
Původní práce 

D EHYDRATION OF GYP SUM IN LIQUID WATER 

VLADIMÍR ŠA_'rAVA 

Joint Laboratory for the Chemistry and Technology oj Silicates, 
Institute oj Chemical Technology 

and 0?.echoslovak Academy oj Sciences, Prague 

Received on 5th May, 1970 

Transjormations oj gypsum taking place in the medium oj liquid 
water in the equil-ibrium with water vapour at temperatures oj up to 35 O 00 
were investigated clirectly by means oj the differential thermal analysis. The 
measuring equipment is describecl and the curves obtainecl are shown. The 
transjormation oj gypsum into rx-hemihyclrate is indicatecl by an enclo­
thermal peak starting at about 112 °0. Another enclothermal peak starting 
at 250 °0 probably corresponcls to the transjormation oj hemihyclrate to 
anhydrite III which at 270 °0 is converted exothermally to anhyclrite II. 

INTRODUCTION 

Transformation of gypsum into hemihydrate in the medium of liquid water 
is the basic process in the production of a-plaster of Paris. Kelley, Southard 
and Anderson (3) have shown by thermodynamic computations that an 
invariant equilibrium of a-hemihydrate, dihydrate, water and water vapour 
exists at 97 °C. The experimentally established equilibrium temperature is 
somewhat higher (100 °C Kelley (3) and 103.1 °C Eipeltauer (2)). The course 
of the further transformations of a-hemihydrate in the medium of saturated 
steam at higher temperatures is unknown. Kelley et al (3) consider as unprobable 
the equilibrium anhydrite III a-a-hemihydrate-water-steam. Although 
presenting the equation for free enthalpy change of the reaction 

they do not specify any temperature corresponding to the equilibrium, as the 
latter lies outside the temperature region for which the equation holds exactly. 

Some information on the transformations in the CaSO4 -H2O system in 
the medium of saturated water vapour could be provided by DTA measure­
ments. The first experiment aimed at this was carried out by Barriac (5). 
He has shown that exothermal dehydration of gypsum is revealed by a marked 
endothermal peak between 130 and 150 °C. However, the instrument employed 
by him allowed measurement only up to 160 °C and not indicated any courses 
of further transformations. A new instrument, which has been developed for 
this purpose and allows to perform DTA up to 400 °C, is described in this paper. 
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EXPERIMENTAL SECTION 

Ap paratus  for DTA 

The DTA measurements were carried out in  a cylindrical stainless steel 
autoclave (A) (Fig. 1). The autoclave was fitted to a ceramic holder Band the . 
two were placed in a vertical tubular kanthal furnace (C) provided with lid D 
of a thermally insulating material. The linear temperature rise (10 °C per mi­
nute) was controlled by the progam controller (Netsch Co., German Federal 
Republic). The furnace C wa provided with a device for vertical displacement, 
ensuring easy handling of the autoclave on replacing the sample. A diagram 

F 

Fig. 1. Apparatus for DT A in the medium 
oj saturated water vapor. 

A-autoclave, B-ceramic holder,
C-kanthal furnace, D-insulation,

E-thermocouple outlets, F-Fewarjlask.

Fig. 2. Aiitoclave clos-ure. 
A-sealing body, B-tapered autoclave 

jacket -wall, C-tapared part oj closing body, 
D-copper sealing ring, E-screw closure,
F--press-ing steel ring ,G-threacled mandrel.

of the autoclave closure [6] is shown in Fig. 2. (improved Bridgmann closure). 
The autoclave space is sealed with a rotary body A which bears against the 
oblique jacket wall B of autoclave. The closure is provided with a tapered 
part C which is fitted with sealing ring D of recry tallized copper. By means 
of screw E and ring F the copper sealing ring is pushed ·against the tapered 
autoclave jacket wall and against the tapered wall of closure A. Increasing 
pressure in the autoclave increases that aga.inst the ealing ring and thus increases 
tightness of the closure. When opening the autoclave, a nut is screwed onto 
the threaded mandrel G and the complete clo ure A is withdrawn by revolving 
screw E.

The measuring devices proper for DTA Trere connected to the body A which 
closes the autoclave; their design is hmm by the sectional view in Figs. 
3a and b. Thermocouples in sintered corundum capillaries were drawn through 
two dia. 3 mm tubes A and B which were parallel to the autoclave closure axis. 
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The thermocouple joints were situated in two extensions O and D @f the clo­
sure body, milled so as to form a partition in the cylindrical hollow arising 
at the end of the closure by ins�rtion there of the tube E. The ends of tubes 
A and B were sealed by electric soldering with brass. The thermocouples 
were thus in fact placed outside the inner autoclave space. 

The chamber JJ' was filled with the substance to be 
investigated (gypsum, etc.) while chamber G contained 
the standard sample (corundum or an- hydrite II). In 
order to increase sensitivity, a gap H, which reduced the 
rate of equalization of temperature differences between 
the standard and the sample, was provided between 
the thermocouples. 

The Palla plat thermocouple were applied the cold joints 
of which were placed into a Deward vessel; the tempe­
rature was measured by a millivoltmeter, and the tem­
perature differences were recorded by the EZ 2 recorder 
(Laboratorní přístroje, National Oorporation) using 
a photoelectric pre-amplifier. 

The mater ia ls  employed 

Gypsum -
a) ground monocrystals of Marienbad glas�
b) precipitated dihydrate of A. R. purity. Orystal

length approx. 100 µm.
c) 1Y.-hemihydrate-prepared by dehyclrating A. R.

purity gypsum in boiling 30 % Oa012 solution.
Needle-shaped crystals approx. 100 µm in length.

Oorundum -grain size 0.1 mm, employed as standard 
sample. 

F'ig. 3. The DTA measuring devices proper 

A, B-thermocouple jitting tubes, O, D-thermocoupfo joints, 
E-tube, F', G-vessels f 01· sample and standard respectively,

H-gap between vessels.

DTA Measurement  

After filling the chambers with the standard and the sample to  be  investigat­
ed, the autoclave volume was filled up to one half with water, the autoclave 
was closed and placed in the furnace. In the course of measuring both samples 
were immersed in water (the inverse position of the autoclave in the furnace, 
when the samples were in the steam space, produced faulty measurements, 
probably as a result of irregular heat flow). 

The results  and  the i r  interpretat ion 

The resulting DTA curves of gypsum and 1Y.-hemihyclrate are shown in  Fig. 4. 
The first .endothermal peak on the gypsum curve corresponds obviously to 
dehydration of gypsum to 1Y.-hemihydrate. This begins at 112 to 115 °0 and 
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reaches its mnumum at 135 to 145 °C. The DTA curves of gypsum mono­
crystals (Marienbad glass) exhibit a marked endothermal peak starting at 
250 °C and passing into an elongated exothermal one ending at approx. 350 °C. 
The second endothermal peak is less distinct in the case of precipitated gypsull).. 
The endothermal peak is marked on the DTA curve of crystalline C1.-hemi­
hydrate. 

o 100 200 300 
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A 

B 
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Fig. 4. DTA curves oj A-gypsum {il!farienbad glass}, B-precipitated gypsum, 
O-et.-hemihydrate.

Anhydrite II was identified by X-ray diffractography, chemical analysis 
as well as dilatometrically in the product which had been isolated after cooling 
down from 300 °C, while hemihydrate was the sole product at temperatures 
below 250 °C. 

The courses of the DTA curves therefore allow to assume that the trans­
formation of C1.-hemihydrate to anhydrite II takes place in two stages, that 
is via anhydrite III. This modification cannot of course be detected as an inter� 
mediate product, siI1ee on cooling it- is converted to hemihydrate in the pre­
sence of liquid water. The detection of this transformation by means of DTA 
on cooling, was not evident enough because the thermal capacity of the me­
asuring equipment was too large and the cooling down proceeded too slowly. 

The temperature of the invariant equilibrium of C1.-hemihydrate, anhydrite 
III, water and steam can be estimated as tne point of intersection of the 
dependence of saturated water vapour tension above liquid water on the 
extrapolated temperature dependence of equilibrium water vapour tension 
corresponding to the reaction 

which has been established by K.elley, Southard and Anderson for the tempe­
rature range of 20 to 145 °C (Fig. 5). The equilibrium temperature determined 
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in this manner is 260 °C and P = 46.3 atm., which is in quite good agreement 
with the temperature of the beginning of the second peak on the DTA curves, 
especially when taking into account that the computation utilized the tempera­
ture dependence of specific heats of hemihydrate and anhydrite, which had 
been measured experimentally only at room temperature. 

,·c--

300
° 

200' 100· 

IO 

10' 

ró'L----�-----'-----�--
1 J •I J 

T
. IO deg 'K 

2 

Fig. 5. Plot oj equilibriwn water vapour pressure vs. temperature. 

A-eqiiilibriurn H2O(I> s= H,O
B-equilibriu.rn et. CaSO4 • 1/2 H2O<s> s= a CaSO. III<s> + 1/2 H2O(g)
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DEHYDRATACE SÁDROVCE V PROSTŘEDÍ KAPALNÉ VODY 

Vladimír Šatava 

Společná laboratoř pro chemii a technologii silikátů ČSA V a VSOHT, Praha 

Pomocí DTA byly sledovány přeměny sádrovce probíhající v prostředí kapalné vody 
v rozmezí teplot 20-350 °C. Měření DTA byla provedena ve válcovém autoklávu ze 
žárovzdorné oceli opatřeném Bridgmannovým uzávěrem. Autokláv byl ohříván v odpo­
rové peci a růst teploty řízen kompensačním programovým regulátorem. Khvky DTA 
sádrovce vykazují endotermní peak počínající ph 112 °C s minimem pí-i 130 °C, který od­
povídá přeměně dihydrátu na alfa hemihydrát. Druhý endotermní peak začínající pi-i 
250 °C odpovídá dehydrataci hemihydrátu na rozpustný anhydrit. Teplota 250 °C je 
v dobré shodě s teplotou invariantní rovnováhy alfa hemihydrátu, rozpustného anhydritu, 
vody a vodní páry, vypočtené z termodynamických dat, která stanovili Kelley, Southard 
a Anderson. Přechod rozpustnéhho anhydritu na anhydrit nerozpustný, který nastává nad 
teplotou 270 °C, se na DTA projevuje táhlým exotermním maximem. 

Obr. 1. Zařízení pro DTA v prostředí nasycené vodní páry. A - autokláv, B- keramický 
držák, O - kanthalová pec, D - izolace, E - vývody termočlánků, F - Dewarova 
nádoba. 

Obr. 2. Uzávěr autoklávu 
A - uzavírací tělísko, B - kónická stěna pláště autoklávu, O - kónická část 
uzavíracího tělesa, D - měděný těsnící lcrouželc, E - šroubový uzávěr, F - při­
tlačovací ocelový kroužek, G - tťn se závitem. 

Obr. 3. Vlastní měřicí zařízení pro DTA 
A, B - trubice pro zavedení termočlánků, O, D -svary termočlánků, E - t1·ubice, 
F a G - nádobky na vzorek a standard, H - mezera mezi nádobkami. 

Obr. 4. DTA křivky 
A -sádrovec (mariánslco-lázeňské sklo), B- sádrovec srážený, O - <X-hemihydťát. 

Obr. 5. Závislost rovnovážné tenze vodní páťy na teplotě. 
A - rovnováha H20(1J s= H20(gl 
B - ťovnováha or.* CaS04• 1/2 H20<•> � or. CaSO. lll<s>' + 1/2 H20(gJ 

,II;Erl1,II;PATAIJ;:11H rHIICA B IIPHCYTCTBHH BO,D;bl 

Brra.n;nMnp illaTaBa 

06Ufa,11, .n,a6opamopu,11, xu..iiuu u mexHo.n,oeuu cu.n,w,amoo TJ..CAH u XTH Ilpaea 

11 pH IIOMOIU;H ,II;T A aBTOP HCCJieJ.J;OBaJI H3MeHeHIUI rnrrca, rrpoTeKaIOru;rre B rrpncyTCTBHII 
BOJ.J;I,! B rrpe.n;errax TeMrrepaTyp 20-350 °C: lfaMepeHIIlI ,II;T A 6mm rrpOBe.n;eHI,I B I\HJIHHJ.J;pH­
'IeCKOM aBTOKJiaBe HS mapoyrropHoň: CTaJIH C 3aTBOpOM BpIIJ.J;IBMaHHa. ABTOKJiaB HarpeBaJIH 
B rreq11 rrpHMoro conpoTirnrremrn 11 rro.n;'LeM TeMrrepaTypu perym1poBaJIH nocpe.n;cTBOM 
I<OMll0HCaI\HOHHOl'O rrporpaMMHOrO peryJIHTOpa. KpHBbie ,II;T A r11rrca .n;aIOT SHJ.J;OTepMH­
qecKHli mm, Ha•rnHaIOru;Hň: rrpn TeMrrepaType 112 °C c MHHHMYMOM npH TeMrrepaType 130 °c, 
KOTopuň: COOTB0TCTByeT H3MeHeHHIO J.J;Hl'HJ.J;paTa B or.-reM11r11.n;paT. BTopoň: 8HJ.J;OTepMnqecK11ň: 
IIHI<, Haq11Hamru;nň: rrpH TeMrrepaType 250 °C, COOTBe'TCTByeT .n;ern.n;paTaI\HH reMnrn.n;paTa 
B paCTBOpHMblll aHrn.n;pHT. TeMrrepaTypa 250 °C HaXOJ.J;HTClI B xopomeM corrrac1111 C TeMrrepa­
Typoň: HHBapnaHTHOro paBHOBeca or.-reM11n1.n;paTa, paCTBOpHMOl'O aHrn.n;pnTa, BOJ.J;I,I Il BOJ.J;lI­
HOrO napa, paccqnTaHHOrO Ha OCHOBaHHH TepMOJ.J;HHaMHqec1mx .n;aHHbIX, ycTaHOBJI0HHb!X 
ReJIJIH, CyTap.n; Il AH.n;epcoH. Ilepexo.n; paCTBOpHMOro aHrn.n;pHTa B HepaCTBOpHMb!ÍÍ: aHrII­
.n;pnT, rrpoTeKaIOru;nň: rrpn T0MrrepaType Bblill0 270 °C, COOTHOCHTClI Ha )];TA K BbITlIHYTOMY 
SKSOTep�rnqecHoMy MnHnMyMy. 

Puc. 1. YcmaHoe1.a 8= /(TA e cpeae HacbiufeHHoeo eo8J1,Hoeo napa. A - aemoi..n,ae, B - 1.e­
pa.1iu11ec1.idí aepi,came.n,b, B - naHma.n,oerui ne•ib, I' - uao.n,J/,lfU,<i, I( - ebieoabl mep,,w­
a.n,e..iteHmoe, JIC - 8b10apoec1.w'í cocya. 
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Puc. 2. Bameop aemo1.11,aea. A - eanop1-taR eo11,oei;a, B - 1.01-tu1tec1.a,1, cme1-ta 06011,01t1.u aemo-
1.11,aea, B - 1.01-tu1tec1;a,1, •tacmb eanop1-toií eo11,oe1.u, I' - .1te81-toe yn11,om1-tRIOU(.ee 1.011,btfo, 
P - eimmoo6pa&Hbiií eameop, JI{ - npw1cu.1.uioe cma11,brioe 1.011,blf0, B - peeb6oea,1, 
npo61.a. 

Puc. 3. OmaeJ1,bHllR U8,\tepume11,bHllR ycmanoei;a aJl.'I, PTA. A, B - mpy61.u a/1,R, npoeoai.u 
mep.1ioa11,e.1ienmoe, B, I' - utebi mep.1toa11,e.1wHmoe, P - mpy61.a, JR, 3 - cocy8bi 811,11, 
npo6 u cmaH8apmoe, Ff - eaeop ,1tei1c8y cocy8a.1tu. 

Puc. 4. Hpuebie PTA A - eunc (.1tapueH6a8c1.oe cme1.11,o), B - ocmbiealOU(,Utl eunc, B -
rx-ee.4meua pam. 

Puc. 5. Baeucu.1tocmb paenoeecHoii ynpyeucmu eo8RHoeo napa om me.1wepamypbi. A - paeHo-
eecue H20 <1> sc= H20 M , B paeHoeecue* rx CaS04. 1/2 H20 <•i sc= CaS04 III<si +
+ 1/2 1-IiO,.>· 
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