)2⋅6H2O), zinc nitrate hexahydrate 

(Zn(NO3)2⋅6H2O), iron(III) nitrate nonahydrate 

(Fe(NO3)3.9H2O) and manganese(II) chloride 

tetrahydrate (MnCl2 .4H2O) 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 NO2 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 

and it was between 2–8 μm. 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/Mn0.1Ni0.5Zn0.4Fe2O4 

nanocomposites 

CB nanopowder and ferrite nanoparticles were 

mixed and milled by the grinding balls. Four various 

weight ratios of CB/Mn0.1Ni0.5Zn0.4Fe2O4 (1:0, 1:1, 

2:1, and 3:1) were prepared. The 

CB/Mn0.1Ni0.5Zn0.4Fe2O4 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/Mn0.1Ni0.5Zn0.4Fe2O4 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 

Mn0.1Ni0.5Zn0.4Fe2O4 and CB nanopowders are shown 

in Figure 1. For the Mn0.1Ni0.5Zn0.4Fe2O4 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 

Mn0.1Ni0.5Zn0.4Fe2O4 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 nanocomposite samples. 

Sample symbols Weight ratio 

 Carbon black Mn0.1Ni0.5Zn0.4Fe2O4 

CB/F-10 1 0 

CB/F-11 1 1 

CB/F-21 2 1 

CB/F-31 3 1 

 

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

 

FTIR spectra 

Figure 2 shows the FTIR spectra of the 

Mn0.1Ni0.5Zn0.4Fe2O4 nanoparticles and CB 

nanopowder. For the Mn0.1Ni0.5Zn0.4Fe2O4 

nanoparticles, two peaks at 571.6 cm-1 and 446.3 cm-1 

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-1 in Mn0.1Ni0.5Zn0.4Fe2O4 and CB is 

referring to C=O stretching vibration, and the peaks at 

2348 cm-1 and 3452 cm-1 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 

Figure 3 (a), one can notice the agglomerated 

spherical particles of MnNiZn 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 (𝑝𝑇). 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 λ= 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 (𝑝𝑖𝑛) 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 (𝑝𝑇) by an 

oscilloscope. As a result, SE can be calculated for the 

EMI shielding by applying the equation (1) [22]:  

 𝑆𝐸 (𝑑𝐵) = 𝑆𝐸𝑅 + 𝑆𝐸𝐴 + 𝑆𝐸𝑀 = 10 𝑙𝑜𝑔
𝑝𝑖𝑛

𝑝𝑇
.   (1) 

It is significant to note that the multiple reflection 

loss (𝑆𝐸𝑀) can be ignored if the absorption shielding 

(𝑆𝐸𝐴) of EMI shielding material is higher than 10 dB 

and equation (1) then can be rewritten as [22]: 

𝑆𝐸 (𝑑𝐵) = 𝑆𝐸𝑅 + 𝑆𝐸𝐴 = 10 𝑙𝑜𝑔
𝑝𝑖𝑛

𝑝𝑇
.          (2) 

 

 
 

Figure 2 – FTIR spectra of (a) MnNiZn ferrite and (b) carbon black. 

In addition to that, the reflected power of the EM 

waves (𝑝𝑟𝑒𝑓) 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). 

 𝑆𝐸𝑅 (𝑑𝐵) = −10 log(1 − 𝑅) = 

= −10 log (1 −
𝑝𝑟𝑒𝑓

𝑝𝑖𝑛
).                  (3) 

 

Finally, the shielding by absorption (𝑆𝐸𝐴) is calculated 

by equation (4) [23,24]: 

 

    𝑆𝐸𝐴 (𝑑𝐵) = −10 log (
𝑇

1 − 𝑅
) = 

=  −10 log (
𝑝𝑇

𝑝𝑖𝑛 − 𝑝𝑟𝑒𝑓
).                    (4) 

Figure 5 represents the shielding efficiency (SE) 

of CB/Mn0.1Ni0.5Zn0.4Fe2O4 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/Mn0.1Ni0.5Zn0.4Fe2O4 

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 (𝑝𝑟𝑒𝑓) by an 

oscilloscope. As a result, RL can be calculated by 

applying the equation (5) [23,24]:   

 

𝑅𝑙 (𝑑𝐵) = 10𝑙𝑜𝑔
𝑝𝑖𝑛

𝑝𝑟𝑒𝑓
.                    (5) 
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Figure 3 – SEM images of (a) MnNiZn ferrite and (b) carbon black 

 

 

 
Figure 4 – Sketch of the estimate models of (a) electromagnetic interference shielding  

and (b) microwave absorption. 

 

 

Figure 7 illustrates the RL of 

CB/Mn0.1Ni0.5Zn0.4Fe2O4 nanocomposites with 

various thicknesses (2–4–6 mm) at the weight 

percentage of the absorber within a paraffin matrix 

(40% w/w). 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 (λ/4) 

cancellation model, as shown in equation (6) [25–27]:  

𝑡𝑚 =
𝑐

4𝑡𝑓𝑚√|µ𝑟||𝜀𝑟|
.                      (6)  

Where |εr| and |μr| are the modulus of the measured 

complex relative permittivity (𝜀𝑟 ) and permeability 

(µ𝑟 ) 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 Mn0.1Ni0.5Zn0.4Fe2O4 

(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-10dB) [28]. 
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Figure 5 - SE 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). 

 

Table 2 – MA behavior of CB/Mn0.1Ni0.5Zn0.4Fe2O4 nanocomposites at various thicknesses (2–4–6 mm).  

Nanocomposite 

samples 

t (mm) RLmin (dB) fm (GHz) BW-10 dB 

(GHz) 

SD (kg/m2) BW-10 dB /SD 

(GHz.m2/kg) 

CB/F-10 2 -11.6 10.9 0.7 2.91 0.24 

4 -12.5 10.4 0.8 2.92 0.27 

6 -11.3 9.8 0.3 2.94 0.10 

CB/F-11 2 -14.7 11.5 2.0 3.63 0.55 

4 -15.8 11.0 3.2 3.65 0.88 

6 -13.9 10.1 2.9 3.66 0.79 

CB/F-21 2 -18.3 11.4 3.2 3.40 0.94 

4 -17.2 10.5 3.2 3.41 0.94 

6 -17.1 10.0 2.8 3.43 0.82 

CB/F-31 2 -15.1 11.0 2.5 3.09 0.81 

4 -14.6 10.6 2.9 3.11 0.93 

6 -16.7 9.9 2.6 3.12 0.83 
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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. 

 

 

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/Mn0.1Ni0.5Zn0.4Fe2O4 within a 

paraffin matrix. CB was introduced to enhance the 

mechanism of dielectric loss, while 

Mn0.1Ni0.5Zn0.4Fe2O4 was used to enhance the 

mechanism of magnetic loss. As a result, one can 

notice the impact of combining Mn0.1Ni0.5Zn0.4Fe2O4 

and CB on the EMI and MA properties of the 

absorber. This combination drives to an effective and 

low thickness microwave absorber with a wide BW-

10dB. The results indicate that the RLmin of the absorber 

is -18.3 dB at 11.4 GHz and the absorption BW-10dB is 

3.2 GHz for 2 mm thickness and its SD doesn’t 

surpass 3.66 kg/m2. The maximum SE is 18.5 dB at 

11.5 GHz for mm thickness of the CB/F-21 

nanocomposite sample. 
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