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ABSTRACT

The dehydration and condensation reactions taking place during calcination of
Zn,sCa,(H,PO,),-2H,0 have been followed by means of thermal analyses under quasi-
isothermal-isobaric conditions. Isothermal calcination of the starting binary dihydrogen
phosphate has been carried out in an electric oven at various temperatures. The reaction
products obtained were analysed by chromatography, IR spectroscopy, X-ray diffraction
analysis, electron microscopy and atomic absorption spectroscopy. The compositions of the
calcination products were determined by extraction with solutions of inorganic compounds
and with organic reagents. The effect of water vapour partial pressure has been monitored on
the course, rate, and yield of the condensation reactions and on the formation of the main
and a further product, the binary cyclotetraphosphate (tetrametaphosphate) c¢-ZnCaP,O,,.

INTRODUCTION

Cyclotetraphosphates (tetrametaphosphates) [1] of general formula c-
MIP,0,, (M" being, for example, Zn, Mn, Co, Mg, Cd or Ni) can be
prepared by thermal dehydration of the dihydrogen phosphates of bivalent
metals. In our laboratory they have been tested as microadditives to ferti-
lizers with long-term action [2,3] and in some cases as special thermostable
inorganic pigments (luminescent [4-6], anticorrosive [7-9] or coloured
[10,11]). Their synthesis has been studied using the methods of thermal
analysis (TA), especially under quasi-isothermal-isobaric conditions (Q-TA)
[12-15]. Recently, we have dealt with the preparation of binary
cyclotetraphosphates, i.e., of the type where part of the cation of the bivalent
(non-ferrous) metal is substituted by the cheaper cation of an alkaline earth
metal (Ca or Mg in particular). The cost of the products is thus lower, and
their application properties are improved. Such products have not been
described in the literature up to the present (nor in the latest literature
reviews [16-18]); in fact, doubt has been cast on the possible existence of
cyclotetraphosphate-type products containing calcium as one of the cations
(including ¢-ZnCaP,0,,) [16]. (This follows from the fact that dicalcium
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cyclotetraphosphate does not exist [1,16-18]). Our latest work [19-21] goes
contrary to this opinion by showing that some binary products of type
c-M3_ Ca,P,0,, with a limited Ca content (x <1, as a rule) can be
prepared. The starting material for their preparation is a mixture containing
calcium compounds and those of the appropriate bivalent metal having
volatile anions, together with phosphoric acid. The mixture is treated by a
thermal method [22] to give the desired product. In laboratory experiments
used to determine the basic conditions of synthesis and to explain the
mechanism of dehydration and condensation reactions forming the binary
product, it is more useful, however, to start with the binary dihydro-
genphosphate in a hydrated form prepared in advance. The present paper
gives a survey of the results obtained in the thermal treatment of
Zn,sCay5(H,PO,), - 2H,0.

EXPERIMENTAL

The starting binary dihydrogenphosphate Zn,,Ca,(H,PO,), - 2H,0
(white or colourless crystals) was prepared in our laboratory by the crystalli-
zation of a solution containing Zn?*, Ca?* and PO}~ ions and concentrated
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Fig. 1. Simultaneous TG, DTG and DTA curves of Zn,sCays(H,PO,),-2H,0 under
dynamic (non-isothermal) conditions. Apparatus, Derivatograph C; temperature increase,

5°C min~!; sample weight, 303.1 mg; sensitivity of TG balance, 100 mg, of DTG balance, 2
and of DTA, 2; open Pt-crucible; standard, a-Al,0,; atmosphere, air.
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at 60°C. Its quality was confirmed by analytical atomic absorption spec-
troscopy (AAS) and X-ray diffraction, and its morphology by electron
microscopy.

For elucidation of the mass and energy transformations during calcina-
tion, the sample was thermoanalysed by the classical dynamic method (i.e.
non-isothermally) using a Derivatograph C apparatus (Hungarian Optical
Works, MOM Budapest). The measurement was carried out in an open
crucible with a temperature increase of 5°C min !, sample weight 303.1 mg,
and sensitivity of thermogravimetry (TG) 100 mg, differential thermal
analysis (DTA), 6 and differential TG (DTG) 2. The temperature interval
was 40 to 600°C, and the examination was carried out in the presence of air
(Fig. 1).

In order to differentiate better between the individual processes taking
place during the calcination, and to follow the effect of water vapour on
their course, we submitted the starting dihydrogenphosphate to TA under
quasi-isothermal—isobaric conditions (Q-TA) [23-25]. The decomposition
rate chosen was 0.3 mg min~' (calculated for a 100 mg total weight change).
Under these conditions, the first measurement was carried out on the
Derivatograph C, a labyrinth crucible being used as the sample carrier (Fig.
2) (sample weight 243.45 mg, temperature increase 2° C min ™!, sensitivity of
TG 100 mg, DTG 0.5, and DTA 2). Further measurements were carried out
only by thermogravimetry (Q-TG) on the Derivatograph Q-1500 apparatus
(MOM Budapest), using four different platinum crucible types as carriers
for the thermoanalysed sample (Fig. 3; sample weight ca. 250 mg): a
multi-plate sample holder (A), an open crucible (B), a crucible with a lid (C)
and a six-component labyrinth crucibie (D). The last-mentioned arrange-
ment makes it possible to trap the water vapour released during calcination
of the dihydrogenphosphate, its partial pressure being about 100 kPa
(quasi-isobaric conditions) [23-25]. In contrast, in the case of the multiplate
crucible A, the partial pressure of water vapour in the calcined sample is so
low (ca. 1 kPa) that in the course of calcination it can be neglected. The
corresponding pressure values with crucibles B and C were 5 and 20 kPa,
respectively [23-25].

The conditions determined from the results of thermal analysis were then
adopted for the preparation of the main condensation products and inter-
mediates, i.e. by calcination of the starting dihydrogen phosphates in an L
112.2 electric oven (GDR) with controlled temperature increase of 2°C
min ! (Chinotherm 10A, Chinoin Budapest, Hungary) at various tempera-
tures (in the interval 100-600 ° C). Each sample was heated for 30 min under
isothermal conditions in a flat corundum pan (corresponding to the multi-
plate crucible, i.e. 1 kPa) and in a compound of corundum crucibles
(corresponding to the labyrinth crucible, i.e. 100 kPa water vapour pressure).

On the basis of the introductory experiments, the calcination products
were extracted with organic solvent (acetone), water or a solution of an
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Fig. 2. Simultaneous TG, DTG and DTA curves of ZnysCays(H,PO,),-2H,0 under
quasi-isothermal, quasi-isobaric conditions. Apparatus, Derivatograph C; decomposition rate,
0.3 mg min~'; temperature increase, 2° C min~'; sample weight, 243.35 mg; sensitivity of
TG balance, 100 mg, of DTG balance, 0.5, and of DTA balance, 2; standard, a-Al,Os;
labyrinth crucible; atmosphere, air.
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Fig. 3. Thermogravimetric curves of ZngsCaqs(H,PO,4),-2H,0 under quasi-isothermal,
quasi-isobaric conditions. Apparatus, Derivatograph Q-1500; sample weight, 250 mg; decom-
position rate, 0.3 mg min~!; Atmosphere, air. A, Multiplate crucible, pH,O (g) =1 kPa; B,
open crucible, pH,O (g) =5 kPa; C, crucible with a lid, pH,O (g) = 20 kPa; D, labyrinth
crucible, pH,O (g) =100 kPa.
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Fig. 4. Extraction experiments on calcinates of ZngsCags(H,PO,),-2H,0, Zn(H,PO,),-
2H,0 and Ca(H,PO,),-H,0. Calcination conditions, 2°C min~'; pH,0 (g) 1 kPa (A) or
100 kPa (D). Weight changes determined by extraction: acetone (-~ -« - - ); water (— — —);
0.3 M HCI ( ) (degree of conversion (&) with respect to the cyclotetraphosphates).

inorganic compound (0.3 M HCI) [26] (Fig. 4). The extraction experiments
allowed the investigation of the formation and existence of various inter-
mediates, especially dihydrogendiphosphate, and the formation of the main
product cyclotetraphosphate.

The extraction of the phosphorus component (in the form of phosphoric
acid or diphosphoric acid from the dihydrogendiphosphate formed) by
acetone is expressed by the weight decrease after extraction of the calcinate
and as the P,Os portion of the total amount in the calcinate. The calcinates
were then extracted with water, as the intermediate dihydrogendiphosphate
Zn, ;Ca,sH,P,0, is water soluble. The samples calcined above 120 ° C were
extracted with 0.3 M HCI, only the final product c-ZnCaP,O,, (or c-
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Zn,P,0,, and Ca(PO,),) being insoluble, to determine the conversion
degree of Zn,;Ca,s(H,PO,),-2H,0 into ¢-ZnCaP,0,, (or ¢-Zn,P,0,,
and Ca(PO,),).

The starting phosphate and these calcination products were analysed and
individual products formed in the thermal analysis under quasi-
isothermal-isobaric conditions were identified by means of TLC [27,28], IR
spectroscopy [29] (Perkin Elmer 684 IR spectrometer), X-ray diffraction
analysis [30,31] (HZG-4 apparatus, G.D.R.) and electron microscopy (Tesla
BS 300, Czechoslovakia). The solid residues from each of the extraction
experiments were also analysed by the above-mentioned instrumental meth-
ods. On boiling with dilute (1:1) hydrochloric acid the residues were
dissolved, and the Me"" O /P,0; ratios were determined by AAS [32].

RESULTS AND DISCUSSION
Thermal analysis of Zn, sCa, s(H,PO,), - 2H,0 under dynamic conditions

It is evident from the thermoanalytical curves of the starting dihydrate of
the binary zinc—calcium dihydrogenphosphate (Fig. 1), taken under dynamic
conditions with the use of an open crucible, that altogether six endothermal
processes take place. They are always connected with mass losses, whose
sum (up to a TA temperature of 600°C) equals 28.7% of the original mass
of the thermoanalysed sample. After the last (sixth) endothermal process
was complete, the total mass loss was about 26%; this agrees accurately with
the liberation of all four water molecules (two of water of crystallization and
two of constitutional water) from the starting dihydrogenphosphate (theoret-
ical mass loss 25.17%). The first molecule of water of crystallization is
released in the endothermal process over the temperature interval 70-150° C.
The second water of crystallization molecule is liberated during the most
significant endothermal process in the range 150-210° C. The first molecule
of constitutional water is evidently released in two equivalent parts under
these conditions: the first part in the interval 210-245°C, and the second
one at 245-270° C; such liberation is accompanied by two smaller endother-
mal effects. The release of the second constitutional water molecule can also
be considered under these TA conditions in two equivalent parts: the first in
the interval 270-365°C and the second at 365-460°C; the release of the
first part is accompanied by a small endothermal process, and that of the
second by a more pronounced endothermal process.

Thermal analysis of Zn, ;Ca, s(H,PO,), - 2H,0 under quasi-isothermal—iso-
baric conditions

Figure 2 presents as examples individual thermoanalytical curves ob-
tained by Q-TA using the Derivatograph C apparatus. A labyrinth crucible
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was used as the sample carrier so that the vapour pressure in the sample area
approached the surrounding atmospheric pressure, i.e. 100 kPa. The curves
show that, in this instance, liberation of the four water molecules from the
starting phosphate takes place in the four temperature intervals 130-165°C,
165-225°C, 225-350°C and 350-400°C; the first, second and fourth of
these processes are endothermally significant. It was interesting to find that
a notable exothermal effect appears within the third temperature interval
(255-350° C), in which a perceptible dip on the temperature curve occurs at
225°C. This can be explained by the way in which, within the release of
water of crystallization, the sample first melts in its own water (confirmed
with a high-temperature microscope), losing its crystalline nature. After
reaching a certain degree of dehydration (the release of two water of
crystallization molecules and about a third of the constitutional water
molecule), crystallization of the sample takes place, which is an exothermal
process. The heat generated by this action will speed up the process of
release of the first constitutional water molecule, which causes a discontinu-
ity in the TG curve close to the temperature of 255°C. This break,
representing a sharper mass decrease than hitherto, causes the temperature
in the Derivatograph oven to stop rising (or even to drop slightly) as the
apparatus tends to bring the decomposition rate back to the originally set
0.3 mg min~'. The mass loss at the temperature when the last endothermai
process is finished (400 °C) equals 25.1%, which is in good correlation with
the release of four water molecules from the starting Zn,;Ca,s(H,PO,), -
2H,0.

Only the thermal analyses under quasi-isothermal—isobaric conditions on
the Derivatograph Q-1500 apparatus, using four different crucibles as sam-
ple carriers (Fig. 3), have given a more concrete conception of individual
processes taking place in the course of calcining the starting Zn,,Cas-
(H,PO,), - 2H,0. These analyses allowed the two principal reaction mecha-
nisms to be defined, which are closely connected with water vapour pressure
within the space of the calcined sample. The first of these holds for vapour
pressures approaching 100 kPa (corresponding to the use of a labyrinth
crucible as carrier for the thermoanalysed sample); however, the second
mechanism is preferred if the vapour pressure is very low or negligible
(multi-plate crucible). The former mechanism alone leads to the desired
product of binary zinc—-calcium cyclotetraphosphate. In the latter case the
products are mainly of non-binary type.

Labyrinth crucible: pH,0 (g) ca. 100 kPa

When using a labyrinth crucible as the sample carrier (Fig. 3, curve D),
the water of crystallization of the starting Zn,;Ca,s(H,PO,),-2H,0
liberated first corresponds to one H,O molecule. This stage takes place in
the temperature interval 130-160° C, when a part of this water (about one
third) is isothermally released at 130 ° C. (This corresponds to the tempera-
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ture at which the liberation of water of crystallization from the single zinc
dihydrogenphosphate, Zn(H,PO,), - 2H,0, starts under the equivalent iso-
thermal conditions [33].) Liberation of the second molecule of water of
crystallization from the starting binary zinc—calcium dihydrogenphosphate
then starts in the temperature interval 160-210° C. (This agrees exactly with
the temperatures of release of water of crystallization under corresponding
isothermal-isobaric conditions from the single dihydrogenphosphates, both
that of zinc, Zn(H,PO,), - 2H,0 [33] and that of calcium, Ca(H,PO,), - H,O
[34].) These first two, clearly dehydration, processes consequently lead to
intermediate products of anhydride type. They still have a binary nature
under conditions of water vapour pressures approaching 100 kPa. X-ray
analysis has confirmed that they are not mixtures of two or more substances.

The next process, which corresponds to release of the first molecule of
constitutional water and is also connected with the first condensation
reaction (forming the binary dihydrogendiphosphate), takes place within the
temperature interval 210-330°C. In this process, a significant break in the
TG curve occurs at a temperature of 230-240° C, which is connected with
the above mentioned and explained crystallization of the thermoanalysed
sample within this temperature zone. The temperature interval of formation
of the binary dihydrogendiphosphate is slightly shifted to higher tempera-
tures as compared with the temperature intervals determined for the corre-
sponding processes (forming dihydrogendiphosphates) under equivalent con-
ditions the calcination of simple dihydrogenphosphates, Zn(H,PO,), - 2H,0
(170-250° C) [33] and Ca(H,PO,), - H,0O (195-250° C) [34]. The formation
and existence of the binary dihydrogendiphosphate in calcinates prepared in
an electric oven under corresponding conditions (temperature and water
vapour pressure) have been proved (by means of instrumental analytical
methods (IMA) and extraction experiments; see Fig. 4) within a temperature
interval practically identical with that in Q-TA. The increased portion of
calcinate extractable by acetone in the temperature interval 200-300°C
provides evidence for this (Fig. 4a). For comparison, calcinates were pre-
pared and analysed starting from single dihydrogenphosphates (Figs. 4b and
4c). In the case of zinc dihydrogenphosphate, the interval is slightly shifted
to lower temperatures (190-280°C). In the case of calcium dihydro-
genphosphate the temperature interval of the intermediate CaH,P,0, for-
mation and existence is shifted to even higher temperatures (250-375° C).
Comparison of these intervals with the above-given interval for
Zn,;Ca,(H,PO,), - 2H,O calcination provides some verification that the
intermediate product formed is also a binary type—Zn ;Ca, sH,P,0,—and
not a mixture of ZnH,P,0, and CaH,P,0,. The results of electron micro-
scopic observation (both of the calcinates and their extraction residues) and
of IR spectroscopy provide proof.

The last-observed Q-TA process, the release of the second molecule of
constitutional water connected with the second condensation reaction (for-
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ming cyclotetraphosphate), takes place in a labyrinth crucible (i.e. at a water
vapour pressure near 100 kPa) in the temperature interval 330-400°C; the
main part of the reaction (more than 80%) then occurs in a relatively narrow
interval, 360-370°C. The product obtained under these conditions is ex-
plicitly binary zinc—calcium cyclotetraphosphate, c-ZnCaP,0O,, (confirmed
by IMA methods). This product is a new compound which has not until now
been mentioned in the literature, and for that reason has been the subject of
our Czech patent [35]). We determined its crystal structure as being mono-
clinic, group C/2¢, with structural parameters a = 1.2195 nm, b = 0.8448
nm, ¢=1.0148 nm, B8=118.36°, clementary cell volume ¥ =0.9200 nm’
and density 3.05 g cm ™2 (p calculated) or 3.042 g cm ™3 (p experimental).
When comparing the temperature zones for formation of the binary c-
ZnCaP,0,, product recorded in Q-TA with those of the corresponding
single products ¢-Zn,P,0,, and Ca(PO;), under equivalent conditions, it
can be seen that they differ: the zinc product is formed at lower tempera-
tures (ca. 300°C) [33], while the calcium product is formed mostly at
temperatures around 400 ° C [34]. This conclusion about the calcinates was
confirmed by extraction experiments carried out with 0.3 M HCI (Fig. 4). In
the calcination of different starting dihydrogenphosphates [Zn(H,PO,), -
2H,0, Ca(H,PO,),-H,0 or Zn,;Ca,(H,PO,), - 2H,0] at vapour pres-
sures near 100 kPa, the first portions of the final products [cyclo-
tetraphosphates or Ca(PO,),] can be obtained above temperatures of 250° C
(Zn), 290°C (Zn-Ca) and 370°C (Ca). The major portion of calcinate
reacted to give the final product at 325° C (Zn), 350° C (Zn—Ca) and 430°C
(Ca). The final (stabilized) extent of reaction for individual calcinates as
determined under these conditions was ca. 97% ¢-Zn,P,0,, (at 350°C), ca.
93% c-ZnCaP,0,, (at 400°C) and ca. 90% Ca(PO,), (at 475°C).

Multi-plate crucible: pH,0 (g) ca. 1 kPa

When using a multi-plate crucible as carrier for the thermoanalysed
sample (Fig. 3, curve A), water of crystallization is again liberated first from
the starting Zn,Ca,s(H,PO,), - 2H,0. The amount corresponding to the
first molecule of water of crystallization is released in the temperature
interval 60—110°C. A further amount corresponding to the second water of
crystallization molecule is then released in a relatively narrow temperature
interval, 110-130°C. Comparison with earlier work [33,34] and with the
results of both extraction experiments (Fig. 4) and IMA method analyses
shows that the calcination product at this stage comprises a mixture of
dihydrogenphosphate anhydrides with products obtained by their decom-
position (splitting); i.e. lower hydrogenphosphate hydrates [M"HPO, -
xH,0; M"=2Zn or Ca) and phosphoric acid; lower hydrates are next
dehydrated [36] and phosphoric acid condenses separately to diphosphoric
acid and later to higher polyphosphoric acids.
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The next process, corresponding to the release of the next water molecule
(which this time is constitutional water) takes place within the interval
130-190° C. For the greater part, zinc dihydrogendiphosphate, ZnH,P,0-,
is formed form the zinc component of the calcinate, and CaH,P,0, from
the calcium component. The given temperature interval for forming the zinc
intermediate product under these conditions accords exactly with that in ref.
33.

With further temperature rise above 190°C, the zinc and calcium dihy-
drogenphosphates condense separately to form the final by-products c-
Zn,P,0,;, and Ca(PO,), [33,34]. The part of the calcinate corresponding to
binary zinc—calcium dihydrogenphosphate then condenses to form the main
final product, binary zinc—calcium cyclotetraphosphate, which makes up
only the smaller part of the calcinate. However, these processes are com-
plicated by a separate condensation of the cleaved phosphoric acid to form
higher phosphoric acids, H,,,P,0,,,,, and by a partial rise in content of
diphosphates (Ca,P,0, and Zn,P,0,). This fact can even lead to formation
of ultraphosphates to a small extent. A steady but slight decrease in the
sample mass to below that for the total theoretical amount of water
[contained in the starting Zn,;Ca,(H,PO,), - 2H,0] at temperatures above
450°C can be explained thus. Extraction experiments (Fig. 4) and IMA
analyses of calcinates have proved that calcination leads to formation of the
binary product ¢-ZnCaP,0,, to only a small degree under these conditions
(water vapour pressure negligible). The last-named product was present at
about 15% at 500° C, while the main portion was made up by ¢-Zn,P,0,,
and Ca(PO,),. These also form a substantial part of the insoluble portion
determined by extraction experiments (with 0.3 M HCI), making ca. 70% of
the calcinate in total.

Using other crucible types

Thermal analyses under quasi-isothermal-isobaric conditions using two
other crucible types as sample carriers, the open crucible (with a water
vapour pressure about 5 kPa) and a crucible with a lid (20 kPa), gave
thermogravimetric curves B and C in Fig. 3. The curves cannot provide such
an explicit account for reaction mechanisms as the above-described curves A
and D. At vapour pressures around 5 kPa the mechanism of dehydration
and condensation reactions approaches closer to that with the multi-plate
crucible (water vapour pressure 1 kPa). Comparing curves A and B, the
temperatures of individual processes do not differ by more than 20°C in the
most part. The content of the final binary cyclotetraphosphate, c-ZnCaP,O,,,
in the calcinate after the TA is ca. 25%. At a vapour pressure of 20 kPa, the
reaction mechanisms lie somewhere in the middle between those described
for the labyrinth crucible (100 kPa) and for the multi-plate crucible (1 kPa),
the yield of the main product, ¢-ZnCaP,O,,, being 40%.
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CONCLUSION

The course and conditions of the calcination of the starting Zn,Ca
H,PO,), -2H,0 at water vapour pressure approaching 100 kPa in the
sample region can be expressed by the following scheme (with the tempera-
ture intervals of individual processes given in parentheses and the tempera-
tures of the specific part of each process given before the parentheses).

Zn,sCag5(H,PO,),  2H,0 e (_1;02360 & vZngsCags(H,PO,), - HO

(160-210° C) 230-240° C (210-330°C)
T CH,0 yZngsCaos(H,PO,), ~H,0 ?

Zn,sCa, H,P,0, 360‘370"51?23(;)‘400"‘:) ,0.5¢-ZnCaP,0,,

In this way [27] binary zinc-calcium cyclotetraphosphate, ¢-ZnCaP,0,,
(with yield ca. 93% w/w), can be prepared, which appears to be a prospec-
tive special pigment [38].

If calcination is carried out at lower water vapour pressures, the tempera-
tures of the individual processes decrease, and some of the intermediate
products split to form other intermediates, which condense separately. The
portion of the main product, ¢-ZnCaP,0,,, in the final calcination residue
can fall to 15% (at water vapour pressures approaching 1 kPa). The final
by-products are ¢-Zn,P,0,, and Ca(PO,),, which can, however, constitute
the major part of the calcinate at low vapour pressure. Higher phosphoric
acids, diphosphates and, eventually, products with ultraphosphate-type an-
ions can form as well to a lesser extent.

REFERENCES

1 E. Thilo and H. Grunze, Z. Anorg. Allg. Chem., 290 (1957) 209.

2 M. Trojan, D. Brandovi and M. Kuchler, Proc. 18th State Conf. on Industrial Fertilizers,

Usti nad. Labem 1985, DT CSVTS, p. 111.

M. Trojan, Sb. Ved. Pr., Vys. SR. Chemikrotechol., Pardubice, 52 (1988) 233.

M. Kaplanové, M. Trojan, D. Brandova and J. Navratil, J. Lumin., 29 (1984) 199.

M. Trojan and M. Kaplanov4, Czech. Patent 253 098 (1987).

M. Trojan and M. Kaplanov4, Proc. Conf. Solid State Chemistry I, Karlovy Vary, 1986,

DT CSVTS p. 222.

7 M. Trojan, Czech Patents 247 844 (1986), 248 540 (1986), 253 098 (1988) and 253 192

(1987).
. Trojan and D. Brandova, Chem. Listy, 81 (1987) 799.
9 M. Trojan and P. Mazan, Expo IR-88, Moscow, 1988, Czech. Catalogue, p. I /4.

10 M. Trojan and I. Svobodova, Czech. Patent 243 367 (1985).

11 M. Trojan, Dyes Pigm., 8 (1987) 129.
M
M
D

[= NV Y]

8

g

12 M. Trojan, D. Brandova and Z. Solc, Thermochim. Acta, 85 (1985) 99.
13 M. Trojan, Z. Solc and M. Kuchler, Thermochim. Acta, 92 (1985) 463.
14 D. Brandova and M. Trojan, J. Therm. Anal., 30 (1985) 159.



22

15
16

17

18

19
20

21
22
23
24

25
26
27
28
29

30

31
32
33
34

35
36
37
38

M. Trojan, D. Brandova and Z. §olc, Thermochim. Acta, 110 (1987) 343.

M.I. Kuzmenkov, V.V. Petkovskij and S.V. Ply$evskij, Chimija i Technologija Metafosfa-
tov, Izd. Universitetskoje, Minsk, 1985, p. 191.

L.N. §<‘Segrov, Fosfaty Dvuchvalentnych Metallov, Izd. Naukova Dumka, Kiev, 1987, p.
214.

Z.A. Konstant and A.P. Dindune, Kondensirovannyje Fosfaty Dvuchvalentnych Metal-
lov, Izd. Zinatne, Riga, 1987, p. 371.

M. Trojan and L. Bene§, Proc. Conf. Solid State Chemistry I, Karlovy Vary, 1986, p. 226.
M. Trojan, L. Bene$ and P. Mazan, Proc. 31st Int. Congr. Pure Appl. Chem., (IUPAC
’87), Sofia, 1987, Vol. 1, pp. 5, 160.

M. Trojan, Dyes Pigm., in press.

M. Trojan and P. Mazan. Czech Patents 257 746, 257 747 (1988).

F. Paulik and J. Paulik, Thermochim. Acta, 100 (1986) 23.

J. Paulik and F. Paulik, Simultaneous thermoanalytical examination by means of the
derivatograph, in: G. Svehla (Ed.), Wilson and Wilson’s Comprehensive Analytical
Chemistry, Vol. XII, Elsevier, Amsterdam, 1981.

F. Paulik and J. Paulik, J. Therm. Anal,, 5 (1973) 253.

M. Trojan and D. Brandova, Chem. Listy, 80 (1986) 541; Czech Patent 232 090 (1984).
D. Brandova and M. Trojan, Chem. Listy, 80 (1986) 499.

D.E. Corbridge and E.J. Lowe, J. Chem. Soc., (1954) 493.

R.J. Melnikova, V.V. Pe¢kovskij, E.D. Dzjuba and LE. MalaSonok, Atlas Infrakrasnych
Spektrov Fosfatov, Kondensirovannyje Fosfaty, Nauka, Moscow, 1985, p. 235.

M. Trojan and L. Bene§, Sb. Ved. Pr., Vys. Sk. Chemickotechnol., Pardubice, 49 (1986)
225.

M. Beguie-Beucher, M. Condrand and M. Perroux, J. Solid State Chem., 19 (1976) 353.
J. Zka, Analytick4 Pfirucka, Vol. 2, SNTL-Alfa, Prague, 1980, p. 831.

M. Trojan, Thermochim. Acta, in press.

M. Pyldme, K. Tynsuadu, F. Paulik, J. Paulik and M. Arnold, J. Therm. Anal., 17 (1979)
479.

M. Trojan, Czech Patent 257 544 (1988).

D. Brandova, M. Trojan, F. Paulik and J. Paulik, J. Therm. Anal., 32 (1987) 1923.

M. Trojan and P. Mazan, Czech Patent 257 743 (1988).

M. Trojan and P. Mazan, Czech Patent Application 10092-88.



