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Abstract

The investigation of europium(lll) sulphate hydrate and samarium(lll) sulphate hydrate was performed by thermal analysis (TG-DTG)
and simultaneous infrared evolved gas analysis-Fourier transformed infrared (EGA-FTIR) spectroscopy. The TG, DTG and DTA curves
were recorded at the 25-1400 in the dynamic air atmosphere by TG/DTA analyser. The infrared evolved gas analysis was obtained on
the FTIR spectrometer. B(E0,)3-nH,0 (n=3.97) and Sp(S0;,)3-nH,0 (2 =8.11) were analysed, the dehydration and decomposition steps
were investigated and the water content was calculated. The formation of different oxysulphates was studied.

The trace rare earth elements in Eu and Sm sulphates were determined by ICP-MS. The concentration of trace Eu, Sm, La, Gd, Y and Ce
ranged from 3.% 1075 to 1.5x 1074% (m/m).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to be one of important matrix for electron trapping optical
memory materials (ETOM4B].

Rare earth elements compounds (REECs) have a numer- The research on rare earth sulphites has been focused on
ous applications in various industrial and technological their complex thermal degradation in various atmospheres is
fields, they are important materials in the synthesis of shown in a review of Niinigi and Lesked [9]. The thermal
high-temperature superconductors and luminophbr2]. analysis of Er, Ce, Nd and Sc sulphites has been studied in
Lanthanide-doped XO3 is well-known phosphors material ~ detail [10-12]. Thermogravimetric study of europium sul-
used for the lighting and cathode ray tubes and has shownphite trinydrate Ep(SO3)3-3H20 was performed in dynamic
promise in the development of high power lag@s5]. airand nitrogen atmosphere intemperature range 251250

Especially, Eu-doped alkaline-earth sulphides such as[13]. The thermal behaviours of samarium sulphite sulphate
CaS:Eu and SrS:Eu and considered to be one of the moshydrate were examined by X-ray powder diffraction, thermal
promising candidates for red phosphor, compared with otheranalysis and IR spectroscopy by Lesketal. [14]. The trends
sulphides (ZnS:Eu, ZnS:Srfg,7]. Calcium sulphide doped in the thermal dehydration and decomposition reactions of
with europium and samarium (CaS:Eu, Sm) has been foundrare earth sulphates hydrates has been studied in air by TG

and DTA/DSC techniques by Niiniset al. [15]. The thermal
mned at the EUROANALYSIS XIII, European Conference on Ana- Qecomp_osition of h-ydrated- europium sulphate has been stud-
iytical Chemistry, Salamanca, Spain, September 510, 2004, ied by high-resolution luminescence spectroscopy and ther-

* Corresponding author. Tel.: +372 7 375 251; fax: +372 7375264, Mal analysis by Lunch et gL6]. The synthesis and thermal
E-mail address: lilli.paama@ut.ee (L. Paama). decomposition of some rare earth(lll) dimethylammonium
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Table 1
The operating conditions for ICP-MS

Inductively coupled plasma

RF power 1.320 kW
Reflected power 5.0wW
Plasma gas flow 13.3Imirt
Auxiliary gas flow 0.72Imint
Nebuliser gas flow 0.93Imint
Sample uptake 1.0mlimin?!
Nebuliser Concentric nebuliser
Spray chamber Double-pass (cyclonic chamber)
Observation height 15mm

Data acquisition parameters
Scanning mode Peak hopping
Dwell time 30ms
Sweeps 100
Number of replicates 3
Read delay time 25s
lon lens system Optimised By°In

Fig. 1. Structure of Sm coordination in $(80y)-8H,0. Structural infor-

mation of Podberezskaya and Boris$28]. 2 E . tal
. Experimenta

sulphate crystallohydrates have also been investigated? /- Equipments and procedures for thermal and
[17]. infrared spectroscopic analysis

As the demand for rare earth elements compounds is . . _
pou ! The TG-DTG curves were obtained using Pyris Diamond

increasing, the development of analytical methods for the .
determination of trace impurities in those materials is TG/DTA (2002 Seiko Instruments, Inc) thermal analyser

required. It is well known that inductively coupled plasma n the temperat_ure range 25—1&(@1 The dyn_amlc exper
atomic emission spectrometry (ICP-AES) and ICP-MS have Iment was farrled out In ar atmosph.erel with a flow rate
been widely applied to determination of trace amounts of \}voe?g]llquelg_an?jn?h: :sr?\tlrl]egsr%tzsim\?vg]sl,nva}i;;iept\t/vgiﬁSS and
rare earth elements, because of its high sensitivity, wider lin- 12m P
ear dynamic range, relative freedom from interferences and . . .
low detection limits[18—25]. Developments and summary The_TG-FTIR analysis was Ca”f'ed out by F’erkln Elmer
of analysis of advanced materials by ICP-AES and ICP-MS PC series TGA-7 thermogravimetric analyser in the temper-
d by Eish ature range 25-90 in air atmosphere with a flow rate

presented by Fisher et §26]. . I 80 mimin~! and a heating rate & min~1. Samples mass

In earlier reports, we studied thermal investigation of rare was varied between 10 and 20m and the samples were
earth carbonateR7] and the determination of activators . i . mg P
in cathodoluminophor$2]. The aim of the present study we_lghed in platinum pans. The infrared evolved gas anal-
is to characterise the thermal decomposition of europium ysis was performed on a FTIR spectrometer Perkin-Elmer

and samrtmsuprtes by herma naysis (1G-0TC) ana Y1 2000 11 pice o8 i & sovespnee,
simultaneous infrared evolved gas analysis-Fourier trans—Iine and a hethed 10 c?r@aspcell was used)iln FTIR7.30]
form infrared (EGA-FTIR) spectroscopy. Another aim of e
this work is to develop an effective method for the deter-
mination of trace rare earth impurities in Sm and Eu
sulphates.

The crystal structure of SpiSQOy)3-8H,0O was refined
from X-ray diffraction data. The crystals are monoclinic,
space groupC2/c [28]. The structure of Sm coordination

2.2. Apparatus and operating conditions for ICP-MS

A quadrupole ICP-MS instrument Thermo Elemental X
Series (Winsford, Cheshire, UK) was used in analyses. Sam-
ple introduction was made with a conventional pneumatic
; . S concentric nebuliser (Meinhard type Al) and the instrument
In Smp(SQy)3-8H,0 is shown inFig. 1. The central Sm o 00 inned with CETAC-500 autosampler. The ICP oper-

atom are surrou_nded by f(_)ur aguo ligands, and the four oxy- ating conditions and data acquisition parameters are given in
gen atoms forming the bridge between the Sm and sulphur..l.able 1

The sulphur atoms are present in two special positions S1
and S2. The sulphur atoms S1 are bounded with tree Sm
atoms and the sulphur atoms S2 are bounded with two Sm
atoms. _ _ _ The analysed REE sulphates:

The recent crystal structure of dieuropium trisulphate
octahydrate Ex(SOy)-8H2O was presented by Wey and Zeng e Europium(IIl) sulphate hydrate, Elp(SOy)3-nH20, 99.9%,
[29]. Aldrich Chemical Company Inc., Milwaukee, USA,;

2.3. Materials
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Fig. 2. TG-DTG analysis of europium(lil) sulphate hydrate in dynamic air
atmosphere: (1) TG curve and (2) DTG curve.

o Samarium(Ill) sulphate hydrate, Smp (SO4)3-nH20,
99.9%, Aldrich Chemical Company Inc., Milwaukee,
USA.

2.4. Reagents and standards for ICP-MS analysis

Stock solutions, containing 1000 mgt of Eu, Sm, Gd,

899
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Fig. 3. TG-DTG analysis of samarium(lll) sulphate hydrate in dynamic air
atmosphere: (1) TG curve and (2) DTG curve.

Table 2. The europium sulphate hydrate is hygroscopic and
containing the adsorbed water.

According to opinion of authors and previously cited
works of Niinist et al. [14,15]and Lunch et al[16] a
two different oxysulphates must exist and the decomposition
mechanism is:

Y, Ce and La were prepared using 99.99% purity oxides: Smp(SQ4)3-nH20 — Smp(SQy4)3 + nH20

Ew03, Smp0O3, GhO3, Y203, CexOzand LaO3 (Aldrich

Chemical Company Inc., Milwaukee, USA). The calibration s, (s0y); >  SmyO(SQy),
standards were prepared by serial dilution of the stock solu-
tion with 182 cm? deionised water, and concentrated nitric

acid (Suprapur, Merck, Damstad, Germany) was added tosm,0(SQ,), —

standard solution (5% HN$) v/v). Six multi-element cali-

bration standards were used in following range: 0.02, 0.05,

0.50, 1.0, 5.0, 20.0 ng mt (ppb) of Eu, Sm, Gd, Y,Ceand La.
The samples of Eu and Sm sulphates (020002 g) were

+S0O; + 0.50;

samariumoxydisulphate

SMp0x(SQy)  +SO + 0.50;

samariumdioxymonosulphate

SmM02(SQy) — SMpO3 + SO, + 0.50,

dissolved in deionised water and 2.5ml nitric acid, Supra- Anhydrous E‘Q(Sootl)S begins to decompose at 741 and
pur, Merck was added and the samples were transferred into>M(SOx)s at 755°C. The formation of unstable Eu and
50 ml volumetric flask. All standard solutions and samples SM oxydisulphate associates at 780-850The complete

were prepared by dilution by mass in polyethylene flasks pre- décompositionto more st_abile Eu-dioxymonosulphate occurs
viously cleaned according to a procedure for trace elementat 920-1070C and Sm-dioxymonosulphate at 965-1060

analysiq31].

3. Results and discussion

3.1. TG-DTG analysis of europium and samarium
sulphates hydrates

The TG and DTG curves were recorded at the 25-2800

finally to ElpO3 at 1220°C and to SmpO3 at 1235°C.

3.2. FTIR evolved gas analysis

The evolved gases from the TG (25-9@) were anal-
ysed by FTIR. The same major decomposition products are
observed in all samples including water and,SO

In the course of the dehydration steps 100186
and 186-400C the characteristic water peaks at

in the dynamic air atmosphere (Pyris Diamond TG/DTAther- 1700-1500cm! and at 3740-3500cmt can clearly

mal analyser) and are shownhigs. 2 and 3. The weight loss
peak around 110-19@ is indicated by hygroscopic water,
where those appearing at 190—4@are attributed to bound

be seen. S@gives two strong absorption peaks at 616 and
1104 cnm! and weak peaks at 3850—-3650ch{Table 3).
Stacked plot FTIR gas spectra from the thermal decom-

water. The complete dehydration of Eu and Sm sulphatesposition of Eu and Sm sulphates hydrates are presented in

hydrates occurring around 230—400. The weight loss (%)

estimated from TG and DTG curves of analysed samples

Figs. 4 and 5.
The decomposition of Eu and Sm sulphates hydrates

in the different temperature range selected is presented inclearly proceeds via several stages and these results confirm
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Table 2
Results of TG-DTG analysis of europium and samarium sulphates hydrates

Sample Temperature rangéC)

25-200 200-400 400-700 700-960 960-1160 1160-1400 25-1400

Weight loss (%)
Ep(SOy)3-nH203, n=3.97, MW =663.58 16.95 0.70 0.74 18.23 10.14 0.21 46.97
Sn'Q(SO4)3-nHZOb, n=8.11, MW =734.90 18.20 1.67 0.40 21.21 10.72 0.60 52.79

MW: molecular weight.
a Expected SQwt.% of Etp(SOy)3 — EupO3: 40.56%.
b Expected S@Qwt.% of Smp(SOy)3 — SmpO3: 40.79%.

Table 3

Decomposition products of Eu and Sm sulphates and major peaks of FTIR gas spectra

Sample Decomposition gases (wavenumber, ém
H,O O,

Ewp(SOy)3-3.97H0 186°C: 1542.0, 1508.3, 1716.3, 3736.1, 3649.8, 900°C: 616.2, 1104.4, 1340.5, 1374.0, 1508.0,
3567.6, 3588.0 3649.7, 3751.0

Smp(SOy)-8.11H,0 185°C: 1457.3, 1508.3, 1647.9, 1698.5, 1716.3, 900°C: 616.2, 1104.4, 1339.8, 1374.3, 1507.8,
3503.5, 3525.7, 3649.8, 3712.0, 3736.1 3649.6, 3675.8, 3853.6, 3750.5

that intermediate oxysulphates are formed during heat treat-culated by complexometric titration were for europium sul-
ment. phate hydraten=4.09) and for samarium sulphate hydrate
(n=8.05).

The results of analysis of water content showed no sig-
nificant differences between the results of TG analysis and
chemical method of analysis.

The number of water molecules was calculated by using
thermoanalytical calculations. The molecular weight of com- 3.4. Determination of trace impurities rare earth
pounds was calculated by using weight % in the TG curves elements by ICP-MS
(Figs. 2 and 3Table 2). The weight % for ExD3 at 1400°C

3.3. Determination and calculation of water content in
analysed sulphates hydrates

was 53.03% and for SpD3 at 1400°C was 47.21%. The The analysis of individual rare earth elements (REES)
molecular weight of Ex(SOy)3-nH,0 was 663.58 g mott are usually very difficult because the chemical properties of
andn =3.97, the molecular weight of Si{8Oy)3-nH20 was REEs are similar. To users of REEs compounds it is critically
734.90 gmot! and the number of water molecute= 8.11 important to be able to determine trace levels of impuri-
(Table 2). ties REEs in high-purity REEs products. Inductively coupled

The ratio of central atoms (Eu, Sm) was determined by plasma mass spectrometry (ICP-MS) is a powerful method
complexometric titration at pH 3.9-4.0 (acetate buffer), using and its fields of application are rapidly developing because of
1-(2-Pyridylazo)-2-Naphthol (PAN) (pro Analysi, Merck) as extremely high sensitivity and interference free analysis. The
an indicator[32,33]. The number of water molecules cal- combination of extraction chromatography with high perfor-

0.28 012
(i © 0.10
2 Q
2 00 S 008
c 0.16 o
= S 0.06
g 012 2
2 008 < 0.04
< 0.04 0.02 5
0.00== S 7 0.00 = A
4000 3500 3000 2500 2000 1500 1000 50 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber, cm-1 Wavenumber cm-1

Fig. 4. Stacked plot FTIR gas spectrum ofE50,)3-3.97H:0 in air. Fig. 5. Stacked plot FTIR gas spectrum of £80,)3-8.11H,0 in air.
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Table 4

Isotopes and precision (R.S.D., %) of analysis reference standard solution
(2.0 ng mr1) detection limits of elements

4. Conclusion

The production processes of materials involving heat are
well suited for study by methods of thermal analysis, where
physical and chemical properties of materials are measured

Concentration (ng mit)

%)
0)Expected Fourftd

Element Isotope
(abundance

Detection limit

= R.S.DP (ngmi) during a controlled temperature programme. The dehydration
‘ %) and decomposition schemes of REE sulphates were inves-

Eu 151 (47.8) 20 198005 2.4 0.007 tigated. Th(_a decomposition ofsB8Qy)3 to RyO3 _cIearIy
Sm 152 (26.7) 2.0 2.020.04 2.0 0.009 proceeds via several stages. The results obtained demon-
La 139 (99.9) 2.0 1.95:0.03 1.8 0.005 strate that TG-DTG and FTIR spectroscopic techniques are
Gd 158 (24.84) 2.0 1.930.04 2.2 0.009 indispensable tool in order to study rare earth materials. ICP-
Y 89 (100) 20 20200313  0.008 MS is an excellent capability for trace elements analysis in
Ce 140 (88.48) 2.0 2.040.04 1.9 0.006

solid samples in the sub-nano-gram per gram range with a
minimum of sample preparation. The results of this study

place important implications on the synthesis of cathodolu-

minophors (CaS:Eu, Sm; SrS:Eu), electron trapping memory
materials and in material science.

a Six replicates.
b R.S.D., relative standard deviation.

mance ICP-MS was used for the determination of REESs in
high-purity gadolinium and lanthanum oxidgx2,23]. The
trace REEs in high-purity ¥O3 and GOs3 (grade of 99.99%
purity) were determined using high-resolutions ICP-]24.
The concentration of different REEs in gadolinium and
yttrium oxides ranged from 3.9 to 2900 ng'g(3.9x 10~/ Financial support from the Estonian Science Foundation
to 2.9x 107%%, m/m). (Grant 5779), Estonian Academy of Sciences and Academy
The ICP-MS determination of trace elements Y, La, ofFinlandisgratefully acknowledged. Thanks are due to Pro-
Eu, Sm, Gd and Ce in europium and samarium sulphatesfessor Risto Laitinen, University of Oulu, for the instrumental
(Aldrich, grade of 99.9% purity) were performed. The detec- facilities (ICP-MS) that were used in this study.
tion limits (30, blanks prepared as samples) were in the
range 0.005-0.009 ngmi. The validity of the analytical
method was tested by analysing the reference standard So'”References
tion (Table 4). The results obtained were in good agreement
of the recommended values. The precision of the determina-

Acknowledgements

tion (relative standard deviation, R.S.D.) ranged from 1.3 to
2.2%.
The trace impurities of Y, La; Eu, Sm, Gd and Ce were

determined in Eu and Sm sulphates and the results obtained

are shown ifmable 5. The concentration of REEs in analysed
sulphates was from3:910-6t0 1.5x 10-%% (m/m) or from
0.039 to 1.4ugg L. The practical detection limits (PDL)
of the elements varied between k3.0’ to 2.25x 10~ /%
(m/m).

Table 5
ICP-MS analysis of europium and samarium sulphates (five replicates)
Element Concentration (%, m/m) pPDL?
(isotope)

Smp(SQy)s- Ew(SOy)s-

8.11H0 3.97H0

c R.S.D. (%) ¢ R.S.D. (%)
Eu(151) 1. 10°% 2.6 - - 1.75¢ 1077
Sm (152) — - 15104 2.7 2.25x 1077
La(139) 3.3x10°° 2.1 6.3x10°° 1.9 1.25x 1077
Gd(158) 1.7« 1075 2.6 9.1x10°° 2.8 2.25x 1077
Y (89) 4.8x10°° 1.8 39x10°6 1.7 2.00x 107
Ce (140) 5.1x10°° 2.0 7.9x10°° 2.1 1.50% 1077

@ PDL (practical detection limit) calculated: sample weight.2.0002 g,
volume 50 ml.
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