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ABSTRACT The method of preparing large grain ZnO powder by sobgel method for making low voltage

sensitive ZnQ ceramics were put forward. The ceramics have been made from this ZnO powder. XRD, IR,

DTA, SEM, TEM were used to study the mechanisms of soF gel method by using ZnSQy as the primary mate-

rial, NayCOj as the precipitating agent. The voliage sensitive properties of the ceramics were determined. The

results showed that it is feasible to prepare large grain ZnO powder by using the properties of hard agglomerate

that easily occurs in the course of dehydrating. The ZnO powder prepared by this method not only has a high

sintering activity, but also easily, efficiently reaches the goal of lowering the breakdown voltage.

Key words sobgel large grain ZnO powder voltage sensitive ceramic  voltage sensitive properties
o o o tel tol

1 INTRODUCTION

At present, the studies for preparation of
voltage sensitive ZnO ceramics tend to lower the
breakdown voltage ( V). There are two ways
in these studies. One is changing the prescrip-
tion of other oxides''!, the other is adding the
Zn0 seed grains >~ *1. The latter has been stud-
ied more. The ceramics made from this Zn0O
powder, which is an n-type semiconductor,
have the voltage sensitive property because of the
other additives including Bi,O3, Sh,03, MnO,,
Cr,03, Coy03ete, and forming the grain bound-
ary layer between ZnO grains. These active
grain boundaries act as microvaristors with
breakdown voltages( V, ) generally estimated to
he 3 to 4 V> and are the key part to produce
the nonlinear -V property. The ceramic macro-

scopic breakdown voltage Vg can be calculated as

follow ing:
Vg= nV,= DV,/d (1)
where  n is the number of ZnO grains between

two electrodes, d is the average grain diameter
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of ZnO grains and D is the thickness of ceram-
1cs.
According to Eqn. (1),

number of ZnO grains or the thickness of ceram-

decreasing the

ics ( D) can lower the macroscopic breakdown
voltage. Because it is limited to reduce the thick-
ness of ceramics, increasing the diameter of the
Zn0 grain is mainly chosen to lower the break-
down voltage.

At present, the technology of adding large
Zn0 seed grain to the starting powders has been
developed to prepare the low voltage sensitive ce-
ramics, which can effectively prevent the growth
of single large grains and will make the ZnO seed
grains annex the small ZnO grains, produce even
sintered ceramics and decrease the number of
Zn0 grains. Although it can efficiently decrease
the breakdown voltage, there are two defects in
this method: (1) The process of producing ZnO
seed grain is very complex, it needs high tem-
perature (1400 C) sintering for a long time ( 10
h) and the productivity is low; (2) The rate of
7Zn0 seed grains annexing small ZnO grains is
slow .
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It is well known that sokgel technology has
heen used to prepare the ultrafine pow ders' ™51
Because the sol particles are very small and have
a very high surface activity, the agglomerating
structure is formed easily. So, the agglomeration
between particles must be avoided when the ul-
trafine powders are prepared by solgel method.

On the contrary, if the property of agglom-
eration between particles is made use of and the
favorable conditions are controlled, the large size
Zn0 grains will be prepared easily. In this pa
per, the large size ZnO powders have been pre
pared by solgel method, the voltage sensitive
properties of the ceramics made from this large
size ZnO powder have been determined also.

2 EXPERIMENTAL

2.1 Sol preparation and determination

The samples were prepared by adding the
5. 0% Na,COs aqueous solution into the 0. 1
mol/ L. ZnSO4 aqueous solution. The mixed solu-
tion fully reacted at different temperature with
stirring. Then, the sol solution was filtered,
washed by water and alcohol, dried at 110~ 120
‘C. The properties of the sol samples were deter-
mined by X-ray diffraction, IR, TEM, SEM.

2.2 Preparation and properties of voltage senr
sitive ceramics
The ZnO powder was prepared by the fol

lowing processes: the dry gel precipitated at
room temperature was ground into 0. 1~ 0. 3
mm, then roasted at 550 £10 Cin air. The pro-
portion of other additive oxides was as the fol
lowing (mass fraction): ZnO 86. 96% ., Bi,03
5.96% , Shr03 3.49% , C0,050.546% , MnO,
0.698% , Cr,03 0. 895%, NiO 0. 94%, Iny03
0.50% . The additive oxide pow ders were mixed
with a mortar and pestle, then fully mixed with
the above ZnO powder. The mixed powders
were pressed (20 M Pa) into disks (1. 527 em in
diameter by 2. Omm thick). The specimens were
subsequently sintered at 1000~ 1200 C for 3 h,
then cooled. After polished with emery paper,
the ceramics disks were sintered at 550~ 600 C
for 20 min in air, and then Pt electrodes were
welded on for electrical measurement.

3 RESULTS AND DISCUSSION

3.1 Properties of dry gel

The sol particle produced by mixing ZnSO4
and Na,CO3 aqueous solutions, did not precipr
tate for a long time. After filtered, washed and
dried at 110~ 120 C in air, the hard agglomer
ates were formed. All filtered cakes solidified in-
to solid porcelain. The SEM and EDAX photo-
graph of the fracture surface are illustrated in
Fig. 1.

Fig. 1 shows that the dry gel is very com-
pact and a small amount of gas pores exist in the

(b) ZnK,
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Fig. 1 SEM photograph (a) and EDAX spectrum (b) of dry gel
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gel body. Other metal elements are not found
except zinc element. It can be known from our
previous work'” that the gel is zinc carbonate
hydroxide hydrate (ZnsCOs( OH)g* H,0), its
decomposition process is simple and the range of
the decomposition temperature is 156~ 297 C.

Fig. 2 is the SEM photograph of ZnO pow-
ders roasted at 550 £10 C. It can be seen that
the ZnO grain size is about 90~ 100 Hm.

Fig. 2 SEM photograph of ZnO
powders roasted at 550 C

3.2 Mechanism of solgel formation

There exist two processes, namely, homo-
geneous nucleation and growth, when the sol is
produced in the aqueous solution. The diameter
of the sol particles normally ranges from 1 nm to
100 nm, the sol can exist steadily for a long time
in the aqueous solution because of the high activ-
ity of small particles. In order to form high stable
sol, the following two conditions are required:

(1) The solubility of sol particles is negligr-
ble (it is one of the essential conditions) .

(2) The concentration of reactant must be
dilute, so the conditions for the particle growth
do not exist.

Fig. 3 shows the IR spectrum of gel pow-
ders produced at different temperatures. Fig. 4 is
the TEM photograph.

To avoid the formation of hard agglomerate
during the dehydrate of sol and truthfully reflect

the morphotropy of sol particle, the sol was
w ashed using alcohol when filtering.

Fig. 3 shows that the powders produced at
different temperatures are the same material.

Fig. 4(a) is the TEM photograph of gel
pow ders prepared at 25 C. From this picture, it
can be seen that the particle is basically spheri
cal. All particles attract together because the
particle size is very small.

It can be seen from Fig. 4(b), (¢) and (d)
that the sol particles gradually grow and form in-
to filamentary structure with the increase of re
action temperature.

25¢C
40T
60T
80°C
4000 3500 3000 2 500 2000 1500 1000 500
o/cm™!

Fig. 3 IR spectrum of gel powders
produced at different temperatures

The sol particle produced at room tempera
ture is superfine particle with great surface area.
T herefore, it shows an abnormal surface and vol-
ume effect and is in nomrsteady state. It will not
precipitate for a long time in the aqueous solution
due to the same electric charge adsorbed. When
the reaction conditions are changed ( for exam-
ple, increasing the reaction temperature), the
growth of sol particles in the aqueous solution
will result in the energy and the activity decreas
ing. Because the stability of the sol is destroyed,
the sol particle will precipitate speedily due to
gravity. The particles will close together and
form into hard compact gel body through the
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Fig. 4 TEM photographs of gel powders produced at different temperatures
(a) —25 C; (b) —40 C; (¢) —60 C; (d) —80 C

hard agglomeration during dehydrating.

3.3 Characteristics of ceramic
The sintering densities of the ceramics are
illustracted in Table 1.

Table 1 Densities of ceramics sintered
at different temperatures
t/ C 1000 1100 1150 1200
O (geem 1) 5.62 5.5 5.4 5.3

Generally, the smaller the particle size, the
bigger the sintering motive force, and the more
compact the sintered ceramics. But in this
study, the sintering densities of the ceramics

prepared by the large size ZnO powders are also

high ( The general densities are 5. 35~ 5.5

N In the bellet, the ZnO grains are

( containing

g/ cm

wraped by the doping oxides

Bi,03), and the molten Bi,O3 at a lower sinter
ing temperature can form liquid phase during
sintering. The formation of liquid phase promote
the sintering process and make the ceramics have
higher sintering density.

The voltage current curves of the ceramics
made from this ZnO powders are illustrated in
Fig. 5. From Fig. 5, the breakdown voltage
( V) at different sintering temperatures can be
obtained. The a value can be determined by fol-
low ing equation:
le(1o/11) 5
le( Vo/ V) (2)

[ and I are the current corresponding

qa=

where
to V2 and V1. The calculated results are shown
in Table 2.

From Table 1, 2 and Fig. 5, it can be con-
cluded that the Vg of the ceramics produced by
using this ZnO powders decreases with the in-
creasing of the sintering temperature. For the
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decreasing of avalue with the decreasing of Vg,
the Ohm resistance of ZnO grains play an impor-
tant role when uses the large size ZnO powder is
used. In order to lower the Vg value and at the
same time increase the a value, the electric con-
ductivity of this ZnO grain must be increased.
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Fig. 5 Voltage current characteristics
of ceramics sintered at
different temperatures

Table 2 Electronic properties of ceramics
t/ C 1 000 1100 1150 1200
Vi/V 225 190 92 17

a 9.5 13. 8 11.0 3.0

4 CONCLUSIONS

(1) The large compact particle ZnO pow-

ders were produced by using hard agglomerates
formed in the sol particle dehydration with
ZnS0y4 as the starting material, NapyCOs3 as the
precipitating agent. Increasing the reaction tem-
perature resulted in the sol particles growing and
decreased the sol stability when other conditions
were fixed.

(2) The Vg of the ceramics made from this
larger particle size ZnO powders decreased with
increasing sintering temperature.
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