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The quantitative determination of anhydrite, basanite and gypsum was studied in a 
wide range of concentrations. It was estimated that adequate accuracy can be attained 
when combined thermal and X-ray diffraction analysis was used. The detectability 
and range of application of particular methods depending upon the phase content are 
presented. 

In order to determine the phase composition quantitatively in a rapid and 
reliable way, a method common for thermal and X-ray analysis, that combines 
the advantages of both but exhibits none of their shortcomings, has been elabo- 
rated. According to some authors, X-ray analysis is characterized by a large scatter 
of the results in the case of the gypsum-basanite system within a range of from 
30 to 70 % of one of the phases. Errors occurring during the determination of data 
are due to the fact that basanite dehydrated to a considerable degree does not 
change its crystallographic structure [1]. Although thermal analysis makes it 
possible to distinguish the e and/~ forms of basanite from each other, it does not 
render sufficiently accurate results in the determination of small contents of hydrate 
phases within the other, unless special conditions of measurement are employed. 
The method described in this paper has been repeatedly applied for engineering 
and research purposes and is characterized by the good reproducibility of the 
results. 

Experimental 

Thermal analysis was carried out with a Derivatograph (MOM). The heating 
rate was about 3~ and the weighted sample was 1500 mg. The sensitivity 
of 500 mg made it possible to determine the losses in mass of the sample with an 
accuracy of 0.33 % 

Diffraction patterns were obtained by means of a TUR-M-61 apparatus. CuK, 
radiation with a Ni filter was used with a suitably selected system of slits. The 
working parameters of the Cu tube were: 18 mA, 35 kV. The speed of rotation 
of  the goniometer depended on the range of the determined parameters. 

For preparation of the calibration curves, chemically pure CaSO4" 2H20 was 
used, from which CaSO~. 1/2H20 was obtained. The specimens obtained were 
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tested by X-ray and thermal methods. Figure 1 shows the DTA curve for gypsum, 
the course of  which is equivalent to that given in numerous publications on that 
compound [2]. This two-stage curve corresponds to a double-step dehydration. 
The point of  inflection of  the T G  curve can be unequivocally described employing 
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Fig. 1. DTA curves for gypsum, basanite and mixtures, a -- gypsum; b -- 1 : 4; c -- 2 : 3; 
d - -  1 :1 ;  e - -  3 :2 ;  f - -  4 : 1 ;  g - -  basanite 

the D T G  curve. The loss in mass right from the beginning up to the point of  in- 
flection amounted to 16.33 %, beyond which it decreased down to 3.33 %00. From 
a comparison of  the two figures, it follows that the above-mentioned parameter  
cannot serve as the basis for further quantitative calcfilations and that the de- 
hydration steps overlap one another. 

Basanite, as can be seen in Fig. lg, shows an asymmetrical dehydration peak. 
The total loss in mass is equal in this case to 6.26 %; this differs from the stoichio- 
metric value by 0.01%00, which indicates the appropriate purity of  the sample. 
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In the investigations on the C a S O ~ - H 2 0  system, homogeneous mixtures with 
the following compositions were used: C a S Q .  2H20 to CaSO4.1/2H20 equal to 
1 : 4; 2 : 3; 1 : 1 ; 3 : 2 and 4 : 1. Further mixtures with small contents of  one of 
the phases in one or two other phases were prepared in order to determine the 
composition by means of X-ray analysis, the identification factor being another 
parameter  to be determined. The obtained results are shown in Figs l b - f .  All the 
curves exhibit two endothermic effects. The method of  separation of these two 
overlapping effects accepted by the authors is also shown in Fig. 1. The surface 
areas of  these effects are variable, which is evident from this illustration. 

Table 1 shows the absolute value of the surface area of  each effect, as well as 
the ratios of  the areas of  these effects. 

Table 1 

Surface areas and indexes (ratios) of surface areas of hydrate mixtures 

Compos i t ions  

Gypsum 
80 % gypsum -/- 20 ~ basanite 
60 % gypsum q- 40 ~ basanite 
50 ~o gypsum q- 50 ~ basanite 
40 Yo gypsum -b 60 ~ basanite 
20 ~ gypsum -t- 80 ~ basanite 

Basanite 

Surface areas 
(cm ~) 

I IX 

38.57 21.17 
37.05 31.40 
30.22 28.55 
24.15 24.55 
19.62 20.95 
14.70 18.15 
-- 18.97 

Indexes o f  
surface areas 

I : I I  

1.82 
1.18 
1.06 
0.98 
0.94 
0.81 
0.0 

Based on the assumption that the extent of  each effect constitutes a certain 
measure of  the absorbed heat, and thus is a measure of  the amount  of  water dis- 
,charged from the sample, it was assumed that the measurement of  the surface areas 
,of all effects and their comparison could be considered as an index of  the hydrate 
content of  the sample. 

Results and discussion 

The straight line shown in Fig. 2 was plotted on the basis of  the index taken 
f rom Table 1. As the sample may also exhibit the presence of the anhydrous phase, 
the straight line will not serve as the basis for direct quantitative calculations. 
Such calculations will also require data taken from the T G  curve. Each ratio of  
the surface areas of  effects obtained by planimetry is strictly connected with a 
definite ratio of  the hydrate phase contents, to which a suitable loss in mass further 
corresponds. 

Lack of conformability between the actual loss in mass and the calculated one 
is an indication of the presence of  anhydrite in the sample. I f  due attention to the 
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share o f  this in the sample is given in the calculation procedures, a full determina- 
tion o f  the phase composit ion will be possible. As can be concluded f rom Fig. 2 
the calibration line covers the participation of  a hydrate within a range f rom 
20 to 80 ~ .  It  was proved that  the error of  this method increases with a fall in con- 
tent o f  some of  the hydrates. It  is within the range from 0 to 20 ~ that the X-ray 
analysis renders the best results. The result of  such a calibration for this range is 
shown in Fig. 3, by way of  example. 
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Fig. 2. Index of surface areas as a function of the hydrate composition 

A number  o f  experiments were carried out  in order to determine the identifica- 
t ion limit for  the thermal, as well as for the X-ray analysis. The obtained results 
are summarized in Table 2. 

Table 2 

Identification limits 

Identification Methods Principal phase Mixture limit, 

Thermal analysis 

X-ray 

basanite 
anhydrite 
anhydrite 
gypsum 
gypsum 
basanite 
basanite 
anhydrite 
anhydrite 

gypsum 
basanite 
gypsum 
basanite 
anhydrite 
gypsum 
anhydrite 
gypsum 
basanite 
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With regard to the requirements put to the authors, the identification limits 
were sufficient, stressing the possibility of their reduction within the scope of the 
thermal, as well as X-ray analysis. 

On the basis of the conducted investigations, the following procedure for the 
analysis of calcium sulphate with an unknown phase composition is suggested. 
The preparation of samples is brought down to the operation of rinsing them with 
acetone and to a preliminary drying procedure at a temperature below 70 ~ with 
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Fig. 3. Ia,2g/Im02 for the basanite--gypsum system 
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Fig. 4, Nomogram for establishing the phase composition in the gypsum--basanite system 
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a possible size reduction to be considered. Each sample is then subjected to X-ray 
analysis. Discovery of a unary system will certainly require further experiments 
to be carried out on the samples. The presence of a binary system within a range 
from 1 to 20 % of one of the phases will render X-ray analysis sufficient for quan- 
titative determinations. In the case of a binary system where one of the phases 
exceeds 20 %, a thermobalance must be used to determine the losses in mass. 

If one of the components is anhydrite, the composition can easily be calculated. 
In the case of the gypsum-basanite system, the loss in mass serves as the basis 

for rapid determination of the composition of those two hydrates, using the nomo- 
gram shown in Fig. 4. The presence of a ternary system makes a complete thermal 
analysis indispensable. In this case, an area integration of the peaks must first 
of all be performed, followed by calculation of the surface area ratio, from which 
the ratio of hydrates present in the sample will be calculated. 

Further calculations will enable the phase composition to be established. The 
fact of a lower accuracy index in the analysis of a ternary system must also be 
taken into account. The method described above is restricted to samples consist- 
ing of calcium sulphate phases without admixtures of other substances. This can 
be considered the main disadvantage of this method, although in practice such 
limited tasks are often imposed upon the analytical chemist. 
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R~suM~ --  On  a cherch6 h doser  darts u n  large interval le  de c o n c e n t r a t i o n  l ' anhydr i t e ,  la 
basan i t e  et le plgtre.  D a n s  ce but ,  on  a fait  appel  h une  m 6 t h o d e  mixte  pa r  ana lyse  t h e r m i q u e  
et d i f f ract ion des r ayons  X. Les  r6sul ta ts  m o n t r e n t  que  le seuil  de d6tec t ion  et l ' in terval le  
d 'u t i l i sa t ion  d6penden t  de la t eneur  de ces phases .  

ZUSAMMENFASSUNG - -  D i e  quan t i t a t ive  B e s t i m m u n g  von  Anhydr i t ,  Basan i t  u n d  Gips  wurde  
in e i nem weiten K o n z e n t r a t i o n s b e r e i c h  un te r such t .  Es  wurde  a n g e n o m m e n ,  dab  d u r c h  e ine  
k o m b i n i e r t e  t he rmische  u n d  R 6n t gend i f f r ak t i onsana ly se  e ine  en t sp r echende  G e n a u i g k e i t  
erzielt we rden  kann .  Die  Nachwe i sg renze  sowie der A n w e n d u n g s b e r e i c h  b e s t i m m t e r  M e t h o -  
den  s ind  v o m  P h a s e n i n h a l t  abh/ingig.  

Pe3i~Me - -  KonuqecTBennoe onpe~enenge  aHr~Ap~Ta, 6acan~Ta a r n n c a  6N~o n3yqeno a 
m n p o r o ~  o6aacT~ KoH~eHTpan~.  B ~ O  yCTaHOB~eHO, qTO a~eKBaTHaa TONHOCTb MO~eT ~MTb 
AOCTgrnyTa n p n  HCHO~b3OBaHHH TepivndqecKoro H pe~TreHo-~a~par~Ho~noro  ana~a3a .  IIoKa3a- 
no ,  ~TO 06naeTb O6Hapy~o~BaeMOCTN H npHMeHeRmtNaCTHNX MeTO~OB 3aBHeHT B ~a30Boro 
co~ep~anga .  
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