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Thermal analysis up to 1550 ~ on natural and synthetic materials containing CaSO4 
revealed the temperature ranges of dehydration, impurity content decomposition and 
CaSO4 decomposition. CaSO 4 decomposition starts above 1200 ~ and proceeds in several 
steps, depending (~n the CaO content. CaSO4 forms several eutectic compositions with CaO 
(at 1340, 1390, 1410 and 1450 ~ each decomposition step being preceded by the forma- 
tion and fusion of a eutectic composition, the decomposition taking place in the melt. 

The thermal decomposition of calcium sulphate in the pure state or in various 
materials is a disputed subject in the literature; it depends upon the conditions and 
duration of burning, the particle size of the material subjected to calcination, and 
especially the amount and nature of impurities in the raw material. For instance, the 
starting temperature of CaSO 4 decomposition is given variedly as 900, 1000, 1030 or 
1200 ~ [1-8 ] .  

In the present paper, the thermal behaviour of natural and synthetic CaSO 4 within 
the temperature range 20-1550 ~ and the influence of CaO on the decomposition 
CaSO 4 ~ CaO + SO 3, were studied by thermal analysis. 

CaO is the most frequent impurity in the raw material; it results from CaSO 4 de- 
composition, forming with it eutectic compositions of the type mCaSO 4 ' nCaO 
[5, 12], and it plays an important part in the setting and hardening processes of some 
binders based on CaSO 4 [3 -5 ] .  

Systems containing CaSO 4 in various forms have mostly been studied by thermal 
analysis, within different temperature ranges [7-12] ,  under different experimental 
conditions [13-17]  or in industry [18], and by other methods too [19, 20]. 

Experimental 

A Pautik-Paulik-Erdey 2895 derivatograph equipped with a gas t/trimeter was 
used in the determinations. 

In order to find experimentally the end of the decomposition, and since the melt 
obtained up to 1550 ~ penetrating through the pores of the AI20 3 crucible while 
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cooling, is welded to the bead of the thermocouple, a multiplate sample holder was 
used for the sample housing. 

The working sensitivities for TG were 200 and 500 mg. The maximum working 
temperatures were 250 ~ and 1550 ~ and the heating rates were 2.5 and 7.5 ~ per 
minute, respectively. To obtain the TGT curve, nitrogen with a flow rate of 25 I/h 
was used as carrier gas, and NaOH solution at pH = 9.0 with 1% hydrogen peroxide 
as absorbent solution, the analysis being effected up to 1300 ~ The sample amount 
was 500 mg and AI20 3 was used as reference substance. 

The substances and materials studied were as follows: 
CaSO 4 p.a., plaster for construction (containing preponderantly ~-CaSO 4 ' 

�9 0.5 H20), pottery plaster, phosphogypsum, plaster containing preponderantly 
(~-CaSO 4 ' 0.5 H20, gypsum from various sources and therefore with different struc- 
tures (the test speciments being referred to in the paper as gypsum, monocrystal 
gypsum and microcrystalline gypsum), and systems consisting of CaSO 4 and CaO 
of various compositions. For each system a great number od determinations were 
carried out. A selection of the experimental data obtained is presented. 

Results and discussion 

The results obtained are illustrated in Figs 1.-6 and Table 1. 
The effect recorded in the temperature range 20-60 ~ (Figs 1 and 3) is assigned to 

the loss of water absorbed from the atmosphere from the surface of particles of 
a-CaSO 4 �9 0.5 H20 and ~]-CaSO 4 . 0.5 H20 (component of plaster for construction), 
with maximum rate at 40 ~ This points to the metastability of the semihydrate as 
against the hydrate [5, 20] and demonstrates the necessity to keep semihydrate 
samples in an oven at 60 ~ before chemical analysis. 

The loss of crystal water from CaSO 4 dihydrate and from the c~ and 13 semihydrates, 
with the formation of anhydrite II I ,  takes place in the temperature range 90-220 ~ . 

The dehydration kinetics is strongly influenced by the structure and by impurities 
in the material, as well as by the conditions under which the process takes place, such 
as temperature, heating rate, vapour pressure, humidity and particle size [5, 7, 8, 11, 
13--20]. 

Although our determinations were carried out under the same experimental condi- 
tions, Figs 1 -3  show the influence of the structure on the dehydration range. 

The gypsum samples exhibit loss of crystal water in two distinct steps, at 90-140 ~ 
and 140-170 ~ (Fig. 3). 

Monocrystal and microcrystalline gypsum lose crystal water in the range 90---220 ~ 
similarly in two steps (Fig. 2), but with different kinetics than for natural gypsum [5]. 

The plasters containing preponderantly ~-CaSO 4 �9 0.5 H20 undergo dehydration 
in the range 90-140 ~ , and those with (x-CaSO 4 �9 0.5 H20 in the range 90-180 ~ 
(Fig. 1). 
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Fig. 6 TG curves for  CaSO 4 and mixtures of 

CaSO 4 and CaO in various mass ratios. 
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Table 1 CaSO 4 amount in various decomposit ion steps for  synthetic mixtures 
of CaSO 4 p,a. and CaO p.a. 

Temperature range CaSO4, % 
No. mCaSO4:mcao  ~ Decomposed Undecomposed 

1200-1340  8.5 
1 1 0 : 0 "  1340--1460 5.8 9 

1460-1550  24,5 

1200-1340  !0  
2 10 :0 .25  1340--1430 44 22 

1430-1550 24 

1200--1340 10 
3 10 :0 .5  1340-1430  44 12 

1430-1550  34 

1200-1340  11 
4 1 0 : 2 "  1340-1410  29 0 

1410-1550  60 

1200-1340  1t 
5 1 0 : 4  1340-1410  22 0 

1410-1550  

* The results represent the average made of three determinations. 
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In the temperature range 300-400 ~ the polymorphic transformation of anhydrite 
III to anhydrite II, seen in the DTA curve (Fig. 2), occurs wi th maximum rate at 
340 ~ for well-crystallized gypsums. This polymorphic transformation is less clearly 
outlined for the other synthetic gypsums and plasters, phosphogypsum and CaSO 4 
p.a., the transformation occurs gradually up to 1000 ~ depending on the impurity 
content and especially on the pH of the material [9]. 

In the temperature range 500-730 ~ (Fig. 1), carbonate decomposition takes place, 
especially that of calcium and magnesium carbonates [10] existing as impurities in 
the mineral, this effect being recorded for all samples of natural rocks. 

To obtain additional information, two more determinations were performed. 
Simultaneously wi th the TG, DTG and DTA curves, the TGT curves (Fig. 1) were 

also recorded of CO 2 and SO 3 obtained during the decomposition; the effect at 
500-730 ~ was present in the CaSO4-CaO system as well, the presence of CaCO 3 
being explained by the fact that CaO added in the presence of water and CO 2 from 
the oven atmosphere is hydrated and then carbonated. 

In some samples, a small weight loss at 950-1200 ~ (Figs 1, 2), assigned to the 
decomposition of MgSO 4 impurity in the natural minerals [10], occurs wi th maximum 
rate at 1130 ~ 

The endothermic effect of the polymorphic transformation of anhydrite II to 
anhydrite I [6] appeared in the DTA curve for all samples at 1180 ~ (Figs 1,2 and 4). 

Above 1200 ~ the thermal decomposition effect of CaSO 4 is recorded (Figs 1, 2 
and 4 -6 ) ;  this is produced in 2 - 4  steps, depending on the CaO content of the system. 
The second decomposition step for the CaSO 4 p.a. sample, which started at 1340 ~ 
is assigned to the decomposition of CaSO 4 from the eutectic composition (consisting 
of 18% CaO and 82% CaSO 4) formed at 1340 ~ [6] from the CaO resulting in the first 
decomposition step and part of the remaining CaSO 4. 

To establish these steps more exactly, thermal curves of mixtures of CaSO 4 p.a. and 
CaO p.a. of different compositions, expressed by mass ratios, were recorded. 

The experimental data are illustrated in Figs 4 - 6  and Table 1. Increase of the CaO 
added intensified the DTA effect at 1340 ~ (Fig, 4), indicating the formation of a 
larger amount of eutectic. A new decomposition step was also recorded in the DTG 
curve (Fig. 5), assigned to new decomposition of CaSO 4 from the melt of another 
eutectic. The effects recorded at 1390, 1410 and 1450 ~ are ascribed to the formation 
of new eutectic compositions (Fig. 4). 

DTA curves (Fig. 4) could be recorded only up to 1500 ~ because the melt which 
was formed led to a great difference between the thermal characteristics of the sample 
as compared to those of the reference substance. Identif ication of these eutectic com- 
positions is di f f icul t ,  for the DTA curve is the resultant of all the endothermic 
processes occurring wi th in this temperature range. 

With the increase of CaO in the system, the decomposition is finalized at 1530 ~ 
the weights of the last two eutectic compositions increasing at the expense of the first 
one (Figs 4 and 6, Table 1), this supporting the assumption that the decomposition 
occurs in the melt of the eutectic. 
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In gypsum wi th well-shaped crystals (Fig. 2), only the first 3 eutectics appear as 
the decomposit ion is completed up to 1420 ~ 

The impurities in the natural minerals produce slight shifts in the melting tempera- 
tures of the eutectics formed (Fig. 1 ). 

Appl icat ions 

The determinations revealed that CaS04 starts to decompose at 1200 ~ Thus, CaO 
(an activator in the hardening of f loor plaster obtained up to 1000 ~ [1 -5 ] )  results 

f rom the decomposit ion of CaCO 3 impurit ies in the raw material and not f rom the 
decomposit ion of CaSO 4 [1-o4]. 

Conclusions 

Thermal analysis provided information on the dehydrat ion of minerals containing 

CaSO 4 and on the temperature ranges in which transformations occur, The decom- 

posit ion of CaSO 4 starts above 1200 ~ proceeds in several steps, depending on the 
impur i ty content, and is completed at about 1550 ~ . 
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Zusarnmenfassung -- Die thermische Analyse bis 1550 ~ von CaSO 4 enthaltenden nati3rlichen und 
synthetischen Materialien hat gezeigt, dar~ Temperaturbereiche zu unterscheiden sind, in denen die 
Dehydratisierung und die Zersetzung von Verunreinigungen und CaSO 4 verlaufen. Die Zersetzung 
yon CaSO4 setzt oberhalb 1200 ~ ein und verl~iuft, abh~ingig vom CaO-Gehalt der Probe, in 
mehreren Schritten. Es wurde festgestellt, dab Calciumsutfat mit CaO mehrere eutektische Ge- 
mische (bei 1340, 1390, 1410 und 1450 ~ bildet. Jedem Zersetzungsschritt geht die Bildung und 
das Schmelzen eines eutektischen Gemischs voraus. Die Zersetzung selbst geht in der Schmelze 
vor sich. 

Pe31oMe-  r'lpoBeAeHHbIB dO TeMnepaTypbl 1550 ~ TepMVI~IecK14~t all&nil3, np~poAHblX ~ C~H- 
TeTHqeCKHX MaTep14anoB, coAep~aLu.14x cyrlb~aT Ka.nbl4H•, no3Bon14J1 onpeAen14Tb TeMnepaTyp- 
Hble HHTepBa.rlbl npoL{eccoB p, er14ApaTaLL1414, coAep~aH14R np14Mece~ 14 pa3no~KeHHR cyJ]b~aTa 
Ka.rlbLI.14R, Pa3rlo~eHHe noc,qeAHelo HaH14TaeTcA BblLUe 1200 ~ H nlOOTeKaeT B HecKoTibKO CTa/3,14H, 
e 3aBHCHMOCTH OT coAep~KaH14~ OKHCH Kanbu.HFI 8 o6pa314e. YCTaHOBneHo, HTO cyrlbqbaT KaTIbU,14F114 
OKHCb KBnf=I4HR o6pa3u npH TeMnepaTypax 1340, 1390, 1410 H 1450 ~ HeCKOs 3BTeKT14- 
4eCKHX cMecel~. Ka~KAO~ CTa~.HH pa3,qo>KeHHR npep.LUeCTsyeT o(~pa3ol3aHvle 14 nrla13neH14e aBTeK- 

THK14, a CaMO pa3rlo>KeHHe npoTeKaeT 8 pacrmaae. 
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