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ABSTRACT 

It has been found that cobalt(II, III) oxide, Cos04, lowers the thermal decomposition 
temperature of NazSzOs and K2S2Os by about 25OC by catalysis, and it therefore acts as 
a P-type semiconductor at high temperature and atmospheric (air) pressure. Also, this 
oxide reacts at high temperature with sodium or potassium pyrosulfates to form ther- 
mally stable sodium cobalt disulfate, Na2Co(S04)1 and potassium cobalt trisulfate, 
KaCoa(S04)s, respectively. Binary systems, consisting of a 1 : 3 mole ratio (oside : per- 
sulfate), are established as representing the solid state stoichiometric reaction. X-Ray dif- 
fractometry is employed to identify intermediate and final reaction products in general. 
All calculations are based on data obtained from TG, DTG and DTA curves. 

INTRODUCTION 

In recent publications [l-3], the effects of many metal osides on the 
thermal decomposition of alkali persulfates were studied derivatographically 
from ambient to lOOO”C, which is the ceiling temperature of the heating 
program. The catalytic effect of NiO, TiO?, CuO and ZnO on the thermal 
decomposition of persulfates to pyrosulfates and the possibility of the latter 
reacting with these oxides has also been studied. The semiconductive 
behaviour of these oxides at high temperatures, which is due to defects in 
the lattice structure, controls their catalytic activity [4] and therefore, 
affects the manner in which the mechanism of thermal decomposition of 
0x0-salts occurs. 

Cobalt(I1, III) has a normal spine1 structure [ 51, as the most stable phase 
at high temperatures, and this changes 163 to cobalt(H) oxide, COO, at 
945°C. The equation 

905-925°c 

co304 -. 9oo_c L 3 coo + :o, 

illustrates this conversion process [6]. Both oxides are P-type semiconduc- 
tors. In this work, the effect of cobalt(I1, III) oxide on the thermal decom- 
position of sodium and potassium persulfates is considered. 

* To whom correspondence should be addressed. 
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ESPERI3IENTXL 

Reagents 

The Na&Ofi and K2S20S used were Analar grade supplied by Hopkin and 
Williams and the Co30J was analytical reagent grade supplied by BDH. Q- 
A1103 (BDH) was used as a reference material. Cylindrical platinum crucibles 
were used as specimen holders. 

Apparatus and method 

TG and DTX curves were recorded by means of a Paulik-Paulik-Erdey 
(MOM) derivatograph under a static (air) atmosphere. 

Matures of Co30J and sodium or potassium persulfate with mole ratios of 
1 : 6, 1 : 3, 2 : 3,1 : 1 and 2 : 1 were systematically prepared by careful 
grinding of the calculated amounts of oside and persulfate for 20 min in an 
agate mortar to 200-300 mesh followed by drying at 80°C for 2 h. 

X-Ray diffractograms were obtained using a Philips diffractometer with 
nickel-filtered CL& radiation. The setting of the instrument was 40 kV and 
20 mA with a scanning speed of 2 0 min-‘. 

RESULTS AND DISCUSSION 

Working with sample weights of 200 mg at a heating rate of 10°C min-‘, 
the thermo-analytical curves obtained simultaneously are represented in Figs. 
1 and 2 for the sodium and potassium persulfates systems, respectively. 

The following data and conclusion are obtained from an evaluation of 
these curves obtained for simultaneous binw reaction systems. The oxide 
acts as a catalyst for the thermal transformation of persulfate to pyrosulfate 
and the initial decomposition temperature, Ti, as determined from the TG 
and DTG curves, is lowered by about 25°C compared with the pure persul- 
fates. This is attributed to the catalytic activity of the oxide [4]. The inter- 
vals between the initial and final decomposition temperatures were measured 
for all mole ratios except 1 : 6 where the amount of oxide was relatively 
small and therefore its effect was negligible. However, the amount of oxygen 
liberated in the sodium persulfate decomposition was found to be slightly 
more than the theoretical value. This difference is most probably caused by 
partial decomposition of the Co,04 at these temperatures as is indicated by 
the TG curve for the decomposition of pure Co304_ A sharp endotherm at 
the melting point of Na&O, was always observed on the DTA curves and 
this was not affected by the presence of oxide. On the other hand, a poly- 
morphic transition, p- to (Y-K&O,, occurred at 320°C and the melting point 
of K&O, did not appear clearly on the corresponding DTA curves because 
the reaction between the oxide and K2S207 reached a maximum rate before 
the melting point of the latter was reached. The reaction of sodium pyrosul- 
fate with the oxide is shown as exotherms on the respective DTA curves 
(Fig. 1) at the temperature range shown in Table 1. 



Fig. 1. TG and DTA curues of cobalt(I1, III) oxidesodium persulfate mixtures. 

The TG curves also recorded weight loss caused by the escape of oxygen 
gas. From Table 1, it can be seen that, as the amount of the oxide increased, 
its effect increased and the temperature interval for its reaction became nar- 
rower. This is attributed to the catalytic effect of the oxide which acceler- 
ates the reaction. 

Calculations obtained with 1 : 3 mole ratio showed that 84% of the 

Na2S2G, reacted with the oxide at 470°C and in the X-ray analysis of the 
sample isolated at this temperature, sharp lines were found at 6.13, 2.86 and 



DTA 

Co,04 _ K,S’ O1 

3W SW 

Fig. 2. TG and DTA curves of cobalt(I1, III) oxide-potassium persulfate 

2.57 A. The ASTM cards indicate that all three d-spacing values of the iso- 
lated sample correspond to sodium cobalt disulfate, Na&o(SO&. Further- 
more, the largest sharp endotherm formed at 580°C on the DTA curve of 
the sample with a 1 : 3 mole ratio represents the melting point of this salt. 
Mole ratios other than 1 : 3 could not satisfy the conditions for the stoi- 
chiometric reaction 

Co,O, + 3 Na,S,O, + 3 Na&o(SO& + $ O2 



T
A

B
L

E
 

1 

A
m

ou
nt

 
of

 o
xy

ge
n 

lo
st

 a
nd

 t
em

pe
ra

tu
re

 
ra

ng
es

 f
or

 p
cr

su
lf

at
e 

de
co

m
po

si
tio

n 
an

d 
ox

id
c-

py
ro

su
lf

at
c 

re
ac

tio
n 

in
 t

he
 C

o~
0~

-N
n&

O
s 

sy
st

em
 

at
 

va
ri

ou
s 

m
ol

e 
ra

tio
s 

02
 

lo
st

 
(m

g)
 

T
he

or
et

. 
Pr

at
t, 

T
em

p.
 

rn
ng

e 
fo

r 
N

n&
O

s 
dc

co
m

p.
 

(“
C

) 

T
l 

T
r 

T
em

p,
 

ra
ng

e 
fo

r 
ox

ld
c-

 
N

n&
O

, 
re

ac
tio

n 
(“

C
) 

--
 

T
t 

T
r 

m
.p

. 
N

w
W

S
04

 
12

 

(“
C

) 

0:
l 

13
.4

 
13

.4
 

18
5 

22
0 

1:
6 

11
.4

 
12

.0
 

16
0 

23
0 

39
0 

46
0 

1:
3 

10
.0

 
10

.5
 

16
0 

22
5 

38
2 

47
0 

58
0 

2:
3 

8.
0 

9.
0 

16
0 

21
0 

37
5 

43
0 

57
6 

1:
l 

6.
6 

9.
0 

15
0 

22
0 

37
0 

44
0 

s7
5 

2:
l 

4.
4 

4.
5 

16
0 

21
0 

21
0 

44
0 

68
0 

T
A

B
L

E
 

2 

A
m

ou
nt

 
of

 
ox

yg
en

 
lo

st
 

nn
d 

te
m

pe
ra

tu
re

 
ra

ng
es

 
fo

r 
pc

rs
ul

fa
te

 
dc

co
m

po
si

lio
n 

an
d 

ox
id

e-
py

ro
su

lf
at

c 
rc

ac
tr

on
 

in
 t

he
 C

q0
3-

K
&

O
s 

sy
st

em
 

al
 

va
ri

ou
s 

m
ol

e 
ra

tio
s 

C
oj

04
:K

2S
20

8 
02

 
lo

st
 (

m
g)

 

T
he

or
e 

t. 
Pr

ac
l. 

T
em

p.
 

ra
ng

e 
fo

r 
K

2S
zO

s 
dc

co
m

p.
 

(“
C

) 

T
l 

T
r 

T
em

p.
 

ra
ng

e 
fo

r 
ox

itl
e-

 
K

zS
20

7 
re

nc
tio

n 
(“

C
) 

_-
--

_ 

‘r
, 

T
r 

m
-p

. 
K

&
02

(S
04

 
13

 

(“
C

) 

0:
l 

11
.8

 
11

.8
 

18
2 

20
0 

1:
6 

10
.3

 
10

.0
 

16
0 

18
0 

1:
3 

9.
1 

9.
0 

16
0 

21
0 

21
0 

52
0 

2:
3 

7.
4 

7.
0 

16
5 

21
0 

21
0 

50
0 

5.
10

 
1:

l 
6.

2 
6.

6 
16

5 
21

0 
21

0 
29

5 
53

5 

2:
l 

4.
2 

4.
2 

16
0 

22
0 

23
0 

25
5 

53
5 

g C
L

 
-_

 



All cobalt(III) ions of the oxide were reduced to cobalt(D) ions, leading to 
the formation of the compound NalCo(SOa)z. This reduction is attributed 
to the behaviour of the metal oxide at high temperature which tends to go 
to a lower valency state to form a more stable cation. This is confirmed by 
the ability of the high-valency cation Co(II1) to accept electrons from elec- 
tron-rich compounds, such as pyrosulfates S20:-, and be reduced to a lower 
valency [ 81, and the typical behaviour of the P-type semiconductors, due 
to the presence of positive holes in the d-orbital, to accept electrons more 
than the others [ 91. 

Potassium pyrosulfate, on the other hand, reacts with the oxide in the 
temperature range indicated in Table 2. Data obtained from the TG curves 
for samples isolated with 1 : 3 ratios at 320°C indicate that at least 89% of 
the pyrosulfate reacted with the oxide, a result which could not be dupli- 
cated by the other mole ratios used. This was confirmed by the X-ray exami- 
nations for the samples at 320°C which showed that the thermal product 
consisted of potassium cobalt trisulfate, K&o~(SO~)~, and ar-potassium sul- 
fate, where the sharp lines at 2.64, 2.97, and 3.12 A matched those for the 
trisulfate salt according to the ASTM cards. 

The overall stoichiometric re-tction could be expressed as 

2 CosOJ + 6 K&O; + 3 KICo2(SO& + 3 KIS04 + 0, 

To the best of our knowledge, this solid state reaction is a new one for the 
preparation of trisulfate (see ref. 10). Moreover, the sharp endotherm that 
appeared on the DTA curve, Fig. 2, at 540°C for the sample with a 1 : 3 
mole ratio could be regarded as the melting point of the deep purple 
coloured potassium cobalt trisulfate. This could be experimentally proved 
and reasoned as fdiow. Firstly, two samples were isolated from the 1 : 3 
ratio sample at 320°C before the endotherm, and from the 2 : 3 ratio sample 
at 700°C after the endotherm. The first was found in a powdered crystalline 
state, while the second was found as a solidified melt. Secondly, this endo- 
therm appeared in mixtures of all mole ratios at the same point, and there 
was a large temperature gap between its position and that of the melting 
point (1074’C) of the pure potassium sulfate. Therefore, this melting endo- 
therm was proved not to be due to even a eutectic of K1S04 and 
KICol(SO&_ 

Both salts, Na#Zo(SO& and K1C02(S04)3, were thermally stable up to 
800” C (Figs. 1 and 2), after which they decomposed gradually. This was 
shown by X-ray diffraction analysis taken for two samples of both salts 
isolated from the 2 : 3 mole ratio sample at 102O”C, where very large reduc- 
tions in the intensities of the lines of these salts were detected and new lines 
for Co0 appeared instead together with the line for the corresponding alkali 
metal sulfate. Their thermal degradations can be represented as 

Na&o(SOa)z t Na2S04 + Co0 + S%f 

K1C02(S0& 2 K2S04 + 2 Co0 + 2 SOyt 



103 

REFERENCES 

1 M.M. Barbooti, F. Jasim and SK. Tobia, Thermochim. Acta. 21 (19i7) 399 
2 M I&I. Barbooti, F. Jasim and SK. Tobia, Thermochim. Acta, 21 (1977) 237. 
3 MM. Barbooti and F. Jasim, J. Therm. Anal., 13 (1978) 563. 
4 W.K Rudloff and ES. Freeman, J. Phys. Chem., 7-I (1970) 331i 
5 F.A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, Wiley-Intersciencc, 

1972, 3rd edn., p_ 879. 
6 G.V. Samsonov, The Oxide Handbook, IFI/Plenum, London, 19’73, p 26. 
7 B.J. Meehan, S.A. Tariq and J-0 Hill, J. Therm. Anal., 12 (19’77) 235. 
8 A Ghedrghiu, D. Fatu and E. Segal, Rev. Roum. Chim., 21 (19’76) 825. 
9 K.M. Abd El-Salaam and E. Echigoya, Z. Phvs. Chem., 96 (19i5) 323. 

10 ASTM Card No. 20-873. 


