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ABSTRACT The thermal dehydration of sodium tungstate dihydrate has been studied by using differential
scanning calorimetry ( DSC). It was found that the dehydration takes place in a single thermal step at heating
rates B= 2~ 15K/ min, and the enthalpy change is ( 100. 4 £1.9) kJ/ mol. In the main decomposition range of
a= 0.05~ 0.95 when B= 2~ 5K/ min, a= 0.05~ 0. 80 when B= 10K/ min and a= 0. 05~ 0. 75 when B=

15 K/ min, the fittest kinetic equation was deduced, and from this equation the calculated activation enegy E
was 184. 3kJ/ mol. According to this equation, the mechanism of dehydration should be the formation and the

plate-like growth of randomly distributed nuclei. When B 210K/ min, the dehydration obeys at least two ki-

netic equations.
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1 INTRODUCTION

Sodium tungstate dihydrate is used in the
preparation of coated electrodes for electro-

" and as fire retardant for fabrics %!,

catalysis'
Moreover, it has very important use in the study
1 Tts ther

mal dehydration had been studied by earlier

on the chemistry of polytungstates

workers. Using thermogravimetric( TG) analy-
sis, Gadalla et al' reported that the dehydra
tion takes place in a single step at low scan
speeds, but in two steps at B 210 K/ min; and
reported that activation energy is F= 25. 6 kJ/
mol. Using DSC, Guarini et al'" reported that
the contracting circle equation with £= 87. 8kJ/
mol is the fittest one for the main decomposition
of single crystal, and that the first order kinetic
equation with £ = 144. 6 kJ/ mol fits over the
whole decomposition range for the crystal pow-
der. So there is considerable difference in the ki-
netic equation and parameters about the dehydra-
tion of sodium tungstate dihydrate. The present

study on the thermal dehydration of Na,WO4*
2H,0 crystal powder was undertaken with the
aim of obtaining the kinetic parameters and e
quation.

2 EXPERIMENTAL

Commerical NayWO4°*2H,0 of A. R. grade
was refined by recrystallization, the product was
dried in air at room temperature and screened
without grinding. The sample size for experr
ment was in the range of 120~ 130 Pm. The
pattern of X-ray diffraction was matched with
JCPDS card No. 13— 431, and the mass loss up
to 473 K was ( 10. 94 £0. 19) % ( calculated
10.92%) .

The DSC curves were recorded using a ther-
DT-40 ( Shimadzu, Japan ).
(4.5 X0.5) mg of sample were weighted in the

mal analyzer
standard aluminum pans. Reference pan was
empty, and lids were added loosely to sample
and reference pans. The measurement were car
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ried out in air atmosphere up to 473 K at differ-
ent heating rates, namely, 2, 3, 4, 5, 10 and
15 K/ min respectively.

3 RESULTS AND DISCUSSION

3.1 DSC curves
The DSC curves of six runs are collected in

Fig. 1.
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Fig. 1 DSC curve
A —2K/min; B —73K/min; C —4K/min;
D —5K/min; E —10K/min; F —15K/min

The overall shape of curves remains the
same up to B= 15K/ min, and no splitting is evic
denced at higher B in disagreement with Ref.
[ 5]. This result showed that the dehydration is
a single thermal step at B= 2~ 15 K/ min. The
mean value of the enthalpy change is ( 100. 4
1. 9) kJ/ mol.

The fraction of decomposition a, the rate of
decomposition (da/dt) and temperature T were
determinated directly from DSC curves using
normal method ®. In the main decomposition
range( about a= 0. 05~ 0.95), the relation of a

and temperature T are collected in Fig. 2.

3.2 Determination of the activation energy E
When the kinetic equation is unknown,

there are three methods to obtain the activation
energy E of the reaction from the multrheating
rates DSC curves.

The first method is Kissinger’ s method'”
and takes the form

In( B/ T?) = constant— E/(RT) (1)
where R is the gas constant and T is the tem-
perature( K) at the maximum of da/d¢, name
ly, the peak temperature of the DSC curve. The

values of d and T at maximam dao/ dt are listed

in Table 1.

1
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Fig. 2 Relation of the fraction of

decomposition @ and temperature T

A —2K/min; B —3K/min; ¢ —4 K/ min;

D —5K/min; E —10K/min; F —15K/ min
Table 1 The values of a and T at
the maximum of da/d¢

By
(K'minfl) 2 3 4 5 10 15

T/K 370.4 373.6 375.6 377.9 382.9 385.6
a 0.612 0.624 0.626 0.602 0.616 0.600

By feeding data listed in Table 1, the re-
gression line with correlation coefficient r =
0.998 was obtained from the plot of In( B/ T
vs 1/ T, then the activation energy FE calculated
from the slope of the line is 156. 7 kJ/ mol.

The second method is that proposed by Oza

wa ¥ and takes the form

InB= constant— 1. 05E/( RT ) (2)
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where T is the temperature( K) at a given a
value for a certain heating rate B. Therefore, at
a given a value, a regression line should be ob-
tained from the plot of InBvs 1/ T when the re
action mechanism doesn’ t change with the heat-
ing rate B, and E can be calculated from the
slope of the line. In the present work, a takes
values from 0. 10 to 0. 90 in steps 0. 10, the re

sults are listed in Table 2.
The third method is that proposed by Fried-

man'?! and takes the form

In(da/dt) = InfAf(a)] - E/(RT) (3)
where A is the frequency factor, and f ( a) is
the function of a which represents the reaction
mechanism. At a given a value, (da/d¢) and T
can be taken directly from different DSC curves.
If £(a) fits the different heating rate B at a giv-
en a value, the plot of In(da/dt) vs 1/ T should

give a line, and £ can be obtained from the slope
of the regression line. The results of this method

are also listed in T able 2.

Table 2 FE and correlation coefficient
r at different a value from the
Ozawa and Friedman methods

Ozawa method F:::ﬁ?(l)jn
a E/ Correlation E/ Correlation
(kJ*mol ') coefficient (kJemol ') coefficient
0.10 140. 7 0.999 179.7 0.985
0.20 144. 8 0.999 181.2 0.986
0.30 147.7 0.999 188.0 0.989
0.40 150. 2 0.999 193.0 0.989
0.50 149. 6 0.999 191.3 0.992
0.60 148.0 0.999 188.4 0.995
0.70 145.6 1. 000 184.2 0.991
0. 80 138.0 0.999 171.6 0.989
0.90 124.2 1. 000 141.7 0. 986
Avg 143.2 179.9

Kissinger’ s method and Ozawa’ s method
are the integral method which is based on the
fundamental assumption that the heating rate of
B= dT/dt is a constant. However, in the pre
sent work, it was found that the heating rate is
obviously not a constant in the proceeding of the
reaction because of the effect of the reaction
heat.

Therefore, the results from these two

methods are not advisable.

Although Friedman’ s method did not give
better correlation coefficient r, it has an advan-
tage over the integral method '! to the determi
nation of activation energy FE, especially when a

11
exothermic M.

reaction Is endothermic or
Hence, the value of F from this method was
considered to be the best proper for the present
work. From Table 2, it can be seen that the val-
ues of £ at a= 0. 10~ 0. 80 are approximately
no change and the average value is £ = 184.7
kJ/ mol, but when a= 0.90, E value is obvious

ly lower.

3.3 Kinetic equation

The nomisothermal kinetic equations for de-
hydration can be written in general as

da/dt = Aexp(— E/(RT))f(a) (4)

In[ (da/dt)/f(a)] = InA - E/(RT)

(5)

For a single DSC curve, the plot of In[ (da/dt)/
f(a)]vs (1/T) should lead a line when the
form of f( a) is correct. The value of £ and A

can be calculated from the slope and intercept re-

spectively.
The most commonly used functions' ' were
used to treat the experimental data. When a

function not only could give the line with good
correlation coefficient in the plot of In[ (da/dt)/
f(a)]vs (1/T), but also could deduce the value
of £ in agreement with that obtained using
Friedman’ s method, then this function is con-
sidered as the fittest one.

The calculation showed that in the range of
a= 0.05~ 0. 95 for B= 2~ 5K/ min, a= 0. 05
~ 0.80 for B= 10K/ min and a= 0. 05~ 0. 75
for P= 15K/ min, there were five functions, 2( 1
~a)[-In(1- a)]"? 3(1- a)[- In(1-
@1%% (1- a), (1- @)% and (1- @),
which all could give the line with good correla
tion coefficient in the plot of In[ (da/dz)/f ( a) ]
vs (1/T), and five deduced average values of £
were 184. 3, 104.7, 409. 6, 533.0 and 657. 6
kJ/ mol respectively. It was obvious that only the
deduced average value of £ from the first func
tion was in agreement with that obtained using

Friedman’ s method ( 184. 7 kJ/mol for a=
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0.10~ 0.80), and no one was in agreement 0.8
with that of Kissinger’ s method or Ozawa’ s 0.6
method. Therefore the fittest function is f( Q) — 50%
= 2(1- @/- In(1- @], and the detailed 04
results are listed in T able 3. s 0.2
<
Table 3 Results using /( aj= 2(1- a)* s 0
[~ In(1- )] § 7%
for a= 0.05~ 0.95 Z 04
B
(K_m/in £/ (k) mol” HoIn(Ars Y r ~0.6
2 184.5 54.0 0.996 0.8
3 185.3 54.0 0.996 -1.0 4% —
4 1940 550 1000 TS 756 2.58 2.60 2.62 2.64 2.66 2.68
5 I81.4 52.3 0.999 _ e
T '/107°K™!
10 175. 1 51.0 0.996
15" 185.3 541 0.997 Fig.3 The plot of In[ (da/de)/f ()] vs
Avg. 184.3 53.4 (1/T) using f(a)j=2(1- a)[- In(1- a)]"?
¥ oa= 0.05~ 0.80, * * a= 0.05~ 0.75 when B= 10K/ min

The function f(a) = 2(1- a)/- In(1-
a)/"? is the differential form of AvramrEro-

MO for n= 2 which corresponds

feev’ s equation
to the plate-like growth of randomly distributed
nuclei on the surface of the phase. In fact, for
the proceeding of nomisothermal decomposition
of single crystal, Guarini et al'*! had observed
using optical microscopy that the circular nuclei
appear on the observed surface and subsequently
expand laterally to occupy the whole surface. It
is reasonable to consider that the most probable
mechanism of thermal dehydration for the crystal
powder of NayWO,4*2H,0 is the formation and
the plate-like growth of randomly distributed nu-
clei.

The function f(a) = 2(1- a)/- In(1-
a)/"? can fit for the whole main decomposition
range( about a= 0. 05~ 0. 95) when B= 2~ 5
K/ min, but it can not fit the whole main decom-
position range when B 210K/ min, which can be
seen clearly from Fig. 3. The fitting range is
about a= 0. 05~ 0. 80 at B= 10 K/min, and
about a= 0. 05~ 0.75 at B= 15K/ min. This
result showed that the dehydration obeys at least
two kinetic mechanisms in the range of a= 0. 05

~ 0.95 when B 210K/ min, which confirms
that reported by Gadalla et al'*!. From this re
sult, it can be explained that the value of £ at a
= 0. 90 1s obviously lower than that at a= 0. 10
0. 80 in Friedman’ s method.

l
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