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STUDIES ON ALKALINE EARTH METAL SULFITgS. X[l] -THERMAL DEHYDRATION OF 
CALCIUM SULFITE HEMIHYDRATE: DEPENDENCE OF THE PRODUCTS ON DEHYDRATION 
CONDITIONS 

Abr. COHENa and M. ZANGEN, Soreq Nuclear Research Center, Yavne, Israel 

ABSTRACT 

InvestigatiOn of the thermal dehydration of various modifications of 
CaSO3.+H20 using thermogravlmetry and differential thermal analysis showed 
that different crystalline phases of anhydrous CaSO 

1 
are obtained. 

Differences in dehydration mechanisms which lead to t ese different 
crystalline structures, are due not only to the nature of the hemihydrate, 
but also to the conditions, e.g. water vapour pressure, under which the 
dehydration is performed. 

INTRODUCTION 

An X-ray power diffraction pattern (XPDP) for tnhydrous CaSO was 
reported in 1948 by Matthews and McIntosh [2], JCPDS flle’No. 4-593. A 
similar, but more accurate, XPDP was reported in 1976 by Lutz and Suradi [3]. 
JCPDS file No. 31-307. A ccmpletely different XPDP was reported in 1978 by 
Matsuzaki et al. [4], JCPDS Pile No. 31-306 which replaced Pile No. 4-59.9 , 
who presented it without comment next to Matthews pattern. The above 
authors’ data inolude d-indexes and, relative intensities only. In 1982 Aral 
et al. [5] claimed that the dehydration of the orthorhombic hemihydrate 
results in the formation of orthorhombic anhydride, whose XPDP differs from 
those previously reported. 

EXPERIMENTAL 

Sample preparation. 
methods at 25Oc: 

Samples of CaS03*%i20 were prepared by 3 different 

(a) Single crystals were obtained by slow diffusion of SO32- and CB2’ from 
solid Na SO3 and CaC12 into ‘a “bridge” 

z 
containing pure water or an 

aqueous e ectrolyte solution. 
(b) Powder samples were obtained by rapid precipitation upon mixing 

equivalent amounts of aqueous solutions of Na2S03 and CaC12, in the 
concentration range 0.05 to 1.5 M and 0.05 to 6 M, respectively. 

*JCPDS: Joint Committee on Powder Dlffractlon Standards - International 
Centre for Diffraction Data, 1601 Park Lane, Swarthmore, PA 19081. 
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@I Dth%r pcx&r maples vase prepared by muoving H2ll and SO2, elth%F rapidly 
(by piping) OF SlOwlY fbY drying oVeF ~onCentFat8d Has&,), fraa aqueous 
~ofutions of Ca(HSG312 in the rang% 0.05 to 0.W. Obtained by passing 
gaseous SO2 into aqueous susp%nstoru of CaC03 OF Ca&if2. 

The products obtained wera emntned by X-raydiffraction and chemical 
analyals, They underwent, thermal dahydration in DTA/TG procedures up to 
500% In an inert atmQSphar8 or In vaouuID. The dehydrated produota were 
studled by chemical analysis and X-ray powder diffraction. 

Chemioar Analysis. Sulfite uas d8t8rfIIihed bY lQdo@etry and Calcl1411 by 
aompXexom%try with EDTA Using m8thylthymol blue a8 indicator. 

lnstrumentat~on* 1 Phfltpa X-ray powder ditSraotometer wtth PW38D 
horizontal gOsfols%tW and PWtt52 X-ray i’ocussing umochrosator, and a DuPoot- 
990 th%~*n%~~t~%%~ system were eo~ploy%d in the experisents, 

RSSULT§ AND DISC~S~I~ 

The hydrated produots. preparad using methods faf, fb) ahd (of, OleFe 
id%ntlfied aa CaSO3*‘1H20 by chemical analysis. Th8Y gave similar X-ray 
poUd%r difrFaCtloh patterns (XPDP) which were in good agreement ulth the data 
r%port%d by Hattheus and McIntosh [2) tar the hydrated salt, JCPN fl18 NO, 
4-5gge These data were related by Wa8FStad et al, 163 to the orthcwhombia 
syat%m, JCPDS file No. 26-1074. 

The oheiatca1 hsalySis proved that all th% products of the thermal 
dehydration are anhydrous CaS03 ~ and that cmntaminatfon utth sultatcr Is 
~~~~~rica~t fbelow 0.5 aole $1. 

gh lu depth anrilysls ol the XPDP 0f ths verlous samples of anhydrous 
cti03 r%V%al%d the existeM of 3 different Wystallihe phases. The XfW Of 
thee% phases ar% given in Tables I, II and Ifi. It was .fQll& that the 
crystalline atrupture of anhydrous CaS03 depends on both the typ% of the 
heuibydrata, i.e. on the method employed tar Its praparatton, and ch% 
d%hydration condlttons. 

Anhydride I, Table I, ia obtained upon dehydration lu VaCUW Of 
hYdPsted oalclw sulfite prepared using method (b). The XPDP or this Phase 
is in agreement wlth the data reported by Hatthewa and Hclntosh t21 0~ the 
anhydrous salt (they, too, prepared the hydrate using method (b1 8ud 
perFormed the dahydration in v8cUUpt1, and also with the data reported bY 
tuta ahd SW8df E3j. 

Inhydride II, Table II, is ubtafned upon d%hydratio~, both In VahUtlD. 
and tn the pressme oi water Vapaur , or ~ydrst%d o&lolUmmlf tte prepared 
using method [of. The. XPDP of this phase ks In agreement with the data 
raported by H8tSUtakl et al. /4]. They, t5Q, preparad the hydrate Wing 
method (~3 but ooanpared the XPDP CC their anhydrtder to that of anhydrtda I 
wltboUt giving any explanation Par the fmat differences obseFved. 

Anhydride III, Table III, is obtained Wmd8hYdFatiOu is th% PreS%hae 
oP water yapour, 0f hydr8ted caloiun 4Umt.a wepared wtw rethda (a) *d 
(b). TM XPDP or this phase has hot been reported in the lit8ratW8* 
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TABLE I 

28(“)a, relative lntensltyb, d-spacings [A) and lndexesC of X-ray powder 

diffraction lines of CaS&, anhydride Id. 

28.31 100 3.150 3.149 1 2 1 56.10 6 1.638 1.638 1 1 3 
30.67 71 2.913 2.913 2 2 0 56.42 1.630 1.630 4 2 1 

2.909 1 3 0 58.80 
: 

1.569 1.570 1 2 3 
35.01 39 2.561 2.560 0 0 2 1.548 1 6 0 
35.42 64 2.532 2.532 2 2 1 59.74 1.547 1.547 3 3 2 

2.530 1 3 1 63.06 
1: 

1.473 1,473 2 2 3 
36.52 1: 2.458 2.459 3 0 0 1.472 1 3 3 
38.36 2.345 2.344 1 1 2 66.71 ; 1.401 1.401 4 4 1 

2.155 1 2 2 69.10 1.358 1.358 5 2 1 
41.92 8 2.154 2.154 0 4 1 73.92 ! 1.281 1.281 4 5 1 
42.54 38 2.123 2.103 2 0 2 75.28 1.261 1.261 10 4 
47.23 23 1.923 1.923 2 2 2 82.15 3 1.172 1.172 1 8 0 

1.922 1 3 2 1.172 2 2 4 
50.23 9 1.815 1.816 3 3 1 85.37 1 1.136 1.136 5 5 1 

aObtalned by using CuKal radiation (X = 1.5406A). Scan speed 0.25*(29) min-r 
with elemental Si as internal standard. 28 Values were determined at 80% of 
peak intensity. 

bIntensltfes were measured as peak heights above background and are expressed 
as a percentage of the strongest line. 

‘Indexed using a computer program (version 8) written by J.W. Vlsser (3. Appl. 
Cryst . , 2, Z(1969)). The unit-cell dimensions were refined using a least- 
squares computer program (0.E. Appleman, H.T. Evans and D.S. Handwerker, 
Indexfng and least-squares Refl~t of Powder Diffraction Oata, Geological 
Survey, Washington, 1973, distributed by National Technical Information 
Service, Springfield, documant no. PE216188). 

dOrthorhombic with a P 7.376(l)& b = 9.498(2)1, c = 5.121(1)A, V = 358.8)(‘, 

Z = 6, Ox I 3.335 gem-‘, Bravais lattice t P. Figure of merit Mr. = 24.8 

(P.M. de Wolff, J. Appl. Cryst., 1, 108 (t968)). 

It is interesting to note that the dahydration, both In vaauu and In 
the presence of water vapour, of hydrated .aaloium sulfite prepared Using 
method (cl, gave tdentioal ~oduat.8. this fast 8uggeats the aaausptlon that 
the presence of minute amounts of NaCl or of the atartlng mater1818 in the 
hydrates prepared using aethod (b), uhloh are absent ira hydrates prepilred 
Uelng method (01. are among the klnetlo rectors responsible for the 
differenoea between dehydration in v80uum and In tha preaenoe Of Water 
rapour. 
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TABLE 11 

2e(*)‘, relative intensity, d-spacings (A1 and indsxesc of X-ray powder 

diffraction lines of CaSO,, anhydride IId. 

17.94 
21.37 
22.57 

9 
4 
7 

1; 
15 
46 

4.940 4.944 
4.155 4.155 
3.936 3.955 
3.812 3.808 
3.644 3.648 
3.510 3.510 
3.249 3.249 
3.071 3.069 
2.988 2.98P 
2.808 2.808 
2.744 2.743 
2.640 2.643 
2.593 2.591 

2.539 
2.538 2.538 
2.472 2.472 

2.366 
2.364 2.365 
2.332 2.332 
2:260 2.259 
2.078 2.078 
2.061 2.060 
2,030 2.036 

p “IO dexp dcalc h k JZ 

I 

::f! 
1 0 1 

YE8 
1 1 1 
2 0 0 
0 2 1 

::or 

45.18 
45.43 
46.15 

z 
15 

2.005 
1,995 
1.965 

23.32 
24.40 
25.35 
27.43 
29.05 
29.88 
31.85 
32.61 
33.93 
34.56 

47.50 
47.76 

1.913 
1.903, 

100 
52 
62 

iii 
35 

1 2 1 
21T 

48.27 
49.28 
49.87 
51.05 
52.82 

17 

3: 
13 

4 

1.884 
1.848 
1.827 
1.788 
1.732 

2 1 2 

X 
3 0 1 
2 1 2 
0 4 0 
3 1 1 
3 2 0 
2 3 1 
1 4 0 
0 4 1 
14T 

35.33 
36.31 

67 
13 

0 0 2 
0 3 0 
2 1 1 
2 2 0 
1 0 2 

53.71 
55.26 

1.705 
1.661 

38.04 
38.57 
39.86 
43.52 
43.89 
44.60 

ti 
6 

1s 

130 
1 11 
1 1 2 
2 0 P 
121 
3 0 T 

55.74 
56.60 
58.11 
59.82 

17 

1: 
6 

2.004 
2.001 
1,967 
1.963 
1.914 
1.904 
I.901 
1.883 
1.847 
1.827 
1.787 
1.731 
1.731 
1.705 
1.664 
1,649 
1.648 
1.625 

f l z 
1:527 
1.466 

1 3 2 

X3 
1 0 3 
3 3 0 

11 
7 

1.648 
1.625 
1.586 
1.545 
1.526 
1.466 

4 0 0 
3 1 2 
123 
2 13 
2 1 3 

%ee footnote a to Table 1. 
b!See footnote b to Table I. 
‘See footnote c to Table 1. 

So noclinic with a = 6.507(2)& b i 7.617(Z)& 

V t 256.8&, 2 = 4, Ox = 3.106 gcnr-‘, Bravais 

Figure of merit M,* = 45.9 (P.M. de Wolff, J. 

c = 5.188(l)& B = 92.91(l)‘, 

lattice = P. 

Appl. Cryst., 1, 108 (1968)). 

Another factor which ray have an effect on the mechanism oi the 
dehydration and therefore on the type OC anhydride formed. iS the pH Of the 
solution in which the hydrated oaloiux sulfite ia obtained, Posblbly, this 
effect also is due to minute resldueo of aaldity or beelolty in the hydrate. 
In the present work, the pff of the’mother solution was basis when methods (a) 
and (b) were crployed, acldlo when method (a) Yaa used, 

These aasunptlons arm supported by the faot that the dehydratlon of 
hydrated samples prepared by method (b) and washed many times with oxygen- 
tree dlatllled water pve a rlxture of anhydr’lde II with either anhydride f 
or 1X1, depending on the weter vapour preaaure whioh prqveiled during the 
dehydration. Furthermore, dehydration of the above hydrated saxplea afta. 
imveral days Czr equilibration with di8tllled water ame pwa enhydride XI. 



25s 

TABLE III 

20(‘)~, relative intensity, d-spacings (Al and indexesC of’ X-ray powder 

dirfracti~ lfnes oi IX&, anhydride IIId. 

Tze,x, 1’10 dexp dcalc h k e 

17.97 
19.73 
22.37 

26.70 
28.26 

;:Ej 

31:97 
32.29 
32.66 
35.07 
36.38 
37.25 
37.91 
38.88 
40.33 
42.34 
43.12 
44.82 
45.15 
45.99 

1: 

:: 

E 
39 
11 

15 
3 
2 

28 
2 

11 

:: 
5 
3 

4.933 
4.496 
3.971 

3.335 
3.155 
3.046 
2,925 
2.853 
2.797 
2.770 
2.739 
2.557 
2.467 
2.412 
2.372 
2.314 
2.234 
2.133 
2.096 
2.021 
2.006 
1.972 

4.936 
4.497 
3.981 
3.968 
3.335 
3.156 
3.045 
2.925 
2.853 
2.797 
2.770 
2.738 
2.557 
2.468 
2.412 
2.374 
2.314 
2.231 
2.133 
2.097 
2.021 
2.006 
1.972 

1 0 I 
0 1 1 
1 0 1 
1 i T 
0 2 0 
2 0 0 
0 0 2 
0 2 1 
2 1 0 
2 1 T 
0 1 2 
1 1 1 
1 2 1 
202 
2 1 1 
1 1 2 

::I 
3 0 1 
1 3 0 
1 2 2 
3 1 0 
1 1 J 

28 exp “‘0 dexp dcalc h k a 

46.76 7 1.941 

47.64 27 1.907 
49.92 12 1.825 
50.62 39 1.802 

52.75 14 1.734 
54.37 17 1.686 
55.04 7 1.667 
55.62 15 1.651 

56.34 3 1.632 
57.24 4 1.608 
57.56 3 1.600 
58.44 3 1.578 
60.06 5 1.539 

60.21. 
60.80 

61.77 

4 1.536 
5 1.522 

7 1.501 

63.53 7 1.463 

1.942 
1.941 
1.908 
1.827 
1.803 
1.801 
1.734 
1.686 

::z 
1.651 
1.631 
1.608 

::fZ 
1.539 
1.539 
1.535 
1.522 
1.522 
1.501 
1.501 
1.463 

0 1 3 
1 3 1 
2 1 2 

x:f 
3 1 1 
0 2 3 
2 3 1 

! : s 
223 
3 2 1 
0 4 1 
1 2 3 
4 0 0 
33-I 
3 1 2 
4 1 0 
0 0 4 
2 1 3 
2 0 4 
4 1 2 
0 4 2 

aSee footnote a to Table I. 
bSee fi&Tot8 b t0 Table I. 
‘See footnote c to Table 1. 

So noclinic with a = 6.458(2)A, b P 6.670(2)& C = 6.231(2)!, P = 102.22(2)“, 

V I 262.3k, 2 I 4, Ox :: 3.041 UC+, BiWaie lattlc = P. 

Figure of merit Ht. = 30.9 (PA de Wolff’, J. Appl. Cryst., At 108 (196811. 

It should he noted that the dehydration of calciun sulfite hemihydrate 
prepared using methods (a) and fb) frequently gave mixtures,-in different 
PropOFtions, of anhydrides I, II and III. In thermogravimetric analysis the 
dehydration is generally Performed in an open boat from uhieh most Of the 
water vapour, released during the dehydration, IS rwOv8d by the flow Of dry 
nitrogen. Under these aonditiona the main produat lo anhydride I, which ia 
usually obtcrined In a aixture with anhydrides II or/and III. Contrary to TO, 
during the dahydratlon in a DTA oell, whim the aample is compressed in a 
tube with a narrou opening, the water of orystallization released is trapped 
8nd eauees 8 hi@ v8pour In’e88u’e. Under the88 oonditiorul the main product 
is anhydride III, which may be reaeived contaminated with anhydride II. 
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The fact that mixtures of anhydrldes may be obtalned during the 
dehydration of orthorhomblc QSO .%H20 could explain the experimental results 
of Arai et al. C51. They cla med that the dehydration of orthorhombic 3 
CaSO *% 0 gave an anhydride whose X-ray pattern agreed g%nerally with that 
reporte by Lutz et al. E31, but shoued many additional diffraction peaks. 3 f 
An examination of this XP?JP shows that it belongs to anhydride I, as a major 
ccmponent In a mixture with anhydride 11. As a result, the intensity of the 
X-ray diffraction lines of the latter is much lower than it-would be in pure 
anhydride II, and only the lines of highest intensity appear in the XPDP of 
the mixture. 

Flnaf ly, it may be noted that the differences observed in our system 
betueen dehydration in vacuum and in the presence of- water vapour are similar 
to those found during the dehydration of CaSO4 *2H20. Barriac [7] reported 
the existence of 3 diPferent modifications of CaS04*kH20 (a.8 and Iow- 
pressure a), obtained upon dehydration of CaSO4.2H20 under different water 
vapour pressures. Recently, these modifications were proved to be definite 
orystalline phases with different lattice structures (S-103. It may 
therefore be worthwhile t0 pay SpeCial attention t0 WSter VaPOUr PreSSWe 
conditions. whenever thermal dehydration is investigated. 
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