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ABSTRACT

The temperature influence factor on the kinetics of hydration of hemi hydrated calcium sulphate f has been studied in
this work under microwave irradiation between 10°C and 50°C by isothermal calorimetry. Results show that the tem-
perature corresponding to a maximum of the maximum rate of hydration or a minimum of ¢, the existence of which
could be shown theoretically and experimentally during the conventional hydration does not exist under microwave
irradiation. This maximum rate or minimum of ¢,, is replaced by a limit (above 40°C) which has been determined and

interpreted.
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1. Introduction

Our work on the hydration study of calcium hemi-hy-
drate under microwave irradiation [1,2], shows that the
time tm, corresponding to the maximum of the thermal
flow ¢ in the hydration reaction changes with the hydra-
tion test temperature (between 10°C and 40°C). A limit of
t, beyond the temperature of 40°C appears that differs
from the results obtained by conventional heating [3,4].

The hydration phenomenon of calcium sulphate hemi
hydrate to gypsum is based on two simultaneous proc-
esses [5]:

Dissolution: hemi-hydrate + water — solution

Re-crystallization: solution — dehydrate

In isothermal mode [6], the hydration reaction itself, of
N¢, moles, of hemi hydrate, cannot provide more than
N¢, — N, moles of dehydrate, N,, being the number
of calcium sulphate moles in the balanced solution with
the formed gypsum at the end of reaction at that tem-
perature.

N, .
oy =———— with 0 < ag <l 1
N SH -N FD
og: global rate of the hemi hydrate conversion into

gypsum.
Ng: represents the number of the formed gypsum

moles at time ¢.
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Therefore, we can define the dissolution rate ag, of
hemi hydrate by taking for reference at the origin of time,
the solution saturated by N, calcium sulphate moles in
equilibrium with N§, — N, moles of hemi hydrate at
the same temperature.

N
l-ay, =—4 — 2
NN, :
Ngy: represents the number of moles of hemi hydrate
not yet dissolved at time ¢.
Conservation of the number of calcium sulphate moles

under all their forms can be written:

N;‘)H =Ng+Np+Ng,
Np: represents the numbers of calcium sulphate moles in
the solution at time ¢.

By derivation versus time, the conservation relation

will be the following:

dN, dNg dN,

d dr de

where:

da, (1= N3/NY) day, 1 dN,,

dr (1-NJ/Ng, ) dt Ny, (1-Nf /NG, ) de

F N 0 0
As: Né’ <2< NOD and NOD
NSH NSH NSH NSH

<107?
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Therefore finally we can write:
dag _ dag, _ dND/NgH
dt dt dt

)

2. Theoretical Interpretation

The hydration curve on Figure 1 presents two parts:
Let us consider the first part where,

d(N,/Ng, )
— =0 @)

dag,
dr

In that case, equality of rates dissolution V§,, =

o a
and crystallization V,, =—3%

can generally be found

in literature under the name of “stationary state approxi-
mation”. That enables us to use for this part the maxi-
mum rate equation of the gypsum formation reaction
established by [7]:

p-1

p 1 — —
max max with VG - VSII - I/;mlx

Vow = PK(Cp —Cp ) @

Cpax - Tepresents the dissolved salt concentration at
the maximum rate of dissolution.

C} : represents the saturation concentration of salt that
crystallises at temperature T (at the end of hydration re-
action).

k: rate constant that depends on temperature.

p: represents the bi-dimensional nature of crystalliza-
tion

n: generally the whole number.

Omax: maximum global rate of gypsum conversion (not
temperature dependant).

The maximum rate depends on temperature only th-
rough

k(G =Ch)

The existence of an absolute maximum of the maxi-
mum rate V. at temperature Tp.x is given by:
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Figure 1. Variation of 7, of hydration under microwave
irradiation of # calcium hemi hydrate with temperature.
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%[ko (CDmax - Cg )n:l =0

Let us assume that k follows the Arrhenius law:

k= ko exp (—E./RT) where E is the apparent active-
tion energy of the crystallisation reaction [8] and ky a
factor independent of temperature T. Figure 2 shows the
experimental curves.

According to the shape of the experimental curves of
the calcium sulphate concentration variation in solution
and those of the reaction rate versus time.

We have:
Dinax - CFD:(Cg - Cg )(1_amax )
d E n .
where: a{exp(—R—;j (Cg - C[F,) } =0 Referring to

the hemi hydrate and gypsum solubility curves “Figure
3” [9], it appears that C) is practically independent on
the temperature compared with Cp, the variation of
which can be expressed for temperatures between 20°C
and 80°C, as:

AH' (1 1
cl = = | = 6
D zggexp( R [298 Tn (6)

AH’ is comparable to an apparent dissolution heat of
hemi hydrate under a pressure of one atmosphere.

CaSO, (mol-1"'-107%)
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Figure 2. Curve 1: Variation of the concentration of calcium
sulphate in the aqueous solution with time during hydration;
Curve 2: Variation of the corresponding thermal flow with
time.
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Figure 3. Solubility curves of calcium sulphates in water.

This enthalpy variation is supposed to depend only
very little on temperature in the range of 20°C to 80°C.
AH®=-34903 J-mole™’
We have:

d E, AH" ( 11 j ch |
—|exp| ——= || exp — == =0
dr RT 2R \298 T Chox
Let us take: Cj / Cys =0 ; Q is independent of tem-
perature T.
Solubility curves of calcium sulphate in water are
given on Figure 3.
Let us consider the second part of the curve where,

da; dag, d(ND/NgH)
= - : T
dt dt dt g (6T) )

Conductivity measurements curves are given on Figure

4.

The curves evidence that the diminution rate of the
ions solution Ca’"and SO; concentration under mi-
crowaves is higher than that obtained at the same tem-
perature under conventional heating (the curve slopes ob-
tained under microwaves are more significant). This shows
a higher value of crystallization rate [10,11].

We can write therefore that:

! A]VD

- =« —
G max 0
ANg,

and:
aé; = Anax _ﬁ(T_TO)/

£ (T—T0 )/ is an empirical function that expressed the
variation of N / Ny, versus temperature.

This relationship cannot be verified for higher tem-
peratures than 80°C because of the hemi-hydrate forma-
tion a taking ever place in an aqueous solution.

The variation rate of N / N¢, decreases accordingly
to the temperature, therefore the differential will be:

d(Ny /Ny
dr

for T>2T, ®)

is negative and
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Figure 4. Electrical resistance evolution of solution versus
time during the calcium sulphate hemi-hydrate hydration
reaction (T = 50°C). Curve 1: conventional heating; Curve 2:
microwave heating.

P—

Ve=kp(Cp, —Ch)’ [am +ﬂ(T—TO)‘}

P-1

v, :V({HL(T—TO)[} "

o

After derivation dV,/dT =0 ; finally we get the fol-
lowing relationship between E¢ and T corresponding to
the limit temperature of 40°C.

VT>T,
nAH'/2  SUyRT*(T-T,)"

1+p(T-T,)

E.(T)=~ ©)

,ﬂ[L,LJ

1-Qe 2R\T, T
l; ﬁ,:—ﬂ ; T = 323'K;

p 2 a

T, =313" K; Q:%; R=832]

From the experimental curves, we can get V;(T)= 1,
(T) and determine the following parameters ¢ and y by
solving the two equations with two unknown factors by
the numerical method.

/

Ve (1) =V (T)[ 1+7(T, - T,) T

Vi (Ty)=Ve (T)[ 1+ 7(T, —TO)‘T (10)

T, and T, are two temperature’s values corresponding to
each part of the curve where the crystallization rate V7
is maximum (level on the curve).

From that we find: = 0.9 and y = 0.052.

And finally Ec=n 19269.8 J-mole .

With this crystallization rate equation similar to that
we formerly used, one generally takes n = 1 for a diffu-
sion steered process and n = 2 for a process steered by
the solid to water interaction.

Therefore we get for a diffusion process: Ec = 19269.8
J-mole .

And for a non-diffusion process:

Ec=38539.6 J-mole .
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3. Conclusion

The kinetic model proposed shows that the apparent ac-
tivation energy of the crystallization reaction obtained
under microwave irradiation is lower than that of the
same reaction obtained in a conventional way. We found
in fact about 30 kJ-mole™" for the hydration reaction
which has been carried out under microwave irradiation
at 40°C instead of 50 kJ-mole ' under a conventional
heating. This will explain the higher rate observed for the
hydration reaction carried out under microwave irradia-
tion as well as the increasing number of germination sites
producing a great number of crystals getting a clear dif-
ference in the structure of hydration products.
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