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ABSTRACT 

Calcination of a mixture of copper (II) oxide and phosphoric 
auid (mol. ratio &lo/P205 = 1) produces dicopper (II) cyclo-tetra- 
phosphate as the main product. At first, various intermedisrtea of 
the type of simple copper (II) phosphatee are formed. Then, at hig- 
her temperatures, condensation of phosphate anions takes place. 
Temperature and rate of the individual reactions as well aa yields 
of the main product are distinctly affected by water vapour pressu- 
re in the calcinate. 

INTRODUCTION 

Influence of water vapour preeeure on the reactions producing 

cycIo-tetraphosphate by calcinatfon of cobalt (II) dihydrogenphos- 

phate was examined in our previous paper (ref.1). AQ the pure cop- 

per(I1) dihydrogenphoaphate does not exist Cref.21, the preparation 

of dioopper(I1) cycle-tetraphosphate must start from a mixture of 

copper(I1) oxide (or hysroxide or carbonate) end phosphoric acid 

with the molar ratio CuOlP205 = 1 (ref.3). The data_(refs 3,4,5) 

on conditions of this preparation show considerable discrepancies. 

Their reason is explained in this paper by the given effect of w8- 

ter vapour pressure in the calcinate on the reaction course and on 

yield of the cycle-tetraphosphate. (The accompanying poster also 

gives data on formation and existence of the individual intenne- 

diates. 

MEASUBING METHODS 

The thermal analyses were carried out with a Q-Derivatograph 

type Q-1500 (MOM Budapest, system F.Paulik, J,Paulik, L,Erdey). 

Various types of platinum crucibles were used as aample carriers 

(see Figs 1 and 2). These mengements enabled the water vapour 

released from the thermoanalyzed mixture to be retained with vari- 

ous partial preaeurea (ref.6). Calcination of the original mixture 

in an electric oven was used for preparation of the individual pro- 

ducts snd intermediates, These subetances were analyzed by means 

of TLC, IR spectroscopy, and X-ray diffraction analysis. Also they 
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were observed by means of electron microscopy, extracted with orga- 

nic solvents and with mineral acids-, and the extracts were analyzed 

by means of complexometry and by AAS. 

RESULTS AND DISCUSSIOlV 

TA of the starting mixture (which can be expressed as CuO + 

+2H3P04 + 2.1 H20) at dynamic conditions gave considerably diffe- 

rent results for different crucibles used as the sample carriers. 

Figure 1 givea.(as an example, others are presented in the poster) 

the TA curves with two types of Pt crucibles with extreme values 

of water vapdur pressure (ref.6). The first type is the so-called 

multiplate crucible (A), in whlchthe'water vapour pressure can 

practically be%heglected (1 kPa),' 'and the other is a labyrinth 

arrangement (B) in which the pressure of water vapour approaches 

atmospheric pressure (100 kPa). In the TA range up to 1000°C the 

overall weight decrease of the mixture was 29'3 % in the labyrinths 

arrangement (ihich corresponds to practically quantitative forma- 

tion of c-CU~P~O,~). In the etage crucible, the respective value 

was 44'2 %. In the labyrinth crucible the weight of the sample did 

not further change after the formation of cycle-tetraphoaphate 

(45O'C) was fin&shed, In the etage crucible, however, the weight 

continued to decrease after partial reaction of formation of 

c-Cu2P40,2 which was moat marked within the interval from 400 to 

600°C but perceptible even above 820°C when the oyclo-tetraphoa- 

phate melts. These facts indicate that, besides the condensation 

reactions connected only with release of water and leading to the 

cycle-tetraphosphate, there take place still other reactions cha- 

racterized by relatively distinet loss of the phosphate component 

due to its volatility. 

The TA at quasi-isothermal-isobaric conditions (Fig.21 con- 

firmed these conclusions. As compared withthe TA at dynamic con- 

ditions, the individual processes were recorded more distinctly 

and the temperatures connected therewith were more accurate. Ana- 

lysis of the calcinates prepared at various temperatures showed 

that there obviously takes place formation of an intermediate who- 

se formula is ~(CuHP04.H20).H3P04.2'5H20 (ref.3). Besides that, 

the mixture contains excess phosphorio acid end water. Further 

reactions then.proceed in dependence on the crucible type, i.e. on 

the water vapour pressure in the caloinate. In the labyrinth arran- 

gement free water Is released at first, followed by bound water 
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and finally by that from free oru&ophoaphoric acid. At the same ti- 

me the condensation product CuH2P207 is already formed. This pro- 

duct ie then converted quantitatively into c-CniP4012 by the se- 

cond c'ondensation reaction. At low water vapour preeaure - in the 

etage crucible - the processes are somewhat different. Again free 

water and both water (from the firat intermediate) are released 

first. At the uame time, however, free phosphoric acid preeent in 

the mixture bagine to boil and to condense Independently into poly- 

phosphoric acid. After complete dehydration of the first interme- 

diate a mlxtur@ of condensation products Cu2P29 and c-Cu2P40,2 

(approximately in molar ratio 2:l) are formed. The highly conden- 

sed polyphosphoric acid Is finally decomposed (athigh temperatu- 

res of the TA) into P205 which esoapes from the mixture (Fig.1). 

At these conditions, about a quarter of phosphoric acid is lost 

and does not take part in the formation of the required produot - 

c-CU~P~O,~. Besides that, in the etage crucible we can also ex- 

peat formation ef small amount of some further types of copper(I1) 

phosphates (ref.2). The latter are decomposed above 500°C to give 

Cu2P207 and CU~(PO~)~, the losses of the phosphate component being 

further incremed. Thereby the yields of c-Cu2P40,2 are decreased 

to about one half of that obtained in the labyrinth arrqement. 

COBCLUSIONS 

The TA at dynamic and at quasi-isothermal-isobaric conditions 

showed that the preparation of c-Cu2P4012 via calcination of the 

mixture of copper(I1) oxide and phosphoric acid is distinctly 

affected by water vapour pressure in the calcinate. If this pres- 

sure approaches atmospheric presaure, the condensation reaction 

of formation of the cycle-tetraphosphate proceeds practically 

quantitatively at the temperatures.380-410'C. On the contrary, if 

the water vapour pressure is negligible, the process takes place 

at the temperatures lower by 100°C, the yields being roughly 50 %. 
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