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THERMOGRAVIMETRIC STUDY OF URANIUM PHOSPHATES

PART 1: URANYL AMMONIUM PHOSPHATE AND ACID URANYL
PHOSPHATE*

J. M. SCHAEKERS**

Atomic Energy Board, Physical Metallurgy Division, Pretoria, South Africa
(Received 16 July, 1972)

The thermal decomposition of UO,NH,PO, - 3H,0 and UO,HPO, * 4H,0 was
studied in the temperature range 25 -1600°C. Both compounds gave U,O;P,0,
around 900°C after a two step dehydration and an orthophosphate-pyrophosphate
transformation.

UO,NH,PO, - 3H,0 did not form any pure intermediates, but (UO,),P,O; could
be prepared from UO,HPO, * 4H,0. In air, U,0;P,0, lost phosphorus above 1250°C.
In argon, (UO),P,0, was first formed between 1000 and 1290°C and this product only
lost phosphorus at still higher temperatures.

(UO),P,0, was also obtained by reduction of (UO,),P,0, or U,0,4P,0, at 700°C
in H, or with carbon black in argon above 1000°C. It oxidised in air above 250°C with
the formation of U,0;P,0,.

Interest recently revived in uranium phosphates when phosphate containing
ores had to be processed [1 —4].

This led to the discovery that the uranyl ion, UO3*, could be removed com-
pletely from acid solutions as uranyl ammonium phosphate, UO,NH,PO, - 3H,0O
or UAP [, 6]. This product was consequently used for chemical analysis as it
was believed to decompose to (UQO,),P,0, between 700° and 1000° [6 —8].

More recently however, it was found that U,0,P,0O, will be formed if UAP is
heated above 800° [9, 10].

A possible contaminant during the precipitation of UAP is the dibasic uranyl
phosphate, UO,HPO, - 4H,0, which is normally called acid uranyl phosphate
or AUP, The thermal stability of this product in air has been discussed in a few
papers [6, 11, 12]. However, a detailed study of the decomposition reactions and
thermal stability of the different decomposition products under various conditions
is not available.

The monobasic uranyl phosphate, UO,(H,PO,), - XH,0, has also been reported
in the literature [4, 13, 14]. Its thermal decomposition was studied thoroughly by
Kamo et al. [14], who found that no definite intermediate products were formed.
The endproduct was UP,O,, which seems to be the only stable uranium phosphate,

* Some of the results in this paper were taken from a thesis, submirted in partial fulfilment
of the requirements for an M. Sc. degree in Inorganic Chemistry.

** Present address: Department of Inorganic and Analytical Chemistry, University of
Pretoria, Hillcrest, Pretoria, South Africa.

J. Thermal Anal. 6, 1974



146 SCHAEKERS: TG STUDY OF URANIUM PHOSPHATES. I

above 1000°, with a U : P ratio of 1 : 2, even in an oxidising atmosphere. These
results could be verified and a detailed study was therefore not necessary.

Experimental

Thermogravimetric experiments were carried out with a Mettler automatic
recording thermoanalyser. A suitable crucible holder (type TD,), which allowed
simultaneous DTA measurements, was used for most of the experiments. The
capacity of the crucibles, made of Al,O3;, was 0.03 c¢cm?

The experiments were carried out at atmospheric pressure (88.0 kPa average)
and under static conditions, which were achieved by using a continuous gas
stream of 5 1/h. All gasses were purified and dried before use. The desired gas was
introduced in the furnace after it had been evacuated to a pressure of 6.7 Pa.

The weight of the samples, which had always been ground in an agate ball mill,
was normally 30 mg, but sometimes had to be increased or decreased, depending
on the weight changes involved.
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Fig. 1. IR absorption spectra: —: Spectrum of UQ,NH,PO, ‘- 3H,0;
------- Spectrum of UyO,P,0;; - --- - - - : Spectrum of (UO,),P,0, - H;O

Activation energies were calculated from at least four TG curves, obtained with
different heating rates, using the differential method described by other authors
[15, 16]. The reported values are always for the 509 completed reaction.

IR spectra were recorded with a Perkin Elmer 221 instrument using a sample
concentration of 0.25% in a KBr matrix.

X-ray diffraction patterns were obtained with a Debye camera or a Siemens
diffractometer, using Cu Ko radiation and a Ni filter.
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Uranium and phosphate contents were determined gravimetrically as U,04P,0?
[10). NH; was estimated by an indirect Kjeldahl method and water of crystallisation
was obtained by difference. The U{IV) content was determined by titrating with
KMnO, after dissolving the sample with diluted H,SO,, in an inert atmosphere.

UAP was prepared from 0.01 M UOy(NO3), solutions. Suitable amounts of’
H;PO, were first added and. if necessary, some HNO; to obtain a clear solution.
Precipitation was then brought about by neutralising with an ammonia solution.
The results of a typical analysis were: UO3*+ 61.9% (61.78% theor.), PO3-
21.8% (21.74 % theor.), NH; 4.1 % (4.12%; theor.) and H,012.29;(12.36 %, theor.).
Identification of the product was also possible by means of X-ray diffraction [17].
The IR spectrum was identical with that of AUP [12] apart from the strong peak,
around 1400 cm~*', due to NH; (Fig. 1).

AUP can be prepared from pure UO;* — PO3~ mixtures. However, the U : P
ratio must be kept <1 to avoid contamination with neutral uranyl phosphate,
(U0,)4(PO,), - XH,0, [13,18 —20]. Precipitation of the tetrahydrate was therefore
brought about by adding 24 cm® 1.0 M UO3* to 100 cm® of a 0.25 M H;PO,
solution. Chemical analysis, by the gravimetric method, gave the following results:
U0t 61.89 (61.64% theor.), HPO;~ 21.7% (21.92% theor.) and H,0 16.59
(16.44 %, theor.). The product could also be identified by means of X-ray diffrac-
tion [17] and IR analysis [12].

Results and discussion
Decomposition in air

UAP: A representative TG curve is reproduced in Fig. 2, together with the
corresponding DTA trace (only up to 1000°) which showed that all the decompo-
sitions were endothermic. The experimental weight changes, given in Table 1,
are compatible with the following reactions:

Step 1 UO,NH,PO, - 3H,0 — UO,NH,PO, - 0.5H,0 + 2.5H,0
Step 11 UO,NH,PO, - 0.5H,0 - UO,NH,PO, + 0.5H,0
Step 11 UO,NH,PO, - UO,HPO, + NH;
Step 1V 2UO,HPO, — (UO,),P,0, + H,0
Step V 2AU0,),P,0, — 2U,0,P;0, + O,
Table 1
Thermal decomposition of UAP in air
T weisht fos % Weight loss | o e
% Weight loss Temp. range i Activation

Step (theori,tical)S E;’/‘::l;)’ ' ©C, p4"/mi§) ‘ energ;' (Jt/mole)

I 10.30 10.00(8.50 + 1.50) ] 25->114 (72.04 0.8) 103

11 2.06 2.38 ’ <114 - 148 (69.045.0) 103
111 3.89 4.34 250 - >473 (143 + 8) 10°
v 2.06 2.05 <473 — 590 (260 + 12) 103

A% 1.83 1.56 730 - 864 (583 4+ 71) 10?
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148 SCHAEKERS: TG STUDY OF URANIUM PHOSPHATES. I

The difference between the theoretical and experimental weight changes is
mainly due to the large amount of overlapping between consecutive reactions.
A good separation was only obtained between step II and step III. A weight loss
of approximately 1.5% had to be added to the experimental value for step I to
allow for the dehydration which had already taken place during the process of
changing the atmosphere to dry air.

Temperature ,°C
o] 200 400 600 800 1000 1200 %00 1600
T T T T T T T T T T T T T T ™

Weight loss ;%

Y

Fig. 2. Decomposition of UG,NH,PO, * 3H,0: 1) TG at 4°/min in air (with DTA-------- );
2) TG at 4°/min in argon

Between step IV and step V a slight weight increase of 0.10%, was found, which
was not observed in an inert atmosphere and was probably due to the oxidation
of (UO),P,0,. Some of this product could have been formed by the reduction
of UO,HPO, with NH;, which was volatilised in step III. The reduction may have
taken place according to the following reactions.

NH;

2UO,HPO, ———>
:HPO, T > 400°

U,03P,0,

NH,
U203P207 T

m (U0),P,0,

This is also consistent with the experimental weight loss for step V, which was
much smaller than the theoretical expected value.

The endproduct at 900° was U,O4P,0,. Chemical analysis showed that both
the U : P and U(VD) : U(IV) ratios were 1 : 1. Its IR spectrum (Fig. 1) was iden-
tical with that of (UO,),P,O, reported in the literature [12]. The latter, however,
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had been prepared by heating either UAP or AUP in air to 700° and strong con-
tamination with U,O3;P,0, had probably taken place.
U,04P,0; is not hygroscopic. It was stable in air and oxygen up to 1250 —1300°.

At still higher temperatures a further decomposition, due to a loss in phosphorus,
was observed.

Temperature ,°C
200 400 600 800 1000 1200 1400
4 T

T ] T _

T Izm
v

Fig. 3. Decomposition of UO,HPO, - 4H,0: 1) TG at 8°/min in air (with DTA -------- );
2) TG at 4°/min in air; 3) TG at 2°/min in air; 4) TG at 4°/min in argon

Weight loss %

Activation energies for the five decompositions are given in Table 1.

True endpoint temperatures were derived by linearly extrapolating the experi-
mental values, obtained with different heating rates, to a theoretical heating rate
of 0°/min. These were combined with the incipient temperatures to give the true
temperature ranges given in Table 2. The results of a few other authors were also
given for comparison. An explanation for the appreciable differences cannot be
given, as the experimental conditons were not reported in detail.

AUP: Some TG curves are given in Fig. 3, together with a DTA curve which
showed that the four decomposition reactions were endothermic. The experi-

mental weight losses (Table 3) indicated that the following reactions had probably
taken place.

Step 1 UO,HPO, ' 44,0 - UO,HPO, - H,0 + 3H,0
Step 11 UO,HPO, * H,0 - UO,HPO, + H,0

Step 111 2UO,HPO, — (UO,),P,0, + H,0

Step IV 2U0,),P,0, - 2U,04P,0, + O,
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150 SCHAEKERS: TG STUDY OF URANIUM PHOSPHATES, 1

Table 2

Comparison of decomposition temperatures for UAP

Step { Reference [6] f Reference [9] ‘ Reference [7] Own results

1 | 40 -130 20 - 120 20-130 25— > 83
I 1 160 - 170 180 —200 < 83— 107
11 ‘ 410 500 275 - 350 ‘ . 410 -510 250— >424
v } 560 - 580 500 - 700 625 -700 <424 — 560
V.| mor<sso | 700-1000 ‘ - 720~ 820

|

The large difference between the theoretical and experimental weight loss for
step I (2.109;) was again due to a dehydration which occurred while the furnace
was evacuated.

The endproduct at 950° could be identified as U,O3P,0,.

The part of the TG curves representing the third step, was rather unusual in
that its shape changed when different heating rates were used (Fig. 3). The decom-
position rate always changed around 425°, being slow below this temperature
and much faster above, and this was thought to be due to a structural change from
2UO,HPO, to (UO,),P,0, - H,O.

It is apparent that this possibility could be verified by IR analysis of samples
taken between 200 and 650° when AUP was heated at 8°/min. The spectra of all
the samples taken below 425° still showed the typical orthophosphate peak at
900 cm -, which was absent, however, in those of the samples taken above 425°,
The spectra of the latter were identical with that of (UQ,),P,O, which had adsorbed
some water (Fig. 1).

Therefore it was concluded that the decomposition mechanism for step III
depends on the temperature and its probable reaction scheme is given below.

T < 425°
2UO,HPO, (U0,),P;,0, + H,0

lT = 425° AT > 425°
(UO,),P,0; - H,O

The decomposition of U,0;P,0,, obtained from AUP, was identical with that
obtained from UAP and was discussed above.

Table 3

Thermal decomposition of AUP in air

% Weight loss % Weight loss Temp. range Activation
Step ‘ (theoretical) (exper., 4°/min) (°C, 4°/min) energy (J/mole)
1 12.33 12.25(10.15 4 2.10) 25->122 (54.4+ 1.5) 108
11 4.11 4.11 <122— 192 (80.4+ 9.6) 103
111 2.05 2.14 192 - 610 —
v ' 1.83 1.70 800 — 931 (385 + 50) 10?
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No activation energy could be calculated for step III. The values for the other
steps are given in Table 3. True end point temperatures were calculated and the
resulting true temperature ranges are compared with a few results from the liter-
ature in Table 4. The dehydration temperatures differ somewhat, but the other
end point values agree fairly well.

Table 4

Comparison of decomposition temperatures for AUP

Step ‘ Reference [11] } Reference [12] Reference [6] Y‘ ) Ownﬂ résults
I | 25-160 | 25-160 30 -180 25 - >¢7
I 160 - 200 160 —220 230 —250 <97- 170
111 500 —550 550 —-620 560 — 600 170— 550
v | max =700 810 —900 not < 850 800— 880

Decomposition in other atmospheres

The thermal stability of UAP and AUP was also studied in oxygen, nitrogen
and argon. The decomposition pattern in oxygen was very much the same as the
one in air over the entire temperature range. However, the end point temperatures
for the formation of U,O4P,0, were approximately 50° higher.

The weight increase found for UAP between steps IV and V was also larger.

The decomposition pattern, below 1000°, in argon and nitrogen did not differ
much either. No weight increase was found between steps IV and V in the TG curve
of UAP (Fig. 2) which was further evidence for the reduction-oxidation process
described above.

The end point temperatures for the formation of U,0,P,0, were about 25°
lower than the ones observed in air. This indicated that, although U,0,P,0,
cannot be reoxidised in air at atmospheric pressure, its formation reaction is
nevertheless reversible.

U,04P,0, decomposed further in an inert atmosphere above 1000° (Figs 2
and 3). At 1200° the decomposition was appreciable and an inflection point was
observed in the TG curve at 1340°. The weight loss of 1.829% at this temperature
indicated that the following reaction may have taken place:

2U,04P,0, > 2(UO),P,0, + O,

Chemical analysis of the product showed that the U : P ratio had remained
constant at 1 : 1 and that only U(IV) was present. The IR spectrum was not well
defined (Fig. 4) but it was identical with that of a product, prepared by heating
a 2 : | mixture of UO, and P,O; in argon above 1000°, which could be identified
as (UO),P,0, by means of X-ray diffraction [21].
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A true temperature range of 1000 —1290° and an activation energy of (462 +23) 10®
J/mole were eventually derived for this reaction.

Further decomposition, which was accompanied by a loss in phosphorus,
occurred above 1340° (Figs 2 and 3). The reaction product melted around 1480°,

Transmission , %

0 ] 1 | 1 | L | { | | i i ! | -
1700 1500 1300 100 900 700 500 300
Wavenumber ,cmi’
Fig. 4. IR absorption spectra: ———: (UO),P,0, heated in argon between 1000
and 1200°; ------- : (U0O),P,0, by decomposition of UAP in argon at 1350°; - -+~ :

(U0),P,0, heated in argon at 1480°

which was probably the reason why a nearly constant weight was observed at
this temperature. The IR spectrum of a sample taken at this point was hardly
recognisable, although it still resembled the spectrum of (UO),P,0, (Fig. 4)
indicating that no definite intermediate had formed.

Reduction of U,03P,0, and (UO,)3P,0, in hydrogen

UAP and AUP were first dehydrated in the usual way when they were heated
in a stream of hydrogen. Reduction commenced during the third decomposition
step, around 425°, with the formation of (UO),P,0O, at 670° and UO, at 1000°.
Similar results have been reported in the literature [22, 23].

U,04P,0: The starting material for these tests was prepared by heating UAP
in air to 1000°, The TG and DTA curves (Fig. 5) showed that a single step exo-
thermic reduction had taken place between 400 and 680°. The experimental weight
loss of 2.399% agrees fairly well with the reaction below:

H
U,0,P,0, —%(UO),P,0, + H,0

The true temperature range for this reaction was 350 — 636°. An activation energy
of (165 + 5) 10° J/mole could also be calculated.
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Above 700°, a further weight decrease indicated the start of a reductive decom-
position with the formation of UQO,.

(U0,),P,0,: This product was prepared by heating AUP to 590° in air for 30
minutes. The product was hygroscopic but all the adsorbed water was volatilised
again well below 350° and it did therefore not interfere with the reduction reactions.

Weight change ;%

200 400 600 800 1000
Temperature ,°C

Fig. 5. Thermal analysis of (UQO,),P,0,, U,0,P,0. and (UO),P,0,: 1) TG for (UO,),P,0,
at 4°/min in H, (with DTA ———-); 2) TG for U,0,P,0. at 4°/min in H, (with DTA
------- ); 3) TG for (UO),P,0O. at 4°/min in air

The TG curve (Fig. 5), with a weight loss of 4.279%, suggested a single step
reduction to (UO),P,0, between 350 and 700°, but DTA proved it to be a much
overlapping two step reduction, probably according to the reactions given below:

H,
Step 1 (UO,),P,0, — 3 U,0,P,0, + H,0

H
Step 11 U,0,P,0, — > (UO),P,0, + H,0

The overall true temperature range was 350 —652°. An activation energy of
(135 + 5) 10® J/mole for step 1 was calculated, but a meaningful value for step TI
could not be obtained.

The end product of both reduction experiments was characterised by chemical
analysis, giving a 0% U(VI) content and an unchanged U : P ratio of 1 : 1. A well-
defined IR spectrum (Fig. 4) was only obtained after heating the product in argon
to 1000°.
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Reduction of U,03P,0, and (UO,),P,0 with carbon black in argon

The carbon black employed was “Durex O, a finely divided powder. The adsorb-
ed volatile matter was first removed by heating it for three hours to 1000° at
a pressure of 1.34 Pa, No weight change could be detected below 1200° when this
product was then reheated in an inert atmosphere. Intimate carbon mixtures were
obtained by grinding the different materials together in a small ball mill.

- Temperature,*C
0 600 800 1000 : 12|00 1400 1600
' ] ' el

ol

Weight loss %
(2]
| T

el

Fig. 6. Thermal analysis of (UO,),P,0, and U,04P,0, mixed with carbon black: 1) TG for

[U,04P;0; + 0.5 C] mixture at 4°/min in argon; 2) TG for [U,0,P,0, + 2.0 C] mixture at

4°/min in argon; 3) TG for [U,03P,0, + 10 C] mixture at 4°/min in argon; 4) TG for
[(UO,),P,0, + 11 C] mixture at 4°/min in argon (with DTA ~------ )

U,0,P,0,: The complete reduction of U,0;P,0; was studied with a mixture
«containing 10 carbon atoms for each pyrophosphate molecule. The weight loss
of 2.79% between 600 and 873° (Fig. 6) suggested a reduction to (UO),P,0-,
probably according to the reaction below:

C
2U20 3P207 —_> 2(UO)2P207 + C02

No obvious DTA signal was observed during the reaction for which a true
temperature range of 600 —840° could be derived as well as an activation energy
of (384 + 26) 10® J/mole.

A reductive decomposition took place above 1050°, giving UO, at 1250° and if
sufficient carbon was still present U-metal or U-carbides were formed at 1600°.
‘These results are similar to those reported for the reduction of Ca-phosphates
[24, 25]. It has also been reported that CazP, may be obtained under certain con-
ditions {26]. No UP could, however, be detected at any stage of the reaction.

It was also observed that the temperature ranges and activation energies changed
‘when the carbon content of the samples was varied and a sample containing
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only two carbon atoms for each pyrophosphate molecule gave an activation energy
of (317 + 8)-10° J/mole and an endpoint temperature of 962° (Fig. 6), compared
with (384 + 26).10° J/mole and 873° for the sample discussed above.

(UO,),P,0,: The reduction in argon was studied with a mixture containing
11 carbon atoms for each pyrophosphate molecule. TG and DTA (Fig. 6) indi-
cated that a two step exothermic reduction occurred between 500 and 920°.
The experimental weight losses of 2.75 and 2.62 % indicated that the two following
reactions may have taken place:

C
Step I 2(U0,),P,0, —> 2U,04P,0, + CO,

C
Step Il 2U,0,P,0, ——» 2(UO),P,0, + CO,

The endproduct was again characterised by means of IR and chemical analysis.
Although a certain amount of overlapping occurred between the two reactions,
it was still possible to derive true temperature ranges of 500 — >716° and
<716 — 895° and activation energies of (192 + 19)-10* J/mole and
(390 + 20)-10° J/mole for step I and II respectively.

Stability of (UO)sP,0,

Pure samples of (UO),P,O, were prepared by heating stoichiometric mixtures
of U,0O;P,0, and carbon black (U : C ratio 4 : 1) in argon to 1000°. In argon the
compound only started decomposing above 1250°. The TG curve (Fig. 6) above
1350° was identical with the TG curve for the decomposition of UAP or AUP in
argon, in the same temperature range, and this was discussed above.

(UO),P,0, was not hygroscopic and oxidation was only observed above 250°
when it was heated in air (Fig. 5). The oxidation product was U,0,P,0, and was
obtained at 800°.

Conclusions

UAP decomposed when it was heated in air giving U,05P,0, at 1000° after five
endothermic reactions. Ammonia, which was volatilised in the third step, partly
reduced the remaining product to (UO),P,0-, but the final endproduct was still
U,0,P,0,.

The same product was obtained when AUP was heated in air to 1000°, but only
after four decomposition steps. At 425° a structural change from 2UQ,HPO, to
(UO,),P,0; - HyO occurred. The decomposition of the anhydrous product
UO,HPO, to (UQO,),P,0, therefore was temperature dependent.

Pure (UO,),P,0O, could be prepared from AUP but not from UAP.

U,04P,0, was stable in air up to 1250—1300°. Above this temperature a loss
of phosphorus was observed. It was, however, less stable in argon and decomposed
to (UO),P,0, between 1000 and 1290°. A loss of phosphorus was again observed
at higher temperatures.

11 J. Thermal Anal. 6, 1974



156 SCHAEKERS: TG STUDY OF URANIUM PHOSPHATES. I

U,0,4P,0, and (UO,),P,0,, could be reduced to (UO),P,O, with either hydrogen
or with carbon black in argon at 650° and 1000° respectively. This product was
still further reduced to UQ, at higher temperatures.

(UO),P,0, was not hygroscopic. It started oxidising above 250° in air.

*

1 should like to thank Miss Cynthia Bennett for the assistance with the laboratory work,
Mr. L. A. Goold for recording the many IR spectra and Mr. W. G. Greybe for obtaining the
X-ray diffraction patterns.

1 also wish to thank the Atomic Energy Board of South Africa for permission to publish
this paper.
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ZUSAMMENFASSUNG — Die thermische Zersetzung von UO,NH,PO, * 3H,0 und UO,HFO,

*4H,0 wurde im Temperaturbereich von 25 bis 1600° untersucht. Beide Verbindungen erga
ben nach einer zweistufigen Dehydratation und einer Ortophosphat-Pyrophosphat-Umlage
rung um 900° U,04P,0,.
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UO,NH,PO, - 3H,0 bildete keine reinen Zwischenprodukte, doch Kkonnte aus
UQ,HPQ, - 4H,0 (UQ,),P.0, hergesiellt werden. In der Luft verlor U,0,;P,0, iber
1250° Phosphor. In Argon entstand zuerst zwischen 1000 und 1290° (UO),P,O, und
dieses Produkt gab bei noch hoheren Temperaturen Phosphor ab. (UO),P,O, wurde auch
durch Reduktion von (UQ,),P,0. oder U,0,P,O, bei 700° in H, oder mit Kohle in Argon
iiber 1000° erhalten. Es wurde in Luft bei Temperaturen {iber 250° unter Bildung von U,O;P,0,
oxydiert.

REsuMi — Etude de la décomposition thermique de UO,NH,PO, - 3H,O et de UO,HPO, *
*4H,0 entre 25 et 1600°C. Ces deux composés donnent U,O,;P,0, & 900°C environ, aprés
une déshydratation en deux étapes et la transformation de 'orthophosphate en pyrophosphate.
Dans le cas de UQ,NH,PO, * 3H,0, il ne se¢ forment pas de composés intermédiaires purs
alors qu'on peut obtenir (UO,),P,0, a partir de UO,HPO, * 4H,0. Dans air, le départ du
phosphore de U,O,P,0, s’effectue au-dessus de 1250°C. Dans l'argon, il se forme d’abord
(UO),P,0, entre 1000 et 1290°C, aux température plus elevees ce produit perd encore
du phospore. 1l est également possible d’cbtenir (UO),P;0; en réduisant (UO,),P.0,; ou
U,0,P,0. 4 700°C par I'hydrogéne ou bien par le carbone en opérant dans argon
au-dessus de 1000°C. Ce produit, chauffé dans l’air, s’oxyde au-dessus de 250°C avec
formation de U,O3P,0,.

Pestome — M3ywen T1epmopacnan UO,MH,PO, - 3H,0 u UOHPO, - 4H,0 B o6nacru
Temmneparyp 25—1600°. O6a coeautenusi, NOCIe ABYXCTYNIEHYATOH ASrHAPATALIAN U TIPEBpalIe-
Hus otpodocdaT — rupodocdar, aaror okoio 900° U,0,P,0,

UQ, H,PO, - 3H,0 ne 06pa3yeT YHCTHIX IPOMEXY TOYHBIX IPOAYKTOB, ogHako u3 UO,HPO, -
- 4H,0 moxno noayunts (UOL),P,0,. U,0,P,0, B atMochepe Bo3ayxa Tepser dochop upu
TeMnepatypax Beuwe 1250°, (UO),P,0O, B aprone obpasyercs nepsbiM Mexay 1000 u 1290° u
TepsieT dochop npu eiue Gonee soicoxux Tremnepatypax. (UO),P,O, Takxe ObI MOyYeH BOCCTa-
nHoBnenueMm (UO,),P,0,umn U,0,P,0; npu 700° 8 BOogOpoAe Wiin C MOMOLUBIO CAXK B apLOHE
sbitue 1000°. Ha Bo3nyxe on oxucnsierca soiine 250° ¢ ob6paszosannem U,0,;P,0;.
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