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High Temperature Behaviour of Strontium Uranates
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High temperature behaviour of strontium uranates has been studied by means of X-ray
owder diffractometry, thermogravimetry, differential thermal analysis, dilatometry and high

temperature X-ray diffractometry. Six compounds of strontium uranates, viz. Sr.UO" Sr.UO.,
SrsUzOe,SrUO., Sr.USOll and SrU.012'60 have been identified in the temperature ran~e of 1273
1673 K in air. The thermogravimetric analysis of these compounds carried out in the temperature
range up to 1623 K shows that the decomposition temperature of strontium uranates decreases with
decrease in strontium content. The results of DTA in the temperature ran~e up to 1573 I'. show
that in case of Sr3UO, there is a reversible transition which is attributed to SraUO, (m6noclinic)
~Sr3U05 (orthorhombic) and in the case of SrU4012'80 there is decomposition of the parent com
pound to Sr.U3011 and U30s-Y' The results of thermal expansion studies carried out in the tem
perature range up to 1273 K show that the average linear and volume thermal expansion coeffi
cients of the compounds Sr.UO" Sr.UO., Sr3U.O. and SrU04 are nearly the same (al :::::10-13
x 10-'K-l and (1.v :::::29-33x 10-6K-l). However, the thermal expansion coefficient of Sr.U.Oll shows
an increase «(1.1 = 17·4 x 10-'K-l and (1.v = 47·2 x 10-'K-l) and for the compound SrU4012•80 it shows
a sudden decrease «(1.1 =3'5xl0-'K-l and (1.v =13·7xl0-'K-l).

T E binary strontium oxide-uranit'm oxidesystem is quite complex in which no less
than six compounds are formed1•2. The

stron ium uranates known in the literature are
SraU 8' Sr2U05• SraU20g, SrUO" Sr2UaOll and
SrU,

W 'le many investigators have reported the
prep ation and characterization of strontium
uran esl-7, very little is known about their thermal
beha iour at high temperatures. Studies in the
binar strontium oxide-uranium oxide system in
air re, therefore. undertaken. For this purpose,
differ nt strontium uranates, were prepared and
char terized by chemical and physical methods
and heir high temperature behaviour was studied
by eans of X-ray powder diffractometry, thermo
gravi etry, differential thermal analysis, dilato
metr and high temperature X-ray diffractometry.
The esults of these studies are reported here.

Mat rials and Methods

Th strontium uranates were prepared USIng
stron ium nitrate (E. Merck, GR) and nuclear pure
UaOs

A ropriate quantities of the carefully ground
mixt res of Sr(NOa)2 and UaOs to give the desired
mole % of S"O and UOs we-e heated at diffeient
temp ratures in the range 1273-1673 K for a period
of 2 hr in air. The samples were air-quenched
after the desired period of heating and ground to
-20 mesh. This process was repeated if required.

P 'lips wide angle diffractometer with filtered
CuK radiation (34 kV, 18 mA) was used for the
iden ification of phases. A scanning speed of 1/20
26fm'n was used.

F the determination of cell parameters, a slower
scan ing speed of 1(40 26fmin was used. The
accu ate values of cell parameters were obtained
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using the computer programme for least square
refinement method.

The composition of the compounds was deter
mined by chemical analysis. Strontium was deter
mined gravimetricallyS as SrSO, while total ura
niu.m, and oxygen to uranium ratio were determined
volumetrically9.1o.

Stanton (model HT) automatic recording thermo
balance of 1 mg sensitivity and range up to 1623 K
was t:sed for the thermo gravimetric analysis. The
TG curves were recorded with abed 1 g of each
sample at a ccnstant heating rate of 10 K,Iminute.

Differential thermal analysis was carried out in
the temperature range t-P to 1573 K, the maximum
temperature attainable with the present DTA
equipmentll, DTA curves were recorded Esing
abot:t 500 mg of the sample with a recorder span of
0·5 m'\!. A c:mstant linear heating rate of 10 K(
min was used. Calcined alumina was used as a
reference material.

Thermal expansion measurements were carried
out employing dilatometric and. high temperature
X-ray diffractometric techniques12 in the tempera
ture range up to 1273 K. Type LKB 3185 dilato
meter with a c:mstant heating rate of 4 Kfmin was
used for dilatometric studies. Samples in the
form of pellets (lOx 12·5 mm) were used. The
pellets were sintered in air for 24 hr at 1273 K.
For high temper'3.ture X-ray diffractometric studies.
MRC model X-86-N3 high temperature X-ray
diffractometer attachment mounted on a Philips
wide angle goniometer was used. The high tem
perature X-ray powder diffraction patterns were
recorded at different temperatures in the range
of 298-1273 K in air using CuK", radiation (34 kV,
18 mA). Temperature control was maintained
by the MRC X-8600-5000-2 proportional tempera
ture controller.
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Fii' 1 - Schematic representation of the phase analysis
in the system SrO-UO. in air

Sr.VOli, SraVaOg, SrVO, and SraUsOn. However,
in the case of SraVOs and SrV,Ol2'so DTA peaks
were observed (Fig. 2).

The compound SrsVOs showed an endothermic
peak with a peak width from 1473 to 1503 K during
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Res,ults and Discussion

The various phases identified in the system
SrO-VOs in the temperature range of 1273-1673 K
and the composition range of 25 to 80 at

(uranium )% . + t t' are schematically shownuramum s ron mm
in Fig. 1.

The same six compounds of strontium uranates,
viz. SraUO., SrrTTOli' SraUaOg, SrUOc, SraUaOn
and SrUC012'80 as reported earlier1•a were obtained
in this temperatu.re range in air. The schem:ltic
phase diagram (Fig. 1) is in good agreement with
that given by B:risi et al.a.

The results of the cell parameter determinations
as well as the chemical analysis of the strontium
uranates are summarized in Table 1.

In TGA no weight loss is observed for the com
pounds SraVO., Sr2VOli and SrSV209 in the entire
temperature range studied, i.e. 298-1623 K in air.
However, for the compounds SrVO" Sr2VaOll and
Sr,012'SO the temperature for inception of weight
loss due to decomposition decreased with decreasing
strontia content and was about 1593 K, 1533 K and.
1433 K respectively. The weight losses observed
for the compounds SrVO" Sr2VS0l1 and SrV,012'SO
are attributed to the loss of oxygen accompanied
by decomposition of these compounds to SrV04_x,
Sr2VaOll_x and SraVsOn-x+VaOx-:v respectively as
confirmed from X-ray and chemical analysis (Fig. 1
and Table I),

The results of the differential thermal analysis
of strontium uranates studied up to 1573 K in air
showed the absence of DT A peaks for the compounds

TABLE 1 - STRONTIUMTO URANIUM RATIOS, OXYGEN TO URANIUM RATIOS, DESIGNATEDCOMPOSITIONSAND T.\IE CELL
PARAMETERSOF STRONTIUMURANATESHEATED FOR 24 HR IN AIR IN THE TEMPERATURERANGE OF 1273-1673 K

Heated

Sr/UO/UDesignatedCrystal Cell parameters and anglesZ
at (K)

(obs)(obs)compositionsymmetry
a 0

boCo
a,0[30yO) (nm) (nm)(nm)

Sr.U061273
3·00±0·013·00±0·013SrO: UO.Monoclinic0·59640·62010·85••.8-90·32-2

1673
3·00±0·013·00±0·013SrO: UO.do0,59640·61790,8558-90·19-2

Sr.UOs1273
2·00±0·013·00±0·012SrO: UO.Monoclinic0·81110,56531·1929-108·63-4

1673
2'00±0'013'00±0'012SrO: U03do0·81090·56571·1920-108·95-4

Sr.U.O.1473
1-50±0·013·00±0·O11·50 SrO: UO. Orthorhom-1-10520·79510,8003---6

bic 1603
1'50±0'013·00±O·O11·50 SrO: UO.do1-10630·79430,7990---6

SrUO,1273
1·00±0·013·00±0·01SrO: UO.Orthorhom-0·54780·79610·8117---4

bic 1673
1·00±0·012·61±0·05SrO: UO"11Rhombo-0,65400,65400,654035·8535-8535·85

hedral Sr.U.Oll1273
0'67±0'012-99±0,02'67 SrO,:UO., ••Triclinic0,64890,65300'648735-4136·0835·••.••.

pseudorhom- bohedral1673
0·67±0·012·84±0·03,67 SrO:UO., ••do0,64840'65030·648235,6435-8935-65

SrU4018'81273
0'25±0'012·95±0·02·25 SrO :UO".6 Monoclinic0,67300·41920·4070-90·09-2

pseudoortho- rhombic
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heating with AH of 519·1 Joules/mole and an exo
thermi peak with a peak width from 1368 to 1333 K
during ooling with !1H of 374·4 Joules/mole. The
transit" n temperatures during heating and cocling
were r spectively 1493 K and 1358 K. The diffe
rence i !1H observed during heating and cooling
runs c uld be due to the reverse reaction being
sluggis during cooling resulting in loss in the
observ d !i.H. Also the base line does not remain
flat a hence tapers off. Hence, the peak area
could e in error. These peaks are attributed to
the re ersible crystallographic transition of

Sr3 106 (monoclinic)~Sr3U06 (orthorhombic)

as fou d from the high temperature X-ray diffrac
tion s udies13.

The compound S"U401~'80showed only an endo
thermi peak with a peak width from 1423 to 1463 K
during heating with AH of 548,4 Joules/mole, the
decom osition temperature being 1443 K. No
exoth m was obtained on cooling. The endothermic
peak .s attributed to the disproportionation of
:3r40128ointotwophasesSrsUsOlland UsOs-v (Fig. 1).

(3) SraU209:
% expansion=7·53 X 1O-4(T -298)+6·82X 10-7

(T -298)2-3·76x 1C-10(T -298)a ... (3)
(4) SrU04:
% expansion=7·45 X lC-4(T-298)+5'96x 10-7

(T -298)2-3'18 X 1O-10(T -298)S ." (4)
~S) Sr2UaOn:
% expansion=9·92 X 1O-4(T -298)+2,97 X 10-7

(T - 298)2-1-5·52 X lO-l°(T - 298)a ... (5)
(6) S=-1..'4012'80:
% expansion= 1·04x 10-4(T -298)+6·46x 10-7

(T -298)2-4·07 X lO-lO(T -298)3 ... (6)

where T is the temperature in K.
The results obtained with the high temperature

X-ray diffractometric studies for the variation of
the cell parameters and unit cell volume per molecule
of the strontium uranates STaUOs,SrIUOS, Sr3UIO"
SrU04, SrsUaOn and SrU4012'SOas a function of
temperature in the range 298-1273 K in air are
shown in Figs. 4(i) to (vi) and S(i) to (vi) respectively.

The cell parameters of all the strontium uranates
except SrU4012"SOshowed a nearly linear increase

The results of dilatometric studies showed that

the per cent linear thermal expansion of all the
strontium uranates increased almost linearly with
increase in temperature in range 298-1223 K
(Fig. 3).

The variation of per cent linear thermal expan
sion with temperature in this range could be 
expressed by the following least square fitted
equations:

(1) Sr3U06:
% expansion= 11·40 X IG-4(T -298)+6·12 X 10-7

(T - 2YS)2_S'37 X 1O-10(T -29S)3 ... (1)

(2) Sr2U05:

% expansion= 9·64 X 1O-4(T - 298)+ 1·97 xl 0-7
(T -298)2-4'21 X lO-l1(T -298)3 ... (2)
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Fig. 6 - Variation of average linear (I, temp.
range 298-1223K) and volume thermal
(II, temp. range 298-1273K) expansion co
efficient of strontium uranates versus com-

. position

TABLE 2 - COEFFICIENTS OF AVERAGE LINEAR THERMAL

EXPANSION (OCl) OBTAINED FROM DILATOMETRIC STUDIES
AND THE COEFFICIENTS OF AVERAGE VOLUME THERMAL

EXPANSION (<1.v) OBTAINED FROM HIGH TEMPERATURE X-RAY
DIl'FRACTOMETRIC STUDIES FOR THE STRONTIUM URANATES

SI Compound CrystalOCl
ocv

No.
symmetryx 10· K-lX 10' K-l

(298-1223 K) (298-1273 K)
1

Sr3UO. Monoclinic 12·529·4
2

Sr.UO. do11·133·9
3

Sr.U.O. Orthorhombic10'631·7
4

SrUO. do10·333·0
5

Sr.U3011 Triclinic pseudo-17'447·2
rhombohedral 6

SrU.Ou·l•Monoclinic pseudo-3·513·7
orthorhombic

in 'a', 'b' and 'c' axis with increase in temperature
[Figs. 4(i) to (vi)]. However, for the compound
SrU.OU'80 the a axis increased with increase in
temperature whereas the b axis decreased very
gradually and the c axis increased very negligibly
and then tended to decrease [Fig. 4(vi)].

The unit cell volume per molecule of all the stron
tium uranates except SrU.012'80 increased normally
and almost linearly with increase in temperature
(Fig. 5(i) to (v)]. For the compound SrU.012'IO'
however, the unit cell' volume increased very
gradually. The gradual increase in unit cell volume
of SrU.Ou'lo as compared to other strontium
uranates is attributed to the peculiar variation of
a, band c axis as shown in Fig. 4(vi).

The values of the coefficients of average linear
and volume thermal expansion are given in
Table 2 and plotted in Fig. 6 as a function of
composition (mole % UOa).

As can be seen from Table 2 and Fig. 6 the co
efficients of average linear as well as volume

thermal expansion for the strontium uranates
SraUO•. Sr2U05, SraU20, and SrUO. are very
nearly the same [IX1:::::10-13X 10-1 K-l and «v~29~
33 X 10-· K-IJ. However, for the compound Sr2Ua0l1
both these coefficients show an increase (1t1=17'4
X 10-6 K-l and «.=47·2 X 10-1 K-l) and for the
compound SrU.012'80 the coefficients of expansion
show a sudden decrease (<<1=3·5x10·1 K-l and
«.=13·7x lO··K-l). Thus amongst all the strontium
uranates, the thermal expansion coefficient of
Sr2UaOll is maximum and that of SrU••.012'ao is
minimum (Fig. 6).

Acknowledgement

The authors wish to thank Dr V. V. Deshpande
for helpful discussions in thermal analysis work,

References

1. COJtDFUNKE,'E. H.' P. & LOOPSTRA, B. 0., ]. inorg. nucl.
Chem., 29 (1967), 51.

2. BRISI, C., MONTORSI, M. & ACQUARONE, B. G., Rev. Int.
Heutes Temper et Refract., 8 (1971), 37.

3. JpPOLITOVA, E. A., SOMANOV, I. P., KOVBA, L. M.,
POLUNINA, G. P. & BERZNIKOVA, 1. A., Radiokhimiya,
1 (1959), 660.

4. RIETVELD, H. M., Acta Orystallogr., 20 (1966), 508.
5. SAWYER, J. 0., ]. inorg. nucl. Chem., 25 (1963), 899.
6. ZACHARIASEN, W. H., Acta Crystallogr., 1 (1948), 281.
7. SAWYER, J. 0., J. inorg. nucl. Chem., 34 (1972), 3268.
8. SCOTT, W. W., Standard methods of chemical analysis

(D. Van Nostrand Co., Princeton, New York), 1939.
9. RODDEN, C. J., Analytical chemistry of the ]}Ianhattan

project (McGraw-Hill, New York), 1950.
10. DHARWADKAR, S. R. & CHANDRASEKHARAIAH, M. S.,

Analyt. chim. Acta, 45 (1969), 545.
11. KARKHANAVALA, M. D., DESHPANDE, V. V. & DAROO

WALA, S. H., J. scient. Instr. (J. of Phy. E.), 1 (1968).
1025.

12. MOMIN, A. C., MATHEWS, M. D. & KARKHANAVALA, M. D.,.
Indian]. Chem., 9 (1971), 582.

13. MOMIN, A. c., MATHEWS, M. D. & KARKHANAVALA, M. D.
(unpublished work).

197




