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Low-temperature synthesis of condensed zinc
and cobalt (II) phosphate solid solution
with the given anion structure
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The anionic composition of heat treatment products of crystalline hydrates of the
general formula Zn,_ Co,(H,PO,),-2H,0 (0 < x < 1.00) under isothermal conditions is de-
termined. Quantitative dependences of the content of condensed phosphates with different
anion structure (linear and cyclic) and phosphate acids, which released as intermediate
products, on the temperature regime and roasting duration were established. The influence
of cation nature is shown. The conditions of the formation and thermal stability of
everyone linear condensed phosphates with 77 = 2—8 and the solid solution of cyclotetra-
phosfates of the composition Zn,_,Co,P,0,, (0 < x < 1.00) are concretized.
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Ompe/lesien aHWOHHBIM COCTAB MPOAYKTOB TepMOOOPabOTKU KPUCTANJIOTHUAPATOB obIei
dopmyasr Zn,_ Co,(H,PO,),2H,0 (0 < x < 1.00) B M30TepMUYECKUX YCIOBUAX. YCTAHOBIIE-
HBl KOJUYECTBEHHbIE 3aBUCHUMOCTH COAEPIKAHUS KOHAEHCUPOBAHHBIX (DOCHATOB C PASIUYHBIM
CTpOeHVEeM aHuoHa (IMHeHHBle W NUKJANYecKre) u (GochaTHBIX KHUCIOT, BBIJENTONIUXCA B
KayecTBe MPOMEKYTOUHBIX IMPOAYKTOB, OT TEMIIEPATYPHOTO PEKUMA U MPOJLOJMKUTETHHOCTH
ob:xura. ITokasano BIUAHWE TPUPOALI KaTwoHa. KOHKpPeTUsnpoBaHbl yCJIOBUs 06pPa3OBaAHUS
U TePMUYECKON CTAOUIBHOCTU KaKAOTO U3 JUHEHHBIX KOHAEHCUPOBAHHBIX (ocdaroB ¢ 7 =
2—-8 u TBepAoro pacTBopa HuKJoTeTpadocdaros cocrasa Zn,  Co,P,0,, (0 < x < 1,00).

HuspkoremneparypHuii CHHTE3 TBEpAOro PoO3YuMHY KOHAeHcOBaHUX (ocdariB mUHKY i
kobaasty(Il) i3 3amanoro Gyxosoro anmiona. H. M Aumpanueea, H.B.Conod, OJ].Kouxodan.

Busunaueno aHiOHHUN CKJag IPOAYKTIE TepMooOpPOOKH KpucTasorigparis saraibHoi ¢op-
myan  Zn,_,Co,(H,PO,),-2H,0 (0 < x <1,00) B isorepmiummx ymoBax. BeranosiaeHo
KinbkicHi sazexxHocTti BMicTy KoumeHcoBauux (ocdaris 3 pisHow Oymosoro amiona (IiHiliHOIO
i muraiunow) i pocharTHNX KHUCIOT, IO BUIIISIOTHCA SK IPOMiMKHI mpomykTu, Bix Temmepa-
TYPHOT'O pekumy i TpuBasocti Bumnaay. [lokasano BuiauB npuposu Kationy. KoHKkperusosaHo
YMOBU YTBOPeHHS i TepmiuHoi cTabinbHOCTI KOMKHOro 3 JiHINHMX KOHIeHcOBaHUX (ocdaris
is 7 = 2-8 i TBepzoro posumHy nukiorerpadocdaris craaxy Zn,  Co,P,0,, (0 < x < 1,00).
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1. Introduction

Solid solutions of divalent metals con-
densed phosphate with different anion struec-
ture (linear or cyclic) are widely used to de-
velop new modern polyfunctional materials
with adjustable properties and performance
characteristics on their basis [1-4].

One of the methods of condensed phos-
phate obtaining is the reaction of mixtures
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of the initial reagents of various composi-
tions at high temperatures (900-1200°C and
above): oxide or carbonate of the appropri-
ate metal with the ammonium dihydrogen
phosphate [1, 5], or with the individual cy-
clotetraphosphates [1, 6]. The main disad-
vantage of this method, as well as of all the
high-temperature methods of synthesis, is
its high-energy intensity. Much less energy-
intensive and rational synthesis method is a
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low-temperature heat treatment of the cor-
responding crystalline hydrates [3, 7, 8].

There are few works in the scientific lit-
erature on the synthesis of a solid solution
of condensed phosphates of zinc and cobalt
(I1) by a heat treating of the hydrated mo-
nophosphates [9, 10]. The attention of the
authors [9] was mainly paid to a study of
the mechanism of thermolysis of dihydrogen
phosphate of Zn05C005(H2PO4)22H20 com-
position in a dynamically heat treatment
conditions. It is shown, in particular, that
its dehydration is accompanied by the com-
plex physicochemical and structural trans-
formations with the formation of condensed
phosphates and free phosphate acid. The
formation of anhydrous cyclotetraphosphate
is the result of their solid-phase interaction.
The preparative data about the obtaining (in
a dynamic mode as well) of the three solid-
solution compositions of condensed phos-
phates of Zn—Co(ll) with the linear structure
of anion, are shown in the work [10].

However, it is not possible to obtain con-
densed phosphates of this anionic structure
under the conditions of dynamic heating.
Thence, most of crystalline burning proc-
esses are performed within the isothermal
process, maintaining them during a needed
time at a given temperature.

For the practical realization of the syn-
thesis of condensed phosphates of the par-
ticular anionic composition and properties
by a dehydration of hydrated salts during
the isothermal process, and a control of this
process, one requires data on the depend-
ence of the anionic composition of interme-
diate and final products of dehydration on
the temperature and duration of burning, as
well as on the effect of the nature of the
cation on them. Information on heat treat-
ment of a solid solution of general formula
Zn,_,Co,(Hy,PO,4)5-2H,0 (0 < x < 1.00) within
the isothermal process is absent in a scien-
tific literature.

The aim of this article is to justify the
conditions of a low-temperature synthesis of
a solid solution of condensed phosphates of
zine and cobalt (II) with a specified anion
structure by the heat treatment of crystal-
line hydrates of Zn,_,Co,(H,PO,),-2H,0
(0 < x <1.00) composition within isother-
mal process.

2. Experimental procedure

The solid solution of
different contents of zinc and cobalt (II)
was obtained by reaction of phosphoric acid
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(64.18 wt.% P,0s5), taken in excess of 160—
180 %, with a mechanical mixture of Zinc
hydroxocarbonate (77.25 wt.%. ZnO) and
cobalt (68.32 wt.% . CoO). The composition
of the initial reagents was changing accord-
ing to the predetermined molar ratio, simi-
lar to [9].

The main objects of our study were the
dihydrogen phosphates of the composition
Zng.75C00 25(H2PO4)7-2H,0,
Zn05C005(H2PO4)22H20 and
Zng 55C0g 75(HoPO,4)2-2H,0. To  determine
the influence of the nature of the cation,
they analyzed the heat treatment products
of dihydrogen phosphates with different
contents of zinc and cobalt (II), which var-
ied in the range 19.97-2.26 wt.% Zn and
2.00-18.32 wt.% Co.

The heat treatment was performed in air
in the range of 100-350°C (temperature de-
tection accuracy is within +5°C), keeping
the sample at a given temperature for 0.5,
1.5, 3.0, 5.0 and 7.0 h.

Heat treatment products were identified
using a complex of analytical methods:
chemical, X-ray (diffractometer DRON-4-M
connected to a computing complex based on
IBM PC/AT 486 computer, Fe K,, NaCl in-
ternal standard), infrared spectroscopy at
20°C and —190°C (Nexus-470 spectrometer,
400-4000 sm™ 1 frequency range, 0.05 %
sample weight pressing into the KBr ma-
trix). Determination of free phosphoric acid
was carried out by the quinoline molybdate
weighting method after its extraction with
dried acetone. The anionic composition of
the salt and acid components was analyzed
by chromatography on paper with a quanti-
tative evaluation of each of the condensed
anions, as described in [11].

3. Results and discussion

The results of a thermoanalytic study of
Zn05C005(H2PO4)22H20 showed that the
products of its heat treatment at 100°C for
0.5-83.0 h are a heterogeneous mixture of
solids (salt component) and a liquid (acid
component) containing a monophosphate
anion. The formation of condensed phos-
phates under these conditions does not
occur (Table 1).

The main component of the solid phase is
anhydrous dihydrogen phosphate
Zn05C005(H2PO4)2, the formation of which is
clearly fixed on the X-ray patterns and IR
spectra. The presence of the second compo-
nent is indicated by diffraction reflections
d,,., 1.28 , 0.76 nm), on the basis of which it

exp
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Table 1. Anionic composition of condensed phosphates and the conditions of their synthesis by
heat treatment Zn; ;Co, 5(H,PO,),-2H,0

Heat treatment | P,O4 The phosphate content (P,Og, wt.%) in the form
conditions solt.
Tempera- |Dura-| 5> | mono-| di- |three-|tetra- [cyclotetra-|penta- | hexa- | hepta- | octa - |higher
ture, °C [tion, A wt. %
100 0.5 149.17 | 49.2
1.5 |49.56 | 49.6
3.0 |48.52 | 48.5
5.0 [48.48 | 46.4 | 2.1
7.0 (4797 41.6 | 6.4
150 0.5 |44.32| 32.5 |10.8] 1.0
1.5 [44.29| 21.0 |21.5| 1.8
3.0 |45.78 | 17.8 | 22.9| 5.0 0.1
5.0 {4730 | 14.2 | 24.3| 6.4 2.4
7.0 [50.46 | 13.1 | 26.6 | 7.0 3.6 0.0 0.2
225 0.5 [60.45| 18.0 |30.1| 7.4 4.6 0.0 0.3
1.5 [61.29| 11.0 | 32.4|10.2 | 5.9 0.0 0.5 0.3 1.0
3.0 |62.09| 82 [26.83|11.7| 7.3 0.0 3.6 2.7 2.3
5.0 [62.54| 7.4 |20.0| 126 | 84 0.0 4.7 3.6 2.4 1.4 2.0
7.0 [62.79| 5.3 [17.8|11.4 | 9.8 0.0 5.9 4.5 3.6 1.6 2.9
275 0.5 |62.98| 4.3 |12.9]| 8.5 8.0 0.0 9.4 7.4 3.7 2.8 6.0
1.5 [63.21 | 4.0 85 | 7.1 7.3 <0.1 7.2 8.0 4.7 2.1 14.3
3.0 163.39| 3.8 5.6 | 6.4 6.3 4.8 5.9 6.1 4.3 2.4 17.8
5.0 [63.44| 8.0 4.9 | 5.8 5.5 19.7 5.7 5.5 6.9 2.2 3.7
7.0 [63.62| 2.3 3.1 | 4.8 4.1 33.5 4.6 4.4 5.2 1.6
350 0.5 [64.47] 1.2 2.0 | 2.2 2.3 56.8 0.0
1.5 [64.61| 0.6" | 0.0 | 1.7° | 0.0 62.3
3.0 |64.89| 0.7" 1.8° 62.4

* Result of diphosphate hydrolysis during sample preparation to analysis.

was identified as the less protonated phos-
phate of the ZnysCoqgHPO,mH,O composi-
tion (Fig. 1,a). Liquid phase — monophos-
phate acid — is fixed in the IR spectra by
the absorption bands in the fixed area of
3600-2800 cm™! and 2400-2200 cm 1,
which is similar to the bands in the spec-
trum of the pure H3PO,, taken to identify
its content in the products of the heat treat-
ment (Fig. 1,b).

The processes of anion condensation in
the salt component begin with burning of
Zn05C005H2PO42H20 at 100°C for 5.0—
7.0 h (4.3-13.8 % of the total P,Og is in
the form of the diphosphate) and continue
to delve further with the increase in tem-
perature. Removal of two moles of water of
crystallization (150°C, 1.5 h) is accompa-
nied by the increasing of diphosphate
amounts (up to 48 % of the total P,0g),
and formation of condensed phosphate with
linear structure with third degree of poly-
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condensation (7). With an increase in the
duration of heat treatment at 150°C up to
3—7 h, the removal of constitutional water
is observed, and, as a result, a deeper an-
ionic condensation with a formation of tri-,
tetra - and penta phosphates (n = 3-5) is
taking place. The degree of conversion of
monophosphate anion to polyphosphate is
61-73 %, respectively (Table 1). Under
these burning conditions, anionic condensa-
tion is taking place also in the composition
of the acid component, which is a mixture
of mono- and diphosphate acid (Table 2).
Similar changes in the composition of heat
treatment products appear along with the
destruction of the structure and the com-
plete amorphization of the solid phase. For-
mation of X-ray amorphous condensed phos-
phates of linear structure with n = 2-5 in
the composition of the salt component is
recorded on chromatograms. In the IR spec-
tra, their formation is indicated by the most

Functional materials, 26, 1, 2019
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Fig. 1. X-ray diffraction patterns (a) and IR spectra (b) of Zn, ;Co, 5(H,PO,),-2H,0 (1) and products
of its heat treatment for 0.5-0.3 h at 100 (2), 225 (3), 350°C (4).

Table 2. Anionic composition of free phosphate acids

in heat treatment products of

Zn, 5Co; 5(H,PO,),-2H,0
Heat treatment conditions Mass loss, P,05 acid Content of phosphate acids (P,04 acid.,
mole H,O gen, wt. %. wt.%) in the form
t, °C duration, & mono- di- three-
100 0.5 0.45 2.72 2.7
1.5 0.71 3.40 3.4
3.0 0.84 4.97 5.0
5.0 0.97 5.47 5.5
7.0 1.11 6.61 6.6 <0.1
150 0.5 1.68 9.56 9.4 0.1
1.5 2.03 10.01 8.6 1.4
3.0 2.27 10.62 8.9 1.7
5.0 2.38 9.71 7.4 2.3
7.0 2.52 8.82 5.6 3.1 <0.1
185 0.5 2.50 9.30 6.9 2.1 0.3
1.5 2.54 7.80 4.0 2.5 1.3
3.0 2.56 5.02 2.3 2.3 0.4
5.0 2.63 3.22 2.1 1.1
7.0 2.65 2.02 2.0 <0.1
225 0.5 2.68 1.68 1.7
1.5 2.86 1.40 1.4
3.0 2.99 1.20 1.2
5.0 3.08 0.90 0.9
7.0 3.18 0.40 0.3

intense absorption bands, characteristic for
vibrations of di- and polyphosphate anions
(930 cm™! — v,, POP, 1220 cm™! — v
PO,). Moreover, the occurrence of 1220 ecm™
band allows to identify the linear condensed

as
1
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phosphates in the presence of mono- and
diphosphates, which are not containing me-

dian group of OPO.
Formation of Zng 5C0oq 5(HoPQy4)0-2H,0 of

the new crystal lattice is registered at
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225°C in the burning products. The sample,
which was kept at this temperature for
0.5 h, is represented by the crystalline
phase, and identified, according to [11-15],
as a solid solution of protonated diphos-
phates with the Zng sCog 5(H,P5,07) composi-
tion and Zng 5Coq 5(H,P5,07) admixture (Fig.
1). The content of diphosphates in the com-
position of these heat treatment products is
49.8 % of the total content of P,Ogz. Con-
densed phosphates with a linear anion struc-
ture with n = 8-5 are X-ray amorphous.
Their number is 12.3 wt.% in recalculation
on P,Og, and increases from 17.0 up to
39.7 % wt., with an increase in the burning
time from 1.5 up to 7.0 h. The degree of
polymerization of condensed phosphates
produced during 5.0-7.0 h of burning,
reaches 8 or more (Table 1) . In the IR spec-
tra the configuration of the absorption
curves are characterized by a fairly well-de-
fined individuality. They are characterized
by the clear fixed peaks of 980 cm™l,
530 em™!, splitting of the band at 1060 cm™!
(1055, 1090 em 1), a new band with a
maximum of 720 ecm~l. The appearance of
this band is considered to be an analytical
sign of the presence of diphosphate, and the
presence in the spectrum of a broad band
with a maximum of 2900 cm™! indicates the
presence of a protonated anion, which is
formed along with diphosphate (Fig. 1,b).
The overall spectral pattern indicates the
presence of a large number of amorphous
products.

The maximum amount of diphosphate
(32.4 wt.%, which is 52.9 % of the total
P,Og) is formed during the burning of
Zny 5Coq 5(H,P0O,4)2-2H,0 for 1.5 h at a tem-
perature of 225°C, and is decreased almost
2 times with its heat treatment for 7 h
(Table 1). At the same time, in the con-
densed phosphate the maximum amounts of
triphosphate (12.6 wt.% for 5.0 h) and
tetraphosphate (9.8 wt.% for 7.0 h) is
formed. Similar changes in the composition
of linear condensed phosphates are observed
at 275°C: with increasing burning time, the
amount of low-molecular weight phosphates
with 7 = 2-4 decreases, high-molecular
weight with 7= 5-8 — increases. The
maximum amount of pentaphosphate —
9.4 wt.% is formed during the burning for
0.5 h, hexaphosphate — 8.0 wt.% — 1.5 h
(Table 1). Therefore, the composition of the
salt component is complicated by an ade-
quate decrease in the number of low-molecu-
lar weight phosphates, characterizing their
direct participation in the solid-phase inter-
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actions with the formation of highly con-
densed phosphates with the linear structure
of the anion.

The condensation of monophosphate acid
begins at 150°C, and finishes at 185°C (1.5—
3.0 h) with a formation of polyphosphate
acids with 7 not exceeding 3 (Table 2). A
triphosphate is not observed in the composi-
tion of heat treatment products with an in-
crease in the burning time up to 5.0 h.
Diphosphate acid is practically absent after
the 7.0 h of burning time. Not only the
qualitative but quantitative composition of
free mono- and polyphosphate acids
changes. The maximum number
(10.62 wt.%) is registered in the products
of heat treatment at a temperature of 150°C
(3 h) is decreased with increasing duration
of burning time and the temperature in-
crease up to 225°C (Table 2). In a sample
heated to 275°C, free phosphate acids are
practically absent. Their low content (pri-
marily polyphosphate, as more active com-
pared to H3;PO,) indicates secondary interac-
tions with low-molecular condensed phos-
phates.

Condensed phosphates of the most com-
plex composition are formed at 275°C. Dur-
ing the burning for 0.5-1.5 h, they were
identified as X-ray amorphous polymer
phosphates with 77 = 2—-8 and higher; the de-
gree of conversion of monophosphate anion
reaches 94-95 % (Table 1). After the heat
treatment for 3.0-5.0 h, the condensed
phosphate with cyclic anion structure with
n =4 is present along with linear phos-
phates — cyclotetraphosphate. Its amount
with an increase in the burning time dura-
tion up to 7 h reaches 54.6 % of the total
content of condensed phosphates. Formation
of crystal lattice of cyclotetraphosphate is
recorded on X-ray diffraction patterns by a
number of the most intense diffraction re-
flections (d,,., 0.615, 0.423, 0.2992,
2.385 nm). In IR spectra, one can observe
an intense band with a maximum at
1330 cm™! — v,, PO, and doublet of 740-
720 cm ! — v, POP, characteristic to the of
vibrations of groups of condensed phos-
phates with cyclic structure of anion [14].

The heterophasic composition of the heat
treatment products of
Zng 5C0oq 5(HoPQ4)2-2H,0 is simplified with
an increase in temperature up to 350°C.
Condensed phosphates with a linear anion
structure with 7 = 5-8 after the 0.5 h of
burning are absent. The content of mono-
and polyphosphates with 7 = 2-4 is de-
creased (Table 1). The amount of cyclotetra-
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Fig. 2. The dependences of the condensed phosphates content in the products of heat treatment of
Zn; ;5C0; 95(H,PO,4)5-2H,0 (solid line) and Zng ,5C04 75(H,PO,),-2H,0 (dashed line) on a — tempera-
ture (roasting for 5 h), b — duration of burning (at 225°C): 1, 1 — di-, 2, 2" — three-, 3, 3 —
tetra-, 4, 4 — penta-, 5, 5 — hexa-, 6, 6 — heptaphosphate.

phosphate reaches 86.9 % of the total P;,Og.
This process is accompanied by considerable
structural rearrangements and physico-
chemical interactions, the result of which is
the formation of a single condensed phos-
phate after the 1.5 h burning — cyclotetra-
phosphate with an anion ring structure. In
the IR spectrum in skeletal anion vibrations
area, one can observe clearly pronounced
bands in the area characteristic for vibra-
tions of condensed phosphates with an anion
ring structure: v,, PO, (1330, 1285,
1230 em™ 1), v, PO, (1170, 1120, 1110 em 1),
v,s POP (1055 em™ 1), v, POP (740-720 em 1)
(Fig. 1,b). Its X-ray diffraction and known
data for individual Zn2P4012 and C02P40|2
[14, 16] characterize them as compounds
with the same type of structure that crys-
tallize in the monoclinic syngony (space
group C 2/c¢, Z = 4) with a formation of a
solid solution of cyclotetraphosphates of the
ZnCoP 4045 composition.

To study the effect on the nature of the
cation on the synthesis conditions of con-
densed phosphates with a specific composi-
tion and structure of the anion, similar de-
terminations were made for the heat treat-
ment products of Zn075C0025(H2PO4)22H20
an Zn025C0075(H2PO4)22H20. The data ob-
tained are presented in the form of depend-
ences of the content of condensed phos-
phates (Fig. 2) and free phosphate acids
(Fig. 38) on the temperature and duration of
burning.

The analysis of the experimental data
showed that the composition of the con-
densed phosphates, the conditions for their
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Fig. 3. The amount of free phosphate acids re-
leased during heat treatment of
Zng 75C0; 55(H,P0O4)5-2H,0 (a) and

Zng 55C0; 75(HyPO4)-2H,0 (b): 1 — 0.5, 2 —
1.5, 3 — 3.0, 4 — 5.0 and 5—7.0 h of burn-
ing.
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formation and thermal stability, determined
for the heat treatment products of
Zng 5C0oq 5(HoPQ4)2-2H,0,  sufficiently and
correctly describe the thermal behavior of
the solid solution of Zn,_,Co,(H,PO,),-2H,0
(0 < x<1.00) with different contents of
zine and cobalt (II).

Conditions for the synthesis of condensed
phosphates with a specific structure of the
anion (linear with 7 = 2-8 and higher, or
cyclic with 7 = 4) depend on the content of
zinc and cobalt (II) in them. For
Zn1_XCOX(H2PO4)2'2H20 with a hlgh content
of cobalt (II) the temperature regime shifts
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at 10-20 degrees to higher temperatures.
And the duration of burning time increases
at 0.5-3.0 h at a given temperature.

The nature of the cation affects both the
composition of the condensed phosphates
and the quantitative ratios in it. With in-
creasing content of Cobalt (II) in the compo-
sition of Zn,_,Co,(H,P0O,4),-2H,0, condensed
phosphates are formed more intensively by
4-8 % by weight. This difference attains a
maximum value for a low-molecular poly-
mer phosphate with 7 =2, 3, and is less
noticeable in the formation of linear phos-
phates with 77 = > 5. The established regu-
larity is maintained for all the heat treat-
ment conditions studied.

The amount of free phosphate acids in
the composition of the heat treatment prod-
ucts is also different: the higher zine con-
tent in Zn1_XCOX(H2PO4)22H20 is, the blg-
ger amount of acid is formed in the burning
products. This means, the share of their
participation in the formation of highly
condensed phosphates and the final product
of heat treatment increases. It is a solid
solution of cyclotetraphosphates of general
formula (Zn,_,Co0,),P40¢5 (0 < x < 1.00) re-
gardless of the composition of the initial
crystalline hydrates.

The generalization of the obtained re-
sults makes it possible to trace the forma-
tion, accumulation, redistribution and par-
ticipation of each of the polymeric phos-
phates and free phosphate acids in the
complex physicochemical processes of the
formation of condensed phosphates. This
makes it possible to choose the optimal con-
ditions for the low-temperature synthesis of
the solid solutions of condensed zinc and
cobalt (II) phosphates with a specified struc-
ture of the anion (linear with 7 = 2-8 and
higher, or cyclic with 7 = 4).

4. Conclusions

By the heat treatment of the crystalline
hydrates of Zn1_XCOX(H2PO4)22H20 (0 <x <
1.00) composition within the isothermal
process (100-350°C, 0.5-7.0 h) one synthe-
sized solid solutions of phosphates of zinc
and cobalt (II) with specified anion struc-
ture (linear with 7 = 2-8, and cyclic with
7 =4). The optimal conditions for their
low-temperature synthesis have been deter-
mined. The conditions of formation and
thermal stability of each of the linear con-
densed phosphates with 7 = 2-8 and the
solid solution of cyclotetraphosphates of the
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Zn,_,Co,P,O45 (0 <x < 1.00) composition
are identified.

It is shown that the formation of con-
densed phosphates is accompanied by signifi-
cant structural rearrangements, including the
complete amorphization and the formation of
structures of new crystalline phases — solid
solutions of dihydrodi- and cyclotetra phos-
phates of zinc and cobalt (II).

Quantitative dependences of the con-
densed phosphates content with different
structure of anion and phosphate acids, re-
leased as the intermediate products on the
temperature regime and duration of burn-
ing of Zn1_XCOX(H2PO4)2'2H20 (0 < x <
1.00) have been established. The influence
of cation nature on the conditions of low-
temperature synthesis and the quantitative
composition of solid solutions of condensed
zine and cobalt (II) phosphates with differ-
ent anion structure is shown.
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