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Correlations of solubility data previously measured on ternary systems containing peroxodisul-
phates of monovalent cations have been established using the method of relative activity coefficient
expansion. The relationships obtained give a fairly good representation of experimental solubility
curves for systems which do not form solid solutions. The general form of the correlation function
is discussed in relation to the resultant ionic strength of saturated solution.

So far published solubility data for multicomponent systems containing alkali metal
and ammonium peroxodisulphates’ 6 have been expressed in mass percent, allowing
common materials balances to be made for technological processes based on such
data. Simultaneously reported densities of the saturated solutions permit recalcula-
tions to volumetric concentrations. However, a disadvantage of solubility data ex-
pressed in this manner is a limited possiblity of their use in calculating sufficiently
reliable solubilities in more complicated multicomponent systems, where the experi-
mental investigation over the whole concentration and temperature ranges required
is already rather laborious and time consuming. It is therefore convenient for the
given purposes to express solubilities in multicomponent systems by means of rela-
tions derived on the basis of thermodynamic description of more concentrated
electrolyte solutions. Several manners of expressing the solubilities have been proposed;
a survey and critical assessment of these has been given by Nyvit'”.

In recalculation of solubilitics in multicomponent systems containing peroxo-
disulphates we adhered to the method of relative activity coefficient expansion pro-
posed by NyvIt'71® and developed by modification of the relationship derived by
Erdést®. The method is based on the principal thermo dynamic relationship for equi-
librium in multi-phase polycomponent system, defined by the equality of chemical
potentials of a crystallizing component in all the co-existing phases. The method has
proved successful in correlating solubility data for a number of three-component
systems! 720722,

The change in the solubility of a crystallizing component induced by the presence
of other components in the solution can be expressed'” in the cases of clectrolytes
by relationships which differ according to whether or not the crystallizing component
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and the added components have a common ion (cation or anion). When there is a com-
mon ion, the change in the solubility of crystallizing component 1 due to the presence
of added component 2 (beside the solvent, most frequently water, i.e. component 3)
can be expressed for three-component systems by the general relation

log [x(x, + FB)*] _
a+ f

Py (1)

valid for all conceivable combinations of mono- and divalent ions, where

X = my[mo; )
B = x,mg,[myg, €)
F=vi v, )
a=v,, ©)
B=v, ©)
@ = log (yor,/11,) - ' ™

In Eqgs (4) to (6) the upper signs in the subscripts hold for systems with a common
anion, while the lower signs apply to systems with a common cation; m, and mg,
represent the molalities of crystallizing component in a saturated three-component
solution and in pure water, respectively, at a given temperature; m; stands for the
molality of component i in the three-component solution, v, and v_ signify the num-
ber of cations and anions, respectively, generated by dissociation of one molecule
of the component considered, and y, is the mean molal activity coefficient of the
component considered.

The method described is based on the fact that the quantity ¢, is a more or less
complicated function of the content of other components of polycomponent system:

n n n
@, = Z Quim; + zz Zleij’nimj + (8)
i=2 i=2 j=

where Q,; and Q,;; are the corresponding interaction coefficients.

The generalized form of Eq. (/) involving relative quantities is useful especially
in computer processing of experimental data as it enables any type of system to be
treated using the same program'’. A disadvantage inherent in Eq. () is, however,
that the effect of added components in changing the solubility of crystallizing compo-
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nent does not emerge clearly. This is due to the fact that the method of relative acti-
vity coefficient expansion consists essentially in determining the ratio of solubility
products of crystallizing component 1 in polycomponent system (S,) and in pure
solvent (Sm) at the same temperature, the concentrations of ions of the component
considered being expressed as molalities. Taking logarithm of this ratio and rear-
ranging, we obtain

(1/v1) 108 (S1[So1) = ¢4 )
where

Vi = Ve V-, (10)

which yields the same results as Eq. (I) It is clear that for a multicomponent system
involving components having some of their ions common with ions of crystallizing
component 1, the total molalities of the ions must be used in determining the value
of the solubility product of the crystallizing component.

Eq. (9) was used as a starting point in deriving concrete expressions correlating
solubility data previously measured on ternary systems involving alkali metal and
ammonium peroxodisulphates. The results of the evaluation are reported in the pre-
sent communication.

RESULTS AND DISCUSSION

The ternary systems containing alkali metal and ammonium peroxodisulphates for
which experimental data are available! ~#:6~2:11 ~14%) can be divided into three groups
which may further be subdivided according to whether the two components crystallize
in the solid phase separately in their pure forms or as solid solutions: a,) systems
with a common anion which do not form solid solutions: (NH,),S,05~Na,S;0—
~H,O (ref.®) and Na,S,04-K,S,04-H,0 (ref.”), a,) systems with a common anion
which form solid solutions: K,S,04—(NH,),S,05-H,0 (ref.?), b) systems with
a common cation which do not form solid solutions: K,S,04-K,S0,~H,O (ref.!),
Na,8,04-Na,S0,-H,0 (ref.?), (NH,),S;04~(NH,),S0,-H,0 (ref.?), Na,S,04—
~NaOH-H,0 (ref.**), K,S,05-KOH-H,0 (ref.'*), c) systems with no common ion:
Na,8,04-H,80,-H,0 (ref.?), K,8,04-H,S0,~H,0 (ref.'?), (NH,),S,05~H,S0,~
~H,0 (ref.*).

In the case of group a,) the effect of component 2 on the solutility of crystallizing
component 1 in saturated solution was evaluated using the relation

Ylog [mi(m, + my)/m3,] = ¢, . (11

* For the system (NH,),S,04-(NH,),50,-H,O0, the recently determined solubility data at
0°C, not yet published, have been included into the correlations, too.
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The solubility correlation for group {(a,) will be the subject of a separate communi-
cation. ’

With group (b) systems with differing divalent anions (S,07~ and SO}~) were
treated using the relation

% log [ml(ml + m2)2/m31] = ¢, (12)

while the relationship
1log [m,(2m, + my)*[4m3,] = o, (13)

was used for unlike mono- and divalent anions (OH ™~ and S,03 7).

Finally, data for systems belonging to group (c) were treated with the use of the
relation

log (mx/mm) =@ . (14)

The interaction coefficients Q of expansion (8) were determined following the
procedures described in refs'” ~22: the quantity ¢,/m, was calculated using one of the
relations (11) to (14) and its dependence on m, was established by the regression ana-
lysis. For systems containing potassium peroxodisulphate as the crystallizing compo-
nent 1 it turned out to be preferable to use a function in the form ¢, = f(m3?)
for the expansion (8) since the original form based on m, exhibited a strong non-
-linearity, unlike the other systems studied.

In calculations according to Egs (/1) to (/4), values resulting from correlations
presented in our previous papers?® were used for the solubilities of pure peroxodi-
sulphates. Solubilities of other components in pure water were taken from smoothed
data tabulated in ref.24,

The method described was used to evaluate solubilities in the above ternary systems
containing peroxodisulphates, with the exception of the system K,S,05—(NH,),.
.5,04-H,0 which forms solid solutions. Where the relevant data were available,
the interaction coefficients Q were calculated for the crystallization regions of both
components. In the case of ternary systems with sulphuric acid or alkali metal
hydroxide as the added component, the above method was only used to evaluate
the solubility data for the peroxodisulphate involved, because here the added com-
ponent either did not crystallize at all in the temperature range covered (H,SO,) or
its crystallization occurred only at high concentrations, which were beyond the region
of technical interest, and moreover, made a reliable solubility determination difficult.

A summary of the resulting correlations between the relative activity coefficient,
@,, of crystallizing component and the molality of added component for various
ternary systems containing alkali metal and ammonium peroxodisulphates is given
in Table I. The relations for ¢, ave valid in the temperature range 10— 30°C, except

Collection Czechoslovak Chem. Commun. [Vol. 47] [1982]



1543

Ternary Systems Containing Peroxodisulphates

9 = T 10§ 2w(30100-0 + 011-0—) I 70s°H  *0%S(*HN)
S = S 10) Luw(1 $5100-0 — 9S11-0) — ¢ 540 99500-0 — §§92-0) 1 TOSH 80%st )
§ S tw 10} 2w(3$0100-0 + SPP1-0—) I TOS’H 8o%s?eN °
T>T0u T 7€5000-0 — $2090-0) + - §() $0V00-0 — LOET-0)
9 5% >z oysandde  Zw(iz15000-0 — €£120-0) — S 9§L¥00-0 — 89120-0) I HOY fofsty
Zuy100-0 — C10800-0— 1 HOEN S0%s%eN
TueEE10-0— z
Gu(;1 5_01 X 10-€ +1,_01 X 20-Z-— §L£00-0) —
— Qw1 o 01 X SpL-1 --160100-0 — §610-0) 1 *os*C’HN)  ®0%sY("HN)
(3 9€9000-0 — ¥81€-0) + ¢- u(h T60800-0 — 15TT-0) T
Cupez0 + ¢-§w( 110-0 — 992-0) I Yostst 8o%sty
2u(,199%1000-0 + 3 TERLOO-O — 15L80-0) —
Mes snoipAyue Ioj — Tw(,1 9805000-0 + 3 £5620-0 — ¥8Z4-0) (OH 0I')Z
paje[no[es fus 2w99900-0 — Cu6v10-0 1 Yos?eN 8o%s%eN q
141 7€000-0 — €+0L00-0) — "( 8£¥100:0 — ¥91+0-0) 4
Suigez00-0 — ‘w3 LOPO00-0 — PI¥£0-0) T 80%SU("HN) 80%s%eN
(3 ZE€200-0 — 992€0-0) — - pw() 81600-0 — LLTS-0) 4
Lu() $859000-0 — 86L£-0) + “w(1 955700-0 — S06L00-0) I f0%s™ 80%s%eN 4
p ‘dwod 4 1
21N 4 ISKID jusuodwo) jusuodwo) dnoip

sojeydnsipoxolad FUIUTEIUOD SWIAISAS AIBUII) JO SUOIINJOS PIIBINIES I0) SUOISUBAXD JUAIOYJR0D AJIATIOR BANR[SY
1918V,

Collection Czechoslovak Chem. Commun. [Vol. 47] [1982)



1544 ) Balej:

for the systems (NH,),S,05~(NH,),S0,-H,0, K,S,05-K,S0,-H,0, and K,S,04-
~-KOH-H,0, for with they hold within 0—40°C, 15—30°C and 10—40°C, respec-
tively.

As has been mentioned, for systems containing potassium peroxodisulphate as the
crystallizing component it proved to be appropriate to expand ¢, as a polynomial in
m3-®, and not in m, recommended by Nyvit*”. This is apparently due to the fact that
unlike other peroxodisulphates and components involved in the systems investigated,
potassium peroxodisulphate is little soluble. In this connection it is to be realized
that the quantity ¢, is defined by Eq. (7) which can be written in the form

¢, = —(logy,, — logy,,,) = —logy,, + constant. (15)

It is well-known that the value of —logy,, is a relatively complicated function of the
total ionic strength, I, of solution, involving always, beside higher terms, the basic
Debye-Hiickel term in 1°-° valid up to ionic strength of the order of 10! mol/kg.

TasLE II

Calculated and experimentally determined compositions, m, m, (mol/kg), of eutonic solutions
in ternary systems containing peroxodisulphates

Component Component Temperature
1 2 °C My cate My exp My calc My exp
Na,$,04 K,S,04 10 2-760 2:760 0234 0230
20 2:935 2:938 0-366 0366
30 3-131 3-131 0-537 0-504
Na,S,04 (NH,),S,04 10 2-490 2-497 2:688 2:673
20 2-606 2:575 3-098 3:094
30 2-681 2:716 3:514 3:517
Na,$,04 Na,S0, 10 2-580 2-614 0-288 0282
20 2-530 2-546 0-758 0-750
30 2:205 2:241 1-903 1-891
K,S,04 K,80, 15 0-040 0:041 0-570 0-567
20 0-057 0-057 0617 0-621
25 0-080 0-082 0-658 0-658
30 0-107 0-108 1:708 0-708
(NH,),S,04 (NH4),S0, 0 0-513 0-513 4-893 4-894
10 0-851 0-851 4-799 4773
20 1-285 1-234 4643 4-685
30 1-813 1-813 4-417 4415
40 2:422 2-459 4-187 4-182
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Thus, when the solubility of a pure crystallizing component is considerably higher
than the limit of validity of the Debye-Hiickel limiting law, and the ionic strength
is further enhanced due to the presence of another component in the solution, the
basic Debye-Hiickel term loses its dominating influence and the dependence of ¢,
on the content of the added component (or components) may apparently be expressed
with sufficient accuracy only by a polynomial in m;. If, on the other hand, the solu-
bility of crystallizing component is so low as to fall into the concentration range within
which the variation of its activity coefficient with the total ionic strength of the
solution is determined to a large extent by the basic Debye-Hiickel term, then it is
undoubtedly more adequate to expand ¢, as a polynomial in m-(j"s. Such is the case
with potassium peroxodisulphate as the crystallizing component, whose solubility
at 10°C, my = 0-1096 mol/kg, and at 40°C, m, = 0-4244 mol/kg. With an addition
of another component, the total concentration falls into the range of validity of
Bronsted relationship, —logy, = 41°° + BI, which holds for electrolytes of
1—1 type up to ionic strength I = 3, and possibly even higher.

In order to test the correctness of the correlations obtained, back-calculations
of the solubilities of crystallizing components were made by substituting the corres-
ponding equations for the quantity ¢, in the basic relations (11) to (14). Figs 1—10
provide comparison between solubilities calculated in this way and experimentally
found values for all the systems studied. Further comparison between calculated and

Fic. 1 FiG. 2
Comparison between calculated solubility Comparison between calculated solubility
curves (full Jines) and experimental points for curves (full lines) and experimental points
the ternary system Na,S,0g—(NH,),S,04- for the ternary system Na,S,04-Na,SO,~
-H,0 at 10 1, 20 2, and 30°C 3 -H,0 at 10 1, 20 2, and 30°C 3
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FiG. 3
Comparison between calculated solubility
curves (full lines) and experimental points
for the ternary system K,S,04-K,50,~H,0
at 15 1,20 2,25 3,-and 30°C 4

F1G. 5
Comparison between calculated solubility
curves (full lines) and experimental points for
the ternary system Na,$S,04-H,S0,~H,0
at 10 1, 20 2, and 30°C 3

Mirg)ys0g

FiG. 4

Comparison between calculated solubility
curves (full lines) and experimental points
for the ternary system (NHy),S,04-(NH,),.
.S0,-H,0 at 10 1, 20 2, 30 3, and 40°C 4

FiG. 6
Comparison between calculated solubility
curves (full lines) and experimental points for
the ternary system K,5,04-H,S0,~-H,0
at 10 1, 20 2, and 30°C 3
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F1G. 7
Comparison between calculated solubility
curves (full lines) and experimental points
for the ternary system (NH,);S,04-H,SO,~
~H,0 at 10 1, 20 2, and 30°C 3

W
|

FI1G. 9
Comparison between calculated solubility
curves (full lines) and experimental points
for the ternary system Na,S,0g-NaOH-
-H,0 at 10 1, 20 2, and 30°C 3

Mhrs20g [

U

FiG. 8

Comparison between calculated solubility
curves (full lines) and experimental points
for the ternary system Na,S,05-K,8,04-
-H,0 at 10 1, 20 2, and 30°C 3

04

021

Myom

Fic. 10

Comparison of solubility curves calculated
according to equations for m, = 2 (full line)
and for 2< m, =6 (broken line) with
experimental points of the ternary system
K,S,04~KOH-H,0 at 10 (©), 20 (0),
30 (@), and 40°C (@)
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experimental solubilities is given in Table IT which summarizes calculated and expe-
_rimentally determined eutonic compositions for the systems studied. The figures
as well as Table 1I show that in the majority of cases the calculated solubility curves
and the coordinates of eutonic points are in very good agreement with the experi-
mental data. It is gratifying to see that the best agreement has been obtained for
systems of primary technical importance, containing ammonium peroxodisulphate
and/or sodium peroxodisulphate as crystallizing component. It may be assumed that
these relationships would yield sufficiently reliable results in solubility calculations
for even more complicated systems involving these peroxodisulphates, such as may be
encountered in various processes of peroxodisulphate manufacture or further pro-

cessing.
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