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Abstract The ZnFe, 0, powder was prepared under glycothermal conditions by precipita-
tion from metal nitrates with aqueous potassium hydroxide. The fine powder was obtained
at temperatures as low as 225 to 300°C. The microstructure and phase of the ZnFe,0,
powder were studied by SEM and XRD. The properties of the powder were studied as a func-
tion of various parameters (reaction temperature, reaction time, solid loading, etc). The
average particle size of the ZnFe,0, increased with increasing reaction temperature. After
glycothermal treatment at 270°C for 8 h, the average particle diameter of the ZnFe,O,
was about 50 nm.
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1. Introduction

Ferrites are a group of technologically
important materials which are used in the
fabrication of microwave devices. Spinel fer-
rites can be prepared by solid-state, evapo-
rative decomposition of solutions (EDS), hy-
drolysis of metal organics, decomposition
of metal organic solution, solid-solution
precursor, and wet methods [1].

In using fine magnetic particles, particle
size I1s the most important parameter, as
are other qualities, such as crystallinity
and composition, since the magnetic prop-
erties of the particles are strongly influ-
enced by these properties. Therefore, it is
advantageous that the particles are for-
med uniformly in size and shapemonodis-
perse or in a narrow size distribution in
the desired size ranges. The preparation of
colloidal particles with a narrow size dis-
tribution has been investigated by colloid
chemists for a long time [2]. According
to their theory, to produce colloidal parti-
cles with a narrow size distribution, the
nucleation and growth process must be
carefully controlled.

Hydrothermal synthesis meets the in-
creasing demand for the direct preparation
of crystalline ceramic powders and offers
a low temperature alternative to conven-
tional powder synthesis technique in the
production of anhydrous oxide powders.
This technique can produce fine, high puri-
ty, stoichiometric particles of single and
multicomponent metal oxides [3]. Some

precipitated hydroxides subjected to pro-

longed boiling under atmospheric pressure
in their mother liquor or hydrothermally
treated under enhanced pressure at elevat-
ed temperatures transform to fine-grained
oxides of narrow particle size distribution.
It has been demonstrated that such pow-
ders are composed of much softer agglom-
erates and sinter much better than those
prepared by calcination decomposition of
the same oxides [4]. These powders could
be sintered at low temperature without
calcination and milling steps [5,6].

Furthermore, if the process conditions
su-ch as solution pH, solute concentration,
reaction temperature, reaction time, seed
materials, and the type of solvent are
carefully controlled, ceramic particles of
the desired shape and size can be pro-
duced [7].

The objectives of this study were to
prepare ultrafine zinc ferrites using KOH

under mild hydrothermal conditions.

2. Experimental procedure

The process for preparing ZnFe0, by
glycothermal treatment in 1,4-butanediol
solution i1s schematically illustrated in Fig.
1. ZnFe,0O, precursors were precipitated
from 2 M Fe(NGO;); - 9HO solution and 1
M Zn(NO,),-6H,0 solution by slowly add-
ing 1 M KOH solution with rapid stirring.
The precipitated ZnFe, O, precursors were
washed by repeated cycles of centrifuga-
tion and redispersion in deionized water.

Washing was performed for a minimum
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Fig. 1. Preparative procedure for the prep-
aration of the ZnFe, O, particles in 1,4-

butanediol solution.

of five times each in deionized water and
methanol. Execss solution was decanted
after the final washing and the wet pre-
cursor was redispersed in 2560 ml 1,4-
butanediol under vigorous stirring. The
resulting suspension was placed in a 1000
ml stainless steel pressure vessel, equipped
with a magnetically stirred head. The ves-
sel was then heated to the desired temper-
ature at a rate of 10°C/min. Reaction con-
ditions such as reaction temperature, reac-
tion time, stirring speed, amount of metha-
nol, and solid loading are listed in Table
1. During heating, the autogenous prés—
sure gradually increased to 1 MPa and

was usually maintained below 3.5 MPa

during the holding period. After the treat-
ment, the vessel was cooled to ~100C
and any excess prressure relieved via a
pressure release valve. The reaction prod-
ucts were washed at least five times by
repeated cycles of centrifugation and
redispersion is isopropanol. After washing,
the recovered powders were dried at 100
C in a desiccator for 24 h. The dried, re-
covered powders were analyzed for phase
composition using X-ray diffraction (Phil-
lips, PW 1825/00) over the 2 theta range
from 10-70°at rate of 2.5°/min. The mor-
phology of the synthesized particles was
observed using scanning electron micr-
oscopy (SEM, Hitachi S-4200). The analy-
sis of the surface area of the synthesized
powder was performed by gas adsorpt-
ion -desorption (Micromeritis, ASAP 2000)
studies using N, at 77 K.

3. Results and discussion

A nucleation and growth process often
determines the process temperature and
process time, the particle size and the chemi-
cal phase development in ceramic powder
synthesis. Their growth mechanism can be
summarized as follows: (1) dissolution of
the starting materials, (2) transport of the
Zn, Fe in the hydrothermal fluid, (3) nu-
cleation of the Zn ferrite followed by isotrop-
ic growth. Therefore, all growth steps are
affected by the chemistry of the hydrot-
hermal medium, hence by the additive pres-
ent: the dissolution step (control of the
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Table 1

Synthesis conditions of the ZnFe,O, in 1,4-butanediol solution

Sample Reaction Reaction Amount of Solid loading
No. temperature (‘C) tume (h) methanol (ml) (g/200 ml)
1 225 10 no 10

2 250 10 no 10

3 270 10 no 10

4 270 16 no 10

5 300 10 no 10

6 270 5 no 10

7 270 10 no 20

8 270 10 no 5

9 270 10 30 10

metal solubility and supersaturation), the
transport step (formation of metal-additive
soluble complex species), and the nuclea-
tion-growth step (adsorption on selected
surfaces). Figure 2 shows the scanning elec-
tron micrographs of the synthesized ZnFe,0,
powders. All the ZnFe, O, powders were
synthesized at 225 to 300°C. Glycothermal
synthesis of the ZnFe,O, from nitrates in
KOH led to somewhat nearly spherical
and ultrafine particles which were on the
order of 40 to 75 nm in size. KOH ap-
pears to act as a morphological catalyst
during these hydrothermal synthesis and
ZnFe0,
particles resulted. The sharp diffraction

hence approximately spherical
peaks consistant with the well defined and
crystallized particles shown Fig. 3. The
t;ansformation of precursor to ZnFe,O, in
1,4-butanediol did occur in the range of
225 to 300C and 1 to 35 MPa,

respectively. The morphology formed are

extremely uniform in particle size. The re-
action temperature has an effect on the
size of the ZnFe;0, particles synthesized in
1,4-butanediol solution (Fig. 4). The tem-
perature had a great effect on the grain
size of the products and the agglomeration
among grains. Lowering temperature will
give rise to decreasing grain size and in-
creasing agglomeration among grains. In-
creasing reaction temperatures changes
the size of the ZnFe,0, particles. The
ZnFe,0, particles with higher reaction tem-
peratures have larger spherical shape. Fig-
ure 5 shows the effect of the solid loading
on the average size of the ZnFe;O, parti-
cles. The effect of the solid loading on the
size of the ZnFe,O, particles, increasing
the solid loading changes the size of the
ZnFe,0, from 45 to 75 nm. As seen In
Equation (1) below, since nucleation fre-
quency (N) 1is related to temperature, free

energy, and nucleation rate (J,), nuclea-
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Fig. 2. SEM photomicrographs of the ZnFe,0, particles synthesized by glycothermal treat-
ment as a function of reaction temperature at . (a) 225°C, (b) 2507C, (¢) 270C and (d)

300°C.
tion number is the same in both cases where J, 1s the steady-state nucleation
and increasing the solid loading increases rate, Z a nonequilibrium factor (constant),
the size of the ZnFe,O, particles [8,9]. B a diffusion factor (constant), N the
number of nucleation sites/volume, and A
J,=ZBNexp(- AG/KT) (L) G, k, and T have their usual meanings.

Thus, the hydrothermal method used



172 Dong-Sik Bae, Kyong-Sop Han, Seung-Beom Cho and Sang-Hae! Choi

* ZnFe,0,
d)’ . L K
. .

c)

b)

a)

T ¥ T g T T T v T —
10 20 30 40 50 60 70

26
Fig. 3. X-ray diffraction pattern of the
ZnFe,0, particles synthesized by glycother-
mal treatment;(a) raw materials, (b) 250
C, (c) 275 and (d) 300¢C.
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Fig. 4. Mean particle diameter of the
ZnFe,0, particles vs. Reaction tempera-

ture.

here led to ultrafine spherical particles
which may be useful for several applica-
tions such as in the preparation of ferrite

coatings.
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Fig. 5. Mean particle diameter of the
ZnFe,0, particles vs. solid loading.

4, Conclusions

Ultrafine, nearly spherical, and high pur-
ity ferrites of several compositions includ-
ing solid solutions can be prepared by
neutralizing the nitrate solutions in KOH
under mild hydrothermal conditions.

After glycothermal treatment at 270°C
for 8 h, the average particle diameter of
the ZnFe,0, was about 50 nm. The
average particle diameter of the ZnFe,O,
increased with increasing reaction temper-
ature and time. The results of this study
show that it is possible to control the size
of the ZnFe,0, particles glycothermally
synthesized in 1,4-butanediol solution, if
the synthesis conditions such as reaction
temperatures and solid loading are careful-

ly controlled.
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