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ABslRAcr 

Thermogravimetry, differential thermal analysis and differential thermo- 
gravimetxy have been used to study the decomposition of hydrated selenatcs of 
heavier rare+~& and yttrium Based on the results obtained, mechanisms of 
dehydration-dekomposition have been proposed_ Dehydration temperatures of the 
hydrated selenates show a gradual decrease with order of rareearth elements. 

INTRODUCTION 

Several investigations have been carried out on the thermal behaviourof 
e sulphate hydrates rW3 _ In contrast the selenates of rare-earth elements haven 
received relatively little attention. Only recently few reports have been published on 
the thermal dehydration-decomposition of rare-earth selenate hydrates. -Giolito 
and Giesbrecht4 have reported the thermal decomposition of rarc+n& sclenatcs 
using TG da&-Almost simultaneously Belik and Serebrennikovs studied the thermal 
stability of some co&on hydrates of rare-earth selenates.‘ These investigation& on 
selenates have been prima&v concerned with steps of decomposition and with 
their conversion into oxides, rather than with the steps of dehydration_ The p-keseni 

comtication, which is a part of a comprehensive study- of selenates, deals with 
the dehydration-decomposition of cryst.aIlohydrates of heavier rare+zarth selenates 
including yttrium. -_ 

ExPERxMEKrrAL 
-. _ 

The rare-earth selenau% in the- present investigation were syntheSised by 
treating the respective rare-car& hydroxides with sclenic acid, An excess of hydroxide 
was always r&nta&d in solutions The solution was lWerec& followed by crys@lisa- 
tion in vacuum over B,OJ_ All -the synthesised selenates were chemically analyscd 
on metal and sclenatc- The metal contents were determined by complexometric 
back &&ions_ .selenate Was e&i&ted‘aftet eiuting the aqueous sahklution through 



a cation exchanger Dowex SO X 8, foIIowed by simple acid-base titration of the 
efIIueut eIectroIyte_ 

The lower hydrates, anhydrides and intermediate products isoiated by static 

thermaI decomposition were also chemically analysed. These products being sparingly 
solubk, a little diIute hydrochIoric acid was used to prepare their solutions. These 
were analysed on metal components compIexomet.ricaIIy as above. However, the 
seknate contents were determined gravimetricaUy by precipitatiug them as barium 

SeIenate from the soIutions. Table 1 summarises the results of the chemicaI anaIj& 
of synthesised selenate hydrates, isothermally isolated lower hydrate, anhydrides 
and intermediate products_ This table aIso inciudes the percentage of water obtained 
during thermal analysis- The course of decomposition of selenates was investigated 
by thermogravimetric (TG), differential thermal analysis (DTA) and difkential 
thermogravimetry (DTG) as described previousIy6_ 

TABLE 1 

ANALJTXAL AND THERMOANALYTICAL RESUJXS 
%L=IKbtanalysc& 

cbrnpad 

SckmrIc (%) 

Grzc_ Anaz. 

Water (%) 

Gzzc. Anaz. 

7-w=u3-8H20 35-69 35.55 48.14 48.11 16.16 16.2C 
-mlmah 42% 42.49 57.43 57.35 - - 
=J2oaseo3 66.66 66.69 . - - 

Dy&ieu&-8HzO 36-19 36.23 166 47-70 16-03 1638 
rn¶Wa.b : 43.11 4297 56.89 56.94 - - 
.~ZWWM 67-15 61.07 nae - -. 

Ho#eO&-SH,O 3654 36.46 47-50 47_31 1596 15-72 
=2W& 43-M 4351 56-52 S6.S9 - - 
HMW=O~~ 67&8 67&m - _- 

Er~(scO4)3-8H*O 36-86 36-63 . zi6 47-74 15-86 15.03 
EI,(seol), ~- 43-76 43Aa S6-18 5539 - : 
~aW~3~ 67-79 67-79 

7 

TJIM.SCW~-~HZ~ 37.09 37.07 z&3~ 15.81~ 

- 

46.92 15.26 
-Tmt(seo33 - 44.06 44.18 -5593 55.89 _- - --:- . . 

Tm202GeO31 68.00 6SJO - - 

Yb2ckO4k8HtO ,37.66 37.73 zi6 46.51 14.66 14.86 
ybt(sco33 44.66 44.72 55-34 55-42 - - 
~OZt=Od 6852 6858 - 

Lu&kO&- IZHtO 35.18 35.01 Zl 4292 21-72 ii-09 
~zmO& 4493 44.97 55.06 5435 - _- 

~JMseosI 68_71 
68m 

YzW=O&i 8 Hz0 23&s 23.68 & 
- -. 

57.44 19-19 2035 
Yzt=O&-7HzO 2431- 7x64 58-60 5895 17-19 16Al= 
y,(scol); “29.36 .3o.2o 70.78 70.25 L - 
YzGif~sl .--x82 !a17 na. - - - 

_ . . 

:‘.~of~t&~by&g$- .’ . . 



REsuc~ANDDIscussI0N 

simllltaneons TG, DTA and DTG curves were obtained for the selenate 

hydrates of Tb, Dy, Ho, Er, Tm, Yb, Lu and Y. The general trend of thermoanalyt- 
ical curves of Tb-Lu selenates is &IoseIy similar to each other, except for Ho and Lu, 

. 
where very unstable in- hyck&q are noticeable- Y2(SeO&-8H20 exhibits 

a definite intermediate hydrate. figs. l-5 represent the therm~anaiytical curves for 

Dy,(SeOJ,-8Hi0, Ho,(SeOJ,*SH,O, Er2(SeO&-SH,O, Lu,(SeO&.lZH,O 
and Yz (SeO& - 8 H,O, respectively_ 

It is evident from the thermoanalytical curves obtained that the rareearth 
selenate hydrates iose their stability between 100420°C. Hohnium and ythium 
are the except&ml cases, where the stability is lost just above the room tempezatu~ 

Further rise in temperature brings about the one step dehydration of Tb, Dy and 

Er-Yb selenate hydrates. Thus, no intermediate hydrate is identifkd as in the case 

Fig. 1. Simultaneous TG-DTA-DTG of Dy#cO&-8 HzO. 

Hoo2(Sr03j.8H20 

Tt 
113.2 mg 
I0.C mid’ 

Fig. 2 SimuItaneons TG-DTA-DTG of Ho&5cO~,~ 8 H20. 
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Fii 3. simuIm TG-DTA-DTG of Er#eO~t’8H~O_ 

-p’G -_ ~____-__-__--__--__~ 
\ - ; ; -. ._ ,r-----,---N---- 
. . - c* 
7 I ‘OP 

. , 
25loD- A 

I I I I 1 I s 
500 700 so0 

Fis 4. Simultarvom TG-DTA-DTG of L&eO&- 12Hz0. 

c__ __________ --__ 
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of rafeearth sulphates3. Thermogravimetric curves of Ho and Lu selenates, however, 
. showtheexistenceofa veryunstablei hydrate a~ seen from the breaks 

On slope of tbg airve~. The break at 180 and 110”C‘co~nds t0 the Ioss of <ix 
moles ax&to two moles of water in holmhun and &&ium m respectively, 

Yttrium seknate o&ah&ate shows a notable deviation from the general trend 
of ,dehy’dr&on.’ It l&s -en kolqmks of yater in a single step at 7O”C, forming 
a mOnohydra% indicating that the remammg moIfxule of water is bonded in a 
different way- The last qoIexxIe is lost at 190°C. 

In general the temperature at w&ich the reaction 

M2(S&&--nHzO_-+ M#eO&zH~O 

becorn&, noticeable ran* from 190 to 285°C. The trend appears -to be that this 

temperature deceases gradually in order of k&earth elem+s, indicating the ease 
of deaquation with d ecreasing ionic radii of the metal ion. Figure 6 exhibits a regular 
decrease in TG temperature in the-brder of increasing atomic nim&er, which is k 
accordancewith lanthanider~ntraction,-Endothermicactivities associatedwiththe 

above dehydrations are detected in DTA curves of temperahxcs ranging between 
160 and 190°C 

l 

210 - 
. 

_. . - The~cohse of dehydration of selenate hydrates z&determined by DTA and TG 
is suxkm&i& in Tab& 2, .in .which ‘the. secorid columk r&o& the’ temperahue of 
maxima in DTA curves a&~& foxirth, the tkpekature of wei@ level in TG cnrves, 

The -ho&o&& of. the- anhydrides per&s’ oirer s Ion& rang& of tempekatiu& 
exhiiiting:!&eir~ appreciable thermal stability.: The temperatures ‘srt’ which the 

M,(SkO.+), $ag&bkcom~~ suxeptible,’ range ~betwekri 600 to _83@C_‘- However, 
the5etem perat&& db not have kny regularity- & might _be expected_ Further eleva- 

tion in tempektore reduces the anhy+ide to selenite and subsequently to ozqselenite 
&bsnb~tionof&&m.&o~&._.’ 1._ T -..-. . : -_ -. 
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TABLE 2 

DEHYDRATiON OF HYDRATEI) SENATES 

Tunp- on 
TG curcurs 

Cc) 

*(sO4),-8H~o 
~zc=M3-8HzO 
HoASeO&- 8 Hz0 

Erzt=m3-8H20 
TmdSeW3- 8 H2O 
~eOik8H~O 
Ln#eO~~- 12H,O 

y2(~‘,3*8HZo 

190 Iargc endotherm 285 Ioss of 81 r20 
I90 -Peado- 270 lassof8~ :zo 
170 medinmal&tham 180 Iossof61 120 
210 small al&therm 265 loss of 21 :20 
180 mahm endothaxri 250 loss of 81 :zo 
I80 Iargealdotham 2Ao loss of 81 :x0 
165 w-- 225 Ioss of 81 :to 
10s smaneodothum 110 Iossof2~ :io 
160 medium endotherm 215 lo33 of IO KzO 

55 Snan~cndothkrui 70 ~IossOf71 $0 
170 --- 190 1oss0f1l !20 

__ 

The decomposition of the &hydride to oxyseienite in the present investigation 
clearly indicates trausient existence of iutermediares as evident from siight tiexioir 
points &stead of horizontal levels in TG curves. For terbium and dysprosium seIenate 
whydrides(I3g_ 1)tfrreeDTGpeafrswrrespond;ngtothreemasslossesareobserveh 
The promiueut break on the TG - at 670 and at 660°C indicates the for&&ion 

of seleuite of Tb audDy, respe&vely_Above these temperatures, subsequent decompo- 
sition of the se&z&e resuhs into a loss of one mole of selenium dioxide, corresponding 
to the formation of (mono)oxyselenite, M,O(SeO,), of these two elements. The 
break on the TG curves at 750 aud 760°C for Tb and Dy, respectively, accounts 
for the above decomposition. Further elevation in temperature brings about a loss 
of one mole of seknium dioxide from (mono)oxyseIeuite. This loss at 820 and at 
830°C for Tb and Dy is attributable to the formation of (rii)oxuseenite, M,O, (Se03), 
rupectively, This stage is quite stable as seen from the moderate horizontals on the 
TG curves, DTA auves for terbium and dysprosium sclenates arc almost identical 
to those observe&for lanthanum s&nateg and three peaks in each case undoubtedly 
cornspond to a similar type of decomposition reaction. 

‘Decomposition of hohuium sekuate auhydride probably involves &I the three 
stages descriibed above, aIthough these are not so apparent on _corresponding. TG 
curves. %3owever, a shoulder peak at 695°C in both DTA and DTG is seen (Fig. 2) 
besides fwo peakat 675 aud 790°C This cau be the consequence of transient existence 
of hohnium(~no)oxyseknite and its subsequent. decomposition to (&@ryseleuite- 
HoI+rn (S)oxyseknite, Ho&(seO,) is formed at 790°C It is noteworthy here, 
that (mono)oxyselenite is not noticed~duriug~the decomposition of Fk-Lu and Y 
seknate anhydride (Figs. 3-S) The decomposition of anhydride to (rli)oxyseknite 
maybegewralistdasfollowx ,_ -- -_. : 
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Formation of &e&es and (di)oxyseIenites of Ho-Lu and Y takes @ace-at 
the temperature range 675-725X and 760-83O”C, respectiveiy However, no system- 
atic variation is noticed for these temperatures_ 

The sequence of decomposition of the anhydrous sclenatcs as detcrmincd by 
DTA and TG is sununari scd in Table 3, in which the significance of the temperatures 
is as described above for Table 2 

TABLE 3 

DECOMPOSlTZON OF ANHYDROUS SELENATES 

L?TA t$i?cf~ 

Temp. CO Nature 

Interpretation 

Tbzc3-4h 

Hoax& 

650 
725 
SW 

1000 

640 
735 
790 

1000 

665 
695 
740 

IWO 

705 
740 

660 
735 
980 

690 
720 

685 
740 
910 

695 
735 

small cndothcrm 
mcdmm cndoxhcmz 
small endotherm 
vuy smaIl endotherm 

vay small mdotherxn 
maimm endotherm 
smauuldotherm 
very smail endotherm 

small endotherm 
(shoulder) endother& 
medium endotherm 
small endotherm 

very small eodothcrm 
small endotherm 

vay small adotherm 
m&nun eadotherm 
vcy small mdothcrm 

very small endotherm 
very smaiI endotherm 

medium endotherm 
medinm aldothenn 
very small &ndo:kn.n 

small&&ml 
maliumendothcrm 

670 
750 
820 

>I000 

660 

ii: 
>mlo 

675 
695 
790 

>IOoo 

720 
800 

690 
830 

1ooo 

700 
755 

700 
760 

moo 

725 
765 

a 

a 
b 

: 

a 
C 

a 

: 

a . . 
C 

a 
C 

d 

a 
C 

a= formati& of selenite, b = formation of (mon&nyseIcnite, c = formation of (&)o~knitc, 
d = formation of scsquioxidc. 

The decomposition-of (&)oxyselenites to corresponding metal oxides (with a 
Ioss of one mofe of selenium dioxide) 

IuBeW? &OS -_ 

takes plakat temperature above IooO”C The metal oxides could be obtained for 

Tb, Dy, Ho, Tm and Lu. This could not be achieved in the remaining casts as a low 
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tcmper;ijtmes (SOO°C) iirmace was used. Decomposition of (&)oxyseknite to metal 
oxide ix~ohres a very minor endotkrmal activity inDTA caxives, Table 3 smnmkxs 
the DTA and TG data for this f&d stage of decomposition. 

me present tIlerma1 inwstigations on heavier rareeae selenate hyrlrates 
have rev&cd an intemsting dehydration4xomposition mechanism. It is seen that 
the tempezx&re of complete dcaquation shows (Fig.. 6) a regxdar Ml with increasing 

ordex.ofB ekments. It is also evident that the stability of (mono)oxystlenite 
decnzesinthesameordek,underthe expeaimentat co~d+ionS followed in this 
work Moreover, dec&po&ion tempcratmes of anhydridks do not show systematic 
regt&u& as in the case of eomzsponding suIphates3. F&y the deqomposition 
proceeds to the formation of sesquioxidc through (&)oxy&enitc. l’his decomposition 
scheme is in compIet& qqeement with reports on’scanditil? and lanthanum9 
seienatepentahydrate. 

The~o~areindebtedtotheDiredoroftheBhabaAtomicResearch 
Uzntre, Eombay for extending the fmty of the ‘Met&r Thermqa~.~&Ilyser’ to them. 
One of us (S.V.P.) wisti to thank the Unikrsity Grants Commission, New Delhi, 
India for the award of a’Jn.nior ReseamhFd?owship, 
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