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A study of the rate of growth of hemihydrate crystals from boiling
aqueous soluttons and its relationshap with the degree of supersaturation
has shown that the process is controlled by the reaction at the crystal-
solution phase boundary.

INTRODUCTION

The equilibrium of the heterogeneous reaction
. 1 :
CaS0O, . 2 H:0ps, = CaS0, . 5 H,Os, + 3,2 H2Op, (1)

arises at 97 °C according to thermodynamic data by Kelley et al. [1]. The
kinetics of this process and its mechanism are dealt with very briefly in litera-
ture. The results of various studies [2], [3], [4], [5] indicate that the reaction
proceeds topotactically, i.e. that hemihydrate nuclei are formed on the di-
hydrate crystals and then grow through the material crystal in the form of
fibres parallel with c-axis, finally producing porous fibrous pseudomorphoses
of the original gypsum particles [6]. However, such a material lacks the advan-
tageous properties of a bonding agent, requires a high water ratio in the pre-
paration of suspensions, which do not attain high strength on hardening.

Much more suitable properties are exhibited by hemihydrate composed
of fine (non-porous) monocrystals preferably of corpuscular character. Such
a product can be assumed to be formed in cases when gypsum dehydration
proceeds so that hemihydrate nuclei arising on the surface of initial gypsum
crystals grow freely from supersaturated solution.

Direct observations of gypsum dehydration in an autoclave [2], [4], [5]
have not yet allowed to decide under which conditions the reaction takes
place by topotactic mechanism and under which by the “through solution”
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one. When determining the optimum conditions for the preparation of a-hemi-
hydrate one has therefore to study the kinetics of partial processes taking part
in. both mechanisms. The present first communication is concerned with one
of these, i.e. growth of hemihydrate crystals from supersaturated solution.

EXPERIMENTAL

Materials employed

a-hemihydrate (CaSO,. 1/2 H,0) was prepared by dehydrating AR-grade
gypsum in a boiling CaCl, solution (30 %, by wt.). The solution was hot-filtered,
crystals washed with alcohol and dried at 50 °C in air. The hemihydrate crys-
tals are lathshaped, about 70 pm in length and about 20 pm in thickness.
The specific surface area determined by nitrogen adsorption (Nelsen-Eggertsen
method) was 0,08 m2?/g which was in good agreement with the value of 0.083
m2/g computed from mean crystal sizes determined microscopically.

Method and results

The rate of growth of hemihydrate crystals was studied at a temperature
corresponding to the boiling point of saturated hemihydrate solution (100.3 °C)
under atmospheric pressure. The solution was stirred at a constant speed and
its conductivity measured by a conductivity sensor. The sensor had been ca-
librated by measuring simultaneously the electric conductivity and CaSO,
concentration (the latter by complexometric titration).

Hemihydrate solubility at the given temperature was determined after
equalizing the conductivity of stirred boiling hemihydrate suspension. The
equilibrium was established after a relatively long period of time (min. 24
hours). A concentration ¢y = 1.51 mg CaSO4/cm3 (0.011 mol CaSO4/kg H,0)
was established. The solubility of dihydrate ¢p = 1.60 mg/cm3 was found in
the same way. The gypsum solubility data are in good agreement with the
results obtained by Marshall and Shuster [7]; the data for hemihydrate agree
with the measurements by Ridell (cf. [1] ); however, they are somewhat lower
than those reported by Partridge and White [8].

Preparation of supersaturated solutions and determination of their properties
was the further step. A clear solution saturated with hemihydrate at 20 °C
was prepared by filtering a fresh hemihydrate suspension through glass frit
filter G 4. This solution was then gradually added to boiling clear saturated
hemihydrate solution. Following each addition the solution was repeatedly
heated up to boiling (temperature 100.3 °C) and the change in its electric
conductivity was then followed at constant temperature. It was found that
up to a concentration of 3 mg CaSO,/cm3 no spontaneous hemihydrate
nucleation took place within several minutes and at concentrations ¢ < 3 mg
(CaS04) cm3 the rate of homogenious nucleation was negligibly small.

In the examination of hemihydrate crystal growth, 1 g of hemihydrate
crystals was added to the measured amount of boiling solution (200cm? of the
given supersaturation, and the loss in solution concentration in terms of
time was determined while strirring continuously. A typical relation is shown
by the curve in Fig. 1. The rate of crystal growth was then calculated from
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the rate of solution concentration change, and expressed as mass increment
per unit surface area of growing crystals:
dm V de
(2

M o [g/em2s]

where V is volume of solution
O is surface area of hemihydrate crystals at a certain moment of the

process,
¢ 1s solution concentration.

T T T T T
m;' N Co -
-
o
'E
(8]
o
3
(4] 2 - =
o
P
Q,
CH—-——.-
1 - ]
1 1 | 1 |
0 10 20 30 40 50 60

t [min]

Fig. 1. Time course of CaSOs concentration in a suspension of hemihydrate crystals
(temperature 100.3 °C, 1 g hemihydrate having a specific surface area Oo— 0.08 m? [g,
in 280 cm3 of solution).

When assuming that the shape of the growing hemihydrate crystals will not
change during the growth

0 m \2/3

5= () 9

where O, is surface area and m, the weight of crystals at time ¢t = 0, O and M
are the corresponding values of surface area and weight at time ¢. During
time ¢t the weight of crystals has increased by

m—mo = (cc—c) V (4)

where ¢, is the initial solution concentration (at time ¢ = 0).
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When substituting from (4) and (3) into (2) the following relation is-obtained
for crystal growth rate:

dm Vm23 de 5
At Oomo + (co—c) VAt (9)

The rate of growth of ionic crystals from supersaturated solutions is most
frequently controlled by a process at the crystal-solution phase boundary [9].
The rate of shift of this boundary in the direction of the normal can then be
be characterized by the relation

> de Ok
V= — —= — = n
dt 0 (6— o) (6)
where ¢ is actual concentration of solution at phase boundary
¢o is equilibrium concentration
o is specific density of the crystal
Ik and m are constants independent of the ¢ — ¢, difference.

In the present case, ¢, is equal to hemihydrate solubility cx. On the assumption
that the crystals are isometric,
dm da

N = fra
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IMig. 2. The rate of growth of hemihydrate crystals vs. supersaturation of the solution.
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From the experimentally established relation between solution concentration
and time (Fig. 1) we can read the quantities ¢, — ¢, de/dt and ¢ — cg.

By plotting the rates of growth calculated from relation (5) vs. the corres-
ponding supersaturation ¢ — cy in logarithmic scale, we obtain a_straight
line. The graphic relationship established (IFFig. 2) provided a slope of n = 3.

CONCLUSION

The kinetic equation including exponential n = 3 shows that the growth
of hemihydrate crystals is controlled by a phase boundary process. The accu-
racy of rate constant determination depends considerably on the accuracy
of specific surface area determination on the hemihydrate crystals. Repeated
measurements have shown that the error of determination is in the range

of + 10 9%,.
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STUDIE KINETIKY DEHYDRATACE SADROVCE
VE VODNEM PROSTREDI

I. Kinetika rastu krystal hemihydrdtu siranu védpenatého
z vodného roztoku

Viadimir Satava

Spolecnd laboratoi pro chemii a technologii silikatis CSAV a VSCHT, Praha

Pii teploté 100,3 °C (za konstantni rychlosti michdn{) byla vysetiena zdvislost rych-
losti rastu krystal hemidratu na piesyceni roztoku, definovaném jako rozdil aktudlni
koneentrace roztoku ¢ a rozpustnosti hemihydrdtu cy. Linedrni rychlost rastu krystalt
vystihuje rovnice

kde & je rychlostni konstanta a ¢ hustota krystaltt hemihydrdtu. Exponent n = 3 svédéi
o tom, Ze rast krystalt je rizen déjem na fazovém rozhrani hemidrat—roztok.

Obr. 1. Casovy prabéh koncentrace CaSOs v suspenzi krystale hemihydratu (tepl. 100,3 °C,
1 g hemzhydrdatu o mérném povrchu Oo = 0,08 m?[g, ve 280 cm3 roztoku ).
Obr. 2. Zawvislost rychlosti réstu krystald hemihydrdatu na piesycent roztoku.
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MCCAEAJOBAHUE KMHETUKN JETUAPATAIIMN T'HM1ICA
B BOJHOII CPEILE

{. KimletMra pocra KpHMCTAINIOB reMHIHApaTa cy/anaTa KaJbIfgs N3 BOJHOIO pacTBOpa

Bonapgumnp IllataBa

O6upas aabopamopus xusuu u mexronozuw cuauramos Y4CAH w XTH, 1l paca

ITpn temmeparype 100,3 °C 11 MOGTOSIHHOM CKOPOCTH HepPeMEIIHBAHMHA HCCIELYCTCs 3a-
BHCUMOCTH POCTA LeMHIL/PATA OT NEPEHACHIICHI PACTBOPA, ONPE/EIAEMOI0 KaK pPasinane
AKTYaJLHOM KOHIIGHTPAIMH PacTBOpa ¢ M PacTBOPUMOCTH I'eMHUIHApaTa cy. JInHeidHas cro-
pPOCTH POCTA KPUCTAIIOB COOTBETCTBYET YpPaBHCHMIO

d k
Ho; = ?L (¢ — cu)’,

tjie k — TI0CTOSIHHASI CKOPOCTH 1l @ — INIOTHOCTh KPHCTaJUIOB remurujpara. ITorkasare:is
n = 3 CBUICTC/ICLCTBYCT O TOM, UTO POCT KPUCTAJNIOB YIIPABJISICTCSI JICHCTBIICM, IPOTCRATIOILIM
Ha pasjiene ()as reMurujpar-pacTsop.

Puc. 1. X0d spenecru vonyernmpayuu CaSO4 ¢ cycnensuu ppucmanaoe zesueudpama (mesine-
pamypa 100,3 °C, 1 e 2esueudpama ydeavioii noseprrocmuio Oo = 0,08 s?je ¢ 280 cm?

pacmagop).
Puc. 2. 3agucustocmyv crkopocmu  pocma  Epucmaios eemuudpama  om  nepeHachliyerus
pacmeopa.
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