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PHYSICS OF MAGNETIC PHENOMENA 

INVESTIGATION OF THE COMPOSITION AND 

ELECTROMAGNETIC PROPERTIES OF LITHIUM FERRITE 

LiFe5O8 CERAMICS SYNTHESIZED FROM ULTRADISPERSE 

IRON OXIDE 

A. P. Surzhikov, E. N. Lysenko, A. V. Malyshev,  UDC 621.355 
E. V. Nikolaev, S. P. Zhuravkov, and V. A. Vlasov 

Structural, magnetic, and electric characteristics of LiFe5O8 synthesized from ultradisperse iron oxide powder 
are investigated. The basic Fe2O3 reagent is prepared by oxidation of iron nanopowder with particle sizes of 
100 nm synthesized by the electroexplosive method. It is demonstrated that LiFe5O8 is characterized by fine-
grained ceramic structure with average grain size of 1.4 m, high values of the Curie temperature (630°С), 
specific electrical resistance (107 cm), and saturation magnetization (3300 G). Thus, lithium ferrite so 
obtained without additives has the parameters suitable for its application as a microwave ferrite material. It is 
also demonstrated that addition of bismuth ferrite to the lithium ferrite composition during its sintering yields 
lower values of the specific electrical resistance and relatively high values of the density and saturation 
magnetization. 

Keywords: lithium ferrite, LiFe5O8, ceramics, ultradisperse iron oxide, microwave properties, electromagnetic 
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INTRODUCTION 

Lithium ferrites synthesized from LiFe5O8 are the main functional materials of modern microwave electronics 
[1]. In addition, these compounds can be used as a cathode material in lithium-ion batteries [2] and in manufacture of 
sensor elements for gas sensors [3]. 

The following main requirements are imposed on ferrites intended for operation in the microwave range: high 
electrical resistance providing small dielectric losses in the material, temperature stability determined by the Curie 
temperature of the material, and a preset value of the saturation magnetization. From all ferrites, lithium ferrite LiFe5O8 
without additives has the highest Curie temperature and high degree of saturation magnetization. To improve the 
dielectric and magnetic properties, Ti, Zn, Mn, Co, and Bi are added to the ferrite composition. This deteriorates some 
ferrite characteristics, primarily, the Curie temperature. 

The application of lithium ferrites in microwave techniques imposes high requirements not only on the 
electromagnetic ferrite parameters, but also on the microstructure of the material that should be uniform throughout the 
entire volume of a single product and identical for a production lot. Thus, creation of an optimal ferrite microstructure 
that allows ferrites with required complex of properties to be synthesized is of great importance. 
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The influence of the microstructure on the magnetic characteristics studied in [4] has demonstrated that this 
dependence is determined mainly by the two factors – porosity and grain sizes. This is due to the fact that the processes 
of sintering responsible for quantitative and qualitative change of porosity and the recrystallization processes forming 
the grain structure proceed simultaneously and are interrelated. The grain size in sintered ferrites can influence 
significantly the ferrite physical and chemical properties. The increased degree of grain size inhomogeneity in the 
microstructure also causes deterioration of the magnetic characteristics of the material. To suppress the recrystallization 
process, small additives insoluble in the base material are incorporated into ferrites. Such additives, for example, Bi2O3, 
localized along the grain boundaries form favorable conditions for obtaining high density ferrites with fine-grained 
ceramic structure at relatively low sintering temperatures [4, 5]. Experimental investigations [6–8] demonstrate that the 
basic characteristics of the ferrite materials can be changed via the control over their structure due to the application of 
initial powders with different degrees of dispersion [6] as well as by using different technological methods for 
producing of such materials [7, 8]. 

In the present work, we describe a method for controlling over the microstructure formation and the basic 
electromagnetic characteristics of lithium ferrite ceramics based on LiFe5O8 by reducing the degree of dispersion of iron 
oxide used as a basic reagent. We consider iron oxide synthesized by oxidation of ultradisperse iron powders obtained 
by the electroexplosive method [9]. An analysis of the available data has demonstrated that this approach to the ferrite 
synthesis has not been used as yet. 

EXPERIMENTAL 

To synthesize the ultradisperse powder from iron oxide, we used iron nanopowder with particle size of 
~100 nm obtained by the electroexplosive method. According to [10] in which the main data on the kinetics and 
mechanism of oxidation of ultradisperse iron powders obtained by this method were described, heating of -Fe at 
temperatures above 600°С caused the formation of nanocrystalline -Fe2O3. In this connection, iron was oxidized in air 
at a temperature of 700C for 120 min in a standard resistance-type MPL-6 laboratory furnace (KhimLabo) equipped 
with a programmable Varta temperature controller. The -Fe2O3 powder so obtained served as an initial reagent for 
synthesis of lithium ferrite. 

Before weighing, initial -Fe2O3 and Li2CO3 powders were dried for 3 h at a temperature of ~200С in a drying 
oven. The ratio of the initial components of the reaction mixture was calculated from the equation Li2СO3 + 
5Fe2O3  2LiFe5O8 + СО2. Iron oxide and lithium carbonate powders were weighed using Shimadzu AUW-D 
analytical scales with accuracy of ±1 mg in proportion 91.5 mass% iron oxide and 8.5 mass% lithium carbonate.  

According to [11], to obtain higher degree of uniformity of the mixture, it was mechanically activated in 
an AGO-2C planetary mill with the use of steel grinding bowls and balls. Masses of the mixture and balls were in the 
ratio 1:10, and the treatment time was 15 min. The milling process power was g = 20. After mixing, the samples were 
compacted by single-ended cold pressing into pellets 15 mm in diameter with thickness of 2 mm in a PGr-10 hydraulic 
press at a constant pressure of 200 MPa for 3 min. 

The lithium ferrite samples were synthesized by the ceramic method. Their thermal annealing (synthesis and 
sintering) was performed in MPL-6 resistance-type furnaces. LiFe5O8 was synthesized at a temperature of 900°С for 
120 min. Then the synthesized powder was subdivided into two parts, and 2 mass% of bismuth trioxide was added to 
one of the parts to obtain a more dense ceramics. Ferrite ceramics was sintered at a temperature of 1100°С for 120 min. 
The rates of sample heating and cooling were ~10 deg/min.  

The phase composition and the parameters of the crystal lattice of the samples were measured by the method of 
x-ray diffraction (XRD) analysis using an ARL X’TRA (Switzerland) diffractometer. The XRD patterns were measured 
using Cu K radiation in the range 2θ = 10–140° with a scanning rate of 0.02 deg/s. The phases were identified using 
the PDF-4 powder database of the International Center for Diffraction Data (ICDD). The XRD patterns were processed 
by the method of full profile analysis using the Powder Cell 2.5 software. 

Thermogravimetric (TG) and differential scattering calorimetric (DSC) measurements were performed using 
an STA 449C Jupiter analyzer (Netzsch, Germany) with sensitivity of scales equal to 0.1 g. The presence of the 
LiFe5O8 phase was detected from the Curie temperature by TG measurements in an external magnetic field [12]. 



u
i

m

E

b

L

m

 1344 

The d
using a Shim
investigated w
determine the 
magnetic field

EXPERIMEN

Figure
obtained by co
and the final o
by the presenc

Figure
(Fig. 3) and w
LiFe5O8 with 
following reas
close to that 
magnetocalorim

F
r

density and the
madzu AUW22
with a Hitachi T

electric cond
d with amplitud

NTAL RESUL

e 1 shows x-ra
omplete oxidati
oxidation phase
ce of the ordere
es 3 and 4 show

with Bi2O3 add
high concent

sons. First, the
of the magn

metric effect c

F

Fig. 2. XRD p
reflections from

e apparent poro
20D analytical
TM-1000 scann
ductivity of the
de of 5 kOe usi

LTS AND DIS

ay diffraction 
ion of iron. Ac
e was -Fe2O3

ed α-LiFe5O8 p
w the TG/DSC

ditive (Fig. 4). 
tration of the 
 TG curve sho
netic transitio

corresponding t

Fig. 1. XRD pa

 

1

400 

800 

1200

1600

2000

I,
  ar

b.
 u

n
its

 

patterns of synt
m LiFe5O8. 

osity of the sam
l scales. The
ning electron m
e ferrite samp
ing an N-04 ma

SCUSSION 

patterns of ul
ccording to XR
. The synthesi

phase. 
C curves for the

The behavior
ordered -LiF

ows a mass jum
on for LiFe5O
to the magnetic

attern of iron (a

10 20 30

0 

0 

0 

+ +
+

thesised lithium

mples were de
surface micro

microscope. Th
ples. The satur
agnetometer [1

ltradisperse iro
RD data, the ba
sed samples of

e sintered samp
r of the TG/DS
Fe5O8 phase [
mp near the C

O8 [16]. The 
c-paramagnetic

   

a) and iron oxi

40 50 6

2, deg 

m ferrite. Here

termined by th
ostructure of t
he spreading r
ration magneti
14]. 

on (Fig. 1a) a
asic crystal pha
f lithium ferrit

mples of lithium
SC curves (Fig
[15]. This con

Curie temperatu
DSC curve 

c transition.  

ide nanopowde

60 70 80

e symbols + ind

he method of h
the sintered f
resistance meth
ization was m

and iron oxide
ase of the initia
te (Fig. 2) are m

m ferrite cerami
g. 3) was typic
nclusion was 
ure equal to ~6
in this region

ers (b). 

 

dicate superstr

hydrostatic we
ferrite ceramic
hod [13] was u

measured in a p

e powders (Fi
al powders was
mainly charact

ics without add
cal of stoichio
made based o

630С. This va
n demonstrate

 

ructure 

ighing 
cs was 
used to 
pulsed 

ig. 1b) 
s -Fe, 
terized 

ditives 
metric 
on the 
alue is 
es the 



t
t
t

H

h

r
m

 

Secon
of the ordered 
transition char
transition is re
the DSC curve

Lithiu
However, the D
form systems 
observed at 67
heating and the

Figure
samples have f
observed for t
case, the ferri
distributed alo

Result
ceramics were
samples acquir
formed in the 
resistance rem
measured valu

nd, the more in
LiFe5O8 struct

racterizes the d
eversible. Upon
e. 
um ferrite samp
DSC curve sho
of eutectic typ

70–760°С is du
e    transi
e 5a shows th
fine-grained po
the lithium fer
ite ceramics h
ng the grain bo
ts of determina

e characterized 
red surface lay
stage of cooli

mained unchan
ues of all basic

Fig. 3. T

Fig. 4. TG

ntensive high-te
ture to a disord
degree of orde
n cooling, the i

ples sintered w
ows a wide dou
pe with fusion 
ue to the super
ition of the LiF

he photomicrog
olycrystalline s
rrite samples c
as larger aver
oundaries. 
ation of the spe
by inhomogen

yers with thick
ing after sinter
nged with the 
c structural an

TG/DSC curve

G/DSC curves f

emperature pe
dered state (the
ering of the lith
inverse   

with Bi2O3 addi
uble peak with
temperature o
imposed therm

Fe5O8 phase. 
graph of ferrit
structure with 
comprising bis
rage grain size

ecific electrica
neous distribut
kness of the or
ring of the ferr
depth. Values

nd electromagn

es for the LiFe5

for the LiFe5O8

ak at 752С (s
e so-called  
hium spinel st
 transition is o

itive (Fig. 4) a
h weak thermal
of 700°С [4],
mal effects corr

te samples wit
average grain 

smuth microco
e of 4.6 m.

al resistance ()
tion of properti
der of 100–20
rite ceramics [
s of  for all 

netic parameter

5O8 lithium fer

8 lithium ferrite

see Fig. 3) is a
  phase tran
tructure. It sho
observed accom

also have high 
 effect. Since l
the double en

responding to f

thout Bi2O3 a
size of 1.4 m

omponent in th
 It also can b

) demonstrated
ies with the sa
0 m and incr

[17]. After san
examined sam

rs for the exam

rrite ceramics a

e ceramics with

associated with
nsition). The en
ould be noted t
mpanied by an

Curie tempera
lithium ferrite 

ndothermic pea
fusion of the B

dditive. It can
m. Somewhat d
heir compositio
be seen that th

d that the samp
ample thickness
reased specific
nding of these 
mples are giv
mined samples

 

after sintering. 

 

h Bi2O3 additiv

h the phase tran
nthalpy of the 
that the given 

n exothermic pe

ature equal to 6
and bismuth tr

ak on the DSC
Bi2O3 additive d

n be seen that
different pictur
on (Fig. 5b). I
he Bi2O3 addit

ples of lithium 
s. After sinteri

c electrical resi
layers, the ele

ven in Table 1
s and samples

ve. 

1345

nsition 
   
phase 

eak on 

628°С. 
rioxide 
 curve 
during 

t these 
res are 
In this 
tive is 

ferrite 
ing the 
istance 
ectrical 
1. The 
of the 



p

v

t
w

p

m

t

w

 1346 

same composi
presented in T

From 
values of the e
demonstrated 
them due to la
with the sampl

Comp
possessing the
examined in th
materials [4, 1

CONCLUSIO

The st
synthesized fr
obtained demo

– Exa
temperature w

– LiF
with high valu
(low dielectric

TABLE 1 

Sample ty

LiFe5O
LiFe5O8 + B
LiFe5O8 + B

[8, 18]

F

ition synthesiz
able 1. 
the data prese

electrical resist
higher magnet

arger average g
les without bis

paring the char
e same structur
he present wor
9]. 

ONS 

tructural, magn
rom the ultradi
onstrated the fo
amined sample

was equal to ~63
e5O8 without a

ues of the dens
c and magnetic 

ype 
Aver

grain 
m

O8 1.
Bi2O3 4.
Bi2O3 
] 

12

Fig. 5. Microst

zed in [8, 18] 

ented in Table 
tance and satur
tization. Howe

grain sizes and 
muth oxide ad

racteristics of t
re but synthesi
rk possesses h

netic, and elec
isperse iron ox

ollowing: 
es were largely
30С. 
additives sinte
sity, specific el

losses) in the 

rage 
size, 

m 

Dens
g/cm

4 4.
6 4.

2 4.

tructure of the 

from the iron

1 it follows th
ration magnetiz
ever, lower va
lower degrees

dditives. 
the examined 
ized from the
igher basic ele

ctrical characte
xide powder h

y characterized

ered by the cer
lectrical resista
microwave ran

sity, 
m3 

Poros

2 9
4 4

4 5

lithium ferrite 

n oxide powde

hat the examine
zation. The lith
alues of the sp
s of porosity. T

samples of fer
micron iron ox

ectromagnetic 

eristics of the 
have been inv

d by the prese

ramic technolo
ance, and satur
nge. 

sity, % 
C

temp

.2 

.9 

.9 

ceramics with

er with average

ed samples of 
hium ferrite sa
pecific electric
They also posse

rrite ceramics w
xide powder, w
characteristics

lithium ferrite 
estigated. The

ence of the ord

ogy were chara
ration magneti

Curie 
perature, 
C 

Т

630 1
628 1

629 3

out (a) and wit

e particle size

lithium ferrite
amples with bis
al resistance a
essed higher de

with those of 
we can conclu
s required for m

ceramics of L
e analysis of th

dered α-LiFe5O

acterized by fi
ization that imp

 at 
= 20°С, 
cm 

ma

1.0107 
1.0104 

3.2102 

th Bi2O3 additi

es 1–10 m ar

e ceramics hav
smuth oxide ad
are characteris
ensity in comp

samples of cer
ude that the cer
microwave ma

LiFe5O8 compo
he set of the r

O8 phase. The 

ine-grained str
proved its prop

Saturation 
agnetization 4

G 
3350 
3400 

2800 

 

ive (b). 

re also 

ve high 
dditive 
tic for 

parison 

ramics 
ramics 
agnetic 

osition 
results 

Curie 

ructure 
perties 

Ms, 



 1347

– Lithium ferrite sintered with addition of bismuth oxide was characterized by higher values of the density and 
average grain size. Lower values of the specific electrical resistance and relatively high values of saturation 
magnetization were characteristic for such samples. This suggests that such lithium ferrites can be used for the 
development of coatings interacting efficiently with electromagnetic microwave radiation for which high values of 
saturation magnetization and large magnetic and dielectric losses are characteristic. 

This work was supported in part by the Ministry of Education and Science of the Russian Federation under the 
State Assignment “Science.” 
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