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Abstract The ZnO powder was prepared under glycothermal conditions by precipitation
from metal nitrates with aqueous potassium hydroxide. The fine powder was obtained at
temperatures as low as 225 to 275°C. The microstructure and phase of the powder were
studied by SEM and XRD. The properties of the ZnQO powder were studied as a function
of various parameters (reaction temperature, reaction time, solid loading, etc). The average
particle size of the ZnO increased with increasing reaction temperature. After glyco(thermal
treatment at 225°C for 8 h, the average particle size of the ZnO powder was about 150
nm and the particle size distribution was narrow.
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1. Introduction

The chemical, electrochemical, catalytic,
and photocatalytic properties of zinc oxide
can be utilized to advantage In many
types of applications in batteries, fuel cells
and photocells. Zinc oxide is a white pig-
ment with high opacity to ultraviolet rays.
Insoluble in water, solvents, and neutral
oils, it possesses high brightness, fine par-
ticle size, and relatively high refractive
index. The thermal properties of zinc oxi-
de are useful in several major product
categories, including rubber, ceramics, and
electronics. Zinc oxides is amphoteric and,
thus, is soluble in both acids and strong
alkalies. In addition, it is soluble in solu-
tions of ammonium salts. The many elec-
tronic properties of . zinc oxide are utilized
not only in the burgeoning photocopy mar-
ket, but also in such diverse applications
as ii ) magnetic ferrites,
V)
piezoelectric materials, vi) semiconductors,

i ) catalysis,
i) phosphors, iv) photochemicals,
and vii) varistors [1].

Recently, there has been an increasing
interest in the synthesis of monodispered
metal oxides. Solution synthesis techniques
have the potential to meet the increasing
demand for the direct preparation of crys-
talline ceramic powders and offer a low-
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temperature alternative to conventional
powder synthesis techniques in the produc-
tion of anhydrous oxide powders [2]. So-
lution synthesis techniques can produce
fine, high-purity, stoichiometric particles
of single and multicomponent metal ox-
ides. Furthermore, if process conditions
such as solute concentration, reaction tem-
perature, reaction time and the type of
solvent are carefully controlled, ceramic
particles of the desired shape and size can
be produced [3].

Hydréthermal synthesis meets the increas-
ing demand for the direct preparation of
crystalline ceramic powders and offers a
low temperature alternative to convention-
al powder synthesis technique in the pro-
duction of anhydrous oxide powders. This
technique can produce fine, high purity,

of

multicomponent metal oxides [4]. Some

stoichiometric  particles single and
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
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the same oxides [5]. These powders could
be sintered at low temperature without
calcination and milling steps [6,7].

The concepts embodied in hydrothermal
processing approaches can be extrapolated
to nonaqueous systems. However, the reac-
tion mechanisms in nonaqueous solutions
are complex, and currently there is very
limited information regarding the reaction
thermodynamics, kinetics, and underlying
crystallization mechanisms. Only a few in-
vestigations have dealt with the use of or-
ganic media to synthesize crystalline ce-
ramic powders [8,9].

Furthmore, if the process conditions
such 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 [10].

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

under mild hydrothermal conditions.

2. Experimental Procedure

The process for preparing ZnO by
glycothermal treatment in 1,4-butanediol
solution is schematically illustrated in Fig.
1. ZnO precursors were precipitated from
1 M Zn(NOs),-6H,QO solution by slowly
adding 1 M KOH solution with rapid stir-
ring. The precipitated ZnO precursors
were washed by repeated cycles of centrif-

ugation and redispersion in deionized

water. Washing was performed for a mini-
mum of five times each in deionized wa-
ter and methanol. Execss solution was de-
canted after the final washing and the
wet precursor was redispersed in 250 ml
1,4 -butanediol under vigorous stirring. The
resulting suspension was placed in a 1000
ml stainless steel pressure vessel. 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 pres-
sure gradually increased to 1 MPa and
was usually maintained below 3.0 MPa
during the holding period. After the treat-
ment, the vessel was cooled to 25C. The
reaction products were washed at least
five times by repeated cycles of centrifu-
gation and redispersion in methanol. After
washing, the recovered powders were
dried at 100°C in a dry oven for 24 h.
The dried, recovered powders were ana-
lyzed for phase composition using X-ray
diffraction (Phillips, PW 1825/00) over
the 2 theta range from 10-70°at rate of
2.5°/min.  The
synthesized particles was observed using

(SEM,

morphology  of  the

electron  microscopy

Hitachi S-4200).

scanning

3. Results and discussion

Homogeneous nucleation of zinc hydro-

xide occurred based on the nucleation and
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Fig. 1. Preparative procedure for the preparation of the ZnO particles in 1,4-butanediol so-

lution.

Table 1
Synthesis conditions of the ZnO in 1,4-butanediol solution

Sample No. Reaction Reaction Amount of Solid loading
temperature(C) time (h) methanol (ml) (g/200 ml)

1 225 10 no 5

2 250 10 no 5

3 270 10 no 5

4 300 5 no 5

5 270 10 30 5

6 270 10 no 2.5

growth process. A nucleation and growth
process often determines the process tem-
perature and process time. Their growth
mechanism can be summarized as follows:
(i) dissolution of the starting materials,
(ii) transport of the Zn in the
hydrothermal fluid, (i) nucleation of the
Zn oxide followed by isotropic growth.

Therefore, all growth steps are affected
by the chemistry of the hydrothermal me-
dium, hence by the additive present. the
dissolution step, the transport step, and
the nucleationgrowth step.

Preparation of zinc oxide from metal
permits considerable flexibility in control

of particle size, particle shape and product
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Fig. 2. SEM micrographs of the ZnO par-

ticles were synthesized by glycothermal

treatment as a function of reaction tem-

perature at (a) 225°C, (b) 250°C and (c¢)
270°C.

purity. French process, average particle
size may range from 0.1 um to 10 xm.
Particle size may range from fine to

coarse and paricle shape from nodular to

acicular [1].

Figure 2 shows the scanning electron
micrographs of the synthesized ZnO pow-
ders. All the ZnO powders were synthes-
ized at 225 to 275°C. Glycothermal synt-
hesis of the ZnO from nitrates in KOH
ied to somewhat nearly spherical and
ultrafine particles which was on the order
of 100 to 250 nm in size. The reaction
temperature has an effect on the size and
shape of the ZnO particles synthesized in
1,4-butanediol solution. The temperature
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 increas-
ing agglomeration among grains. Increas-
ing reaction temperatures changes the size
of the ZnO particles. The ZnO particles
with higher reaction temperatures have
larger polyhedron shape.

The sharp diffraction peaks consistant
with the well defined and crystallized par-
ticles shown Fig. 3. The transformation of
precursor to ZnO in 1,4-butanediol did
occur in the range of 225 to 275C and 1
to 3.0 MPa, respectively.

Thus, the hydrothermal method used
here led to ultrafine spherical particles
which may be useful applications for vari-

ous field.

4. Conclusions

Ultrafine, nearly spherical, and high pur-

ity of the zinc oxide was prepared by neu
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Fig. 3. X-ray diffraction pattern of the

ZnO particles synthesized by glycothermal
treatment (a) raw materials, (b) 225C,
(¢) 250°C and (d) 270°C.

tralizing the nitrate solutions in KOH
under mild hydrothermal conditions.

After glycothermal treatment at 2257
for 8 h, the average particle diameter of
the ZnO was about 150 nm. The average
particle size of the ZnO increased with in-
creasing reaction temperature and time.

The shape of the synthesized ZnO pow-
der became polyhedron and the distribu-
tion of average particle size became wide
with increasing reaction temperature.

The results of this study show that it is
possible to control the size of the ZnO
particles in the range of about 100 to 300
nm glycothermally synthesized in 1,4-
butanediol solution, if the synthesis condi-
tions such as reaction temperatures and

solid loading are carefully controlled.
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