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Transformations of gypsum taking place in the medium of liquid
water in the equilibrium with water vapour at temperatures of up to 360 °C
were investigated directly by means of the differential thermal analysis. The
measuring equipment is described and the curves obtained are shown. The
transformation of gypsum into o-hemihydrate is indicated by an endo-
thermal peak starting at about 112 °C. Another endothermal peak starting
at 250 °C probably corresponds to the transformation of hemihydrate to
anhydrite 111 which at 270 °C is converted exothermally to anhydrite I1.

INTRODUCTION

Transformation of gypsum into hemihydrate in the medium of liquid water
is the basic process in the production of «-plaster of Paris. Kelley, Southard
and Anderson [3] have shown by thermodynamic computations that an
invariant equilibrium of «-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 «-hemihydrate in the medium of saturated
steam at higher temperaturesis unknown. Kelley et al [3] consider as unprobable
the equilibrium anhydrite IIT «-a-hemihydrate—water—steam. Although
presenting the equation for free enthalpy change of the reaction

oL — CaSO4 . —;— HZO(S) == CaSO4 IIIOL(I') —I— —;—— HZO(S)

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 CaSO; — H,0O 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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Vi. Setava:
EXPERIMENTAL SECTION

Apparatus for DTA

The DTA measurements were carried out in a cylindrical stainless steel
autoclave (4) (Fig. 1). The autoclave was fitted to a ceramic holder B and 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 was provided with a device for vertical displacement,
ensuring easy handling of the autoclave on replacing the sample. A diagram

Irig. 1. Apparatus for DT A in the medium Irig. 2. Autoclave closure.
of saturated water vapor. A—sealing body, B—tapered autoclave
A—autoclave, B—ceramzic holder, jacket wall, C—tapared part of closing body,
C—kanthal furnace, D —insulation, D—copper sealing ring, I—screw closure,
E —thermocouple outlets, F— Fewarflask. F—pressing steel ring,—threaded mandrel.

of the autoclave closure [6] is shown in Fig. 2. (improved Bridgmann closure).
The autoclave space is sealed with a rotary body 4 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 recrystallized copper. By means
of screw B and ring F the copper sealing ring is pushed against the tapered
autoclave jacket wall and against the tapered wall of closure 4. Increasing
pressure in theautoclaveincreases that against thesealing ring and thusincreases
tightness of the closure. When opening the autoclave, a nut is screwed onto
the threaded mandrel ¢ and the complete closure 4 is withdrawn by revolving
screw B.

The measuring devices proper for DTA were connected to the body A which
closes the autoclave; their design is shown by the sectional view in Tigs.
3a and b. Thermocouplesin sintered corundum capillaries were drawn through
two dia. 3 mm tubes 4 and B which were parallel to the autoclave closure axis.
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The thermocouple joints were situated in two extensions €' and D of the clo-
sure body, milled so as to form a partition in the cylindrical hollow arising
at the end of the closure by insertion there of the tube Z. 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 F was filled with the substance to be
investigated (gypsum, etc.) while chamber ' 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 Pallaplat 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
(Laboratorni pristroje, National Corporation) using
a photoelectric pre-amplifier.

The materials employed

Gypsum —
a) ground monocrystals of Marienbad glass
b) precipitated dihydrate of A. R. purity. Crystal
length approx. 100 pm.
¢) o-hemihydrate — prepared by dehydrating A. R.
purity gypsum in boiling 30 9% CaCl, solution.
Needle-shaped crystals approx. 100 pm in length.
Corundum — grain size 0.1 mm, employed as standard
sample.

VI T TR

Ig. 8. The DT A measuring devices proper
A, B—thermocouple fitting tubes, C, D—thermocouple joints,
BE—tube, I', G—uvessels for sample and standard respectively,
H—gap between vessels.

=
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DTA Measurement

After filling the chambers with the standard and the sampletobeinvestigat-
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 their interpretation

The resulting DTA curves of gypsum and a-hemihydrate are shownin Fig. 4.
The first endothermal peak on the gypsum curve corresponds obviously to
dehydration of gypsum to «-hemihydrate. This begins at 112 to 115 °C and
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Vi. Satava:

reaches its minimum 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 gypsum.
The endothermal peak is marked on the DTA curve of crystalline a-hemi-
hydrate.

1 1 1 1
0] ' 400 200 300 400
t(C)

Iig. 4. DTA curves of A—gypsum (Marienbad glass), B—precipitated gypsum,
C—a-hemihydrate.

Anhydrite IT 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 e-hemihydrate to anhydrite II takes place in two stages, that
is via anhydrite ITI. This modification cannot of course be detected as an inter-
mediate product, since 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 «-hemihydrate, anhydrite
ITI, water and steam can be estimated as the 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

«CaS0, . Hy0 = @ CaSO,IIL 4+ — H,0( A

which has been established by Kelley, 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.
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I'ig. 5. Plot of equilibrium water vapour pressure vs. temperature.
A—equilibrium H20qy) = H.O0
B—equilibrium o CaSOs4 . 1/2 HaO) = o CaSO4IILy 4 1/2 HaOyg
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V1. Satava:
DEHYDRATACE SADROVCE V PROSTREDI KAPALNE VODY
Vladimir Satava

Spoleénd laboratof pro chemii a technologii silikdti, CSAV a VSCHT, Praha

Pomoci DTA byly sledovany pfemény sddrovce probihajici v prostiedi kapalnévody
v rozmezi teplot 20—350 °C. Méieni DTA byla provedena ve vélcovém autoklavu ze
zarovzdorné oceli opatieném Bridgmannovym uzavérem. Autokldv byl ohfivan v odpo-
rové peci a rast teploty rizen kompensaénim programovym reguldatorem. Kiivky DTA
sadrovce vykazuji endotermni peak poéinajici pii 112 °C s minimem pii 130 °C, ktery od-
povidéd pieméné dihydrdtu na alfa hemihydrat. Druhy endotermni peak zaéinajici pii
250 °C odpovidé dehydrataci hemihydratu na rozpustny anhydrit. Teplota 250 °C je
v dobréshodé s teplotouinvariantni rovnovahy alfa hemihydrétu, rozpustného anhydritu,
vody a vodni pédry, vypoétené z termodynamickych dat, kterd stanovili Kelley, Southard
a Anderson. Prechod rozpustnéhho anhydritu na anhydrit nerozpustny, ktery nastavd nad
teplotou 270 °C, se na DTA projevuje tdhlym exotermnim maximem.

Obr. 1. Zarizent pro DT A v prostiedi nasycené vodnt pdry. A — autokldv, B — keramicky
dréak, C — kanthalovd pec, D — wzolace, B — vyvody termodélankd, I' — Dewarova
nddoba.

Obr. 2. Uzdvér autoklavu
A — uzaviract télisko, B — konickd sténa pldst autokldvu, C — kinickd CEdst
uzaviraciho télesa, D — médény tésnict krouzek, E — Sroubovy wzdvér, I' — pii-
tladovact ocelovy kroutek, G — trn se zdvitem.

Obr. 3. Viastnt méfict zaiizent pro DT A
A, B — trubice pro zavedeni termoéldnks, C, D — svary termoéldnks, E — trubice,
I' a G — nddobky na vzorek a standard, H — mezera mezi nddobkams.

Obr. 4. DT A kiivky
A — sddrovec (maridnsko-ldzenské sklo), B — sddrovec srdzeny, C — o-hemihydrdt.

Obr. 5. Zdvislost rovnovdzné tenze vodni pdry na teplots.

A — rovnovdha H20¢ny = H20(g
B — rovnovdha a* CaSO4. 1/2 H20@) = o CaS04 1115y + 1/2 H2O0(,

OETHMOPATAIIUA T'HIICA B IPUCYTCTBIH BOJ bl
Baagnmnp lllataBa

O6wasn nabopamopus zusmuu u mexnoaoeuu cusuramoe YCAH v XTH Ilpaza

ITpu nmomomu [TA aBTOop HccllemoBasl M3MeHeHHUs THIICA, IpPOTeRalolilie B MPHCYTCTBHE
BOALI B npefenax TeMmepatyp 20—350 °C. Hameperns [JTA Onuin npoBefleHN B INJIMBPU-
YeCKOM aBTOKJIaBe M3 JKaPOYIOPHOH CTalIM ¢ 3aTBOPOM BpujykMaEHa. ABTOKJIAB HarpeBau
B IIeYd IIPAMOIO CONPOTHBJIEHHSI M IOJBEM TeMIepaTyphl peryJlpoBaJii IIOCPEICTBOM
KOMIIeHCAIMOHHOI0 IporpaMMuEoro peryisropa. Hpuseie [ITA rumca maoT 3HZOTepMHU-
YeCKUi Mk, HaunHaOmMui npn teMneparype 112 °C ¢ MurnMymom npu temneparype 130 °C,
KOTOPHIH COOTBETCTBYET M3MEHEHHIO AUI'MApaTa B o-TeMHTUapaT. BTopoit 9HA0TEpMIUeCKHiT
MK, HayumHaomui npu Temmeparype 250 °C, cCOOTBETCTBYeT AernjpaTaquu IeMurmjapata
B pacTBOpHMEIN aHrHAPHT. Temneparypa 250 °C HaXOAHTCA B XOPOINEM COINTACHH C TeMIlepa-
Typoli MHBapHAaHTHOI'O PaBHOBeca o-TeMHUTHApaTa, PacTBOPUMOI'O aHTHADPHTA, BOALI H BOJs-
HOro mapa, pacCUYNTaHHOrO Ha OCHOBAHMM TepMOAMHAMUMYECKHX MAaHHEIX, YCTaHOBIJIEHHBIX
HKemmm, Cyrapr n Anpepcor. Ilepexox pacTBOPHMOro aHTHIDUTA B HEPACTBODUMEIH aHIH-
ApuT, MpoTeKalomui npu TeMneparype Beime 270 °C, coorHocutcss Ha HTA K BHTAHYyTOMY
9K30TepMHYECKOMY MUHHMYMY.

Puc. 1. YVemanosra dan T A 6 cpede nacviugenrozo sodanozo napa. A — asmoraas, B — xe-
pasuneckuti depacamens, B — ranmaaocas news, I' — uzoasayus, 4 — 616006 mepsso-
aaemenmog, A{ — Ovioaposcruii cocyd.
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. 3ameop aemornasa. A — 3anopHan 20406kQ, B — konuueckas cmena 060404KU a6IMO-

kaaga, B — konuneckan wacmo sanoproti 2onogru, I' — medrnoe ynaomusiouee Koabvyo,
A — eunmooGpasnuiii sameop, A — npuoscusroe cmaaviioe Koavyo, 3 — peavbosan
npoéra.

. Omadeavras uamepumenwvras yemanoska das JTA. A, B — mpybru daa npogodru

mepatosaemenmos, B, I' — wev mepatosaesenmos, [{ — mpybra, /K, 3 — cocydvl 0an
npo6 u cmardapmos, I — zagop aencdy cocydaiu.

. Kpuswie JTA A — eunc (mapuenbadcroe cmerao), B — ocmuiearowguii eunc, B —

o-eesuzudpam.

. Bagucuaocmv pagrosecroli ynpyzocmu 600aH020 napa om memnepamypv. A — pasro-

secue H30q, & H20,, B — pasrosecue®* o CaSO4. 1/2 H204, = CaSOs I, +
+ 1/2 H,0,,,.
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