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[Abstract] The hexagonal BalLa,Fejz- , Oj9 fine powders with M-type structure were synthesized by sol gel method.

The pH of the solution, the molar ratio of nitrate to citric acid and the calcination temperature were investigated to clarify

the forming conditions of the ferrites. The crystal structure, grain size, form and magnetic properties were studied by

means of XRD, SEM and vibrating sample magnetometer. It is concluded that at pH of 7. 0 or so, molar ratio of nitrate
to citric acid of 1/3 and calcination temperature of 850 C(1h), 1000 ‘C, M-type BaLa,Fej- , O19 fine powders with a

particle size of less than 300 nm was obtained.
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1 INTRODUCTION

Permanent barium ferrite materials are widely
used. Recently, people have paid more attention to
them because they can also be used as perpendicular
magnetic recording media with high density in new
magnetic recording field"! and materials acting as
concealment in arms industry!”. Thus the study on
the synthesis of magnetoplumbite-type barium ferrite
is considerably important to the electronic and mag-
netic materials industry.

During the last few decades, people have made
great efforts to prepare barium ferrite powders with
high performance. On one hand, people managed to
reduce the particle size of the powders by various
techniques such as chemical coprecipitation > ', hy-
drothermal method >, hydrolysis of metalorganic

Ll 7] and microemul-

complexes' ™, glass crystallization
sion method® . On the other hand, people committed
themselves to microelement doping.

In our work, both synthesis method and mi
croelement doping were considered to prepare high
performance powder materials, and solFgel method
was combined with self-propagating high-temperature

°! to develop solgel auto-combustion high-

synthesis!
temperature synthesis. On the other hand, consider
ing that rare earths are abundance elements in our
country and the study on synthesis of a series of rare
earths doped ferrite by this method has never been re-
ported, they were used as doping elements in our
study so as to improve the properties of permanent
magnetic ferrite and widen their application market.

Here the hexagonal BaRE, Fejo- , O9 fine pow-
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ders with M-type structure are synthesized by solgel
auto-combustion high-temperature synthesis method.
Nd, Gd, Sm doped

hexagonal barium ferrite fine powders and effect of

Synthesis conditions of La,

their doping amount on magnetic properties of barium
ferrite are studied.

2 EXPERIMENTAL

Ferric nitrate, barium nitrate and lanthanum ox-
ide and citric acid of AR grade were used as raw ma-
terials. According to the preconcerted composition of
the ferrite Bal.a,Fejo- ,O19( x = O~ 1), stoichiomet-
ric amount of ferric nitrate, barium nitrate and lan-
thanum nitrate which was prepared by the reaction
between La;03 and HNO3, was dissolved in distilled
water with subsequent addition of different amount of
citric acid to control the molar ratio of nitrate to cit-
rate at about 1/3, 2/3 and 1. And then the initiative
pH of solution was adjusted by ammonia solution.
The obtained solution was slowly evaporated until a
viscous liquid was formed and it was further evaporat-
ed at 135 C in vacuum to form the dry gel, which
was further ignited in the air followed by self-propa-
gating combustion for the purpose of decomposing the
organic precursor to form dendritic fluffy powders.
Finally, the powders were calcined at different tem-
peratures.

The behavior of the dried gels in combustion and
calcination process were studied by DTA-TG. The
synthesized powders were characterized in terms of
XRD and SEM. The specific magnetization, O;, and
coercive force, H . of unoriented assemblies of the
prepared pow ders were measured by means of vibrat-
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ing sample magnetometer (VSM) at a maximum ap-
plied field of 1107 kA/ m at room temperature.

3 RESULTS AND DISCUSSION
3.1 Effect of pH

Two samples with the composition of Balag, 3
Fei1.7019 were prepared by the above procedure from
two precursor solutions.

Sample a: the pH of the precursor solution was
adjusted to 7.28 by the adding of ammonia solution.

Sample b: without adding ammonia solution, so
the PH of the precursor solution is 0. 5, other condi-
tions are the same as sample a.

The comparison of sample a and sample b in
terms of XRD is shown in Fig. 1.
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Fig.1 X-ray diffraction patterns of
Bal.ag. 3Fei1.7019 formed by soFgel method at

various pH of solution
(a) —pH= 7.28; (b) —pH= 0.5

As shown in Fig. 1, sample a formed at pH of
7. 28 is recognized to be magnetoplumbite barium fer-
rite, but sample b formed at pH of 0. 5 contains
Fe;03 and BaFe;04 besides magnetoplumbite barium
ferrite. Therefore, pH has important effect on the
structure of La Ba ferrite fine pow ders.

3.2 Effect of molar ratio of nitrate to citric acid
3.2.1 DTA-TG of gel
According to the molecular formula Bal.ag 3
Fei1.7019, three gels were prepared by the above pro-
cedure from the precursor solution of pH= 7.0 or so.
Gel a: molar ratio of nitrate to citric acid= 1. 1;
Gel b: molar ratio of nitrate to citric acid =

1: 1.5

Gel ¢: molar ratio of nitrate to citric acid= 1% 3.

It was found that the gel transformed from the
aqueous solution of metal nitrate and citric acid has
the characteristics of self-propagating combustion.
That is, once the gel was ignited at one side, the
combustion would propagate ahead to the other side
smoothly at very fast speed, complete combustion to
form fluffy powders. Fig. 2 shows DTA-TG curves
of the three gels.
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Fig.2 DTA-TG curves of three gels at

various amounts of citric acid
(molar ratio: (a) —1: 1; (b) —1: 1.5; (¢) —1: 3)

It can be concluded from Fig. 2 that when the
ratio of nitrate to citric acid is 11 1, there exists only
one exothermic peak at the temperature of 220 C
with the mass loss of 11% in DTA-TG curve (a),
which correspond to the self-propagating combustion
of the sample. With the increase of the amount of cit-
ric acid, there is another peak at about 375 C in
DTA-TG curves (b) and (c¢), which corresponed to
the decomposition of excessive citric acid ', In addi-
tion, the endothermic peak at 129 C in DTA-TG
curve (c¢) is in correspondence to the melting of gel,
which is in agreement with the experimental phenom-
ena.

3.2.2 Microstructures of pow ders

The above three gels were ignited in the air re-
spectively followed by combustion and grinding, and
then calcined at 850 C( 1 h) and 1 000 C. SEM of
ferrite powders at various citric acid amount are
shown in Fig. 3.
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Fig.3 SEM of ferrite powders at various molar ratios of nitrate to citric acid
(molar ratio: (a) —1: 1; (b) —11 1.5; (¢) —L 3)

As shown in Fig. 3, the more the amount of cit-
ric acid is, the smaller the size of the particle is, and
at a molar ratio of 1: 3, the fine powders with a parti-
cle size of less than 300 nm could be prepared. The
effect of molar ratio of nitrate to citric acid on the
particle size can be explained as: when there has ex-
cessive citric acid in the solution, citric acid plays
roles of not only chelate agent but also dispersant.
Thus, the particles could be prevented from glomer
ating in the later processes.

3.3 Effect of calcination temperature

The above gel ¢ was ignited in the air followed
by combustion and grinding, and then the produced
pow ders were calcined respectively at the temperature
of 450 C(1h), 550 C(1h), 650 C(1h), 750 C(1
h), 850 C(1h) and 850 C(1h), 1000 C. XRD
patterns of powders calcined at different temperatures
are shown in Fig. 4.

It is concluded from Fig. 4 that the samples cal-
cined at lower temperature such as 450 C and 550 C
are recognized to be ferric oxide. Besides ferric oxide,
there occurred BaFe;04 in the sample calcined at
650 C. Most of the product calcined at 750 C was
magnetoplumbite barium ferrite with only a little
Fe;03. Only when the temperature was increased to
850 C or more than 850 C, could the powders be
recognized to be completely magnetoplumbite barium
ferrite.

3.4 Magnetic properties

The effect of the amount of doped lanthanum on
magnetic properties of barium ferrite fine pow ders are
shown in Table 1.

As shown in Table 1, with the increase of the
amount of La, both the specific saturation magnetiza-
tion( ;) and the specific remanent magnetization( ;)
decrease gradually, whereas there exists a nadir of co-

ercive force( H .) under the condition of x = 0. 2, as

shown in Fig. 5.
The study on Nd, Sm, Gd doped hexagonal

barium ferrite shows that there is a similar regularity
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Fig. 4 XRD patterns of ferrite pow ders at

different calcination temperatures
(@) —450 C; (b) —S50 C:

(¢) —650 C; (d) —750 C; (e) —850 C;
() =850 ‘C(1h), 1000 C
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Magnetic properties

Magnetic properties
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Fig. 5 Effect of amount of La, Sm, Gd and
Nd on magnetic properties
®—H /(10" Aem™"); W—0/(A m’ kg ");
A—0/(A*m* kg ")
(a) —n(La): n(Ba); (b) —n(Sm): n(Ba);
(¢) —n(Gd): n(Ba); (d) —n(Nd): n(Ba)

Table 1 M agnetic properties of Bal.a,Fejs- . O19
H ] 0 0

Sample o 1g% A~ 1) /(A'mzikg h /(A'mzikg h
x=0.0 39. 12 59.87 32.55
x=0.1 39.70 59.57 31.87
x= 0.2 34.48 57.17 30.92
x=0.3 36. 53 55.90 29.98
x=0.4 38. 60 53.39 29. 44
x=0.5 39.93 52.61 28.81
x= 1.0 41.05 44. 05 24. 66

in magnetic properties of these powders, as also
shown in Fig. 5.

4 CONCLUSIONS

1) The hexagonal Bal.a, Fejs- 019 fine powders
with M-type structure were synthesized by solgel
self-propagating high-temperature synthesis tech-
nique. pH of the solution and the calcination tempera-
ture have important effect on powders crystal phase.
It was concluded that the products prepared at pH of

about 7.0 and at 850 C(1h), 1000 C were recog-
nized to be only magnetoplumbite barium ferrite.

2) The size of the particles depends on the
amount of citric acid, the more the amount of citric
acid is, the smaller the size of the particles will be;
and at a molar ratio of 11 3, the fine powders with a
particle size of less than 300nm could be prepared.

3) With the increase of the amount of La’*
both the specific saturation magnetization( ;) and the
specific remanent magnetization ( 0,) decrease gradu-
ally, whereas there exists a nadir of coercive force
(H.) at the condition of x= 0.2. And there is a sim-
ilar regularity in magnetic properties of Nd, Sm, Gd
doped hexagonal barium ferrite pow ders.
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