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Thermogravimetry (TG), differential thermal analysis (DTA) and X-ray diffraction 
studies of antimony(III) oxide, (Sb203), in air, nitrogen and argon atmospheres have 
been made. 

In air Sb2Os becomes oxidized to Sb204 above 510 ~ The oxidation reaction proceeds 
in two stages as revealed by the TG and DTA curves. 

The behaviour of Sb20 a is similar in both N2 and Ar. Sb203 remains unaffected up to 
430 ~ above which there is a slow, and continuous mass loss up to 550 ~ Above 550 ~ 
Sb2Oa volatilizes resulting in an enormous weight loss. X-ray studies of the sublimate 
and the residue indicate the former to be the cubic form of Sb203 (Senarmontite) while 
the residue is the orthorhombic (Valentinite) structure. 

From the DTA curves in air, N2 and At, the transition temperature for the cubic 
to the orthorhombic modification has been estimated to be around 610 ~ 

A survey o f  the  current  l i terature  reveals  tha t  studies on the phys ico-chemica l  
proper t ies  o f  the oxides o f  an t imony  are  scanty.  R e m y  [1 ] has given a br ie f  account  
o f  some o f  the physical  proper t ies  and  chemical  reac t ions  o f  the oxides SbzO3, 
Sb204 and Sb20 5. Sb2Oa exists in two crys ta l lographic  modif ica t ions ,  namely ,  
senarmont i te  (cubic) and  valent ini te  (o r thorhombic) .  The cubic fo rm t rans forms  
into  the rhombic  form at t empera tures  above  570 ~ and  the heat  o f  th is  t rans i t ion  
is 3.24 kcals /mole.  Recent ly  Whi te  et al. [2] have fol lowed this t rans i t ion  by  high 
pressure- tempera ture  techniques and  found  the t rans i t ion  t empera tu re  to  be 
at  610 ~ . 

On heat ing in air, Sb203 becomes oxidized to SbzO4, the  crystal  s t ructure o f  
which has been de termined by  Skapski  et al. [3]. 

So far  no r epor t  has yet been made  o f  the the rmograv imet r ic  (TG)  and  differ- 
ent ial  thermal  analysis  (DTA)  o f  Sb203 and  the re la ted  oxides o f  Sb. In  the  pres-  
ent  paper ,  the  results  ob ta ined  f rom the T G  and  D T A  of  cubic Sb,,O3 in air,  
n i t rogen  and  a rgon  are discussed. 
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Experimental 
Thermal analyses 

The T G  and DTA curves of  Sb203, in different atmospheres, were recorded 
on a Mettler thermal analyser maintaining the following instrumental factors in 
all the experiments: 

T G  range - 1 mg full scale sensitivity, D T A  range - 50 #V, Heating rate - 
8~ Gas flow rate - 100 ml.min -1, Mass of  the sample - ,~ 10 mg. 

X-ray studies 

The products, obtained after the thermal analyser runs as well as those obtained 
by the isothermal heating of Sb203in air and N2 at various predetermined temper- 
atures (from T G  curves), were characterized by X-ray powder diffraction method 
on a Philips instrument (PW 1050) using C u - K ,  radiation. 

Preparation of the samples 

Sb303 used in this study was of 99.999 ~ purity as supplied by M/S. Schuchardt 
and Co., Germany. The sample was a white crystalline solid and gave sharp peaks 
in the X-ray diffraction patterns. 

For  the isothermal studies a known mass of  the sample (Sb2Oa) was heated in 
a tubular furnace at the desired temperature for about  12 hours and thereafter 
cooled in the furnace. The products were later characterized by the X-ray method. 

Results 
The "hal analysis in air 

The T G  and D T A  curves of Sb20~ in air are shown in Fig. 1. Sb203 is stable 
in air up to 510 ~ above which temperature it starts absorbing oxygen. Between 
510 ~ and 600 ~ a net weight gain of  4.5 ~o is observed and there is no further change 
in the mass of  the sample up to 630 ~ A subsequent weight gain of  g 1 ~ occurs 
in the temperature range 630 ~ to 670 ~ Above this temperature and up to 1000 ~ 
(the maximum temperature in this study) the mass of  the sample remains con- 
stant. 

The corresponding D T A  curve shows two endothermic peaks, the one at 570 ~ 
is very strong whilst the high temperature peak is fairly weak. 

The final product of  this oxidation process was Sb204 as revealed by its X-ray 
pattern. 

Thermal analyses in N2 and Ar 

The thermal characteristics (TG and DTA) of Sb203 in N2 and Ar are more or 
less the same as indicated in Figs 2 and 3. 
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The T G  curve shows that  it is stable under  these inert  atmospheres up to 430 ~ 
above which a slow, and  cont inuous,  weight loss occurs. At  550 ~ however, an 
enormous  weight loss is observed. The weight of the sample remains  constant  in 
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Fig. I. TG and DTA curves for Sb~O3 in Air 

Table 1 

Atmosphere 

Air 
Air 

Air 
N~ 
N2 

N~ 

Temp. ~ 

400 
600 

800 
400 
550 

700 

Time hr X-ray analysis 

12 Sb203 (cubic) 
12 SbzO,~ (rhombic) 

Sb20~ 
12 Sb20 a 
12 Sb20~ (cubic) 
12 Sb20.~, cubic (subli- 

mate) 
Sb203, rhombic 

(residue) 
12 --do-- 

J. Thermal Anal. 7, 1975 



638 AGRAWAL et al.: STUDIES ON ANTIMONY OXIDES, I. 

~ 0 

2C 

4 C -  

6 0 -  
o 

.-~ 8 0 -  

.100 

..... TG 
f I , I ,  I 

200 400 600 800 
Temperalurej ~ 

Fig. 2. T G  a n d  D T A  curves  for  SbzOa in N i t rogen  

~ooo 

w 

i 
J 

,M 

20 

40 

60 
..q 

.~ 80 

100 

_ ~ Argon 

k~_ .. TG 

J I J J 
200 400 600 800 1000 

Temperclture) ~ 

Fig.  3. T G  a n d  D T A  curves  for  Sb~Oa in A r g o n  

jr  Thermal Anal, 7, 1975 



AGRAW AL et al.: STUDIES ON ANTIMONY OXIDES, I. 639 

the range 600 ~ to 630 ~ and again above 630 ~ and up to 900 ~ a slow and continuous 
weight loss is observed. 

The corresponding DTA curves in Nz and Ar do not show any peaks. As a matter 
of  fact, the base line is shifted continuously in the endothermic direction. 

Isothermal studies in air and N 2 

The results of the isothermal heating of SbzO3 at various known temperatures 
(for 12 hours in each case) in air and N2 are listed in Table 1. 

The products obtained on heating Sb203 in air at 400 ~ 600 ~ and 800 ~ have been 
identified by X-ray diffraction as Sb2Oa (cubic), Sb20~ + Sb~O3 (rhombic), and 
Sb20~ respectively. 

In N2, samples of Sb203 were heated for 12 hours at 400 ~ 550 ~ and 700 ~ Samples 
heated at 400 ~ do not undergo any change and the X-ray data confirm the com- 
pound to be cubic Sb2Oa. At 550 ~ and 700 ~ partial volatilization of Sb2Oa takes 
place and it is interesting to find that the sublimate collected at the cooler parts 
of the sample tube corresponds to cubic Sb203 while the residue left behind cor- 
responds to the rhombic form. 

Discussion 

The above results indicate that cubic Sb2Oa becomes oxidized to SbaO 4 in air 
at temperatures above 510 ~ . This reaction seems to proceed in two stages. In the 
temperature range 510 ~ to 600 ~ a weight gain of 4.5% is observed (TG) and the 
corresponding peak in DTA is quite strong. However the reaction, 

2Sb203 + 02 ~ 2Sb204 

should in theory produce a weight gain 5.49 %. This suggests that the oxidation 
of Sb20 3 is incomplete, perhaps due to the fact that, as pointed out by Remy [1], 
at temperatures above 570 ~ the cubic form of Sb203 transforms itself to a stable 
orthorhombic form. Therefore, only a part of the sample becomes transformed 
into this stable Sb203 form while the remaining is oxidized to Sb204. The second 
weight gain step can thus be attributed to the oxidation of the rhombic Sb203 
to Sb20 4 at a higher temperature. A further evidence to this conclusion comes 
from the fact that in the isothermal studies of SbzO3 in air, it was observed that 
samples heated at an intermediate temperature (600 ~ consisted of both Sb204 
and SbzO3 (rhombic) and the final product is Sb204 only. 

The rhombic form of SbzOa appears to be the stabler phase among the two modi- 
fications in Nz and Ar atmospheres also. This conclusion comes out from the fact 
that on heating in Nz or Ar, the cubic form volatilizes at 550 ~ while the rhombic 
form remains stable up to 630 ~ Here also the partial volatilization of Sb2Oz 
occurs due to the simultaneous transformation to the orthorhombic form at 
around 600 ~ . 
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From the above discussion, therefore, it appears that the transition from the 
cubic senarmontite to the orthorhombic valentinite occurs at 600 ___ 10 ~ This is 
in good agreement with the results of White et  al. [2]. 

Conclusions 

The results of the present study on Sb203 lead us to the following conclusions: 
(i) Sb203 is stable in air up to 510 ~ beyond which it oxidizes to Sb2Oa. This 

transformation is irreversible. 
(ii) The cubic form of Sb203 undergoes a structural transformation to a rhom- 

bic variety at 600 + 10 ~ 
(iii) In oxidizing as well as inert atmosphere the rhombic form is stabler than 

the cubic one. 

We should like to express our  grateful thanks to D. M. Chakarvart i  and  Dr. S. Sampath 
of B. A. R. C. for the thermal analyser experiments. The award of a SRF to Y K A  by the 
CSIR and  a JRF  to ALS by the IIT (Bombay) is gratefully acknowledged. 
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R~SUM~ -- On a 6tudi~ l 'oxyde d 'ant imoine  trivalent (Sb203) par  TG, ATD et diffraction des 
rayons X, dans / ' a i r ,  l 'azote et l 'argon. 

Dans  Fair, l 'oxydation de Sb203 en Sb2Oa se produi t  au-dessus de 510 ~ La r6action 
d 'oxydation se d6roule en deux 6tapes, comme le mont ren t  les courbes T G  et ATD. 

Le comportement  de SbaOa est similaire dans l 'azote et l 'argon. Sb203 reste stable jusqu'~ 
430~ au-dessus de cette temp6rature, il se produit  cependant tree perte de poids lente et 
continue, jusqu'~t 550 ~ Au-del~t, Sb~O 3 se volatilise, ce qui entraine une perte de poids 
consid6rable. L'6tude par  rayons X indique que la part ie sublim6e consiste en la forme cubique 
de Sb2Oa (S6narmontite) et que le r6sidu poss~de une structure or thorhombique  (Valentinite). 

On a estim6 A 610 ~ environ la temp6rature de la transit ion cubique-orthorhombique,  
d 'apr6s les courbes ATD obtenues dans l 'air, l 'azote et l 'argon. 

ZUSAMMENFASSUNG - -  Untersuchungen zur Thermogravimetr ie  (TG), Differential-Thermo- 
analyse (DTA), sowie R6ntgendiffraktion von Antimon(III)-oxid (Sb203) wurden in Luft, 
Stickstoff- und Argon-Atmosphere  durchgeftihrt.  

In Gegenwart  von Luft wird Sb~O 3 oberhalb 510 ~ zu Sb204 oxidiert. Die Oxidationsreaktion 
vollzieht sich in zwei Stufen, wie aus den T G -  und D T A - K u r v e n  hervorgeht.  
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Das  Verhal ten von Sb203 ist ~hnlich in N2 und  Ar. Bis zu 430 ~ bleibt es unver/indert,  bei 
h6heren Tempera tu ren  macht  sich bis 550 ~ ein langsamer,  kontinuierl icher Gewichtsverlust  
bemerkbar .  ~ b e r  550 ~ verfltichtigt sich Sb203 was in einem tiberaus groBen Gewichtsverlust  
deutlich wird. Die Rt in tgenuntersuchungen des Sublimats  und  des Rtickstandes zeigen, dab 
Ersteres der kubischen F o r m  von Sb203 (Sena rmon t i t ) und  Letzterer der rhombischen  F o r m  
(Valentinit) entspricht.  

Aus  den in Luft,  N2 und Ar erhal tenen D T A - K u r v e n  wurde  die Obergangs tempera tu r  yon 
der kubischen in die o r tho rhombische  Modifikation bei etwa 610 ~ geschfitzt. 

Pe3~,c~Me - -  C nOMOUIblo TepMorpaB/elMeTpriqecKoro (TG),  ~l, ldp~epeHIIrlay[buoro TepMrl~lecroro 
ana~ri3a ( D T A )  ri ~rr~pai~tti, irt peHTreUoBbIX nyqefi npoBe~eno ri3y,~eHrie TpexoKrlCrI cypbMbl Ha 
Bo3~yxe ,B aTMOCqbepe a3oTa rt aproHa. H a  BO3~Iyxe Sb20 a rlprI TeMrlepaType BbIII/e 510 ~ OI~HC- 
a~teTca ~Io Sb~O 4. KpnabIe T G  rI D T A  noKa3bIBalOT, tlTO peaKtmz OKHC.rteHH~ npoTeraer  B ~IBe 
CTa~HH. B aTMoc~epe a3oTa H aproHa noBe~ieHrie TpexoKHCH cypbMbI O~IHHaKOBO. ,~O TeMnepa- 
TypbI 430 ~ SbzO 3 ocTaeTca 6e3 rIBMeneHnfi. B rInTepBane TeMnepaTyp 430o--550 ~ nporICXO~HT 
Me~IneHnoe H nenpepbiBnoe yMeHbmenHe Beca. Bi, iine 550 ~ TpeXOKrlCb cypbMbl Bo3roHfleTC~, 
�9 ITO FIpiIBO,RHT K 3HaqHTeYibHOfi norepe  Beca. PeHTrenocTpyKTypHbIe nCCne~IOBaHri~t cy6nviMaTa 
ri ocTaTra noKa3anrt, "ITO nepab1~ npe~IcTaB~neT co6o~ Ky6rt~IecKyro qbopMy SbzO a (ceHapMaH- 
TrIT), B TO BpeMrI KaK OCTaTOK o6aanae r  pOM6rI~leCKO~ cTpyKTypo~ (Ba.qeHTrIrIrlT). I43 KpvIBblX 
D T A ,  rtonyqenHbIX Ha aO3jIyxe, B aTMoc~epe aBoTa n aproHa, 6bino yCTaHOBJIeHO, HTO TeMne- 
paTypa nepexo~a ry6HaeCKO~ ~OpMbl B OpTOpOM6a~ecry~o HaXO~HTC~ OKOnO 610 ~ 
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