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Abstract Key words 
    The molar ratio(x) of Li-Ni ferrites in the formula Li0.5-0.5xNixFe2.5-

0.5xO4 was varied in range 0.1-1.0 by hydrothermal process. The 
XRD, SEM, and TEM tests were conducted to examine the samples 
crystalline phase and to characterize the particles shapes and sizes. 
The high purity spinel structure was obtained at med and high x 
values. SEM and TEM images showed the existence of different 
ferrite particles shapes like nanospheres and nanorods. The 
maximum particle size is around (20nm). These size encourage 
occurrence of super paramagnetic state. The reflection loss and 
insertion loss as microwave losses of Li-Ni ferrite-epoxy composite 
of 1mm thickness and mixing ratio 39.4 wt was investigated. The 
minimum reflection loss in x-band and in Ku band was about -8dB 
around 10GHz and lower than -18dB respectively. The insertion loss 
exceeded -6dB in the two band for some samples. 
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  Ku-وحزمة -Xنيكل ذوالتركيب النانوي في حزمة-خسائر المايكروويف لفيررايت الليثيوم

  ، 1علي مطشر موسى، 2عماد خضير الشكرجي، 1صادق ھاني لفتة

Jan Taro Svejda3, Daniel Erni3, Jӧrg Hippler3, Michael Farle3 
  العراق، بغداد، الجامعة التكنولوجية1

  العراق، بغداد، جامعة النھرين، كلية العلوم، قسم الفيزياء2
  ديسبورك، المانيا جامعة3

  الخلاصة
وضمن المدى Li0.5-0.5xNixFe2.5-0.5xO4 نيكل بالصيغة  -لفررايت الليثيوم  (x)تم تغيير النسبة المولارية     

لفحص  TEMو  SEMو  XRDأنُجزت أختبارات . hydrothermalبالعملية المائية الحرارية  0.1-1.0
تم الحصول على طور السبنل النقي عند القيم القيم . الطور البلوري وتشخيص اشكال الجسيمات و أحجامھا

أشكال جسيمات فيررات مختلفة مثل الكرات النانوية  TEMو  SEMأظھرت صور . xالوسطى والعليا لقيم 
لحجوم تعزز حصول حالة أن ھذه ا. (20nm)الحجم الجسيمي الأعظم كان بحدود . والقضبان النانوية

تم تحري خسائر الانعكاس و خسائر الأدخال كخسائر . super paramagneticالبارامغناطيسية الفائقة 
أن . 39.4ونسبة خلط وزنية  1mmنيكل والايبوكسي بسمك  -مايكروويف للمادة المركبة من فيررايت الليثيوم

على  18dB-وأقل من  10GHzعند حوالي  8dB-كانت تقريبا  Ku-وحزمة x-أدنى خسائر أنعكاس في حزمة
 .في الحزمتين 6dB-تجاوزت خسائر الأدخال لبعض العينات . التوالي
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Introduction 
Spinel ferrites has unique properties 
like high resistivity, high dielectric, 
moderate magnetic properties and 
moderate microwave loss behavior 
make them the most class of 
microwave materials. Depending on 
that they used in different applications 
over a wide range of frequencies [1,2]. 
Li-ferrite and Ni ferrite and their 
substitution are the more common 
ferrites materials for microwave 
applications due to the low cost, 
performance stability with 
temperature, the hysteresis loops 
squareness and high Curie temperature 
[3,4]. Microwave application extended 
from low loss devices like circulator to 
high loss application like RAM [5]. 
Spinel nanoferrites powders have a big 
significance because they open a new 
field in application due to their new 
magnetic properties. Nanoferrites 
entered microwave technology and 
particularly in microwave absorption 
[6,7]. Ferrite nanostructure besides 
chemical and crystalline structure play 
the main role in its magnetic and 
dielectric and conduction properties[4]. 
Hydo thermal is one of important 
methods those were used to prepare the 
ferrites due to important features such 
as low temperature preparation, low 
size distribution and nontoxic 
process[8]. 
This work implemented performing the 
XRD, SEM and TEM tests for nano 
Li-Ni ferrite at the chosen molar 
ratio(x). The results compared to other 
researcher results are also presented. 
The motivation of the current work is 
to diagnose the microwave losses 
including reflection loss (RL) and 
insertion loss (IL)via measuring          
s-parameters by VNA for the 
composite of the ferrite and novalac 
epoxy as matrix. 
 
 

Theory of microwave loss 
mechanisms in ferrites  
The interaction of materials with the 
incident microwave radiation is 
determined by three parameters: 
complex permittivity (ε*), complex 
magnetic permeability (μ*) and electric 
conductivity (σ). So that, there are three 
losses: dielectric losses, magnetic 
losses and conduction losses. These 
losses occurred due to several 
microwave absorption mechanisms 
associated with electric or magnetic (or 
both) radiation fields. These 
mechanisms are: lagging of dielectric 
and magnetic polarization, 
ferromagnetic resonance at high 
frequency, hysteresis loss, eddy current 
loss and the magnetic after-effect 
(relaxations) for low frequency domain 
wall oscillations [9,10]. These 
mechanisms are responsible for 
transform microwave energy into heat 
[11]. The mechanisms however have 
different dependencies on certain 
properties such as sample type and 
microstructure, frequency and 
temperature [12,13]. Conduction losses 
dominate in metallic, high conductivity 
materials and dipolar losses dominate 
in dielectric insulators. Magnetic 
materials also exhibit conduction losses 
with additional magnetic losses such as 
hysteresis, domain wall resonance and 
electron spin resonance (FMR) [11]. 
The complex material parameters are 
given by [14]. 
∗ࢿ		 ൌ ᇱࢿ െ  "ࢿ

࢘ࢿ ൌ ᇱ࢘ࢿ െ 
࣌
࣓ࢿ

	

∗ࣆ		 ൌ ᇱࣆ െ  (1)																																							"ࣆ
 
where real parts of permittivity ε′ and 
permeability μ′ represent the energy 
storage, the imaginary permittivity ɛ″ 
and permeability μ″ represent                
the   dielectric  and    magnetic    losses 
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respectively, ω is the microwave 
frequency. 
The imaginary parts are vanished at 
zero frequency or infinite frequency. 
Also higher conductivity leads to a 
larger loss. But larger conductivity also 
means a stronger skin effect this by 
turn means more reflection. The 
quantity μ* is originated from the 
lagging of flux density (B) behind the 
field (H) of the microwave as given 
by[15]: 
	ܪ ൌ  ሺ2ሻ																																						ఠ௫݁	ܪ	
 
The resulting electric flux density is: 
	ܤ ൌ  ሺ3ሻ																																				i(ωx-δ) ݁	ܤ	
 
where δ is the phase angle associated 
with the time lag in polarizing the 
material. The electric flux density 
(electric displacement) comes from the 
applied electric field and the electric 
polarization: 
ܤ ൌ ܪ	ߤ ܯ ൌ  ሺ4ሻ																							ܪ	ߤ	
 
The absorbed power P per unit volume 
due to magnetic losses in (W/m3) is: 
ܲ	 ൌ 	 ሺ1/2ሻ	߱″ߤ	ܪଶ																													ሺ5ሻ 
In the same way one can find the 
absorbed power per unit volume 
(W/m3) due to dielectric losses as 
following equation [16]: 

ܹ ൌ	൬
1
2
൰ܧଶ߱	ߝᇳ																																ሺ6ሻ 

 
where (E) is the electric field intensity. 
So microwave absorption increases 
with field intensity, frequency, 
imaginary permeability and/or 
permittivity.  
Skin depth δ is defined as the depth at 
which the electric (or magnetic) field 
drops to 1/e of the surface value. It is 
related to frequency, permeability and 
conductivity σ by the relation [17, 18]: 
δ ൌ 1/ඥπμσf                                   (7) 
 
The skin depth is about 1cm at 60Hz 
and less than 1μm at microwave 
frequencies, since field penetration is 

proportional to σ-1/2. Ferrite with mixed 
cation valences are among the best 
microwave absorbers. It is a 
semiconductor, in n-type the electrons 
transfer between iron atoms of different 
valence Fe3+ + e- ↔ Fe2+ by hopping 
operation [18]. 
 
Microwave losses determination  
The microwave attenuation related to 
three processes: the reflection from 
absorber surface (R), the absorption 
via the absorber (A); and the multiple 
reflections of the wave at various 
interfaces within the absorber(M).  The 
total losses can be given in logarithmic 
scale in the form [19, 20, 21]: 
Total	LossሺdBሻ ൌ SEୖ  SE  SE

ൌ 10 log ൬
P
P୍
൰ 	ൌ 	20 log ൬

E
E୍
൰																

ൌ 20 log ൬
H
H୍
൰																																							ሺ8ሻ																																

  
where PI, EI and HI are the incident of 
power, electric and magnetic field 
respectively and PT, ET and HT are the 
transmitted ones. The reflection loss 
(RL) is related to impedance of material 
η which is by turn depend on σ, μ, ε, 
and ω expressed as following: [22, 23-
26]: 
RL	ሺdBሻ ൌ 20	log	ሺη െ Zሻ	/	ሺη 

Zሻ ൌ െ10 log ቀ ఙ

ଵఠఌబఓೝ
ቁ               (9) 

return loss relate to S11- parameter that 
measured by vector network analyzer 
(VNA) by: 

RLሺdBሻ ൌ 	10log ቚ ଵ

ሺୗభభሻమ
ቚ ൌ

െ20log|Sଵଵ|                                    (10) 
It can be considered as the sum of 
absorption loss and multiple reflection 
loss. When an electromagnetic wave 
pass through a medium its amplitude 
decreases exponentially. The 
absorption magnitude (SEA) is 
expressed by [23]: 

ܧܵ ൌ െ20݈݁݃

ഃ ൌ െ0.213ݐ ቂ

ఙఠఓೝ
ଶ
ቃ
ଵ/ଶ

  (11) 
where t is thickness in meter and ω is 
angular frequency. The SEA is 
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proportional to the quantity (σ.ω.μr)
1/2. 

So a good absorber should possess 
high σ, μr and enough thickness to 
reach the suitable value of skin depths 
even at the lowest frequency of 
concern [23]. In case the two 
measurement ports use the same 
reference impedance, the insertion loss 
(IL) is the magnitude of the 
transmission coefficient |S21| expressed 
in decibels. It is thus given by [27, 28]: 

IL ൌ 	െ20log|Sଵଶ|ሺdBሻ               (2.52) 
Experimental part 
The Li-Ni ferrite prepared using the 
following materials: LiCl.H2O, 
NiCl2.6H2O, FeCl3,NaOH and distilled 
deionized water. The chemical reaction 
used to synthesize different 
stoichiometric compositions of          
Li0.5-0.5xNixFe2.5-0.5xO4 at x values of 
0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1 is: 
 

 
(2.5-0.5x)FeCl3 + (0.5-0.5x) LiCl.H2O+ xNiCl2.6H2O + 8NaOH → Li0.5-0.5xNixFe2.5-

0.5xO4 + 4.5H2O + 8NaCl 
 
The added NaOH quantity is larger 
than that in the chemical equation to 
satisfy pH value at 11.The 
hydrothermal process is performed at 
(155 ºC) for (3 hr). The preparation 

details were mentioned elsewhere [29]. 
The compositions at (x=0.0. 0.5 and 
1.0) as examples of prepared ferrites 
and their weights are illustrated in 
Table 1. 

 
Table 1: Examples of starting material weights for 0.01 mole for Li, for x=0.0, 0.5 and 

1.0.Mw: molecular weight in gm/mole, N: no. of mole. 
x=1.0 for 
Ni-ferrite 

x=0.5 for 
Li-Ni ferrite 

x=0.0    for  Li 
ferrite 

 

W 
gm 

N 
Mol. 

W 
gm 

N 
Mol. 

W 
gm 

N 
Mol. 

Mw 
gm/mol 

Starting 
materials 

324.42 2 364.97 2.25 405.5 2.5 162.21 FeCl3 
0 0 15.1 0.25 30.2 0.5 60.40 LiCl.H2O 

237.7 1 118.85 0.5 0 0 237.7 NiCl2.6H2 
312.8 8 312.8 8 312.8 8 39.1 NaOH 

 
After ferrites preparation, manual 
milling for short time of powders is 
done.  Then powder is mixed with 
epoxy and resin by using mixer for 5 
min. Then the mixture is casted into 
homemade sample holder.  It was 
made from brass with interior 
dimension 22.9 mmх10.2 mm and 
Teflon base inside them to test sample 
in X-band in rages 8.2-12.4 GHz.     
After casting the composite, the 
assembly was left 24 hour to be still in 
green state, then it removed from 
holder and base.  
 
 
 
 

 
The weight of ferrite in x-band tests is 
0.25 gm to each 0.15 ml of epoxy. The 
type of epoxy was phenol Novolacs 
(EPN) from BAUMERK /Turkey with 
liquid density 1.2 gm/cm3. So the 
mixing ratio of ferrite weight/total 
weight is about 39.7% and ferrite 
volume/total volume is about 34%, 
using ferrite pellet density is 3.2 
gm/cm3  at about 1.9 Ton/cm2 
compression. 
X-ray diffraction (XRD) was utilized 
to identify the crystalline phase of         
the     samples    under   study.   X-pert 
 
 
 
 



Iraq

 

Pan
radi
emp
anal
perf
Mat
prob
size
by 
usin
SEM
  
Res
1-X
resu
The
belo
show

  
The
(2=
hem
peak
pres
prod
sphe
SEM

qi Journal of P

nalytical i
iation (λ=
ployed for
lysis of 
formed by 
tch Impact
bable crysta
e and particl
SEM and 

ng the instr
M and Philip

sults and di
XRD analy
ults 
e diffraction
ong to the
wn in Fig.1

e high inte
=33.3) at 

matite phase
k around (2
sence of 
duced part
eres and 
M  and TEM

Physics, 2016

instrument 
1.5418 Å)
r this pu

their pa
High Sco

t software 
alline phase
le shape we
TEM, thos
ruments FE
ps CM 12 T

iscussions 
ysis and 

n charts of t
e prepared 
1. At low m

Fig. 1: The 

ensity of 
(x=0) is

e. The low
2=51.39) w

NaCl res
icles shape
nanorods 

M  images in

6                      

at Cu-K
) had be
urpose. Th

atterns we
ore Plus an

to find th
e. The partic
ere performe
se were don
EI LEO 155
TEM. 

morpholog

the x-ray th
samples a

molar ratio (

effect of mo

the peak 
 related 

w intensity 
was related 
siduals. Th
es are nan
as seen 

n  Fig.2.  Th

                     

48

Kα 
en 
he 

ere 
nd 
the 
cle 
ed 
ne 
50 

gy 

hat 
are 
(x) 

va
ph
fr
ex
be
fo
M
of
ac
pr
tw
fo
(x
pr
du
de
fo
 

 

olar ratio var

at 
to 
of 
to 
he 

no-
in         

he  

 
pr
ra
do
he
pa
M
X
re

                      

alue, the p
hase and s
rom ferrite 
xceeded 0.3
e pure sp
ormula of f

M is a divale
f iron is 
ctivation 
reparation 
wo of Li+ c
orm spinel s
x=0, 0.1)
redominant 
ue to the
ecrease th
orming Li-N

riation on XR

redominant 
atio x. A
ominant th
ematite pha
articles rela

More detail
XRD patt
eference[29

         Vol.14, 

owder did 
samples ar
and hema

3, the samp
inel phase

ferrite is M
ent cation a

+3. It is
energy 

condition) 
ation instea
structure at 
). Beyond

phase is th
e presence

he activatio
Ni ferrite.  

RD patterns.

shape dep
t low x 

hat because
ase wherea
ates to spine
s about di
terns are
]. 

 No.29, PP. 4

not show 
re multi-ph
atite. When
ples appeare
e. The gen

M[Fe2]O4  w
and  the val
s believed 

(under 
cannot in

ad of one M
low molar r
d (x=0.3
he spinel p
e of Ni2+

on energy

s. 

pends on m
nanorods 

e it relate
as the sphe
el ferrite ph
iscussion t

e found 

44-54 
 

pure 
hases 
n (x) 
ed to 
neral 

where 
ance 

the 
our 

nsert 
M to 
ratio 
),the 
hase 
+that 

y of 

molar 
are 

s to 
rical 
hase. 
these 

in 



Iraq

 

F

 
2-R
ban
The
(ref
for 
Wh
incr
the 
decr
In F
is d
ban
min
two
tow
x in
8.7G
mol
has 
inte
low
min
x=0
con
 

qi Journal of P

(a) 
Fig.2: (a) TEM

nan

Return loss 
nd 
e insertion
flection) los
the two set
en the s-p
reased in ne

reflection
reased. 

Fig.3 the ret
displayed v
d. It can b

nimum refle
o main ba
wards lower 
ncreased fro
GHz and 10
lar ratio x=0
a consider

ensity, whe
wer value a
nimum refl
0.5 to be
sidered th

Physics, 2016

           
EM image at 

orods. (c)SE
 

and inserti

n loss 
ss are measu
ts with and 
parameter v
egative tren
n or tran

turn loss of 
versus freq
be observe
ection or r
and which 
frequency a
om 0.1 to 
0.1GHz for
0.5. The mo
able effect 
ere the re
as x increa
lection is 
e about -
hat low r

6                      

                  
x=0.3 has lo

EM image at

ion loss in X

and retu
ured by VN
without Fe2

value in d
d, means th

nsmission 

samples Fe
quency in 
ed there is 
return loss 

are shifte
as molar rat
0.5 reachin

r sample wi
olar ratio al
on reflectio

eflection g
ased and th

appeared 
-8dB. It 
reflection 

                     

49

        (b)     
ow nanorods
t x=0.7 spher

X-

urn 
NA 

2+. 
dB 
hat 

is 

e2+ 

x-
a 

at 
ed 
tio 
ng 
ith 
lso 
on 
get 
he 
at 
is 
is 

m
th
sa
  

m
be
lo
(x
It
do
bu
lo
of
fo
m
lo
di
lo
po
de
  

in
w

                      

                  
s.  (b) SEM i
rical nanopa

mainly becau
hat is conn
aturation. 
  Continue 

minimize ref
ehavior, wh
oss value 
x=0.5).   
t should be 
oes not rela
ut there is a
osses. It is b
f x up to 
ormation th

magnetic lo
osses. More
ielectric los
ower diel
olarization)
ecreasing in
  The effec

nsertion los
without Fe2+

             Sade

                  
image at x=0
ar CCCCC ti

use of magn
nected with

increasing 
flection, bu
here at (x=
is approa

noted here
ate to magn
a contributi
believed tha
0.5 enhanc
hat is in 
osses besi

e increasing 
sses because
lectric lo
 than Li fer

n magnetiza
ct of mola
ss (IL) fo
is illustrate

eq H. Lafta, et

    (c) 
0.1 has a lot 
icles. 

netic absorp
h magnetiza

of (x) does
ut give irreg
=1.0) the re
aching that

e the absorp
netic loss a
ion of diele
at the increa
ce ferrite p

turn enh
ides diele

g may affect
e Ni ferrites

osses (dip
rrites as we
ation saturat
ar ratio (x)
or the sam
ed in Fig.4. 

t al. 
 

of 

ption 
ation 

s not 
gular 
eturn 
t at 

ption 
alone 
ctric 

asing 
hase 
ance 
ctric 
t the 
s has 
polar 
ell as 
tion. 
) on 

mples 
 



Iraq

 

 
Inse
lost 
inse
or S
the 

qi Journal of P

Fig.3: R

Fig.4: In

ertion loss e
if mater

erted in line
S21-paramet

material 

Physics, 2016

Return loss R

nsertion loss 

express how
ial under 
e. It is equi
ter in dB, th
under test

6                      

RL versus fre

IL versus fr

w much pow
test (MUT

ivalent to S
his is right 
t MUT h

                     

50

equency in x

requency in x

wer 
T) 

S12 
if 

has 

re
re
.0
tr
G

                      

x-band for sa

x-band for d

easonable 
esult for the
0) those clo
ransmission 

GHz and 8.

         Vol.14, 

amples witho

different com

homogenei
ese samples
ose to -6 d

minimum 
7 GHz res

 No.29, PP. 4

 
out Fe2+. 

 
mposition. 

ity. The 
s is for (x=
dB with lo

located at
spectively. 

44-54 
 

best 
=0.5, 
ower 
t 10 
The 



Iraq

 

othe
IL v
was
dist
ther
to m
the 
betw
refe

 
All 
near
GHz
min
at (x
16.2
The
the 
It is
by 
con
com
mag
mic

qi Journal of P

er composi
values, whi
s observed
inguishable
re are a very
mention her
spectrum r

ween sam
erences plan

samples sho
rly same va
z to 15.2

nimum (RL)
x=0.1), and
25 GHz rea
e behavior b
same. 
s believed t

electric 
duction h

mparable 
gnetic loss
crowave rad

Physics, 2016

itions show
ich are arou
d that th
e peaks and
y broad ban
re the smal
related to st
mple sur
nes of set up

Fig.5: R

owed same 
alues of (R
25 GHz. 
) appeared 
d there is a
aching -18 d
beyond 16.9

that the die
dipole l

hopping l
role cont

ses in thi
diation. The

6                      

w comparab
und -5 dB. 
here is n
d instead th
nds. It is goo
ll rippling o
tanding wav
rfaces an
p. 

Return loss R

behavior an
RL) from 12

There is 
at 15.8 GH

a minimum 
dB at (x=0.5
9 GHz is al

electric loss
agging an
losses hav
tribution 
is range 

e resonance 

                     

51

ble 
It 

no 
hat 
od 
on 
ve 
nd 

3-
K
M
sh
ex
IL
T
fu
di
 

RL versus fre

nd 
2.5 

a 
Hz 
at 

5). 
lso 

ses 
nd 

ave 
to 
of 
is 

no
so
m
In
il
F
al
ab
m
dB
ex
be
co
be

                      

-Return lo
Ku-band 
Many applic
hield in Ku
xtend the m
L to cover 
he results 

unction of f
ifferent (x) 

equency in K

ot located i
o the losses

most sample
nsertion los
lustrated in
e2+ ions. Th
ll samples,
bout -6 dB,

minimum in
B, this 
xplanation 
ecause this 
ontaining 
efore. 

             Sade

oss and ins

cations req
u-band. So 

measurement
the range 
of return 

frequency fo
displayed in

Ku-band. 

in this rang
s are some
s [30,31]. 
sses IL in
Fig.6 for s

he behavior
 with ave
, while at x

transmissi
support 
about d

sample hav
hematite 

eq H. Lafta, et

sertion los

quired effic
it was trie

nt of the RL
up to 18 G

loss (RL)
or samples 
n Fig.5.  

 

ge of freque
ewhat equal

n Ku-band 
samples wit
r is repeated
erage losse
x=0.1 there 
ion goes to
our prev

dielectric 
ave compos

as mentio

t al. 
 

ss in 

cient 
ed to 
L and 
GHz. 
) as 
with 

ency, 
l for 

are 
thout 
d for 
s at 
is a 

 -12 
vious 

loss 
ition 
oned 



Iraq

 

 
The
mea
valu
poly
GHz
thre
mag
12-1
0.5m
−40
wt%
3.7 
Li-Z
thic
rubb
grad
blac
prep
valu
1mm
abov
of 
freq
(IL)
for 
rela
sam
The
con
effe

qi Journal of P

ere were 
asuring the 
ues such 
ycrystalline
z and 5mm

ee layer o
gnetite and 
16 GHz wit
mm[33], IL
0 dB to −48
% graphite 

mm at 8-1
Zn ferrite a
ck) [35], -17
ber  8-12 
dually to -
ck [36]. Th
pared samp
ue is reaso
m comparin
ve and takin
mixing w

quency rang
) higher tha
samples pr

ated to usin
mples. 
e contribut
duction los

ect than mag

Physics, 2016

Fig.6: I

previous 
insertion lo

as -8
 hexaferrit

m thick [32
of acrylic 
carbon as fi
th the whole
L values en
8 dB for 3
novolac ph

12 GHz[34]
at0.1 GHz 
7dB (2mm)

GHz whi
-35 with ad
he value of
les is aroun

onable for 
ng with tho
ng into acc
with ferrit
ge.  All w

an that of Fi
repared in 

ng hexaferri

tion of di
sses may 
gnetic losse

6                      

Insertion loss

works 
oss register
8 dB f
te at 50-7

2], -4 dB f
resin wi

illers in rang
e thickness 
nhances fro
0 wt% to 5
henolic res
], -32 dB f
(toroid 9m

) Ni-ferrite 
ch increas
dding carbo
f IL for mo
nd -6 dB, th

thickness 
se mention
ount the rat
te and th

works havin
ig.4 and Fig
this work

ite or thick

ielectric an
have great

es in range 

                     

52

s IL versus f

of 
red 
for 
75 
for 
ith 
ge 
of  

om 
50 
sin 
for 

mm 
in 
ed 
on 
ost 
his 
of 
ed 
tio 
he 
ng 

g.6 
is 

ker 

nd 
ter 
of 

8-
lo
fe
ef
pa
lo
ab
 
C
N
th
lo
m
co
lo
he
 
A
T
at
S
th
U
pe
 
R
[1
S
[2
In

                      

frequency in

-18 GHz co
ower than
erromagneti
ffect of pa
arameters c
osses peaks
bove 19 GH

Conclusion
Nanostructur
he microwa
osses by 

moderate v
omposite a
osses are c
exaferrite. 

Acknowledg
his research
t Departme
cience/ Al-

hanks to AG
University / 

erforming th

References
1] R.C. Pul
cience, 57 (
2] A. T. P
nternational

         Vol.14, 

n x-band. 

omparing w
n 1GHz 
ic resonanc
article size 
ontribute to
s (resonanc

Hz. 

re can play 
ve reflectio
shifting t

values for 
at low thi
comparable

gement  
h is a part o
nt of Phys
Nahrain Un
G Farle gro
Germany f
his research

llar, Progre
(2012) 1191
athan and 

Journal 

 No.29, PP. 4

 

with frequen
where 

ce is done. 
and magn

o shift magn
ce frequenc

y a main rol
on and inser
the losses
r ferrite-ep
ickness. T
e to losses

of Ph.D. pro
sics/ Colleg
niversity. G
oup / Duisb
for their hel
h. 

ess in Mate
1–1334. 
A. M. Sha
of Comp

44-54 
 

ncies 
the 

The 
netic 
netic 
cies) 

le in 
rtion 
 to 
poxy 

These 
s of 

oject 
ge of 
Great 
burg 
lp in 

erials 

aikh, 
puter 



Iraqi Journal of Physics, 2016                                                                              Sadeq H. Lafta, et al. 
 

 53

Application, 45, 21 (May 2012) 0975 – 
8887. 
[3] S. A. Mazen and T. A. Elmosalami, 
ISRN Condensed Matter Physics, 5402 
(2011) Article ID 820726. 
[4] S.A. Saafan, S.T. Assar, Journal of 
Magnetism and Magnetic Materials, 
324 (2012) 2989–3001. 
[5] A. J. Baden-Fuller, Ferrites             
at Microwave Frequencies, 
Electromagnetic Waves Series, 23, 
Peter Peregrinus Ltd, London, 1987. 
[6] H. Bayrakdar, Progress in 
Electromagnetics Research M, 25 
(2012) 269–281. 
[7] Branka Mušič, Andrej Žnidaršič, 
Peter Venturini, Helios Domžale., 
Domžale, Slovenija, Informacije 
MIDEM, 41, 2 (2011) 92-96. 
[8] K. Praveena, K.Sadhana, 
S.Bharadwaj, S.R.Murthy, J. 
Magnetism and Magnetic Materials, 
321 (2009) 2433-2437. 
[9] G. Skrotskii and L. Ktjrbatov, 
Phenomenological Theory of 
Ferromagnetic Resonance, S. 
Vonsovskii, Pergamon Press, Oxford, 
1966. 
[10] Satoshi Horikoshi and Takuya 
Sumi, Journal of Microwave Power 
and Electromagnetic Energy, 46, 4 
(2012) 215-228. 
[11] J. Ramprecht, Electromagnetic 
Waves in Media with Ferromagnetic 
Losses, Doctoral Thesis, Royal 
Institute of Technology, Stockholm, 
2008. 
[12] S. Somiya, Handbook of 
Advanced Ceramics, Elsevier Inc., 
USA, 2003. 
[13] H. Nejati, Analysis of Physical 
Properties and Thermo –Mechanical 
Induced Fractures of Rocks Subjected 
to Microwave Radiation, PhD 
Dissertation, McGill University, 
Montreal, 2014. 
[14] C. Tsipogiannis, Microwave 
materials characterization using 
waveguides and coaxial probe, M.Sc. 

Thesis, Lund University, 
Lund/Sweden, 2012. 
[15] A. Loupy, Microwaves in Organic 
Synthesis, Second Edition, WILEY- 
Verlag, 2008. 
[16] S. Das, A. Mukhopadhyay, S. 
Datta, D. Basu, Bulletin of Materials 
Science, 32, 1, February (2009) 1–13. 
[17] J.B. Jarvis, M. D. Janezic, B.F. 
Riddle, R.T. Johnk, P. Kabos, C.L. 
Holloway, R.G. Geyer, C.A. 
Grosvenor, Measuring the Permittivity 
and Permeability of Lossy Materials: 
Solids, Liquids, Metals, Building 
Materials and Negative Index, U.S. 
Government printing Office, 2005. 
[18] R.E. Newnham, J. Jang, M. Xu, 
and F. Jones, Fundamental Interaction 
Mechanisms Between Microwaves and 
Matter, Proceedings of the Symposium 
on Microwave Theory and Application 
in Materials Processing Annual, 
Volume 21, 1991. 
[19] F.X. Qin, H.X. Peng, Progress in 
Materials Science, 58 (2013) 183–259. 
[20] ÜmitÖzgür, Journal of Materials 
Science Materials in Electronics, 20, 
10 (2009) 911-952.  
[21] H.S. Nalwa, Hand Book of Thin 
Film Materials, Academic Press, 
Florida, 2002. 
[22] G.A. Nazri, J.M. Tarascon, 
Materials Research Society 
Symposium Proceedings, Solid State 
Ionics IV, Vol.369, Boston, 1994. 
[23] Na Chen, Mingyuan Gu, Open 
Journal of Metal, 2, 2 (2012) 37-41. 
[24] Y. Wang, L. Wang, Materials, 6 
(2013) 1520-1529.  
[25] R.K. Jain, A. Dubey, A. Soni, 
S.K. Gupta, Processing and 
Application of Ceramics, 7, 4 (2013) 
189–193. 
[26] H.A. Sulaiman and M.A. Othman, 
Theory and Applications of         
Applied Electromagnetics, Springer, 
Switzerland, 2014. 
[27] L. Zahid, F. Malek, H. 
Nornikman, N.A. Affendi, A. Ali, N. 
Hussin, B.H. Ahmad, M. Abd Aziz, 



Iraqi Journal of Physics, 2016                                                                          Vol.14, No.29, PP. 44-54 
 

 54

Progress in Electromagnetics 
Research,137 (2013) 687–702. 
[28] H. Hayashi and Y. Hakuta, 
Materials, 3 (2010) 3794-3817. 
[29] S. H. Lafta, E. K. Al-Shakarchi, 
A. M. Musa, M. Farle, R.Salikov, 
International Journal of Advanced 
Research in Physical Sciences, 2, Issue 
9 (2015) 2349-7882. 
[30] A.Chevalier, E.Le Guen, A.Tarot, 
B.Grisart, Magnetics, IEEE 
Transactions 47, Issue: 10 (2011) 4132 
– 4134. 
[31] Hock Lim, Serguei Matitsine, Ong 
Chong Kim, Proceedings of 
International Conference on Materials 
for Advanced Technologies, Suntec, 
Singapore, December 2003. 

[32] S.P. Gairola, V. Verma, L. 
Kumar, MA Dar, S. Annapoorni, R. 
Kotnala,  Solid State Communications, 
150 (2010) 147-151. 
[33] I.Nedkov and S.Stavrev, 27th 
international seminar on electronic 
technology. IEEE., 3 (2004) 577- 579. 
[34] J. Prasad and N. S. Bhattacharyya, 
PIERS Proceedings, Kuala Lumpur, 
Malaysia, 57 (2012) 132-135. 
[35] N.C. Joshi, S.S. Islam, A. Verma, 
Lithium-zinc Ferrite for the 
Suppression of Electromagnetic Noise, 
Journal of Interface Technology, 
Article no.136 (2009). 
[36] G. Nabiyouni, M. J. Fesharaki, M. 
Mozafari, J. Amighian, Chinese Phys. 
Lett., 27, 126 (2010) 401.  

 
 
 
 
 

  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 

 
  
  
  
  


