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ABSTRACT The zinc carbonate hydroxide hydrate ( ZnyCO3( OH) ¢*H,0) was prepared by using chemical
precipitate method and its erystal form was identified by XRD. Effects of sample particle size and mass on the
thermal decomposition in the process of preparing ZnO powder were investigated by DTA. The resulis showed
that the zine carbonate hydroxide hydrate is decomposed in the temperature range from 430~ 570K, only one
endothermic peak in the DT A curve has been observed, the particle size and the sample mass of zinc carbonate
hydroxide hydrate have no effects on the decomposition process. In this decomposition reaction, the kinetic pa-

rameters for the decomposition process were calculated as n= 0.8, E= 113k]/mol, A= 1.3 X 101257, re
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spectively.
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1 INTRODUCTION

Zn0 varistors are the ceramic devices that
have excellent nomlinear current-voltage ( [-V')
characteristics and energy absorption ability,
which make them valuable as voltage suppressers

[1.2]

in power systems and electronic circuits In

these varistors, the ZnO content is more than
80% ~ 90% . The methods of preparing ZnO
powders are adding the precipitating agent into
aqueous solution of zinc salts, then the Zn0O
powders are obtained by thermal decomposition.
The two-step reaction scheme is illustrated in the
follow ing equation:

Zn* (aq) + precipitating agent

—n,(XY),, !

Heating

— /n0

In this reaction, the most normal zinc salts

are ZnSO4 and ZnCl,. The normal precipitating
include NHj; ¢ H,0, NaCO3z and
(NH4) 2C204. In preceding work, we investr

agents

gated the microstructures of three different ZnO
powders prepared by chemical precipitation
method using ZnSO4* 7TH>0 as original material,
using NapCOsz, (NHy) 20,04 and NHz* H,0 as
precipitating agents. It has been found that us
ing NaxCO3 as precipitating agent the decomposr
tion temperature is lowered and product is suit-
able to make the ZnO-based varistor**1. Tt is
very clear that the thermal decomposition is an
essential process for the ZnO preparation. It is
well known that the kinetics of thermal decom-
position of solids depends largely on the sample
and reaction conditions. This is due to the com-

plexity of the kinetic process ”!.
[6 [7]

The varticle

size °! and the sample mass ' are two factors

that affect the process of decomposition. There
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fore, it is necessary to determine the process of
the decomposition using DT A technique. In this
paper, the effect of particle size and the sample
mass on the decomposition of zinc carbonate hy-
droxide hydrate were studied in detail.

2 CALCULATION OF KINETIC PARAME
TERS

There are many different methods in calcu-
lating the thermal kinetic parameters from a
DTA (or TG) curve. DoyleOzawa’ s method,
Kissinger’ s method, Freeman carroll’ s method
and Andersorr Freeman’ s method are used fre-
quently. In general, the expression of solid de
composition reaction of nth order can be de
scribed as

dx - E/R
dit
where «x is the fraction of material reacted, t is

time, n reaction order, FE activation energy, R
gas constant, T absolute temperature.

From eqn. (1), according to literature[ 8],
the following equation can be obtained:

n= 0.99811-
1. 258 73¢ O O3THL T /(L= Ty (9
RT3
E = Tm— T()ln(l— n) (3)
E(.P/ RTz )E/RTO
T (4)

JE(T,- TO)]/RT(Q)_}_ (n-1)
where T is the inflection temperature, T, is
peak temperature of DT A curve, T and T . the
starting and final decomposition temperature of
DTA curve. Eqn. (2) is only used in the range
of n< 1. The reaction order of decomposition
can be calculated by using this equation. After
obtaining the value of n, the values of £ and A
can be calculated by using Eqns. (3) and (4).
When n is in the range of n #1, the following
equation is valid.

n = 352204, 38¢ 18 1200/ AT, (5)
E= RTY/(Tw- Tu)lo/[2+ n+

Nn(n+ 4)]/2] (6)

The values of the preexponential factor A

in this category still can be calculated by using

Eqn. (4).

equation can be obtained:

When n is equal to 1, the following

e g/RT
RT3C

E = Ty[26.92236+
71305 x 107126088 TY T (g

® is the constant heating rate.
91

(7)

w here
In addition, Kissinger'”! pointed out that
the reaction order n can be obtained from the

shape index (7). Fig. 1 is a traditional endother-

mic peak.
b—] a
B~
q
N
Temperature
Fig. I Shape index for peak of DTA curve
The shape index (/) can be described as
follow ing:
I = a/b (9)
The relation of n to [ is
n= 1.261"%r 1= 0.63n" (10)

Here Eqn. ( 10) is a semrempirical equa
tion. In this paper, all of the reaction orders n
were estimated by Kissinger’ s method at first,
then the kinetic parameters n, FE, and A were
evaluated accurately from Eqn. (2) to Eqn. (8).

3 EXPERIMENTAL PROCEDURE

3.1 Sample preparation and characterization

The sample was prepared by adding 5. 0%
Na,COs( reagent grade) aqueous solution as pre-
cipitating agent into 0. 1 mol/ L. ZnSO4 aqueous
solution, at the same time the solution was
stirred with a machine at room temperature.
The white precipitate was filtered then washed
using distilled water and dried at 110 'C. This

precipitate is easy to agglomerate and shape large
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grains. Therefore, in the process of dehydration
the samples of different particle sizes were pro-
duced by grinding the large grains in a normal
mortar. The particle size of the sample was 0. 3
~ 0. 125 mm, 0. 125~ 0. 097 mm, 0. 097 ~
0. 088 mm and < 0. 088 mm. The phase of the
precipitated powder was determined by XRD.
The microstructure of zinc carbonate hydroxide
hydrate powders was observed with a XPA-I
model microscope.

3.2 Thermal decomposition experiment

The thermal decomposition was determined
by using Rigaku Thermflex DTA equipment at
some different heating rate in flow ing nitrogen at
a rate of 200mL/ min. Platinum sample cells and
aAl,O3 reference material were used for the
DT A measurements.

4 RESULTS AND DISCUSSION

The X-diffraction pattern is illustrated in
Fig. 2.

4 -110287 ZngCO,(OH)6-H,0

U 70 10 20 30 60 0
20/(%)

Fig. 2 XRD patterns for precipitate

The phase of the precipitate can be deter-
mined from Fig. 2. The molecular formula of the
precipitate is ZnsCO3( OH) ¢* H20. Fig. 2 shows
that the diffraction peaks are more wider, this
result shows amorphous tendency of the Zinc
carbonate hydroxide hydrate. The precipitating
reaction is represented by the equation:

Zn®" + CO3™ + H,0 —

ZH4C03( OH) (,’HQO !

Fig. 3 shows the DT A curves with different
heating rate. Fig. 4 shows the XRD pattern of
the sample at 573. 2 K. The heating rate is an

important factor to affect the decomposition pro-
cess. The resolution can be increased when the
heating rate is decreased. In general, there
should be different peaks on the DTA curves,
but it can be seen from Fig. 3 that there is only
one endothermal peak on the DTA curves. The
different heating rates just affect the peak tem-
perature and the peak shape of DT A curves, the
faster the heating rate, the higher the peak tem-
perature and the sharper the DTA curves.
Therefore, it can be concluded that the decom-
position of the precipitate is carried out in only
one step. The decomposition reaction of the
sample can be represented by the following equa
tion:
Zn;CO3( OH) ¢*H20 —Zn0 +
COz(g) T+ HQO(g) 1

The samples of different particle size are
found to decompose at a heating rate of 10 C/
min in a single step yielding a DT A curve similar
to that shows in Fig. 3. and the ranges of peak
temperature are about in 430~ 570 K.

The DTA curves of different sample mass
are showed in Fig. 5. The results of kinetic pa
rameters are listed in Table 1 and Table 2.

3
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Fig. 3 DTA curves with different heating rate

There are many factors affect the results of
the kinetic parameters. The particle size and the
sample mass are two factors which affect the
process of decomposition. For example, the par
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ticle size and the sample mass all can affect the
thermal conductivity and gas diffusion so as to
affect the rusults. But, Tables 3 and 4 show
that the effects of the particle size and the sample
mass on £, n and A are not obvious. Where ng
is the value calculated by Kissinger’ s method,
ny, is the value calculated by the method of liter

particle size almost does not affect above proper-
ties when the sample size changes little.

10p

ature[ 8] . E is about equal to 113 kJ/ mol, n to E.
21 s =
0.8, 4 to 1.3Xx107s" " respectively. Fig. 6 is 9
the micrograph.
A
A—
50664 ZnO B 20| 19.99 mg
0 100 200 300
1 Temperature/C
4 Fig. 5 Effects of differential mass
. on the DTA curve
P ( Particle size: 0.097~ 0. 125 mm,
a A'M heating rate: 10 ‘C/ min)
a
JUVA A [ Table 1 The characteristic temperature of
10 20 40 26/ 60 80 DTA curves with different particle sizes
Size/ mm Ty K T,/K T,/ K TJK
Fig. 4 XRD pattern of precipitate 0.3~ 0.125 430.0 515.0 525.0 547.0
calcined at 573. 2 K 0.125~ 0.097 431.2 5150 526.2 548.0
o ‘ ‘ 0.097~ 0.088 441.2 515.6 526.2 549.2
The hole ratio is bigger between the partr < 0.088 4344 516.2  506.2  54%.4

cles in the loose sample and the ventilation prop-
erty is very fine. The product gas (CO,, H»0)
of thermal decomposition overflow easily from
the sample surface into the carrying gas (N2) so

Table 2 The characteristic temperature
of DTA curves with different mass

that the partial pressure of the product gas de Mass/mg To/K T/ K Twk  TJK
creases speedily. The change of sample mass ba 5.07 433.0  517.2  528.2 544.8
sically does not affect the ventilation when the 10.00  441.2  515.6  526.2 549.2
sample quantities are small (< 20mg) . The large 15. 01 437.2 515.2 527.2  561.2
particle size has made the heat conductivity and 19.99  432.2  S514.4  526.2  553.6

gas diffusivity in the solid very good, and the

Table 3 Kinetic parameters of DTA curves with different particle sizes and mass of 0. 2 mg

Size/ mm ng ny E/kJ*mol ! Als !
0.3~ 0.125 0. 89 0. 87 112.46 9.1164x 10"
0. 125~ 0.097 0.82 0.79 114.13 1.2597 x 10"
0.097~ 0.088 0.77 0. 83 113.25 1.3258 x 10"
< 0.088 0.87 0. 84 113.74 1.2517 x 10"
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Table 4 Kinetic parameters from DTA curves with different mass and particle sizes
of 0. 097~ 0. 125 mm particle size

Mass/ mg nx ny, E/kJ*mol ! Als !
5.07 0. 89 0. 69 113. 056 8.9739 x 10!
10. 00 0.77 0. 83 113.25 1.3258 x 10"
15.01 0. 80 0. 80 106. 57 2.4579 x 10!
19. 99 0.79 0. 85 122. 761 9.1241 x 10"2

Fig. 6 The micrographes of Zinc carbonate hydroxide hydrate powder

(a) —x 80;

In addition,
methods to calculate the kinetic parameters from
the DTA (or TG) curve. The different methods
Tables 3 and 4
still show that the n values estimated by using

there are also many various

will obtain the different results.

Kissinger’ s method are approximately equal to
the values calculated by literature[ 8] .

5 CONCLUSIONS

(1) The decomposition process is a single
step, the DTA endothermic peak is only one.
The decomposition temperature ranges is be
tween 430K and 570K.

(2) The particle size and the sample mass
do not affect the decomposition action. In this
reaction, n =0.8, K =113k]J/mol, A =1.3 X%
1075~

(3) The n values estimated by Kissinger’ s

1 .
respectively.

method are close to the values calculated by liter-

(b) —x 500

ature | 8],

which means that this calculation

method is reliable.
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