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Á stitcly oj the rate oj growth oj hemihyclrate crystals from boiling 
aqueous solittions ancl its relationship with the clegree oj sttpersaturation 
has shown that the process is controllecl by the reaction at the _crystal­
solu tion phase bounclary, 

INTRODUCTION 

The equilibrium of the heterogeneous reaction 

CaS04 . 2 H20<s1 = CaS04 . � I-LO<s> + 3, 2 H20<1> (1) 

arises at 97 °C according to thermodynamic data by Kelley et al. [l]. 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 ancl then grow -through the material crystal in the form of 
fibres parallel with c-axis, finally proclucing porous fibrous pseuclomorphoses 
of the original gypsum particles [6]. However, sucl� a material laclts the aclvan­
tageous properties of a boncling agent, requires a high water ratio in the pre­
paration of suspensions, ,vhich clo not attain high strength on harclening. 

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

Direct observations of gypsum clehyclration in an autoclave [2], [4], [5] 
have not yet allowed to decide uncler w,hich conclitions the reaction takes 
place by topotactic mechanism ancl uncler which by the "through solution" 
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one. When determining the optimum conditions for the preparation of e1:-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 e mployed. 

e1:-hemil;iydrate (CaSO4 • 1/2 H2O) was prepared by dehydrating AR-grade 
gypsum in a boiling CaClz solution (30 % by wt.). The solution was hot-filtered, 
crýstals washed with alcohol and dried at 50 °C in air. The hemihydrate crys­
tals are lathshaped, about 70 µm in length and about 20 11.m 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 CaSO4 

concentration (the latter by complexometric titration). 
Hemihydrate solubility. at the given temperature i,\,as 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 CH = 1.51 mg CaSO4/cm3 (O.Oll mol CaSO4/kg H2O) 
was established. The solubility of dihydrate ev= 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. [l] ) ; however, they are somewhat lower 
than those reported by Partridge and White [8]. 

Preparation of supersatm-at·ed sůlutions and determination of their properties 
was the fmther step. A clear solution saturated with hemihydrate at 20 °C 
was prepared by filtering a fresh hemihydrate suspemion 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 CaSO4/cm3 no spontaneous hemihydrate 
nucleation took place • within several minutes and at concentrations c < 3 mg 
(CaSO4) cm3 the rate of homogenious nucleation was negligibly small. 

In the· examination of hemihydrate crystal growth, 1 g of hemihydrnte 
crystals was added to the measured amount of boiling solution (200cm3 o f  the  
g iven  supersaturat ion, 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, 
per unit sm'Íace area of growing crystals: 

and expressed as mass increment 

dm V de 
dt =-o. dt 

where V is volume of solution 

[g/cm2 s] (2) 

O is surface area of hemihydrate crystals at a certain moment of the 
process, 

c is solution concentration. 
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Fig. 1. Time course oj CaS04 concentration in a suspension oj hemihydmte crystals 
(temperat-w·e 100.3 °0, 1 g hemihydrate having a specijic suijace area Oo - 0.08 m2 /g, 

in 280 cm3 oj _solution). 

• When assumiríg tli:át the shape of the growing hemihydrate crystals will not
change during the growth

2_ = 
(!!!...) 2/3 

Oo m0 

(3) 

where 00 is surface area and m0 the weight of crystals at time t = O, O and M 
are the corresponding values of surface area and weight at time t. During 
time t the weight of crystals has increased b_y 

m - mo = (c0 - c) V

where c0 is the initial solution concentration (at time t = O). 
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Vilhen substitutilig from ( 4) ťand (3) into (2) the following relation is obtained
for crystal growth rate: • • 

dm Vm213 de _ �- . o • _ (5) dt Oomo + (co - c) V dt 

The rate of growth of ionic crystals from supersaturated solutions is most 
frequentlý 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 

-► dx kv =-'-- = - (c - c0)n (6) clt (! 
where c is actual concentration of solution at phase boundary 

c0 is equilibrium concentration • 
(! is specific density of the crystal 
7c and m are constants indepenclent of the c - c0 difference. 

In the present case, c0 is equal to hemihydrate solubility CJI. On the assumption 
that the crystals are isometrie, , 
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-dt = 41tX
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(! dt
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c - cH [mol CaSO4 crň3]

JJ'ig. 2. The rate oj growtli oj hemihyclrate crystals vs. siiperscituratiori oj the soli1,tion. 
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From the expei:imentally es.taplished relation between solutiOIJ- concentration 
and time (Fig. 1) we can read the quantitiel? .c0 -----,- c, dc/dt and c - cn. 

By plotting the rates of growth calculated from relation ( 5) vs. the corres­
ponding supersaturation c - cn. in logarithl)'lic scale, we obta�:i;i a_,.straight
line. The graphic relationship established (Fig. 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 cletermination depei1cls 'cémsidérably on the accµracy 
of specific surface area determination on the hemihyclrate cry:stals. Repeatecl 
measurements have shown that the error of determination is in the range 
of ± 10 %-
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STUDIE KINETIKY DEHYDRATACE SÁDROVCE 
VE VODNÉM PRO STŘEDÍ 

I. Kinetika růstu krystalů hemihydrátu síranu vápenatého
z vodného roztoku 

Vladimír Šatava 

Společná laboratoř pro chemii a technologii silikátů č SA V a V ŠOHT, Praha -

Pi'.·i teplotě 100,3 °C (za Írnnstantní rychlosti míchán{) byla vyšetfona závislost rych­
losti ri'.tstu krystalů hemidrátu na přesycení roztoku, definovaném jako rozdíl aktuální 
koncentrace roztoku ca rozpustnosti hemihydrátn cu. Lineární rychlost růstu krysta.!ú 
vystihuje rovnice 

clx k - = - (c - cu)3
, 

clt (! 

kde k je rychlostní konstanta a. e hustota krystalú hemihydrátu. Exponent n = 3 svědčí 
o tom., že rúst krystalú je Hzen dějem na fázovém. rozhraní hemidrát-roztok.

Obr. l.' Časový p1·ůběh koncentrace CaSO4 v suspenzi krystalů hemihyclrátii (tepl. 100,3 °0, 
1 g hemihyclrátu o měrném JJov1·chu 00 = 0,08 m2/g, ve 280 cm3 roztoku). 

Obr. 2. Závislost rychlosti růstu krystalů hemihyclrátu na přesycení roztokii. 
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MCCJIE,D;OBAHHE H'.I1HETI1I-01: ,D;ErH,D;PATAqHM rl!ITICA 
B BO,D;HOiil: CPE,D;E 

I. H'.unenma pocTa H:JH1CTaJIJIOB reMurnp;paTa cym,cpaTa IWJibIJ;fUl ..'13 BOIJ;HOťO pacTBopa

BJiap;1mup llluTaBa 

O6UfMi .rr,a6opamop = xu,1iuu u 11iex1-1,o.rr,02uu cu.iiui.amoa T/CAH u XT.PI, llpaea 

Ilpn TeMrrepaType '100,3 °C II rroc:TOHHHOH c1wpocTH rrepeMermrnanua: HCCJieµ;yeTCH 3a­
uncnMOCTH pocTa reMnrrrµ;paTa OT rrepeHUCbUIJ;eHHH paCTBOpa, orrpe.!(eJrneMOl'O !{Ul{ pa3,THl'IIIC 
mnyaJJbHOH H:OHIJ;0HTpau;un paCTBOpa C H paCTBOpHMOCTH reMHl'Hll;paTa CH. JI1rneiíuan CI,:0-
pocTh pocTa RpI!CTU.TIJIOB COOTB0TCTBY0T ypaBH0HIIIO 

dx k 

dt = e 
(c - CH)3, 

J'JW k - IIOCTOHHHaH c,wpocTH H (! - IIJIOTHOCTh HpHCTUJIJIOB reMlffH)�paTa. Ho1rn3aTe.111, 
n = 3 CBHJ(eTeHCbCTByeT o TOM, 'ITO pocT RpHCTUJIJIOB yrrpaBmieTCH J\CiiCTBHeM, rrpOTeIWIOlLIHM 
na pas1wrre cpas re�rnťrrµ;paT-pacTnop. 

Puc. 1. X 00 ape.M,CHU l,0HlfenmpalfUU ·caso4 {1 ·cycneHauu npucma.rr,.rr,oe ee.,iiueuopama (me,,itne­
pamypa 100,3 °G, 1 e 2e,1rn2uopama. y8e.rr,b1-Wií 1w11epxHocmb10 Oo. = 0,08 .,11,2/2 e 280 c.u3 

pacnwop). 
Puc. 2. 3aeucu . .iwcmb ci.opoc,nu poema npucma.ri.rr,oe ee.,1-tueu.8pa.ma. o,n nepeHaCbl-UfeHllJi 

pacmeopa. 
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