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ABSTRACT

Thermoanalysis of two congener oxides of group IV, SnO, and PbO,, alone or in binary
mixtures with either Na,$,0; or K,S,0;, using the derivatograph is described. The results
have shown that either oxide could catalytically lower the 7, of decomposition of the
peroxosalt—pyrosulphate transformation by about 10-20°C. Similarly lowered was the T, of
degradation of X,S,0,. SnO, was found to react in the solid state with X,S,0 to form the
mixed oxides Na,Sn,0; and K,Sn;0,; the stoichiometric equations, range of thermal
stabilities and melting points have been assigned. An intermediate, Na,Sn,0(80,),. was
anticipated. Both mixed oxides were white crystalline powders. PbO, forms double salts with
X,5,0, (Na,Pb(S0,), and K,Pb(S80,),) whose thermal stabilities, melting points, phase
change and XRD patterns were assigned. A melting eutectic consisting of (Na,Pb(SO,), +
PbO) was identified. X-ray diffraction was used as a complementary analytical tool for
identifying intermediate and final products.

INTRODUCTION

The white tetragonal SnO, crystal is an n-type semiconductor whose
melting and boiling points are approximately 1898 and 2000°C, respectively.
At about 683°C «a-SnO, is converted into the B-form. PbO, has two
crystalline phases; a-PbO, is rhombic whereas the B-phase is tetragonal.
The latter has the greater specific conductance; 10* ohm™' cm™! and 10°
ohm ™' cm™!, respectively. PbO, is an n-type semiconductor with an m.p. of
290°C. The active materials of the positive plate of accumulators consist
mainly of PbO, which is present in a- and S-phases; the latter is preferable
for improved electrical conductance. The decomposition of a- and B-phases
differs since each has different properties. In an a-f mixture, the a-phase
starts decomposing first, followed by the B8-phase, producing first Pb,0, and
eventually PbO. The decomposition of 8-PbO, leads to the formation of
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PbO, (x=1.58 and 1.46) then Pb;O, (red-orange) and finally S-PbO (yel-
low); a-PbO, does not form Pb;O, but converts directly into a-PbO (red)
[1.2]. Other workers claimed, through their TG investigations, the formation
of the intermediate Pb,O; before the Pb;O, step. The latter, decomposes
between 552 and 660°C whereas the former is stable between 375 and
460°C.

Both tin and lead are amphoteric ions which react in solution with, say,
sulphates or sulphites to form the corresponding insoluble salts. The rutile
structure of Sn(S0O,), differs from the hexagonal Sn(SO,), -2 H,O which
loses its water of hydration between 150 and 260°C [3]. Many sulphates and
double salts of lead have been prepared in solution [5-7], but almost no
procedures have been described for their preparation via solid state reac-
tions. The aim of this paper is to investigate the high temperature, solid state
reactions of SnO, and PbO, alone and in binary systems with the peroxodi-
sulphates of Na and K, leading to the preparation and description of their
sulphates, double salts, mixed oxides and the disclosure of their catalytic
activity towards the thermolysis of pure alkali persulphates.

EXPERIMENTAL

All chemicals used were of analytical reagent grade; SnO, and PbO, from
Fluka AG, Buchs SG, Na,S,0; and K,S,0; from BDH. «-Al,O; from
MOM, sintered at 1300°C was used as a reference material.

Apparatus, technique and thermoanalysis procedures were as described
elsewhere [4].

RESULTS AND DISCUSSION
Thermoanalysis of SnO, and PbO,

The TG, DTG and DTA curves (Fig. 1) infer that SnO, remains ther-
mally stable to the end of the heating programme (1050°C) except for a loss
of 12 wt.% perhaps due to escape of a volatile impurity originally present in
the reagent. The XRD patterns of the final products confirm that only SnO,
is present. Some workers claimed that SnO, undergoes an «- to 8-modifica-
tion around 683°C [8]. However, this phase change is not seen on the DTA
curve of Fig. 1; may be due to the low sensitivity used in the analysis or the
rate of heating being too low to sense the small change in sample and
reference thermocouples.

Figure 2 depicts the derivatograms of pure PbO, which show that it is
thermally stable up to 380°C. The two overlapping endotherms on the TG
curve indicate two decomposition stages between 380 and 520°C. Mass
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Fig. 1. Thermogram of tin(IV) oxide, SnQ,.
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losses of 3.25 and 1.30 wt.% occur at 380-470 and 470-520°C resulting in
the formation of defective or non-stoichiometric 8-PbO, oxides. The XRD
patterns for specimens heated up to 470°C confirm the presence of a-PbO, s
and B-PbO, 4, [9,10], whereas those isolated at 540°C confirm the presence
of red lead, PbO, 4;; or Pb;O, [11]. Surprisingly no peak belonging to Pb,0,
could be detected on the TG and DTG curves of Fig. 2, probably due to low
TG (200 mg), DTG (1/10) or DTA sensitivities of the instrument. Between
500 and 620°C Pb,0, gradually decomposes with an overall mass loss of 2
wt.%. Thereafter the TG curve remains relatively thermally stable up to
920°C due to the formation of PbO. The typical sharp melting endotherm of
yellow PbO appears at 885°C [12]. Since the lead oxides are thermally
unstable, therefore none of them could be recommended as a gravimetric
residue.

It was concluded that SnO, is thermally more stable than PbO,. This is
because the divalent state of Pb*>* is more stable than the tetravalent one (Pb
has a higher atomic number); therefore, PbO, is a more powerful oxidising
agent than SnO, and as such it has a greater tendency to form ionic
compounds such as double salts of sulphates or phosphates than Sn.

Thermoanalysis of the SnO,—Na,S,0; system

Figure 3 exhibits the TG and DTA (DTG is not shown for the sake of
space saving) curves for the various molar ratios of this system from ambient
to 1050°C. The T; of Na,S,04 decomposition is catalytically lowered by
10°C for the ratios 1:4 and 1:2, by 15°C for the ratio 1:1, and by 20°C
for 2:1 and 4:1. Thus, it could be concluded that the lowering increases
with SnO, concentration. Also SnO, has catalytically lowered the m.p. of
Na,$,0, and this lowering depends upon the SnO,-Na,S,0; ratio (Table
1); for the ratios 1:4,1:2,1:1,2:1 and 1:4, it is, respectively, 5, 10, 20, 20
and 20°C. As the TG curves reveal, the decomposition of Na,S,0, takes
place in three instead of two steps in the 1:2 mixtures. Moreover, small
exotherms are observed on the DTA curves: 1:4, 1:2, 1:1 and 2:1. The
last one is the sharpest which represents an exothermic reaction between
SnO, and Na,S,0, at 500, 540 and 550°C, respectively. Since this is
accompanied by a gradual mass loss, as the corresponding TG curves
indicate, it is expected that an unstable intermediate compound is formed.
Samples heated to 580 and 800°C for the ratio 2:1 give XRD patterns for
the mixed oxide Na,Sn,0Os and for Na,SO, (Table 2) which are similar to
other research results [13]. Samples heated to 1000°C for the ratios 1:1 and
2:1 give simlar XRD patterns which indicates that the mixed oxide
Na,Sn,;0 is stable even beyond the ceiling temperature of the heating
programme. Computation from TG curves for the 2:1 mixture (Table 1)
inform that 51.09 wt.% of Na,S,0, reacts with the available SnO,; from
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Fig. 3. TG and DTA curves of tin(IV) oxide-sodium persulphate mixture.

which it can be concluded that 2:1::SnO,:Na,S,04 is the stoichiometric
ratio; the stoichiometric reaction can be written as

A
Na,S,0, + SnO, = Na,Sn,0, + 2 SO,

It is to be observed that the sharpest exotherm and XRD lines appear in the
2 :1 mixture only among all other ratios of this system.

The small sharp endotherms that appear at about 685°C for the ratios
1:2,1:1 and 2:1 belong to a- and B-modifications, probably of the mixed
oxide (since the «- to S-modification of SnO, is not shown on the DTA
curve of Fig. 1).

The small pair of endotherms that appear on the DTA curve of the 4:1
mixture represents the a to 8 change of the mixed oxide and its melting,
respectively. The typical melting endotherm of Na,SO, is shifted to lower
values (865-885°C). The small blunt exo-peak appearing in the 2 : 1 mixture
at 775°C is thought to pertain to the side reaction

a
Na,S$,0, + 2 SnO, — Na,Sn,0(S0,), + O, + heat

The small mass loss at this temperature seen on the TG curve is presumably
due to the liberation of O,, as a secondary reaction. XRD patterns for
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TABLE 2
XRD patterns for the prepared by-products Na,Sn,0s and SnO,
No. Na,Sn,0s Sn0O,

d (A) 1/1, d (A) 1/1,
1 4.74 60 3.38 100
2 2.80 100 2.67 80
3 233 10 2.39 25
4 1.87 20 1.77 65
5 1.60 40 1.68 18
6 1.50 20 1.44 18
7 1.34 100 1.42 16

samples in this region reveal the presence of the mixed oxide but not
Na,Sn,0(S0,),, which suggests the transient nature of the latter:

A
Na,Sn,0(S0,), = Na,Sn,0, + SO,

Thermoanalysis of the Sn0O,—~K,S,0; system

Figure 4 depicts the TG and DTA curves of the various ratios. T, of the
A
K,5,03 = K,5,0, transformation is catalytically lowered by about 15°C.

Similarly, the a- to 8-phase transition of K ,S,0, is lowered by about 20°C.
The small wide exotherm at 390°C constitutes the excess heat energy that
remains after thermal neutralisation with the phase transition endotherm,
and in the meantime manifests the reaction between SnO, and K,S,0,
which becomes more pronounced at ratios of 2:1 and 4: 1, although it is
shifted to temperatures lower than 390°C by the catalytic effect which
increases with increasing SnO,. Samples heated to 390°C give XRD pat-
terns pertaining to the presence of the mixed oxide, K,Sn,0, (Table 4) [14]
and K,5,0, [15]. Table 3 indicates that in the 2 : 1 mixture about 71.89 wt.%
of K,S,0, reacts with the available SnO,. This of course points out the
stoichiometry of the reaction since it is the highest percentage of all ratios
investigated. The XRD patterns of the final products confirm the presence
of K,8n;0,, SnO, [16] and «-K,SO, [17]. The stoichiometric equation

A
K,S,0, + 3 SnO, = K,Sn,0, + 2 SO,

suggests that the 1:3 mixture could be the alternative stoichiometric ratio.
No explanation could be offered for this controversy.

Thermoanalysis of the PbO,-Na,S,04 system

Scrutiny of TG and DTA curves (Fig. 5) and data of Table 5 point out
that PbO, could catalytically lower the T, of decomposition of Na,S,04 and
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Fig. 4. TG and DTA curves of tin(IV) oxide—potassium persulphate mixture.

the lowering is proportional to the amounts of oxide present; it is 10, 15, 30,
30 and 30°C for the ratios 1:4, 1:2, 1:1, 2:1 and 4:1, respectively. T;
does not change but remains the same as for the pure salt. The m.p. of
Na,S,0, is also catalytically lowered from 380 to 350 and 370°C for 1:4
and 1:2, respectively. For other ratios the melting endotherm of Na,S,0,
vanishes since it is all consumed through the solid-solid PbO,-Na,S,0,
reaction before melting. The relatively small exo-peaks appearing between
260 and 300°C in the ratios 1:2, 1:1, 2:1 and 4:1 indicate an exothermic
solid—solid reaction between PbO, and K,S,0,. The exo-peak is not very
clear in the 1:4 mixture owing to a negligible extent of reaction. In the 1:1
mixture the exo-peak is of maximum area (270°C) which supports a
stoichiometric reaction of the type

A
Na,$,0, + PbO, > Na,Pb(SO, ), + /20,

Samples heated to 400°C give XRD patterns that are in part identical with
those belonging to PbO, (excess) and in part to an unknown phase (Table
5). Since the plateau remains stable over the entire range (340-500°C) on
the TG curve this means that the prepared double salt is also stable. Proofs
for the stoichiometric 1:1 ratio are multiple: the disappearance of the
Na,SO, endotherm, the similar values of theoretical (3.30%) and experimen-
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TABLE 4
XRD patterns for the prepared by-product K ,Sn;0,

No. K,Sn;0,
d (A) 1/1,

1 4.14 25
2 3.16 20
3 2.98 100
4 2.50 30
5 2.29 30
6 2.20 25
7 1.88 20
8 1.58 25
9 1.56 25

10 1.42 30

tally found (3.25%) oxygen; tetravalent Pb** is less stable [18] than Pb(II);
the majority of alkali metal elements form stable double salts which are
usually prepared in solution [4-6]. The sharp endo-peaks appearing at
different temperatures for the curves of ratios 1:2, 1:1, 2:1 and 4:1
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Fig. 5. TG and DTA curves of lead(IV) oxide-sodium persulphate mixture.
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TABLE 6
XRD patterns for the by-products Na,Pb(S0,),., Na,SO, and PbSO,
No. Na,Pb(S0,), Na,SO, PbSO,

d (A) 1/1, d (A) 1/1, d (A) 1/1,
1 332 100 2.73 100 3.01 100
2 3.88 25 4.62 25 4.26 87
3 3.60 35 3.31 55 3.80 55
4 2.82 40 3.06 50 3.46 33
5 2.35 30 2.69 50 2.76 40
6 2.06 90 2.32 20 2.64 45
7 1.96 40 1.86 30 2.16 28
8 1.79 30 1.68 12 2.02 50

actually belong to Na,Pb(50,),. Experiments have shown that the latter
starts decomposition around 900°C,

A
Na,Pb(SO,), = Na,SO, + PbSO,

X-ray diffraction of the final products confirms the presence of
Na,Pb(SO,),, Na,SO, and PbSO, (Table 6). The small endopeak appear-

4 1 OTA

Endo -— /4T —EXO

Am

Arbitrary Units

100 300 500 700 900 °C

Fig. 6. TG and DTA curves of lead(IV) oxide—potassium persulphate mixture.
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ing on the curve of 1:2 ratio belongs to the melting eutectic (Na,Pb(SO,),
+ PbO).

Thermoanalysis of the PbO,—K,S,0; system

The role of PbO, as a catalyst lowering 7, for the K,S,0, - K,S,0;,
reaction is clear from the TG and DTA curves of Fig. 6 and from data in
Table 7. It is 10°C for 1:4, and 20°C for other ratios. 7, of the a- to
B-phase change of K,S,05 is lowered by 10°C in ratio 1:2; for other ratios
the phase change disappears due to complete interaction of K,S,0,. The
exo-peaks, appearing between 200 and 300°C, that belong to 1:1, reach a
maximum. Samples heated immediately after this exo-peak (350°C) yield
patterns typical of PbO,, K,S,0, and K,Pb(SO,), [11}(Table 7). The mass
loss on the TG curve at this temperature is ascribed to the liberation of O,.
Table 7 indicates that 99.99 wt.% of K,S,0, reacts with the available PbO,
in the ratio 1: 1; therefore, the stoichiometric reaction can be written as

4 1,2
K,S,0, + PbO, > K,Pb(S0, ), + /2 0,

The crystalline phase-change endotherm of this double salt is observed on
the DTA curves of the 4:1, 2:1 and 1:1 mixtures. This is confirmed by
heating two samples of ratio 1:1 before and after the endotherms at 520 and
690°C, respectively. The X-ray analyses for either powders obtained infer
the existence of PbO, 4. PbO, 55 and K,Pb(S0O,), (Table 8).

The sharp endotherms observed at 740, 780 and 770°C for the ratios 1 : 2,
1:1 and 2:1, respectively, belong to the melting of the double salt. This is
confirmed by heating 1:1 samples to 8§20°C, after which a yellowish melt
was found. Naturally, the variation of melting temperature is due to the
variation of PbO, content of the double salt. The latter then begins gradual

TABLE 8

XRD patterns for the prepared double salt, K,Pb(SO,), and Pb oxides

No. K,Pb(SO,), PbO, s PbO, 4,

d (A) I/1, d (A) 1/1, d (A) 1/1,

1 3.107 100 1.58 10 1.56 11
2 4.30 30 1.37 15 1.54 11
3 2.74 65 1.35 15 1.65 70
4 2.55 30
5 2.51 20
6 2.06 30
7 1.90 35
8 1.77 90
9 1.73 30

10 1.65 30
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decomposition after 870°C; at 1050°C it loses about 3.0 wt.%; the decom-
position product consists of a-K,SO,, PbO, ;s and PbO, ,,.
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