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Thermogravimetric studies, supported by IR and X-ray diffraction measurements, were 
carried out for La2(SeO4) 3 �9 5H20 in order to establish its decomposition scheme under various 
experimental conditions. Several analytical methods were tested for the simultaneous 
determination of (Se(IV) and Se(VI) in the quenched samples. TG weight losses and analyses of 
the solid intermediates indicated that after dehydration La2(SeO4) 3 decomposes in nitrogen 
mainly to oxyselenite(IV) compounds via the normal selenite(IV) but in air the oxyselenate 
La2OzZeO 4 was detected as one of the intermediates. The final product of the thermal 
degradation is La203. TG curves of La2(SeO4)3 �9 5H20 were also compared with those obtained 
for the isostructural neodymium compound. 

Whereas the thermal decomposition scheme for rare earth sulfate hydrates is well 
established [1-3], the reports concerning corresponding selenate hydrates are 
contradictory especially regarding the reaction mechanism and intermediates at 
higher temperatures. 

Giolito and Giesbrecht [4] were probably the first investigators who applied 
thermogravimetric methods to the study of rare earth selenate hydrates, including 
the decahydrate of lanthanum selenate. The decomposition curves appeared 
complex and, besides the anhydrous selenate, the La2OzSeO 4 phase was considered 
as a possible intermediate. More recently, Nabar and Paralkar [5] have investigated 
the decomposition of La(SeO4) 3.5H20 up to 1050 ~ and concluded that the 
anhydrous selenate decomposes first to selenite and then to dioxyselenite 
La202St 03 via an unstable intermediate La20(SeO3)2 ; the final product at over 
1000 ~ is La203 . Hajek et al. [6] have also suggested only So(IV) compounds when an 
anhydrous rare earth selenate decomposes. On the other hand, Hayashi Tetsu et al. 
[7] found by analyzing the thermal decomposition products of Sc2(SeO4)3" 5H20 
at various temperatures that both Se(IV) and Se(VI) were present. The presence of 
Se(VI) was attributed to incomplete decomposition of the starting material, 
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however, and the decomposition mechanism suggested was based o n  Sc2(SeO3)  3 

and Sc202SeO 3 only. 
Thermogravimetric data are also available for La2(SeO4)3.12H20 [8], and 

recently the structural chemistry and thermal properties of rare earth selenates have 
been reviewed in detail [9]. 

The aim of the present study was to study, using a combination of chemical and 
thermogravimetric analyses, the thermal decomposition mechanism of rare earth 
selenate hydrates. La2(SeO4) 3 �9 5H20 was used as a model compound and studied 
under various experimental conditions. The results were compared with those 
obtained for the isostructural neodymium compound. 

Experimental 

Materials. La2(SeO4)3"5H20 was prepared as a crystalline precipitate by 
evaporating a solution of La20 3 (99.9%, Kemira Oy, Finland) dissolved in 
3 mol dm 3 selenic acid [10] on a water bath. Nd2(SeO4) 3 �9 5H20 was crystallized 
in a similar way. The identity of the compounds was checked by X-ray diffraction. 

Thermoanalytical measurements. TG .curves in dynamic air or nitrogen 
atmosphere (0.1 dm 3 min-1) were recorded in the temperature range 50-1025 ~ by 
using a Perkin-Elmer TGS2 Thermobalance coupled with a System 7/4 Controller 
and TADS Data Station. In order to study the effect of various experimental 
parameters on the decomposition mechanism of La2(SeO4)3 �9 5H20, either sample 
weight (4.5-40 hag) was varied while heating rate was constant at 5 deg min- 1, or 
heating rate was varied (2-20 deg min-1) and sample weight was kept constant 
(4.5 mg). Standard platinum crucibles were employed in all experiments (diam. 
5.8 mm, height 1.8 mm). For comparison, some experiments were carried out with 
a Mettler TA-1 and MOM Q-Derivatograph instruments capable for simultaneous 
recording ofTG, DTG and DTA curves and with a Perkin-Elmer DTA-1700 high- 
temperature DTA apparatus. 

X-ray diffraction and IR measurements. X-ray powder diffraction diagrams were 
recorded at 25 ~ on a Philips diffractometer using Ni-filtered CuK, radiation 
(2 = 1.54178/~). The diagrams were calibrated'with NaCI. 

The IR spectra of the quenched samples were recorded in the region 
4000-300 cm -1 on a Perkin-Elmer 521 using the KBr technique. 

Chemical analyses. For the separation of Se(IV) and Se(VI) species in the 
quenched samples, an anion exchange method employing DEAE cellulose 
columns [11] was found more satisfactory than the extraction method based on the 
formation of a Se-DDTC complex [12]. For the determination of Se(IV), 
iodometric titration was used [13] and the same method was found most accurate 
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also for Se(VI), which had to be first reduced by hydrochloric acid [14]. In a test 
series based on Na2SeOa and Na2SeO4 [15], it was established that the separation- 
determination method chosen was capable of quantitatively determining 0.5 mg of 
Se(IV) or Se(VI), thus making possible the use of small sample size in the TG 
experiments. When the amounts of Se(IV) and Se(VI) in the test samples were 
2.00 mg each, five determinations gave mean values 2.00 + 0.04 and 1.88 + 0.11 mg, 
respectively. 

In experiments aimed at clarifying the decomposition mechanism, samples for 
chemical analyses were prepared in the TG apparatus starting with 40 mg of 
La2(SeO4) 3 �9 5H20; the sample size was large enough for satisfactory accuracy. The 
samples were heated in air or N 2 up to the desired temperature using a heating rate 
of 5 deg min -1 and then quenched with a maximum cooling rate attainable 
(320 deg min-1) to room temperature. 

R e s u l t s  a n d  d i s c u s s i o n  

Thermogravimetric data. The dehydration of Laa(SeO,03.5H20 in air starts 
around 80 ~ and is completed by 300 ~ As seen from Figs 1 and 2, the changes in 
heating rate and sample weight effect somewhat the dehydration temperatures but 
the two-step mechanism remains the same in all experiments. The first step 
corresponds to a loss of 4 moles of water leading to the formation of a 
monohydrate; the average weight loss in the seven experiments, depicted in Figs 1 
and 2, is 8.6% while thc calculated weight loss is 9.0%. The monohydrate phase was 
not detected in a previous study obviously due to a different experimental set-up [5]; 
the decomposition temperatures agree well with the present study, however. 

The anhydrous selenate is surprisingly stable over a wide temperature range but 
above 600 ~ a fast decomposition takes place (Figs 1 and 2). This decomposition, 
which according to XRD data eventually leads to oxide as final product above 
1200 ~ proceeds through intermediate plateaus none of which is distinct, however. 
The reaction temperatures and mechanism seem to be strongly dependent on 
experimental conditions, small sample size and slow heating rate leading to greater 
weight losses as expected. 

D e c o m p o s i t i o n  m e c h a n i s m .  Afte r  the d e h y d r a t i o n  steps 
- 4H20 - H20 

La2(SeO4) 3 �9 5H20 ~ La2(SeO4) 3 �9 H20 ~ La2(Se04)3, it seems 

not to be possible to describe the decomposition with a simple equation as the 
plateaus are not clear and furthermore they do not correspond to any of the 
intermediate compounds for which theoretical weight losses have been calculated in 
Figs 1 and 2. It seems plausible, however, to assume that the more stable Se(IV) [16], 
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Fig. 1 T G  curves of  La2(SeO4)  3 �9 5 H 2 0  recorded in air at a heating rate of 5 dog min - 1 using different 
sample weights: a = 4 . 4  rag,  b = 13.9 m g  a n d  c = 4 1 . 1  m g  
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Fig.  2 T G  curves of La2(SeO4)  3 �9 5 H 2 0  recorded in air using various heating rates (deg min-  1): a = 2, 

b = 5, c = 10 and d =  20. The sample weight is in all cases 4.5 m g  

plays a d o m i n a n t  role in the d e c o m p o s i t i o n  o f  anhydrous  La2(SeO4) 3 as has been 
suggested previously  [5-7]. 

W h e n  the thermal degradat ion o f  LaE(SeO4)a �9 5 H 2 0  in air and N 2 atmospheres  
was  compared  (Fig. 3), the noniso thermal  T G  curves showed  complet,.qy similar 
behaviour  until temperatures over 800 ~ Chemical  analyses  conf irmed this (Table 
1); only  in higher temperatures there was  an essential difference, i .e.  Se(VI) 
c o m p o u n d s  were present in samples  heated in air while samples  heated in nitrogen 
conta ined  only  Se(1V). The presence o f  selenium c o m p o u n d s  in the ox idat ion  state 
+ I V  was dominat ing ,  however ,  in all experiments.  The significant a m o u n t  o f  
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Fig. 3 TG curves for the decomposition of La2(SeO~)3 �9 5H20 in nitrogen (a) and in air (b). The sample 
weight is 39.5 mg and the heating rate is 5 deg min- ;  

Table 1 Amounts of Se(VI) and Se(IV) in samples quenched from the TG experiments. Initial sample 
weight is in all cases 40.0 mg 

Weight loss, Amount of selenium, % 
Programmed end Atmosphere 
temperature, ~ % total Se(VI) Se(IV) 

650 air 18.6 30.4 9.5 20.9 
650 N 2 18.4 31.5 11.0 20.5 
730 air 27.5 28.3 1.4 26.9 
730 N~ 25.0 31.6 1.3 30.3 
830 air 43.9 16.1 1.3 14.8 
830 N z 42. I 20.7 0 20.7 
930 air 46.5 15.4 2.8 12.6 
930 N 2 46.6 15.9 0 15.9 

1025 air 48.6 16.6 6.8 7.8 
1025 N 2 49.6 12.4 0 12.4 

Se(VI) present at 650 ~ is due to unreacted selenate which by 730 ~ is almost totally 
converted to Se(IV). 

Further support for the effect of  atmosphere was obtained from IR and XRD 
experiments. When La2(SeO4) 3 �9 5H20 is heated isothermally in air at 750 ~ its IR 
spectrum contains medium to strong absorption bands around 900 cm -~ 
indicating the presence of  selenate groups (v 1 and v 3 stretching fundamentals) [6, 
17]. The corresponding S e ~ O  stretching bands for selenite would appear in a 
somewhat lower wave number region [18]. The spectrum resembles also that of  the 
hydrated rare earth selenates but differs from the spectra recorded for a sample 
heated in nitrogen (Fig. 4). 
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comparison of the IR spectra of two quenched samples (a, b) with that ol 
Nd2(SeOa)3.5H20 (c). Sample a, has been heated isothermally at 750 ~ in air and sample b in 
nitrogen 

X-ray diffraction diagrams recorded for lanthanum selenate samples kept in air 
at 750 ~ show a characteristic pattern of diffraction peaks consisting of a triple peak 
around 1.80/~ (1.77, 1.79 and 1.81 A) and another one around 3.10 A (3.06, 3.13 
and 3.19/~). This type of pattern is typical for the rare earth oxysulfates [19-22] and 
assuming the isostructurality of lanthanum oxyselenate with the oxysulfate, the 
XRD pattern thus indicates the presence of the oxyselcnate phase as suggested by 
Giolito and Giesbrecht [4]. 

In this connection it is also relevant to note that very recently Leskelfi and H61s/i 
[23], when studying the thermal stability of rare earth hydrogen selenites [24]. found 
evidence for the presence of La202SeO, when LaH(SeO3): �9 21/2H20 is heated in 
air. 

It should be noted that there are several sources of error mainly due to the fact 
that, although same samples were used, TG runs and characterizations of the solid 
residues cannot be performed simultaneously. Besides possible errors in temper- 
atures, there is the possibility that reactions continue after the end temperature has 
been observed. Therefore, weight change was monitored during cooling, too, and 
indeed a small change of I-2% was observed when cooling was performed in air. 
This change, as revealed by analyses, was connected to a slight increase of Se(IV) as 
compared to samples cooled in nitrogen. 
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Conclusions 

Thermal degradation of Laz(SeO4) 3 �9 5HzO is initiated by a two-step de- 
hydrauon process which is completed by 300 ~ both in air and in nitrogen. On the 
basis o fTG,  XRD IR and chemical analyses, La2(SeO3) 3, La202SeO 3 and in air 
also La202SeO4 appear as intcrmediates when the anhydrous selenate is he.:, zd 
above 600_ Final thermal decomposition product is La20 3 at tempela ,res 
exceeding 1200-. Although no evidence for its presence was found, La20(SeO Oz [5] 
cannot be exc'uded as an unstable intermediate. 

The form; , on  of LazO2SeO 4 takes appalently place b reoxidation of the 
selenite(IV) compounds above 750 ~ The reaction schemt, which includes the 
Se(VI) oxys~.lenate, appears to be a combination of those pre.'.ented in the literature 
[4-6] and ,t is also in agreement with most recent results [2 '~ 

The decomposition of the isostructural neodymium co.npotm ~ appears to 
proceed in a very simmlar way (Fig. 5) but in this case the decomposition 
intermediate~ were n~t analyzed in detail. 
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Fig. 5 T G  c u r ~  o~" Nd2tbc~J4) ~. 5H20  recorded m ah. 3ampte weight is 4.6 mg and heating rate is 
5 deg min-~ 
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Zusammenfassung - -  Thermogravimetrische, von IR-spektroskopischen und r6nt- 
gendiffraktometrischen Messungen gestfitzte Untersuchungen von La2(SeOa)3.5H20 wurden 
ausgeffihrt, um dessen Zersetzungsschema unter verschiedenen experimentellen Bedingungen zu 
ermitteln. Verschiedene analytische Methoden zur simultanen Bestimmung von Se(IV) und Se(VI) in 
den abgeschreckten Proben wurden getestet. TG-Gewichtsverluste und Analysen der festen 
Interrnedi/irverbindungen haben ergeben, dab n a c h  Dehydratation La2(SeO,)3 in Stickstoff 
haupts/ichlich fiber das normale Selenit(IV) zu Oxyselenit(IV)-Verbindungen abgebaut wird, w/ihrend 
in Luft das Oxyselenat La202SeO4 als eine der Intermedi/irverbindungen auftritt. Endprodukt der 
thermischen Zersetzung ist La20 3 . Die TG-Kurven von La2(SeO4) ~ �9 5H20 wurden auch mit den ffir die 
isostrukturelle Neodymverbindung erhaltenen Kurven verglichen. 

Pe31oMe - -  TepMoFpaBHMeTpHqeCKrIe ncc~eaoaaHn~I neHTarrl~paTa ce2aeHaTa .aanTaHa, Hapa2Iy c HI( 
cneKTpOCKOHHe~ H peHTFeHodpa3OBlalM aHa.rln3OM, 6b131H llpOBe~eHbl C lleJIbtO yCTaHOBYleHHa CXeMbI ero 
pa32aox~eHna npH pa3.rlntlHbiX 9rCIlepnMeHTaJIbHblX yC.~OBH~IX. 6hi.riO ncnbITano necKo.ribrO 
aHR.IIHTHReCKHX MeTOjIOB ~.rl~l O~HOBpeMeHHOFO otlpe,ae.rleHn~l qeTblpex- H ItleCTHBa.IleHTHOFO ce.rleHa a 
pe3Ko ox.rtaxaeHnblx 06pa3ttax. FloTep~ Beca s MeTo,ae TF • abasH3 TBep~ablX npoMeXyTOqHblX 
npo~yrToB noKasa~x, qro nocae ~termlpaTatmri ceaeHaT ~aaTaHa pa3JxaraeTcz B aTMocqbepe a30Ta ~0 
OKCrlCe:IeHriTOB(IV) qepe3 cTallrno 06pa30BaHrl~ HOpMam, HOrO ce:leHriTa(IV), lIpri pa3aoxeHrm B 
aTMocdpepe BO3~lyxa B ra~iecTBe O./IHOFO H3 npoMeX(yTotlnblx npo~yrTOB 61,131 06napyx~eH o~cnce.rieHaT 
~anTaaa La202ScO, t. KOHetlHblM rlpo~IyKTOM TepMHqeCKOFO pa321OXeHnS gB.rlfl2laCb OKttCb ~arITaHa. 
Kpnable TF neHTarn,apaTa ceyleHaTa 3IaHTana conocTaB.~eHbl C TaKOBblMH ~flJl rI3OCTpyKTypHoro 
coe:IrtneHrl~i HeoJIttMa. 
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