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ABSTRACT

The results of isothermal and non-isothermal studies of reac-
tions in inorganic phosphate systems have been reviewed on the
basis of comparison of kinetic data for chemical processes, taking
place in solid phase and in aqueous solutions, in amorphous and
crystalline phases, on the surface and inside the crystals.

INTRODUCTION

The interest attached to the solid-phase and liquid-phase
reactions in phosphate systems is determined by various circum-
stances. These reactions comprise some features inherent to chemi-
cal transformations of inorganic, organic and biological objects.
They can proceed according to a scheme of localized reactions,
including various types of uniform and spot localization forms,
and according to a scheme of delocalized solid-state reactions. In
the latter case, if a single crystal is the object of analysis,
the reaction proceeds with about the same probability in any point
on the surface and inside the crystal. This is characteristic for
the process of intrinsinc hydrolysis during thermal treatment of
sodium cyclotriphosphate monohydrate, NaBPBOS'HZO'

At precipitation of salts from aqueous solutions in phosphate
gystems and at mechanical activation of protonated salts oil-like,
plasticine-like or rubber-like substances are formed, the state of
which can be considered as intermediate between solid and liquid.
In this state the reactivity of the substance is quite different
as compared to the reactivity of the same substance in crystalline
gstate and in aqueous solution. Investigation of reactions in
phosphate systems allow to obtain comparable data on reactivity
of one and the same substance in various saggregation states.
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RESULTS AND DISCUSSION
Notwithstanding the identity of crystal structures of Na3P309
and Na3P309-H20 thermal dehydration proceeds not by direct tran-~
sition of monohydrate crystal lattice into the crystal lattice
of enhydrous salt, but through en intermediate stage of initial

crystael destruction and of anion cycle rupturing [1] Ring ruptu-

ring takes place according to the scheme of intrinsinc hydrolysis
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where ch is the first order solid-state decyclization rate cons-
tant. From the temperature dependence for ch (FPig.1) a value of
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Fig.1 Temperature dependence for k}c (isothermal treatment of
Na3P309'H20 in dry ammonia atmosphere at pNH3=930 nFa)
effective activation energy is calculated (E=93 kJ/mol) which coin-
cides with the known values E=84-100 kJ/mol for the cyclotriphos-
phate hydrolysis in aqueous solutions [2]. Such a coincidence does
not mean that the two decyclization processes (in solid state and
in aqueous solutions) are identical. The solid-state decyclization
possesses some peculiarities, for instance, the thermal treatmant

of Na3P309-H20 should be carried out in ammonia atmosphere. At
thermal treatment in vacuum the first order law is not obeyed to.
Thermal conversions of Na3P309-H20 represent a case when the
reaction is delocalized or uniformly localized inside the crystal.
Another localization form - spot localization inside the crystal -
is represented by thermal transformations of MnHPO4'3H20 (}]. In
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this case two parallel reactions occur

MnHPO4-3H20(cryst.)—’ MnHPO4-O.5H20(amorphous)+2.5H20 t,
5MnHP04-3H20(c;yst.)—o MnSHZ(P04)4-4H20(cryst.)+H3PO4(1iq.)+11H20 .
where the first one is dehydration (A) and the second one is
disproportionation (B). The relation between the reactions (A) and
(B) as a function of temperature and water vapour pressure is
shown in Pig.2. At high t and low szo dehydration prevails, at
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Fig.2 Regions where reactions (A) and (B) prevail (isothermal
treatment of freshly obtained MnHPO4-3H20 crystals, T=1-8 h)

low t and high Py o prevails disproportionation. Dehydration is
always localized gn the crystal surface. Depending on t and Py o
disproportionation is localized on the surface or inside the 2
crystal. Under conditions given in Pig.2 disproportionation is
localized inside the crystal.

Dehydration of Na3P309-6H20 at moderate air humidity (r<50%)
and in vacuum in contrast to dehydration of NaBP309-H20 takesg
place without decyclization

Na,P04-6H,0(cryst.) —= NasPy0q(cryst.) + 6H0 t.

Under severe dehydration conditions (in vacuum, at low r values)
typical is the uniform surface localization form and the crystal
faces react in order of decrease of their activity: firet (100),
then (001) and (010). At the increase of r uniform localization
gradually changes into spot localization, which prevails at r»30%.

On the basis of the known kinetic model [4] a formula for the

conversion of a triclinic crystal according to the scheme of
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uniform surface localization is derived [5]

~ _«(100) ~ &(010) ~ (001)
o= 1 - [ao'vg(b" 4ind )] [bo'vb("'mind )][:co'vc(b' ":('an })1 (1)
8425% '

where o is conversion degree; 8, bo’ c, are the halves of late-
ral lengthe of initial crystel along a, b, ¢ directions respec-
tively; Vgr Vps Vv, aTe the linear velocities of flat reaction
front advance in the same directions; % is the time; $§;gu),
ng;o), ”§231) are the induction periods that precede the entry
into reaction of the corresponding crystal face.

Analysis of Eq.(1) with the use of an ES-1036 computer shows
that depending on%: 1907, ¢{010) (001
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velocities the topochemical process takes place

values and on relations
among v., Vy, V.
without self-acceleration, with one-fold or multi-fold self-acce-
leration. This conclusion meets the experimental data for dehyd-
ration of Na;P;04-6H,0 crystals 1e].

Different stages of thermel decomposition reactions have
different sensitivities to the aggregation state of the substance.
Crystalline salt NH4Mg2P3010-6H20 as compared to amorphous salt
NH4Mg2P301O-7H20 releases hydration water more slowly at the ini-
tial stages of dehydration and more rapidly at the firal stages.
This is explained by various physical properties of the resulting
products. Both salts have been precipitated in the system
(NH4)5P3010-MgSO4-H20 which is characterized by a decrease of
chain triphosphate degradation velocity in following sequence:
oily phase, amorphous phase, aqueous solution, crystalline phase.
In solid phase (frozen solution) the velocity of H3P309cycle Tup-
turing is also higher than in aqueous solution. These cases repre-
gent a variant of the Hedvall effect, when the reactivity abruptly
changes in the vicinity of phase transition temperature.
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