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The composition, temperature ranges of formation and thermal stability of heat treat-
ment products of solid solution with the general formula (Mn,_Co,),P,0;-5H,0
(0 < x<0.41) in the range of 298-1273 K were determined. The cation nature effect on
them was concretized. The end product of the heat treatment — solid solution of anhy-
drous diphosphates with composition B-(Mn,_,Co,),P,0,, 0 < x<0.41 (space group C 2/m,
Z = 2) — was identified. It was shown, that its formation is realized in two directions.
The first of them is realized by 69-66 % due to dehydration of initial crystallohydrate
(Mn,_,Co,),P,0,-6H,0. According to the second direction, 81-84 % pB-(Mn,_,Co,),P,0; is
formed through solid phase reaction of the intermediate dehydration products. The se-
quence of thermal and structural transformations, which accompany the heat treatment of
the diphosphates (Mn,_ Co,),P,0,-56H,0 (0 < x<0.41), was proposed.

Keywords: diphosphates, manganese(II), cobalt(II), solid solution, thermal properties,
dehydration.

OmnpegeneHsl COCTAB, TEMIEPATYPHbIE MHTEPBAJbl O0PA30BAHUA U TEPMUUYECKON CTAOUJIb-
HOCTU HOPOAYKTOB TepmMmoobpaborKu TBEPAOrO pacTBOpa obmreit dopmMyIBl
(Mn,_,Co,),P,0,-56H,0 (0 < x<0.41) B mrTepBane 298-1273 K. KoHKpeTH3NPOBAHO BIMAHHE
Ha HUX MPUPOALI KaTHOHA. UIeHTU(PUIUPOBAH KOHEUYHLIH IPOAYKT TepMOooGpaboTK — TBep-
Abrt pacTBOp GesBogHEIX Audocdaror cocrasa P-(Mn,_ Co,),P,0;, 0 < x<0,41 (up. rp. C
2/m, Z = 2). Ilorkasano, 4To o6pasoBaHue ero IPOUCXOAUT OJHOBPEMEHHO II0 ABYM HAIIPABJIEHH-
sam. IlepBoe ns Hux peanusyercsa uHa 69—66 % B pesyabTare ZernAPATAIINN MCXOAHBIX KPUCTAT-
norugpartos (Mn,_, Co,),P,0,-6H,0. Cormacuo rropomy, 31-84 % B-(Mn,_ Co,),P,0; obpasyerca
osaromapsa TBepAO(da3HOMY B3AMMOIEHCTBUIO IIPOMEKYTOUHBIX IIPOLYKTOB O00E3BOMKHBAHIIA.
TIpenoseHa MMOCIEIOBATENBHOCTh TEPMUYECKUX U CTPYKTYPHBIX IIPeo0pasoBaHuUil, KOTOPbIE CO-
IPOBOMKIAIOT TepMoobpaborky mudocdaros (Mn,_ Co,),P,0,-5H,0 (0 < x<0,41).

Tepmiuni Baactueocti TBepaoro posuuny wmanraH(Il) i xoGaasT(Il) mudocdarie.
H.M Aumpanuyesa, H.B.Conod.

Busnaueno ckjaja, TeMmepaTypHi iHTepBasm yTBOpeHHS i Tepmiumoi crabisbHOCTI TpO-
AYKTiB TepMooOpoOKM TBepAoro posumHy saraabHoi dopmyan (Mn,_ Co,),P,0,-5H,0
(0 < x<0,41) B imTepsani 298-1273 K. KoumkpeTns3oBaHO BILIMB HA HUX HIPHUPOIU KaTioHa.
InerTudikoBano KiHIEBUI HIPOAYKT TEPMOOOPOOKM — TBepAUl po3umH 0e3BogHUX au(oOC-
daris crnaxy B-(Mn,_,Co,),P,0,. 0 < x<0,41 (up. rp. C 2/m, Z = 2). Ilokasaro, mo yTBO-
peuHsa iforo BiZOyBacThLCSA OJHOUACHO 3a ABOMA HampaMKaMmMu. Ilepmnil 3 HUX peasisyeThCs
Ha 69-66 % BHacmigor gerigparamii Bmxigzmmx Kpmcranorigparis (Mn,_ Co,),P,0,-5H,0.
Bigmosigno go apyroro, 831-84 % B-(Mn,_Co,),P,0; yTBOpioeThCA BaBAAKM TRepHodasHOi
B3a€EMO/Iil IPOMIMKHMX IIPOAYKTIB 3HEBOJHEHHs. 3allPOIIOHOBAHO IIOCJHILOBHICTH TepMiuHHUX i
CTPYKTYPHUX IepeTBOpPEeHb, 1o CYIPOBOIKYIOTH TepMOOOPOOKY nudocharis
(Mn,_,Co,),P,0,-56H,0 (0 < x<0.41).

Functional materials, 23, 4, 2016 657



N.M.Antraptseva, N.V.Solod /| Thermal properties of ...

1. Introduction

The products of full and partial dehydra-
tion of divalent metals hydrated diphos-
phate, including manganese (II) — cobalt
(II), are widely used as the basis for obtain-
ing of the modern inorganic materials: ac-
tive catalysts, pigments, optical glass,
enamel, heat-sensitive paint, luminescent
materials ete. [1-4].

Rational choice of optimal modes of crys-
talline treating, which provide the obtain-
ing of new materials of a high quality and
functionality has to be grounded by the nec-
essary knowledge of composition, tempera-
ture ranges of formation and thermal stabil-
ity of the products, of their partial and full
dehydration, the sequence of thermal and
structural changes that accompany them.

Thermal behavior of manganese (II) —
cobalt (II) diphosphate was considered dur-
ing the study of vibrational spectra of
diphosphate (MnZ—XCOX)2P207'5HZO and the
products received after treating at the tem-
perature of 1000°C [5]. In particular, the
temperature of thermal effects was estab-
lished and showed on the differential ther-
mal analysis curve, the number of stages of
weight loss and anhydrous diphosphate were
determined.

However, there is no data in the study
[6] on the composition and thermal proper-
ties of partial dehydration products ob-
tained in a wide temperature range of heat
treatment of hydrated manganese (II) — co-
balt (II) diphosphate. Moreover, given in [5]
thermal research data cannot be considered
as fully proper because objects used for the
research were non-isostructural diphos-
phate. Diphosphate (Mn,_,Co,),P,0+:5H,0,
in which the value of x = 0 — it is manga-
nese (II) diphosphate pentahydrate with
composition Mn,P,05-5H,0, diphosphate
with x = 2 — it is cobalt (II) diphosphate,
which crystallizes with 6 water molecules —
Co,P,07:6H,0. Therefore, their products of
thermal treatment were identified as
diphosphates with different structures —
Mn2P207 and Oﬂ-C02P207.

Information on the systematic study of
thermal properties of solid solution of man-
ganese (II) and cobalt (II) diphosphate with
some specification of composition and its
treated products properties under a wide
range of temperatures is absent for now in
the scientific literature.

The purpose of the present work is to
investigate the thermal properties of solid
solution of manganese (II) and cobalt (II)
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diphosphate of general formula
(Mn1_XCOX)2P207'5H20 (0 < xS0.41) and to
determine the composition, temperature
ranges of formation and thermal stability of
products of its thermal treatment consider-
ing a quantitative assessment of cation na-
ture influence.

2. Experimental

Solid solution of hydrated manganese (II)
— cobalt (II) diphosphate of general for-
mula (Mn1_XCOX)2P207'5H20 (0 < XSO.41)
was obtained by common precipitation of
cations Mn2* and Co?* by diphosphate-ion —
P,0,%", under interaction with mixture of
0.1 mole/] of water solutions of manganese
(IT) and cobalt (II) sulphate with solution of
potassium diphosphate, taken in the molar
ratio of K = Mn2*/Co2* = 0.43<K<9.00,
n = P,0,4 /2 Mn, Co?* = 0.2, similar to that
described in [6]. The saturated solid solution
with composition (Mn059C0041)2P2075H20
was used as the study main object. Content
of the ingredients in (Mng 59C0g 41)2P207-5H,0
is, wt. %: Mn — 17.19, Co — 13.08, P — 16.47,
H,O — 28.98. Thermoanalytical researches
of the solid solution diphosphates with dif-
ferent content of cobalt, which changed
from 3.15 to 13.08 %, were carry out for
study the influence of cation nature.

Thermal properties were studied in the
temperature range of 298-1273 K in dy-
namic (derivatograph Q-1500 D, platinum
crucible with 1lid, standard sample —
freshly calcined Al,O5, the sample weight —
100-300 mg, heating rate — 5°/min, accu-
racy of temperature is 5°C) and quasi-iso-
thermal (conical holder of the samples, the
sample weight — 200 mg, heating rate is
3°/min) heating regimes.

The products of thermal treatment were
obtained similarly [7, 8] at the temperatures
corresponding to heating effects on DTA
curves. The complex analytical methods:
chemical, X-ray (powder diffractometer
DRON-4M connected with the computing
complex on the basis of a computer of IBM
PC/AT 486 type, Fe Ka radiation, internal
standard NaCl), IR spectroscopy (IR spec-
trometer Nexus-470, range of 400-
4000 cm~1, at 20°C and -190°C, sample
pressed into KBr tablets) was used for iden-
tification of the thermal treatment prod-
ucts. Anionic composition of products of
partial and full dehydration was established
using the method of quantitative paper
chromatography, according to [9].

Functional materials, 23, 4, 2016



N.M.Antraptseva, N.V.Solod /| Thermal properties of ...

Mass loss, mole H,O

S b)

s Q | 5
© S 20F 2 300 R
Ee: =
-0

i 2052
.8:@16' 25
c 1059
o2 3 g
g“":' — O o
3E12 .

300 400 500 600 700 800 900 1300

T, K
Fig. 1. Results of complex research of thermal
properties of (Mng54C0q 4¢),P,0;,-5H,0: a —
curves of thermal analysis in dynamic (I) and
quasi-isothermal (2) heating regimes; b — tem-
perature dependences of phosphorus content
in treating products (1) and degree of degra-
dation (2), -o- — place of sampling for analysis.

3. Results and discussion

According to the results of thermo ana-
lytical research, (Mng 59C0q 41)2P207:5H,0 is
stable when heated in air atmosphere at
5°/min up to 343 K. Further increase in
temperature is recorded on the DTA curve
by three endothermic effects in the follow-
ing ranges: 343-438 K, 438-533 K and
680-748 K (Fig. 1). In the TG curve (ther-
mogravimetric) weight loss corresponds to
the thermal effects; the weight loss process
takes place in three main stages and is 8.68,
10.96 and 1.46 mas %. (or 1.81, 2.29 and
0.38 moles of H,0). Final 0.11 mole of H,O
are removed in a rather wide temperature
range of 748-930 K.

Thermal resistance of (Mng g5C0q 44),P207-5H,0
increases up to 353 K in terms of quasi-iso-
thermal heating (Q-regime), when the partial
pressure of water vapor over the sample is
almost equilibrium. Dehydration of
(Mn059C0041)2P2075H20 is performed in
three stages in these conditions and ends at
790 K (Fig.1l). The first (remove of
1.74 mole H,O) is in the range of 353-
425 K at almost constant temperature
(403 K). The peculiarity of the second stage
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Fig. 2. IR spectrum of treating products of
(Mng 50C0q 41),P207-5H,0, obtained at 848 (1)
425 (2), 533 (3), 680 (4), 748 (5), 930
1287 K (6).

is two different mechanisms of removing
H,O part in the TG curve. Loss of weight
corresponding to 1.46 mole H,O is regis-
tered in a rather narrow temperature range
of 425-450 K. The next 0.9 moles of H,O
are removed in the range of 450-540 K
without temperature stabilization. Interpre-
tation of the thermal curves for each of
them, according to the classification of
processes with quasi-isothermal conditions,
shows the formation of compounds with
variable hydrate in the range of 353-450 K.
Heat treatment at the high temperatures
(450-540 K) leads to complications of
diphosphate dehydration with the processes
of destruction and anionic condensation.
The result of complex analysis of the
products of  thermal treatment  of
(Mng 59C0g 41)2P207-5H,0O shows that in dy-
namic heating conditions up to 425 K, struec-
ture of initial crystallohydrate is preserved in
whole. The diphosphate with less hydrate is
formed in consequence of removing of
1.62 moles of H,O. According to chemical
analysis, its composition corresponds to
diphosphate of (Mn059C0041)2P207338H20.
In the IR spectrum the presence of
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Table 1. Anionic composition of treating products (Mn; 54C0q 44),P,07-5H,0

Temperature, K | Mass loss, mole Pgen, mas. % Phosphorus content, mas. %, as
H,0 mono— di- triphosphate
343 - 16.42 0.7*% 15.8 -
425 1.62 17.74 1.0% 16.7 -
533 4.10 20.24 4.0 16.1 0.2
680 4.55 20.93 5.4 13.3 2.2
748 4.89 21.43 2.0 18.7 0.7
930 5.00 21.57 0.8*% 20.7 -
* Result of diphosphate hydrolysis during sample preparation to analysis.
(Mng 56C00.41)2P207-3.38H,0  is  registered H—+OH 4 .

with absorption changes associated with vi-
brations of water molecules. In the spec-
trum field, which characteristic for valence
vibrations of OH-group (3000-3600 cm™1)
and deformation vibrations of H,O mole-
cules (1630-1680 cm™1), the intensity and
amount of absorption bands reduce (Fig. 2).
The nature of absorption in the field of
diphosphate anion vibrations is preserved.
Spectral analysis indicates realization of
molecular mechanism of removal of
1.62 moles of crystallized water from the
structure of

343-425K
—1.62 moles of H20

(Mng 59C0g 41)2P207 - 3.38H,0.

The thermal treating of
(Mn059C0041)2P2075H20 in the range of
438-533 K is accompanied by the more
complex thermal and structural transforma-
tions. Product of the partial dehydration
which is formed by removal of 4.10 moles
of H,O under these conditions, actually is
heterophased mixture of crystalline and
X-ray amorphous phases. The crystalline
phases, which were identified by the most
intense diffraction reflections (d., p. 1.18,
0.890, 0.326 nm with intensity at 81, 100
and 45 %, respectively), and the data of
[10] are diphosphate mono- and tree-hy-
drate. Their number in composition of ther-
mal treatment products under these condi-
tions is 79.5 % of the total phosphorus con-
tent (Table 1).

According to the results of quantitative
chromatography methods, mono and some
amount of triphosphate are X-ray amor-
phous (Table 1). The monophosphate forma-
tion (up to 4.0 mas. %) is a result of de-
struction of diphosphate anion which is ac-
companied by destruction of bridge bond

(Mng 59C0g 41)2P207 - 5H0
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Scheme 1.
P-O-P according to the scheme 1.

Changes taking place in composition of the
heat treatment products at 438-533 K in
the IR spectrum are recorded in the whole
spectral range (Fig. 2). In the area of anion
sublattice vibration the most sensitive to
changes of diphosphate anion transforma-
tion to be absorption in the range of 620—
400 em™l, which is characteristic for the
deformation vibrations of bond P-O. Not
only the intensity, but also the number of
bands v(OH) decrease in then area of water
molecules vibrations, and there absorption
maximum are shifted.

The processes of destruction and anionic
condensation of the diphosphate anion,
which started in the treating products of
(Mn059C0041)2P2075H20 at 438-533 K, be-
come more intensive with the further heat-
ing up to 680 K. Totally X-ray amorphous
phase, formed during these processes, dif-
fers with its complexity (Table 1). Content
of monophosphate in it increases at 5.4 mas. %,
diphosphate — decreases at 13.3 mas. %.
So it is formed the phosphate with the
higher level of polycondensation — triphos-
phate with linear structure of the anion
(2.2 mas. %). The degree of destruction of
the diphosphate anion reaches its maximum
value and is 34 %, that is evidence of par-
ticipation of the monophosphate in the proc-
ess of anionic condensation (Fig. 1b).

Regarding the mechanism of triphos-
phate formation, the analysis of quantita-
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tive changes in ratios of di- and monophos-
phate allows to claim about its active par-
ticipation in the process of condensing with
the both mono- and diphosphate anion:

2HPOZ- — P,0% + H,0,
4HPOZ~ + H,P,03~ — 2P,0%5 + 8H,0.

On the other hand, the presence of the
condensed phosphates in composition of the
thermal treating products is a result of re-
alization of dissociative mechanism of water
remove, which complicates the dehydration
reaction with the process of intramolecular
hydrolysis. Spectroscopic indication of its
possible course is the presence of v(OH)
bands in the low-frequency range of the IR
spectrum (8200-3000 cm !). Analysis of
changes in the entire spectral pattern and
the wave numbers of v(OH) maximum in the
IR spectrum of the treated products of
(Mn059C0041)2P2075H20, obtained at 533
and 680 K, indicates a strengthening of
H-bonds in their structure that exist be-
tween the water molecules and phosphate
tetrahedrons (Fig. 2). They correlate with
the Vv(OH) bands with wave numbers
3198 cm ! and 3200 cm™1, the energy of H-
bonds for them is 33.4 and 33.3 kJ/mole.
This points to possibility of protolytic disso-
ciation of water molecules and proton trans-
fer through the strongest H-bond to the
anion with formation of protonated and
basic groups of types P-O-H and M-OH.
The formation of the triphosphate at 680 K
is the consequence of further thermal trans-
formations of the protonated groups in ac-
cordance with polycondensation mechanism,
that can be shown as follows:

2(n - 1)Mng 54C0q 44HPO, +
+ Mng 59C0g 41H,P207 —
— (n = 1)(Mng 5¢C0q 41)(n42)/2 PnOzns1 + NH0.

For the further heating of
weight loss is 4.89 moles of H,0) the an-
ionic composition of the thermal treatment
products becomes more simple: the triphos-
phates are almost absent, the number of mo-
nophosphate decreases (at 2.0 mas. %),
diphosphate content increases at 18.7
mas. % . (Table 1). X-rays fixed the start of
formation of the crystal structure of anhy-
drous B-(Mn0_59C00_41)2P207, which is identi-
fied with the emergence of the most intense
diffraction reflections (d 0.305, 0.294,

exp.
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0.256, 0.214, 0.206 nm), similar to the
known for B-Mn,P,0; [11, 12]. Data proc-
essing suggests that its formation is the
result of solid state interactions of the
treated products intermediates by this
scheme:

(Mng 56C0g 41)2),PnO3ns1 +
+ (n — 2)/2Mn059C0041O —>
- n/2B—(Mn059C0041)2P207.

In the IR spectrum, these solid phase
transformations are fixed with significant
changes in the whole spectral range. The
intensity of the v(OH) an 8(H,0) bands sig-
nificantly reduces, the number of wvalence
vibration bands of finite OHj-group of
anion P,0,%" decreases. The v (POP) band
at 741 ecm™! split into two — at 744 and
735 em™1, indicating the emergence in a the
structure of two types of anions P2074‘
with different P-O-P angles (Fig. 2). Sin-
glet 8(PO) band at 560 cm~! becomes a dou-
blet with maxima at 576, 530 cm™1, §(PO)
band at 426 cm™! appears, which is charac-
teristic for anhydrous B-Mny,P,0; [13].

Crystallization of the final product of
thermal treatment — B-(Mn059C0041)2P207
is completely finished with the removal of
the final amount of water (0.11 mole of
H,O in the range of 748-930 K). In the IR
spectrum of the diphosphate obtained at
930 K, the bands of water molecules absorp-
tion are completely absent (Fig. 2). The
transformation of two v, (POP) bands into
singlet observe in the area of the diphos-
phate anion vibration, which significantly
moves further in the low-frequency area of
the spectrum (up to 712 em™1). This indi-
cates the presence of the crystal-
lographically equivalent diphosphate anions
in the structure of B-(Mngyg9C0q41)2P207,
the angle P-O—P is straightened slightly in
it. As a result, configuration of the anion
P2074‘ approaches centrosymmetric one,
known for (-diphosphate [13, 14], but the
angle P-O-P is not of 180°.

Further heating of the anhydrous diphos-
phate up to 1273 K leads to increased inten-
sity of diffraction reflections on the X-ray
photograph of B-(Mng 590C0g 41),P207 (Fig. 3),
which indicates the improvements in its
structure and thermal stability in the range
of 930-1273 K.

The sequence of processes occurring in
the thermal treatment products of
(Mn059C0041)2P2075H20 and their qualita-
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Table 2. Crystallographic data for diphosphates B-(Mn,_ Co,),P,0,, 0 < x<0.41 (monoclinic, sp.

gr. C 2/m, Z = 2)

Composition of Unit cell parameters, nm B, ° V, nm3
B-diphosphates a b c
Mng g5C0g 05)2P207 0.6635 (3) 0.8590 (4) 0.4543 (8) 102.71 0.2526 (6)
(Mng 0C0g 10)2P207 0.6634 (3) 0.8589 (3) 0.4539 (4) 102.77 0.2525 (7)
(Mn; ,4C0q 51)2P0- 0.6618 (6) 0.8579 (4) 0.4531 (5) 102.85 0.2514 (9)
(Mng 76C0q 30),P207 0.6603 (4) 0.8519 (3) 0.4529 (4) 108.00 0.2484 (8)
(Mng 56C0g 41),P,0; 0.6594 (1) | 0.8481 (2) | 0.4521 (9) 108.03 0.2463 (8)
. L. 7800 T T T T T T T T i T
tive composition are the same for the 7000 | . i
diphosphate solid solution of 6200 - i
(Mn1_XCOX)2P207'5H20 (0 < XSO.41) of dif- 5400 | i
ferent composition. The cation nature in- _ 4600} ]
fluences the temperature ranges of for- S 3800} i
mation and thermal stability of the both ~ 3000t i
initial crystallohydrates, and the prod- 2000 - i
ucts of partial and full dehydration. Ac- 1400 F | Ha N \ i
cording to the data obtained, they are 600 [ st
. . . . T T T R R T I (T
maximum for diphosphate solid solution of 2ol |
(Mn1_XCOX)2P207'5H20 (0 << XSO.‘]:].) with the -1000 Lezeer ) gapentpprinigbed fiy
highest content of cobalt (II). 14 20 26 32 38 44 50 56 62 68 74 80
Comparative analysis of the products 26, deg
composition, which formed at similar stages Fig. 8. Experimental (points), calculated

of the heat treatment of diphosphate with a
minimum content of cobalt (II) —
(Mng g5C0q 05)2P207-5H,0 — and saturated
solid solution — (Mn059C0041)2P2075H20,
shows that the process of destruction and
changes of the crystal structure of
(Mng 59C0g 41)2P207-5H,0  (anion  destruc-
tion, amorphization of solid phase, anion
condensation) occur fully. Thus, the degree
of the diphosphate anion destruction
reaches 34 %, when heating
equivalent to removal of 4.55 moles of H,0).
When treating (Mngg5Coq g5)2P207-5H,0
this stage of dehydration occurs at 590 K
with the removal of 4.42 moles of H,O and
it is accompanied by destruction of 28 % of
the diphosphate anions. Content of triphos-
phate in intermediate treating products of
(Mng 59C0g 41)2P207-5H,0  is also higher.
Temperature ranges of formation of the in-
termediates and the final product of dehy-
dration — f-(Mn;_,Co,),P,0; (0 < x<0.41)
— with increasing content of Co(ll) in
(Mn1_XCOX)2P207'5H20 (0 < XSO.‘]:].), are
shifted to 40—50 degrees in direction of the
higher temperatures.

Diphosphate B-(Mn,_,Co,),P,0; (0 < x<0.41)
is crystallized in monoclinic crystal system
(space group C 2/m, Z = 2) with unit cell

662

(band) and resonant (lower band) diffraction

profiles diphosphate of composition -
(Mng 56C0g 41)2P207-

parameters that vary according to the con-
tent of Mn2* and Co2?* and values of their
ionic radius (Table 2). They fit into a linear
concentration dependence, describing forma-
tion of solid solution of the anhydrous diphos-
phate of composition f-(Mn,_,Co,),P,0,
0 < x<0.41.

Summarizing the data obtained, a princi-
ple diagram of a sequence of thermal and
solid structural solidphase changes accom-
panying the heat treatment of the solid so-
lution of diphosphate of composition
(Mn1_XCOX)2P207'5H20 (0 < XSO.41), can be
represented as follows shceme 2.

Thus, formation of $-(Mn,_,Co,),P,07-5H,0
(0 < x<0.41) takes place simultaneously in
two routes. The first one is implemented at
69-66 % and provides the formation of B-
(Mn,_,Co,),P5,07 as a result of the molecular
mechanism of the crystal hydrated water
removal. According to the second, which is
at 31-34 %, the formation of
B-(Mn,_,Co,),P5,0; is a result of the solid-
phase interactions of the intermediate treat-
ing products of (Mn1_XCOX)2P207'5H20.
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(Mn, Co,),P,0,5H,0
(0<x<0.41)
(crystal.)

l 343 -438K

(Mn,_ Co,),P,0,-mH,0
3.38<m,<5.00
(crystal.)

route I ( 69 - 66 %) route 1T (31 - 34 %)
438 -533K
/A\

Mn, Co,),P,0;m,H,0 +

ol
(Mn,_Co,),H,P,0, + (Mn, Co ),HPO, m;H,0 + (Mn,_,Co,),(OH),

—

2 2 2 2

0.9<m,<338 2 2 2 2
(crystal.) - (amorphous) / \(amorphous) y
v Y
l 533- 680K \ 533-680K /
A
(Mn,_Co,),P,0, + (MnQCOK)(n ﬁ)l:‘nO&7 <+ Mn,Cop),0
(amorphous) R 2
“ (amorphous) o
—~—
680-93V
B — (Mn, ,Co,),P,0,
(0<x<0.41)
(crystal.)
Sheme 2.
4. Conclusions of  p-(Mn,_,Co,),P,0;,-5H,0 (0 < x<0.41)

Composition, temperature ranges of for-
mation and thermal stability of solid solu-
tion thermal treatment products of general
formula (Mn,_,Co,),P5,07:6H,0 (0 < x<0.41)
in the range of 298-1273 K are determined
by the cation nature.

Sequence of the processes occurring in
the heat treatment products, their quality
stay the same for diphosphate
(Mn1_XCOX)2P2075H20 (0 <XSO.4:1) of dif-
ferent composition. Change undergo in
quantitative characteristics of the processes
of anion destruction, amorphization of solid
phase, anion condensation, that are better
performed in the products of thermal treat-
ment of diphosphate with the higher con-
tent of cobalt (II). The maximum degree of
destruction of diphosphate anion during the
heat treatment of (Mn,_Co,),P,0,5H,0
(0 < x £ 0.41) with x =0.05 is 28 %, for
diphosphate with x = 0.41 — it reaches
34 %. The content of triphosphate in the
intermediate products of the thermal treat-
ment of (Mn05900041)2P2075H20 is also
higher.

The final products of the heat treatment
— solid solution of anhydrous diphosphate

Functional materials, 23, 4, 2016

(space group C 2/m, Z =2) — is formed
simultaneously in two directions. The first
one is performed at 69-66 % due to dehy-
dration of initial crystallohydrates of
(Mn1_XCOX)2P207'5H20. According to the
second one, 31-34 % of B-(Mn;_,Co,),P>,0-
are formed as a result of solid phase inter-
action of the intermediate products of de-
hydration.

Temperature ranges of formation and
thermal stability of the intermediates and
final products of dehydration of
(Mn1_XCOX)2P207'5H20 (0 < XSO.41) with in-
creasing content of Co(ll) in the diphosphate
composition are moved by 40-50 degree to
the higher temperatures.
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