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ABSTRACT 

TG, DTG, and DTA experiments were carried out to elucidate the influence of Sc203 
on the thermal decomposition of Na,SzO ~1 and K2SzOtl under a static (air) atmosphere 
from ambient to I050bC, using a derivatograph. X-Ray diffractometry has been employed 
to identify the intermediate and final decomposition products. Different Scz03 : 
Na,(K2)SzO8 molar ratios were investigated and the 1 : 3 ratio found to be the one that 
gives stoichiometric reactions with either of these salts. SclO3 was found to react at 250 
and -l-lO°C with the thermally produced NazSzO, yielding ScI(S04)~_ The scandium(II1) 
sulfate was thermally stable up to 840%. Similarly, the oxide reacts stoichiometrically at 

-120°C to produce KSC(SO~)~, a double salt which began to decompose at 640”. More- 
over_ three new crystalline phase-transformations were detected for Scl(S04)~ at 640. 
695, and i35OC. 

INTRODUCTION 

The effects of some oxides on the thermal decomposition of sodium and 
potassium peroxodisulfates (persulfates) and the behaviour of these osides 
towards the thermally produced pyrosulfates have been investigated [l--3]. 
In addition, it has been found elsewhere [4] that SclO, behaves like ap-type 
semi-conductor under 627°C; above that temperature the oside acts as an 
insulator. A pronounced catalytic effect for this oxide has been revealed by 
the fact that it lowers the decomposition temperature of lithium carbonate 
from 1270 to 500” C [ 51. Steinberg and Shidlovsky (see ref. 6) have studied 
the thermal decomposition of scandium perchlorate using TG and DTA and 
have found that the decomposition occurred after the melting point of the 
salt, but they did not discuss the behaviour of the individual oxide itself. This 
paper presents results of the thermal reactions of SclOa with the persulfates 
of sodium and potassium, and the thermal stabilities of the intermediate and 
final products and it accounts for the distinct behaviour towards both 4t.s. 
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* To whom co~rspondence should be addressed. 



238 

000000 
0 LC 0 Cl rT: 0 . - . . 
* - 0 0 ts 4 
l-tl-4l-4 

0L!!0000 
d c; d 6 d d 
oGaoooo 
N 94 @l 01 @I N 



229 

EXPERIMENTAL 

Materials 

All chemicals were of AnalaR quality. a-A120J was calcined at 1370°C; 
Xa2S208 and K&O8 were supplied by BDH and Scz03 (99.9%) by Koch- 
Light. 

Apparatus and methods 

The experiments were performed on a MOM derivatograph in a static 
atmosphere of air with cr-A120J as the inert substance. The temperature was 
programmed linearily at 10” min-’ from ambient to 1050°C. The samples 
and reference materials were placed in standard platinum crucibles. The 
weight of the sample was 200 mg. Tables 1 and 2 give details of the prepara- 
tion of the various oxide : persulfate systems. In each preparation, the mix- 
ture was ground carefully in an agate mortar to pass a 200 mesh sieve, and 
was then dried at 80°C for 3 11. Sensitivities of the methods were: TG 
200 mg, DT_4 l/10, and DTG l/10. 

The X-ray analysis of the sinters was carried out on a Philips X-ray diffrac- 
tometer using 40 kV CUK, radiation filtered through a nickel filter; signal 
recording was done with a scintilation counter at a chart paper speed of 20 
mm min-‘. The XRD patterns were recorded for the 2 0 angles from 2 to 

52”. The XRD patterns of the sinters were compared with the corresponding 
XSThI cards. Slides were prepared by dispersing the powdered samples in 
acetone which was then spread on a small circular glass sheet in an even layer 
2 mm thick and left to dry. -4fter X-ray esposure, the sheet should be dis- 
carded to prevent cross-contamination and hence lower the background 
noise. 

ItESC7LTS .\ND DISCUSSlOX 

ThC Sc203-Aia2S20H system 

The non-isothermal behaviour of the various Sc203 : Na$,O, molar ratios 
arc\ illustrated in Fig. 1. The DTA curves show several endothermic and eso- 
thcrmic peaks. From the esotherms of t.he DTA curves of molar ratios 1 : 6, 
2 : 3, and 1 : 1, it. appears that the react.ion between the oxide and the 
thermally produced pyrosulfatc occurs after the fusion temperature of the 
latter. On the other hand, in the molar ratios 2 : 1 and 3 : 1, it occurs within 
the fusion temperature 01 the pyrosulfate, resulting in the disappearance of 
its fusion endotherm due to thermal neutrality. 

AS is evidenced by the SRD patterns (Table 31 and TG curves, calcula- 
tions indicate that the 1 : 3 SC,Oj : Na,S,O, 111012U ratio is t.he stoichiometric 
oncl th3t leads to the irreversible reaction 

SclO_J(s) + 3 Sa&07(s, 1) - SC~(SO~)~(S) + 3 Nal(SOJ)(s) 
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Fig. 1_ TG and DTA curves of scandium(III) oxide-sodium persulfate mixtures. 
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TABLE 3 

Data for XRD patterns obtained for the 1 : 3 Scz09 : Na$$08 system sintered at 800°C 

d(A) 4.7460 3.7887 3.1184 2.9683 2.8030 2.2243 

III, 43 100 77 70 45 28 

that occurs at 250 and 440°C, respectively. 
For the 1 : 6 ratio, only a small fraction of the pyrosulfate produced 

reacts with the oxide as indicated by the exotherm at 445°C. Afterwards, 
small ripples of endotherms show up due to the formation of small amounts 
of Scz(SO&. However, in the 1 : 3 molar ratio, these endotherms become 
larger and more distinct due to the relatively large quantities of scandium 
sulfate. 

Samples sintered at 250°C give XRD data that confirm the formation of 
SC,(SO~)~ as well as the presence of unreacted sodium pyrosulfate and 
sodium persulfate. This is actually inferred in the 1 : 3 ratio by the appear- 
ance of twin exothermic peaks instead of the usual large exotherm (attri- 
buted to oxygen formation through a secondary reaction) of the persulfate 
decomposition at 250°C. The first small exotherm is undoubtedly contri- 
buted by persulfate decomposition, whereas the second is a result of scandi- 
um(II1) sulfate formation. Thereafter, the remaining oxide reacts with the 
pyrosulfate, a fact which is represented by a sharp exotherm at 440°C and 
confirmed by XRD patterns for samples sintered at this temperature. The 
two reactions at 250 and 440°C are clearly represented by the TG curve of 
the 1 : 3 ratio sample. From 550°C onwards, a horizontal plateau indicates 
the thermal stability of the SC~(SO~)~ which begins to decompose at 840°C. 
The salt undergoes three crystalline phase transformations successively at 
640, 695, and 735°C a fact which is indicated by three small endothemls. 
Since the last endotherm represents the largest enthalpy change, it is ther- 
mally the most stable phase of the three. However, the endotherms degener- 
ate as we go towards higher oxide contents. The identities of the three 
crystalline phases are affirmed by XRD patterns obtained for samples 
sintered at the respective temperatures. Further, the endotherm that appears 
at 770°C corresponds to the melting point of impure sodium sulfate 
resulting from the decomposition of unreacted sodium pyrosulfate. As far as 
we are aware, no mention has previously been made to the formation of 
three such crystalline phase-transformations of SC~(SO~)~. Moreover, it must 
be emphasised that no compound such as SC~O(SO~)~ has been identified, as 
declared elsewhere [7], throughout the complete heating programs of the 
SC,0 3 : NaZS208 system. Decomposition of the SC~(SO~)~ begins at 840°C as 

TABLE 4 

XRD data for the thermal decomposition products of SC~(SO~)~ sintered at 1OOO’C 

d t-4) 2.8394 1.7384 4.0044 2.0970 

Ill0 100 42 17 15 
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Fig. 2. TG and DTA curves or scandium(II1) oxide-pota.ssium persulfate mixtures. 
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shown by the weight loss during TG and the corresponding endotherm on 
the DTA at that temperature. The XRD data indicate that the decomposi- 
tion is complete at 1000” (Table 4) where no sharp d-lines for the SC~(SO~)~ 
have been detected, but instead those of Sc203 appear, i.e. 

Sc,(SO,), + SC*03 + 3 so3 

As shown by the molar ratios of 2 : 1 and 3 : 1, the decomposition is cata- 
lytically promoted by increasing the proportion of oxide in the mixture. 

Since no initial or intermediate products other than SC~(SO,)~, Sc203, 
and Na,S20, are identified under the prevailing non-isothermal conditions 
at 25O”C, it is clear that the solid-state reaction of Na&O, with Sc,09 is 
autocatalysed by the oxide at a heating rate of 10” min-’ by reducing the 
activation energy of both reactants, perhaps through unstable complex for- 
mation of intermediates, although X-ray analysis of sinters at 250°C could 
not reveal such an intermediate. It seems that the reaction between the oxide 
and pyrosulfate does not go to completion unless a temperature of 440°C is 
reached. This explains why the formation of scandium(II1) sulfate takes 
place in two stages. 

The Sc203-K2S20R system 

The TG and DTA curves illust.rated in Fig. 2 show several interesting 
features of which the most striking is the 1 : 3 Sc703 : K&O8 molar ratio 
where the stoichiometric reaction 

Sc203(.s) + 3 K&O,(l) -, 2 KSc(SO&(s) + 2 K$Oa(s) 

occurs at. 42O”C, i.e. above the melting point of pure K&O,. The reaction is 
observed as a broad esotherm on the DTA curve. Afterwards, a horizontal 
plateau is seen on the TG and DTA curves up to S4O”C. Samples sintered at 
515”C, i.e. within this thermal stability range, when analysed diffractometri- 
tally indicate the presence of a double salt, KSC(SO~)~, as a major constitu- 
ent of the sample. Above S4O”C, an attenuated shoulder of the TG curve and 
a corresponding flattened endotherm on the DTA curve refer to the gradual 
decomposition of this double salt. However, samples preheated up to the end 

of the program, still give XRD data that are identical with those of 
KSc(SO,),; this eventually means that only negligible amounts of it really 
decompose. 

On the other hand, the ratios investigated, other than that of 1 : 3, have 
shown almost similar behaviour. 

Comparing the positions of the esotherms of the various ratios (Figs. 1 
and 2), it is clear that as the amount of the oxide increases, the temperatures 
01 reaction are reduced and this reduction could be attributed to a p-type 
catalytic effect of Sc103_ Under similar non-isothermal conditions, it is ob- 
served, however, that KSc( SOq)z 1 MS been formed whereas the corresponding 
sodium double salt has not. This dissimilarity may be ascribed to the fact that 
potassium has a greater ionic radius than sodium and that the scandium and 
potassium radii are almost equal, hence both K and SC ions can fit snugly 
into the unit cell packing boles present between the sulfate ions of 
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KSc(SO,), . This situation has no counterpart for the ionic radii of sodium 
and scandium. Further, the reaction between SC203 and Na2S207 occurs 
at two widely differing temperatures, i.e. at 250 and 44O”C, and that 
between the oxide and KZS207 at 41O”C, i.e. the melting point of the latter. 
This can be accounted for, at least hypothetically, by referring first to the 
basic electropositive character of Sc3* in Sc203, and secondly, to the resem- 
blance of ionic radii of scandium and potassium. Both factors hinder the 
diffusion of SC” into the rigid solid phase of potassium pyrosulfate. This 
barrier continues until thermal deformation of the lattice structure of the 
pyrosulfate begins at 41O”C, i.e. on melting. 
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