Ceramics — Silikaty 38, s 173-177 (1994)

173

THE INFLUENCE OF MAGNESIUM CHLORIDE CONCENTRATION IN THE LIQUID
PHASE ON THE HYDROTHERMAL DEHYDRATION OF GYPSUM
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The thermal treatment of gypsum in boiling 1M, 2M, 3M, 4M and 4,5M solutions of magnesium chlo-
ride, at atmoshperic pressure, in order to obtain a-CaS04.0,5H,0 was performed. Three mechanism of
a-hemihydrate formation were identified in solutions of different concentrations. Gypsum transformation
into a-hemihydrate operated in solid phase, through an intermediate product, f-hemihydrate, in solutions of
low concentrations (1 and 2M), direct in solutions of high concentrations (3 and 4M) and in solid phase in
the solution of the highest concentration (4,5M). Specific surface areas of the obtained products indicated that
slow transformation processes (regardless of the mechanism involved) gave products of small surface areas,

or high usability.

INTRODUCTION

Calcium-sulphate hemihydrate is an intermediate
product of dihydrate dehydration reaction; it occurs
in two, crystallographically identical, forms: « and S,
the former having a better ordered crystal lattice than
the latter /1/. The two forms are composed of par-
ticles of different characters: « of smooth, clear and
transparent, regular (needle-like, prismatic, rod-like)
crystals, and 3 of white, porous, soft, irregular par-
ticles of large specific surface areas. Particle surface
areas are the most important quality of the hemihy-
drate. The form with particles of small surface ar-
eas, when used, links a smaller amount of water and
gives a product of better rmechanical properties - the
hard or superhard gypsum, unlike the other form (5),
which links more water and gives a less good product

the white gypsum /2/.

Different forms of the hemihydrate are products of
different technologies: § is a product of dry /13/, and
o of wet treatments. In a dry treatment, water from
dihydrate interfaces diffuses as vapour through the
hemihydrate, significantly disturbing the crystal lat-
tice structure, forming an incoherent granular struc-
ture of rough surfarces and large surface areas. This
product is referred to as f-hemihydrate.

The dehydration reaction in a wet treatment is
more complex than in a dry treatment, due to the
liquid phase. The properties of the liquid phase have
a significant effect on the dehydration reaction and
its time and consequently the quality of the product
/10, 11, 12/. The wet dehydration reaction mecha-
nisms, and the effects of the liquid medium have not
been adequately studied and reported. There are even
controversial statements in literature. Some authors
state that the reaction in these processes occur only in
the solid phase (water molecuies in the form of drops
are slowly diffused through the hemihydrate. slightly
disturbing the crystal lattice structure) or only in the

solution (dihydrate dissolves and hemihydrate crys-
tals grow from the solution (6, 9/ or simultaneously
in either phase /4,5, 11/.

In an earlier experiment, we discovered that a-
hemihydrate, under the hydrothermal treatment,
could be formed also from the intermediate product of
B-hemihydrate which, dissolved, formed a saturated
solution that gave rise to the a-hemihydrate crystal
growth /3/.

We report here the concentration effect of the liquid
phase, in which the mineral was thermally treated,
on the reaction of gypsum hydrothermal dehydration.
The concentration of the liquid phase was varied us-
ing MgCl, salt, while all other experimental condi-
tions were the same.

EXPERIMENTAL

Gypsum was analysed by the conventional chemical
method, qualitative IR, and X-ray examinations for
extablishing its chemical composition and purity. For
the qualitative IR and X-ray examinations, PERKIN-
ELMER spectrometer type 397 and X-ray diffrac-
tometer PHILIPS 990301/05 were used, respectively.

Ten grams of the mineral (grain size -0.174 + 0.074
mm) were boiled in 100 em® MgCly aqueous solution
of different concentraions: 1; 2; 3; 4 and 4,5M at re-
spective boiling temperatures of the solutions and at-
mospheric pressure. The mineral was boiled until the
desired a-hemihydrate has been formed.

A charge reactor was used for all experiments with
ideal stirring rate (n = 400 rpm). After having boiled
for a predetermined time, products were separated
from the liquid phase by vacuum filtration and rinsed
under boiling distilled water until the reactions with
Mg?* and Cl~ ions have become negative.

Rinsed products were over-dried at 100° C and sub-

jected to microscopy and qualitative IR analysis for

determining the composition.
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Table 1.
Chemical composition of gypsum
Material H,O CaO SO3 S03/Ca0 | MgO | Purity
combined ratio
gypsum 20.75 32.47 | 46.54 1.43 0.03 99.87
Pure dihydrate 20.93 32.56 | 46.51 1.43 — 100
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Fig. 1. IR spectrum of gypsum.

The products obtained in the above described man-
ner were examined by IR and microscopic analysis in
order to establish the reaction mechanism and the
period of complete dihydrate transformation into o-
hemihydrate.

Dehydration was established when peaks typical of
dihydrate presence disappeared (at 3.400 cm~! and
1.680 cm™!) and peak typical of hemihydrate pres-
ence appeared (at 3.600 cm™!) in IR spectra /7/

Formation of calcium sulphate a-hemihydrate was
observed by microscopy and the time of formation
(to) was measured for calculation of the velocity of
dihydrate transformation into a-hemihydrate (v =
1/ts). The microscopy used was American Optical
Stereoscope Zoom Microscope.

Pure o-hemihydrate formation was verified in D'TA
analysis, which showed the presence of the endother-
mic peaks at ¢ > 2.00° C typical of o — form hemihy-
drate (for B-form the peak is at 170° C /1, 9/. Cheve-
nard Joimer Instrument A .D.A.M E.L, was used tor
DTA analysis.

Specific surface area, for o-hemihydrate directly
upon transforamtions, was determined by BET
method using Flowsorb II 2,300 instrument.
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RESULT AND DISCUSSION

The results of the conventional chemical analysis of
gypsum are given in Table I. Infrared spectra and X-
ray photographs of gypsum are shown in Figs. 1 and
2. Chemical analysis and interpretations of infrared
spectra and X-ray graphs in reference literature /7,
9/ suggest that gypsum used in the experiment, was
a pure substance.

The examination results of the products (formed
before, at the time and after the completion of dihy-
drate transformation into hemihydrate) are given in
Table II.

Data given in Table II show that the dihydrate de-
hydration reaction, when solution of the lowest con-
cenfration (1M) was used, operated in solid phase
giving [3-hemihydrate as an intermediate product.
Further operation of the process (heating the prod-
uct) led to f-hemihydrate dissociation and Ca’* and
SO4?"jons passing into the solution. When the so-
lution became saturated, a-CaS04.0.5H20 crystals
separated from the solution (f- is more soluble than
a-hemihydrate).

The above description of the a~-hemihydrate forma-
tinn from gypsum using the solution of concentration
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Fig. 2. X-ray photograph of gypsum.

IM can be written as follows:
CaSQy - 2H,0(s) — B-CaS0y4 - 0.5H,0(s)+

+ 1.5H,0(1)
B-CaSOy - 0.56H,G(s) = CaSO4(aq) + 0.5H,0(1)
CaS04(aq) — Ca®*(aq) 4+ SG2~ (aq)
Ca*(aq) + SOZ™ (aq) — @-CaSOy - 0.56H,0(aq)
a-CaS0y - 0.5H,0(aq) = a-CaSOy - 0.5H,0(s)

The appearances of f and a hemihydrates, ob-
tained using solution of concentration 1M are shown
in Figs. 3 and 4.

With the increasing concentration of the solu-
tion for thermal treatment the reaction still operates
largely in the solid phase and only partly in the solu-
tion:

CaSO04 - 2H,0(s) == CaSO4(aq) + 2H,0(1) (2)
CaS04(aq) — Ca’*(aq) + SO2™ (aq)
Ca?*(aq) + SO; ™ (aq) + 0.5H,0(1) =

= a-CaS0y4 - 0.56H,0(s)

With the solution of a higher concentrations for
thermal treatment of the minerai, the reaction oper-
ated in the solution (experiments 3, 4). The highest
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reaction velocity was noted when solution of concen-
tration 3M was used (the product similar in appear-
ance, only of slightly finer grains than that of the
preceding experiment — Fig. 6). A further increase in
concentration of the solution led to a slower reaction
(experiments 4 and Fig. 5). Products of the slower re-
action in the solution were smooth, compact, rod-like

microcrystals (Fig. 7).

With the solution of the highest concentration for
the thermal treatment of the mineral, the reaction
operated in the solid phase:

CaSOy - 2H,0(s) — a-CaSOy - 0.5H,0(s)+ (3)

+ 1.5H,0(1)

Product of this reaction is a-hemihydrate composed
of particles consisted of smooth, clear and transparent
needle like microcristals (Fig. 8).

'3 spimZ/gixio?
¥V (mir!)x10?

55710

45

T

5 C(mol/dm3)

Fig. 5. Rate of gypsum transformation into o-hemihydrate
and its surface areas (directly upon transformation) versus
MgCly solution concentrations.

Different mechanisms of the reactions, and their
different rates (Fig. 5), can be explained by the pres-
ence of ions of different activities in the solutions: ions
of higher activity which break the dihydrate crystal
lattice (reaction in the solution) or ions of lower ac-
tivity which are not capable of affecting it (reaction in
soiid phase). A slower dehydration, established when
a solution of the higher concentration was used, also
can be explained by a reduced ionic activity due to
the formation of large charaged or uncharged, which
are less mobile particles composed of ions. The forma-
tion of fine-grained products (microcrystals) can be
explained by more than one centre of crystallization
in the solutions.
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Table 11

Wlechanism of gypsam transformation into a-hemihydrate and concentrations of solution

A

MgCl, solution
concanitation
aga bouiing

Product composition essential for determining the mechanism of
gypsuin iransforimation into a-hemihydrate

probable gypsum
transformation
mechanism

poiats
Before
transformation

At transform.
completion

Upon transformation and
appearance of hemihydr.

1 1M; 101°C B-hemibydrate + | A-hemihydrate” a-hemihydrate composed of | Reaction in solid

gypsum long, smooth, needle-like, phase with
clear and transparent B-hemihydrate
monocrystals as intermediate
product

2 ' 2M; 12fC ! B.hemihydrate 4+ | 2-hemihydrate + | a-hemihydrate similar with | Same asin Exp. 1
I § ! low o-hemihydr. | small amount of | thatin Exp. 1 plus small
4 gypsam a-hzmihydrate reaction in

the solution

smooth, clear and transpar-

3 | sM; i09°C a-hemihydrate + | a-hemihydrate a-hemihydrate similar onl Reaction in the
y
i gypsum finer-grained than in Exp. 1 | solution
and 2
4 | 4M; 124°C cw-nemihydrate + | a-hemihydrate «-hemihydrate composed of | Reaction in the
! 4 y
; gypsum i smooth, clear and transpar- | solution
ent rod-like microcrystals
| : . :
1 4,5M. 123°C ( nihyd . I v-hemihydrate a-hemihydrate composed Reaction in the
I gyps \ of particles consisted of solid phase
|
|

— S
i
i
1
'
i
]
}
I

* B-hemihydiate composed of whis
as particles of mineral)
«% Particles are similar shaped ot les of gyvpsum
_ i Yedia ol ol Bl > TR IR, (N USSR
The reulsss also show that the piodiicis, obtamed

when using solutions ol different concentration, are
different in appearance and have different surface ar-
reas (Fig. 5) which define their usability; in terms
of quality, the best are producis of slow dehydration
eactions, by both reaction mechanisms, or that the
increasing speed of the reaction has an adverse effect

on the product qualicy.

CONCLUSION

Our experiment data allowed the 1dentification of
concentration effects of the magnesium-chloride solu-
tion on the mechanism and kinetics of gypsum trans-
formation into a-hemihydrate and on the properties
of this product. The reacticn was provoked by a ther-
mal treatment of gypsurn mineral in botling solutions

ent needle like microcrys-
tals, **

of this salt at atmospheric pressure (hydrothermal
process) and the reaction was found to had operated:

e by different mechanisms: in solid or dominantly
solid phase forming an intermediate product, g-
hemihydrate, when solutions of low concentration
(1 and 2M) were used, in solution when solutions
with high concentrations (3 and 4M) were used
or in the solid phase when solution with highes
concentrations was used (4,5M);

o as different rates: slow in solutions of the lowest
and the highest concentrations (1 and 4,5M), and
fast in solutions of medium concentrations (2,3
and 4M).

¢ forming a-hemihydrate of different surface areas;
product of a smaller surface area and better us-
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ability was obtained at slow transformation rates
(1 and 4,5M) and larger one at fast rates (2,3 and
4N,

e in an optimum manner form the aspect of the
salt consumption for prepartion of the solution
for thermal mineral treatment and a good quality
of the a-hemihydrate product in a solution of the
lowest concentrations.
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VLIV KONCENTRACE CHLORIDU HOREENATEHO VE
VODNE FAZI NA HYDROTERMALNI DEHYDRATACI
SADROVCE

ALEKSANDRA KoOSTIC-PULEK, SLOBODANKA
MARINKOVIC, RupoLF TOMANEC, MIHOVIL LOGAR

Bélehradskd universita, Fakulta hornictvi a geologie
11 000 Bélehrad, P. O. Boz 162

Piedmétem prace bylo stanoveni vlivu koncentrace ka-
palné faze pfi hydrotermalni dehydrataci sddrovce na a-
hemihydrat. Za tim dcelem byl siddrovec zahfivdn v roz-
tocich MgCl, riznych koncentraci (1,.2, 3, 4 a 4,5M) pii
teplotach varu ptislusnych koncentraci pfi atmosférickém
tlaku. Mikroskopicky, IC spektrografif a rentgenovou ana-
lyzou byl prokdazdn vyznamny vliv koncentrace piislusné
kapalné fdze na rychlost a mechanismus pfemény sddrovce
na a-hemihydrdt a na jeho vlastnosti.

V roztocich riznych koncentraci byly rozliseny tii od-
lisné mechanizmy vzniku a-hemihydrdtu. V roztocich niz-
ké koncentrace (1M a 2M) probihd pfeména sddrovce na
a-hydrat pies meziprodukt, a-hemihydrdt, ve vysoce kon-
centrovanych roztocich (3M a 4M) pak pifmo, a pii nej-
vyssich koncentracich (4,5M) dochdz{ k dehydrataci v pev-
né fazi. Zvyseni koncentrace z 1M na 2M a 3M zplsobuje
progresivni urychleni pfemény sddrovce na a-hemihydrat.
Nejvyssi pramérné rychlosti dehydratace bylo dosazeno
v roztoku koncentrace 3M, zatimco dalsi zvysovani kon-
centrace (na 4M a 4,5M) vedlo k progresivnimu snizovani
rychlosti premény.

Meéten{ specifického povrchu ziskanych produkti (meto-
dou BET) prokazalo, ze pomalé procesy piemény sadrov-
ce (nezavisle na jejich mechanizinu) poskytuji produkty
s malym specifickym povrchem, a tedy s lepsimi uzitnymi
vlastnostmi.

Obr. 1. IC spektrum sddrovce

Obr. 2. Riontgenogram sddrovce

Obr. 3. Vzhled f-CaS0s.0,5H, O ziskaného z roztoku 1M
MgCl,

Obr. 4. Vzhled o-CaS04.0.5H, O ziskaného z roztoku 1M
MgCl,

Obr. 5. Rychlost premény sddrovce na a-hemihydrdt a je-
ho specificky povrch (ihned po preméné) v zdvislosti na
koncentraci roztoku MgCl,

Obr. 6. Vzhled a-CaS04.0,5Hy, O ziskaného z roztoku 3M
MgC‘Ig

Obr. 7. Vzhled o-CaS04.0,5H, O ziskaného z roztoku 4M
MgCl,

Obr. 8. Vzhled a-CaS04.0,5H, 0 ziskaného z roztoku 4,5M
MgCl,
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