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Selenite was boiled in LiCl solutions of different concentrations (1 M, 2 M, 3 M, 4 M

and 5M) at the respective boiling temperatures and atmospheric pressure. The products

were subjected to X -ray diffraction analysis, qualitative infrared analysis, differential

thermal analysis, thermogravimetric analysis andmicroscopic examination. The product

obtained in the 1 M LiCl solution was the β-form of calcium sulphate hemihydrate

(β-CaSO4
.0.5H2O). In more concentrated LiCl solutons, 2 M and 3 M, the α-form of

calcium sulphate hemihydrate (α-CaSO4
.0.5H2O) was formed. The product obtained in

the 4MLiCl solutionwas also the α-form of calcium sulphate hemihydrate, only mixed

with the γ-form of calcium sulphate (γ-CaSO4). Finally, in the 5 M LiCl solution the

γ-form of calcium sulphate or γ-anhydrite was formed.
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INTRODUCTION

Hydrothermal treatment of gypsum is performed either in water at an in-

creased pressure,1,2 or in aqueous solutions of salts and inorganic acids at the

respective boiling temperatures and atmospheric pressure.3�5 This method is new

and has not been studied enough nor described in the literature, but it is belived3

that the dehydration of gypsum under "wet" conditions is a "through solution"

process. This means that the dihydrate (CaSO4
.2H2O) dissolves and goes into

solution and crystals of the hemihydrate (CaSO4
.0.5H2O) grow from the solution.

The product of the hydrothermal process is usually the α-hemihydrate (α-
CaSO4

.0.5H2O),3�6 but also the β-hemihydrate (β-CaSO4
.0.5H2O) and the γ-anhy-

drite (γ-CaSO4),1,2 depending on the process conditions (temperature, time of

hydrothermal treatment, etc.), can be formed.

The hydrothermal method offers a great chance for the obtainment of high

grade products, it has, however, limitations. Namely, possible reactions between the

liquid media (salts) and calcium sulphate may produce undesirable compounds
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(double salts or complexes). In this way the double salt (K2SO4
.5CaSO4

.H2O)was

formed during selenite hydrothermal treatment in KCl solutions more concentrated

than 1 M, when the density of the suspension (mass of selenite in g per volume of

solution in cm3) was 0.2 g/cm3 (10 g/50 cm3).7Consequently, KCl solutions are not

favourable liquid media for the hydrothermal treatment (dehydration) of gypsum.

The aim of this work was to investigate the possiblity of using LiCl solutions

as the liquid media, for the hydrothermal treatment of selenite. Hence, selenite, was

boiled in LiCl solutions of different concentrations (1 M, 2 M, 3 M, 4 M and 5 M),

in the same manner as had been employed with KCl solutions,7 and the obtained

products were studied by means of X-ray diffraction analysis (XRD), infrared

spectroscopy (IR), differential thermal analysis (DTA), thermogravimetric analysis

(TGA), and microscopy.

EXPERIMENTAL

Natural selenite mineral of very high chemical purity (0.33 mass % impurity) was used in the

experiments. Its chemical composition, determined by conventional chemical analysis, is given in

Table I.

TABLE I. Chemical composition of selenite (mass. %)

H2O 20.75

CaO 32.47

SO3 46.45

SiO2 (insol.) 0.03

MgO 0.08

Ten grams samples of selenite, �0.250 + 0.125 mm size fraction, were boiled in 50 cm
3
of

aqueous LiCl solutions of different concentrations (1 M, 2 M, 3 M, 4 M, and 5 M) at the repective

boiling temperature and atmospheric pressure. The boiling vessel was a reactor with a magnetic stirrer

(200 rpm). The solution concentration was maintained constant by continuously feeding boiling

distilled water to balance the water loss due to evaporation.

Selenite boiling periods for the different concentration of lithium chloride solutions were: 300

min for 1 M; 180 min for 2 M; 120 min for 3 M; 75 min for 4 M and 60 min for 5 M (as were used

with the KCl solutions
7
).

The solid products obtained after boiling the selenite for the mentioned time intervals were

separated from the solution by vacuum filtration, rinsed in boiling distilled water to remove any traces

of Cl
�

ions and dried at 105 ºC before analysis.

The chemical composition of the products was determined by the X-ray powder diffraction

technique. All samples were examined under the same conditions using a Philips PW 1729 X-ray

generator and a Philips PW 1710 diffractometer and the original APD software. The radiation source

used was an X-ray LLF tube with copper radiation and a graphite monochromator. The radiation was

λCuKα1 = 0.15405 nm. The anode tube load was 40 kV and 35 mA. The slits of 1.0 and 0.1 mm were

fixed. The samples were pressed into standard aluminium frames and measured in the 2θ range from
5º to 100º. Each 1/50º (0.02º) was measured for 0.5 s. The MPDS programme and JCPDS (ASTM)

card files were used for identification of the products.
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Infrared absorption spectra were recorded using a Perkin-Elmer spectrophotometer 782 in the

range from 4000 cm
-1
do 400 cm

-1
, using the KBr pressed disc technique.

A Netsch STA 409 EP instrument was used for differentional thermal and thermogravimetric

analyses. The sample mass was 40 milligrams (0.040 g), and the atmosphere was air. The samples

were heated from 20 to 500 ºC at a heating rate of 10 ºC/min.

Microscopical examinations were carried out using an American Optical Stereoscopic ZOOM

microscope.

RESULTS ANDDISCUSSION

The X-ray analytical results of the obtained products can be interpreted using

JCPDS cartds: 41-0224 for CaSO4
.0.5H2O (hemihydrate) and 37-184 for γ-CaSO4

(soluble anhydrite).

Table II shows the interplanar spacings d, the reflection intensities I, and the

hkl values for thementioned substances taken from the twocards, and the interplanar
spacings d and reflection intesities I for each of the obtained products.

The data given in Table II indicate that the product of selenite boiling in 1 M,

2 M and 3 M LiCl solutions is calcium suphate hemihydrate (CaSO4
.0.5H2O); that

the product in 4 M LiCl solution is a mixture of two substances: calcium sulphate

hemihydrate (CaSO4
.0.5H2O) and γ-calcium sulphate (γ-CaSO4); and that the

product in 5 M LiCl solution is γ-calcium suphate (γ-CaSO4) or soluble anhydrite.

The infrared absorption spectra of the products are shown in Fig. 1.

The infrared spectra of the products in 1 M, 2 M and 3 M LiCl solutions are

almost identical, which confirms the identity of the chemical composition of these

products and which is congruous with the X-ray data (Table II). Namely, the IR

spectra of the products in 1M, 2M and 3MLiCl solutions (Fig. 1a, b and c) contain

only absorption bands which are characteristic of CaSO4
.0.5H2O

8�11 (about 3600,

3550, 1615, 1150, 1085, 1005, 650 and 600 cm�1).

In addition to the absorption bands characteristic of CaSO4
.0.5H2O, the IR

spectrum of the product in 4 M LiCl solution (Fig. 1d) contains an absorption band
(shoulder) at 610 cm�1 which confirms the presence of soluble anhydrite8�10 (or

γ-CaO4), in addition to CaSO4
.0.5H2O, in the product, as detected in the X-ray

analysis (Table II).

Finally, the IR spectrum of the product obtained in 5 M LiCl solution (Fig.

1e) contains absorption bands which are characteristic of γ-CaSO4.
8,10 The broad

and weak absorption bands in this spectrum at 3440 and 1620 cm�1 confirm the
presence of a small amount of water10 in the product, which was reported in the

literature for soluble, or γ-anhydrite. Namely, it is known that γ-anhydrite contains
residual,12 e.g., zeolitic13 water, which can be completely driven off only at higher
temperatures,12 or if heating is prolonged.14

The results of DTA of the products are given in Fig. 2.

The differential thermogram of the product obtained in 1 M LiCl solution has

an endothermic and an exothermic peak, whereas the differential thermograms of
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all other products have only an endothermic peak. The endothermic peak (at

166.5 ºC) and the exothermic peak (at 353.4 ºC) in the differential thermogram of

the product obtained in 1 M LiCl solution belong, according to reference data,4,5,15

to the differentional thermogram of β-CaSO4
.0.5H2O. This means that the product

obtained in 1 M LiCl solution was the β-form of the hemihydrate. The endothermic

peaks in the differential thermograms of the products prepared in 2 M, 3 M and 4

M LiCl solutions (at 159.5, 161.8 and 158.5 ºC) are not followed by exothermic

peaks, as in the case of β-CaSO4
.0.5H2O, which is characteristic of α-CaSO4

.0.5

H2O, according to reference data.16,17 Consequently, the hemihydrate (identified

by X-ray and infrared spectroscopic analyses) obtained in 2 M, 3 M and 4 M LiCl

Fig. 1. IR-absorption spectra of the products: a. obtained in 1 M LiCl soltion, b. obtained in 2 M

LiCl solution, c. obtained in 3 M LiCl solution, d. obtained in 4 M LiCl solution, e. obtained in 5 M

LiCl solution.
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solutions was the α-form. The endothermic peak in the differential thermogram of

the product obtained in 5MLiCl solution is weak and at a lower temperature (125.5

ºC, Fig. 2). It corresponds to the removal of residual (zeolitic) water in the soluble

anhydrite (γ-CaSO4), which was detected by infrared analysis (Fig. 1e).

The results of TGA are given in Table III.

Themass losses of the products prepared in 1M, 2Mand 3Msolutions (Table

III), which correspond to the endothermic reaction of dehydration of CaSO4
.0.5

H2O, are in good agreement with the theoretical water content in the hemihydrate

(6.2 %). The mass loss of the product prepared in 4 M LiCl solution (Table III) is

considerably lower than the theoretical value for the hemihydrate because this

product, in addition to CaSO4
.0.5H2O, also contained CaSO4, as was primarily

identified by X-ray and infrared spectroscopic analyses. Finaly, the mass loss of the

Fig. 2. DTA thermograms of the

obtained products.
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product prepared in 5 M LiCl solution (Table III) is in accordance with reference

data12 concerning the amount of residual water (from 0.25 to 1 %) in soluble

anhydrite (γ-anhydrite).
TABLE III. DTA and TG data � endothermic peaks and mass losses

Product Endothermic peak/ºC Mass loss/%

in 1 M LiCl 166.5 6.40

in 2 M LiCl 159.5 6.17

in 3 M LiCl 161.8 6.04

in 4 M LiCl 158.5 4.19

in 5 M LiCl 125.5 0.88

Table IV gives the microscopical examination data of the products discussed

in this paper.

TABLE IV. Microscopic examination data for the obtained crystals

Sample Crystal characteristics (shape, size, etc.)

Product obtained in 1 M LiCl
White irregular, porous, brittle, tabular

microcrysatal aggregates. (Sample size and shape
like those of raw selenite grain)

Product obtained in 2 M LiCl
Single needle-shaped crystals, colourless, clear,

average length 108 µm

Product obtained in 3 M LiCl
Single needle-shaped crystals, colourless, clear,

average length 114 µm

Product obtained in 4 M LiCl

Single needle-shaped crystals, colourless,

unequal in length which varies from 27 µm
to 162 µm

Product obtained in 5 M LiCl
Single needle-shaped crystals, colourless, very

small - average length 14 µm

As indicated in Table IV, the crystals produced in 1 M LiCl solution differ

from the crystals formed in the higher concentration LiCl solutions, which can be

related to the different mechanisms of crystal formation in the different concentra-

tion ofLiCl in the solutions.Namely, in 1MLiCl solution the dehydration of selenite

takes place in the solid phase and consequently irregular microcrystal aggregates of

hemihydrate, like those of raw selenite, form, accordint to:

CaSO4
.2H2O(s) = β-CaSO4

.0.5H2O (s) + 1.5H2O(1) (1)

Higher concentration of LiCl (2 M and 3 M) in the solutions provide condi-

tions, by higher selenite dissolution, for crystallization of single needle-shaped

crystals from the solution, which are the α-form of the hemihydrate (α-CaSO4
.0.5
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H2O), according to the literature.3,4 Their formation can be represented by the

equation:

Ca
2+
(aq) + SO4

2�
(aq) + 0.5H2O(1) = α-CaSO4

.0.5H2O(s) (2)

These results of the microscopic examination of the products prepared in 1M,

2 M and 3 M LiCl solutions are congruous with the DTA data given above.

The single needle-shaped crystals produced in 4 M LiCl solution are of

unequal length (Table IV) which may be explained by their being a mixture of two

different compounds: α-CaSO4
.0.5H2O and γ-CaSO4, as was detected by IR and

X-ray analyses. This means that theα-hemihydrate partially dehydrates in 4MLiCl

solution giving the γ-anhydrite, according to:

α-CaSO4
.0.5H2O(s) = γ-CaSO4(s) + 0.5H2O(1) (3)

The microscopic examination data of the product prepared in 5 M LiCl

solution indicate that the reaction (3) occurred to completion in this solution, giving

very small needle-shaped crystals of γ-anhydrite (Table IV).

The occurrence of reaction (3), partially in 4 M LiCl solution and completely

in 5 M LiCl solution, can be explained by the selenite hydrothermal treatment time

being longer than was necessary for hemihydrate production in these solutions.

CONCLUSION

During selenite hydrothermal treatment in LiCl solutions of different concen-

tration (1 M, 2 M, 3 M, 4 M and 5M), a reaction between LiCl and CaSO4 (like the

one which occurred in KCl solutions giving K2SO4
.5CaSO4

.H2O
7) did not occur.

Consequently, the studied LiCl solutions are favourable for selenite hydrothermal

treatment and by an adequate choice of process parameters (concentration of

solution and time of treatment) different products of selenite dehydration can be

obtained (α-CaSO4
.0.5H2O, β-CaSO4

.0.5H2O and γ-CaSO4).

I Z V O D

PRODUKTI HIDROTERMI^KE OBRADE SELENITA U RASTVORIMA

LITIJUM- HLORIDA

SLOBODANKAMARINKOVI], ALEKSANDRA KOSTI]-PULEK i MIRJANA\URI^I]*

Rudarsko-geolo{ki fakultet Univerziteta u Beogradu, p. pr. 162, 11001 Beograd i *Institut za tehnolo-

giju nuklearnih i drugih mineralnih sirovina, p. pr. 390, 11001 Beograd

Selenit je iskuvavan u rastvorima LiCl razli~ite koncentracije (1 M, 2 M, 3 M,

4 M i 5 M) na wihovoj temperaturi kqu~awa i atmosferskom pritisku. Produkti su

ispitani rendgenskom analizom, kvalitativnom infracrvenom analizom, diferenci-

jalnom termi~kom analizom, termogravimetrijskom analizomimikroskopskimpregle-

dom. Produkt dobijen u 1M LiCl rastvoru bio je β-oblik polihidrata kalcijum-sulfata
(β-CaSO4

.0,5H2O). U koncentrovanijim rastvorima LiCl, 2 M i 3 M, do{lo je do obra-

SELENITE HYDROTHERMAL TREATMENT 273



zovawa α-oblika polihidrata kalcijum-sulfata (α-CaSO4
.0,5H2O). Produkt dobijen u 4

M LiCl rastvoru predstavqao je sme{u dve supstance: α-oblika polihidrata kalcijum-

-sulfata i γ-oblika kalcijum-sulfata (γ-CaSO4). I na kraju u 5 M rastvoru LiCl obra-

zovao se γ-oblik kalcijum-sulfata, ili γ-anhidrit.
(Primqeno 9. juna, revidirano 16. avgusta 1999)
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