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Studies on the Reactions between Oxides in Solid State at
Higher Temperatures. IV.? The Reaction between Calcium
Oxide and Stannic Oxide.”?

By Yasuo TANAKA.

(Received November 5, 1941.)

Introduction. In the system caleium oxide and stannic oxide, there
exists calcium metastannate (Ca0-Sn0,), and it has been reported that
the compound has a cubic perovskite structure with a lattice constant of
@=3.92A.® Zulkowski® reported that he obtained 2Ca0-Sn0,. Tamaru
and And6® found that the solid reaction of this system was remarkably
accelerated by the traces df reducing agents and they studied the mechan-
ism of which in detail. They reported that, while in vacuum only a slight
reaction was observed at 900° in a reducing condition it proceeded
smoothly even at still lower temperatures; that the end product of the
reaction with a mixture of excess calcium oxide was 2Ca0-SnQ.; and
that the compound was soluble in dilute hydrochloric acid (1:1). Besides,
Tamaru and Sakurai(® obtained Ca0-SnO, by the oxidation of Ca0O-SnO
when an excess of stannous oxide was present.

The present paper deals with the solid reaction of this system in a
current of dry oxygen. The experimental procedure was almost the same
as in the previous reports.® (8
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I. Reaction Products at 1300°, Mixtures of various proportions
of CaCO; and Sn0. were heated at 1300° for 10 haqurs, and the amounts
of free CaO and those of CaO and SnO. soluble in 4N HCl were deter-
mined. Seme of the reaction products began to melt already at 1400°.
The results of the experiment with the densities of the products are
given in Table 1.

Table 1. Reaction products at 1300°.

Mixing ratio _ Free Ca0 Soluble in 4 N HCI
. ~|  Density (%)
Ca0 (%) | Ca0:SnO, ° CaO (%) | SnO, (%) | CaO/SnO,
100 - 3.205
69.07 6:1 3.816 45.99 — — -
52.75 3:1 4.359 17.71 35.02 47.30 1.99
42.67 2:1 4721 | 0.00 42.05 57.51 1.96
35.82 3:2 5.058 0.00 - — -
27.13 1:1 5.608 0.00 26.31 67.50 1.06
15.69 1:2 6.192 0.00 15.04 40.81 0.99
0 - 6.981
Table 2. X-ray data of Ca0-Sn0O;. Table 8. Interference
— — lines of 2Ca0-Sn0O;.
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* For Ky and K; lines of iron. * Anticathode: Fe.
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As more CaO than necessary to form 2CaQ-Sn0O. remains in free
state, and excess Sn0O. over CaO'SnO, is insoluble in 4 N HCI, it is
admitted that the two stannates, calcium orthostannate (2Ca0-SnO.),
and metastannate (Ca0'Sn0O.) are formed in this reaction, and both of
them are soluble in 4N HCI.

From the corresponding mixtures, the two stannates were obtained
almost in pure state. As the products were dissolved equally well in 1IN
HC], it was difficult to determine the amounts of 2Ca0-Sn0, and Ca0-Sn0.
separately.

In the X-ray patterns of the reaction products, too, ne indication
of the existence of other addition compounds could be obtained, and it
seemed that no appreciable amounts of solid solutions were formed in
this system. As shown in Table 2, although the principal lines of
Ca0-'Sn0, can be interpreted from the lattice constant, a=3.9211, which
has hitherto been given,® the values, a=3.934, b=38.99A and ¢=3.874,
must be given as correct. It has already been known that some crystals
of the perovskite type is transformed from the cubic into the rhombic
structure.® % While the crystal structure of 2Ca0-Sn0, is not certain,
as seen from the interference lines given in Table 3, so far is obvious that
the compound has a different structure from that of Ca0O-SnQ..

II. Course of the reaction between 900° and 1200°, The course of
the reaction was followed analytically with mixtures of Ca0O and SnO.,
corresponding to Ca0:Sn0,=2:1 and 1:1, in the range between 900° and
1200°. The preparations were ignited at 1200° before use. The results
are given in Tables 4 and 5. The reaction begins to take place at about
900°, which agrees with the result of Tamaru and Andd,® and it pro-
ceeds smoothly with increasing reaction temperature. _

With a mixture of CaO:SnO.=1:1, when the reaction proceeded
moderately, the ratio of CaO to SnO., which was soluble in 4N HCI,.
respectively, was nearly equal to 1; so it was obvious that the final product

Table 4. Course of the reaction with a mixture of
Ca0:8n0z=1:1 (Ca0 = 27.13%).

Reaction Time Free CaO Soluble in 4N HCI
temperature (hrs.) (%) CaO (%)* SllOg (%) (330;81‘102
900° 10 26.76 0.37 - — )
1 26.56 0.57 4.36 0.36
950° 3 25.96 1.17 6.60 0.48
6 24.40 2.73 8.86 0.83
10 23.90 3.23 10.58 0.82
0.5 25.50 1.63 4.66 0.94
1 — — 6.16 —
1000° 3 22.76 4.37 12.18 0.96
6 21.06 6.07 16.58 0.98
10 19.90 7.23 19.36 1.00
* (Calculated.

(9) Cf.J. W. Mellor, “A Comprehensive Treatise on Inorganic and Theoretical
Chemistry,” Vol. VII, 52, London (1927).
(10) S. 8. Cole and H. Espenschied, J. Phys. Chem., 41 (1937), 445.
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Table 4.—(Concluded)
Reaction Time Free CaO Soluble in 4N HCI
temperature (hrs.) (%) CaO (%)* l Sn0, (%) Ca0/Sn0,
0.5 20.26 6.87 17.80 1.04
1 16.76 10.37 24.80 1.12
1100° 3 12.30 14.83 33.70 1.18
6 10.56 16.57 37.70 1.18
10 10.30 16.83 38.06 1.19
0.5 10.90 16.23 38.06 1.15
1 8.86 18.27 43.10 1.14
1200° 3 6.60 20.53 48.20 1.14
6 5.56 21.57 50.84 1.14
10 5.10 22.03 51.82 1.14
* Calculated.
Table 5. Course of the reaction with a mixture of
Ca0:8n0; = 2:1 (Ca0 = 41.75%).
Reaction Time Free CaO Soluble in 4N HCI
temperature (hrs.) (%) Ca0 (%)* Sno2 (%) CB.O,I’SnOg
900° 10 41.66 0.09 — —
0.5 40.50 1.25 4.20 0.79
1 40.16 1.59 5.70 0.82
1000° 3 38.30 3.45 9.16 1.01
6 36.38 b5.37 14,18 1.02
10 35.30 6.45 16.72 1.04
0.5 35.20 6.56 17.01 1.03
1 31.70 10.06 23.40 1.156
1100° 3 25.10 16.65 30.14 1.48
6 21.56 20.19 33.72 1.61
10 20.50 21.26 34.08 1.68
- 0.6 23.50 18.26 32.54 1.57
1 21.36 20.39 35.62 1.60
1200° 3 17.40 24.35 41.26 1.65
6 16.00 25.76 42.98 1.68
10 15.10 26.66 43.60 1.71
* (Caleulated.

in this case was Ca0'Sn0O,. However, at the early stage of the reaction,
the ratio was smaller than 1, and, as neither interference lines of a new
compound nor deviations of the positions of Ca0-Sn0,-lines were observed
in the X-ray photographs, it could be regarded, just as in the case of the
reaction between MgO and SnO,, that the excess of SnO, existed in an
amorphous state. With a mixture of Ca0:Sn0.,=2:1, as the reaction
proceeded, the composition of the product tended gradually toward
2Ca0-Sn0,. An example of this tendency is shown graphically in
Figure 1.010

(11) Calculated by assuming Ca0O-Sn0. and 2CaO-'Sn0: are formed in their
normal compositions.
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50 Without passing dry oxygen,
the reaction proceeded at 900°
% already with a moderate rate,

] _—1  but the course of the reaction

40 \\\x\ /‘ﬂ“m was the same as before.
39 ./ III. Discussion of the results.
| sno. As it is clear from the above
f\ M experiments, two stable addi-
20 — tion compounds, 2Ca0-Sn0. and
] “"‘"\‘l\ o Ca0'Sn0.,, are formed by the
solid reaction between CaO and
10 Sn0., and there exist no appreci-
f able solid solutions in this system.

In this reaction CaO-‘Sn0O. is
formed at first, whatever the
0 2 4 6 8 10 mixing ratio of the components
(hours) may be, and, when an excess of
CaQ is present, 2Ca0'Sn0Q; is
Fig. 1. Ca0:Sn0, = 2:1, 1100°. formed gradually by the further
reaction between Ca0Q'SnQ,, thus
previously formed, and the excess of CaO. The formation of a small
amount of 2Ca0'SnO. is also recognized with a mixture of CaO:Sn0=1:1;
however, it is probable that the compound is formed locally where CaO
exists in excess. The course of the reaction is similar to that of the
reaction between MgO and TiO,, in which the first reaction product,
Mg0O-2TiO,, is the richest in the acid component, and MgO TiO. and
2MgO TiO; are formed by the further reactions.

It is considered that, at lower temperatures, the amorphous solid
solution, which is formed at the contact surface of the two components,
reaches to a measureable amount, and SnO, in this state is soluble in
4N HCI; so that, at the beginning of the reaction, the ratio of soluble
CaO to soluble SnO, becomes apparently smaller than 1. When the
amorphous product reaches to a certain amount, CaO-SnQ. crystallizes
out easily. Although the amount of the amorphous product is not so
large, the tendency is the same as in the reaction between MgO and
Sn0,. ™

In their experiment on the reaction between CaO and SnQ., Tamaru
and Andd® have considered that soluble Sn0,1? exists as 2Ca0:Sn0..
It is true that 2Ca0°Sn0. is the final reaction product in this reaction
with a mixture of an excess of CaQ; however, as it is obvious from the
present experiment, Ca0-SnQ. is formed at first and it is also soluble in
dilute hydrochloric acid. Therefore, it must be considered also in their
experiment that soluble SnO. exists as the two stannates, Ca0O'Sn0, and
2Ca0-Sn0.. Further, although they have considered only the formation
of 2Ca0-Sn0; in their discussion of the mechanism of the reaction, it
must be admitted naturally that CaO'SnQ. is formed at first.

Finally, the relation,®

(12) In their experiment, soluble SnO. means that which is soluble in a dilute
hydrochloric acid of 1:1.
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(1—¢/T—=}* = 2kt

for the amount of combined CaO holds fairly well from the beginning of
the reaction, and, in the present reaction, neither a rapid initial reaction
nor an induction period exists. It is considered that the reaction is also
controlled by the diffusion of the two components through the reaction
product, and, with a mixture of CaO'Sn0,=1:1, the energy of activation
between 950° and 1200° is calculated as Q=85 Kilocalories per mole.(%

While the value is far greater than those of the other reactions
previously studied,™(® it is a little smaller than that of the reaction
between MgO and Sn0.™. On the other hand, the energy of activation
of the reaction between CaQO and TiO.® is also slightly smaller than that
of the reaction between MgQO and Ti0..(» Thus, whether the acidic com-
ponent is TiO. or SnQ., the energy of activation of the reaction with
CaO as the basic component is a little smaller than that of the reaction with
MgO. While it has been studied in detail by Hedvall and others®# that
CaO0 is more reactive than MgO in the exchange reactions between certain
salts and oxides in solid state, the same tendency is obtained in the
addition reactions between the oxides.

Summary.

(1) It has been confirmed that two stannates, 2Ca0:SnO. and
Ca0:Sn0,, are formed by the solid reaction between the components, and
both of them are soluble in 4N HCIl. The crystal structure of Ca0Q'SnOs,
which has been considered as cubic, should correctly be assigned as
rhombic with a unit cell size of ¢=3.934, b=38.99A and ¢=3.87A.

(2) The reaction begins to take place at about 900°. The reaction
product exists at first in an amorphous state; when the amount of
which has reached a certain value, the reaction proceeds smoothly, forming
Ca0-Sn0,. 2Ca0-Sn0. is formed gradually when an excess of CaO is
present.

(8) It has been considered that the reaction is controlled by the-
diffusion of the components through the reaction product, and the energy
of activation of Ca0-SnO. formation has been calculated as 85 Kilo-
calories per mole.

(4) Whether the acidic component is TiO. or SnO,, the energy of
activation of the reaction with CaO has been found to be a little smaller
than that of the reaction with MgO.

In conclusion, the author wishes to express his hearty thanks to Dr.
R. Yoshimura, Director of the Department, for his sincere interest. He
is also indebted to Mr. K. Oguro for his experimental assistance and
to the Physics Section of this Laboratory for taking the X-ray photo-
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