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The differential hydrothermal analysis (DHA) method [1-3] was used to
determine the reaction enthalpies for the following reactions (where C = CaO,
S =Si0,, A = Al,0,;, H=H,0, C=CO, and S = SO,)

C,AS,H,, (s) = C,AS,,(s) + 2CSH, 5(s) + 10H(1)

A, H=(188.41 + 4.19) kJ mol " (1)
C,ASH,,(s) = C,AH,(s) + CS(s) + 6H(l)
A, H=(50.66 + 4.19) kJ mol (2)
C,ACH,,(s) = C;AH,(s) + CC(s) + SH(1)
A, H=(52.40 £ 2.1) kJ mol " (3)

On the assumption of a zero value of AC, for the reactions, the standard
enthalpies of formation were calculated from these values using the standard
enthalpies of formation of the substances involved [4]

AH®(C,AS;H;,) = —17527.7 kJ mol !
A;H®(C,ASH,,) = —8752.1 kJ mol !
A.H*®(C,ACH,;) = —8241.0 kJ mol !

The equilibrium temperatures of the reactions were determined by ex-
trapolating the dependence of the onset of the corresponding DHA peak on
the heating rate ¢ towards ¢ = 0: 7, =(384+ 1) K, 7, =(450 + 2) K and
T, = (403 +2) K. '

‘'From the established values of A,H and the corresponding equilibrium
temperatures it follows for reaction entropies

AH
T,

r

A,S=

(4)
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On the assumption that AC, =0, the values of the standard absolute
entropies were calculated from these values using the standard entropies of
the substances involved

§°(C,AS;H,, ) =1916.73 T K™ mol ™!
$°(C,ASH,,) = 816.06 J K™ ' mol ™"
5$°(C,ACH,;)=717.52J K" mol™"
From the values of A H and A S it follows
AG=AH-TA,S (5)

The standard Gibbs energies of formation were then calculated using the
values of A;G* [4]

AG®(C4AS;Hy, ) = —15202.0 kJ mol !
A.G®(C,ASH,,) = —7779.86 kJ mol '
A.G®(C,ACH,,) = —7348.55 kJ mol
The solubility products K, correspond to the equilibria of the reactions
Ca¢[AI(OH)¢), - (SO,), - 26H,0

= 6Ca’* + 2A1(OH), + 3SO; + 40H™ + 26H,0(]) (6)
Ca,[AI(OH)¢), - (SO,) - 6H,0

=4Ca’" + 2A1(OH), + SO; ™ + 40H™ + 6H,0()) (7
Ca,[Al(OH)4], - (CO,) - 5H,0

=4Ca’* + Al(OH), + CO;~ +40H™ + 5H,0()) (8)
Then
K,=Ila} (9)

when aq, is the activity of the solvated species and the activity ay,o = 1.
The K, value can be calculated using the equation

AG®=—-RT h K, (10)

in which the values of A;G® evaluated above were used. Then, A G =

TABLE 1
Concentrations (mmol dm™')

CaO CaSO, AlLO, CaCo,
C6A§3H32 1.223 1.303 0.358 -
C,ASH,, 2.977 0.330 0.920 -

C,ACH,, 1.403 - - 0.702
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235.8kJand K, =472x107%; A, G® =157.24kJ and K, = 2.76 x 10~ 2;
A G9—17935 kJ and K, —371><10 2,

Zhang et al. [5] measured experlmentally the equilibrium concentrations
corresponding to reactions (6)—(8) (see Table 1).

The concentrations of ionic species were calculated using the stoichiome-
try of reactions (6), (7) and (8). For C,AS;H,

[Ca?*] = [CaO] + [CaSO,]

[Al(OH), | = 2[Al,0;]

[SOZ7] = [CaSO,]

[OH ] = 2[Ca0] (11)

Then, K, (C4AS;Hs,) =[Ca®*]® [AI(OH);]® [SO2]® [OH ]*=11X

10~ The values K, (G,ASH;;) =1.7x107* and K, (C, ACHH) =1.4x
10~° were obtained in a similar way. The K, value can be calculated using
the equation

K,=KK, (12)
where
Ky = H‘Yiyl (13)

and vy, are the activity coefficients.
The Davies equation [6] which simplifies the calculation of the activity
coefficients was used

VI

log v,= —0.507 |z} | ———= — 0.31 14
37 i 7 (14)

where ionic strength 7 is defined as

I1=0.5Y m,z} (15)

i

and m; is the molality of the /th disolved ionic species and z; is the charge
of this species. The calculated values of K, are then

Kab(calc) = Y(6Ia3*Y:I(OH4)’YS30}’73H‘KS(, =43x107%

Ka7(calc) = ‘Yéaz*YK[(OH);‘YSO}“YSH’Kh =14x10"%
KaK(calc) = Yéaz*YKI(OH);YCOJZ‘YSH’KSR =1.98x10"*

The values of K, calculated using the values of the standard Gibbs
energies of formation of C,AS;H4,, C,;ASH,, and C,ACH,, are in satisfac-
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TABLE 2
Substance AG®(kJmol™ 1) K, K,

From A;G*® From K,
C,AS;H,, —15202.0 1.1x107% 472%x107% 43x10°%
C,ASH,, —7779.8 1.7x10™ % 2.76x10 % 1.4x10%
C,ACH,, —7348.5 1.4x10°% 3.71 107 % 20x10° ¥

tory agreement with the values calculated from the experimental measure-
ment of equilibrium concentrations (see Table 2).
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