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The iso- and non-isothermal transformations taking place on the heating of LiH2PO,~, 
Li2HPO4, LisPaOio- 5H20, mixtures of LiH~PO4 + 2LizHPO 4 and LiH2PO4 + Li4P2OT(/) in 
vacuum, air and water vapour atmospheres at 20-1050" were studied using TG, DTG, DSC, 
DTA, IR spectroscopy, XRD and TLC analyses. It was shown that solid-phase interaction of the 
mixture components with the general ratio Li: P ~ 5: 3, in contrast to the interaction of 
analogous sodium (potassium) phosphate mixture components, does not lead to the quantitative 
formation of anhydrous triphosphate. This is explained by the high crystallization rate of lithium 
pyrophosphate, which, due to its low reactivity, does not participate in further anion 
condensation. The increase of triphosphate yield is promoted by the liquid pha~e formed on 
disproportionation of acid salts, on melting of reaction components or as a result of introduction 
of urea additive. 

Crystalline form of  anhydrous sodium and potassium triphosphates used as 
components of solid and liquid detergents are obtained by thermal treatment of 
phosphate mixtures with the general ratio Na : P ~ 5 : 3 or I( : P ~ 5 : 3 [1]. There 
is no published evidence that anhydrous lithium triphosphate can be obtained in the 
same manner. 

The results of studies of phase diagrams [2, 3] indicate the formation of crystalline 
phosphates with different condensation degrees in the Li20---P205 system: 
Li3PO 4, Li4PzOT(/) (l = low), Li4P207(h ) (h = high), (LiPO3) x or (LiPO3) ~. H20. 
The latter is formed as a final product of  the thermal transformation of LiH2PO4, 
which proceeds in air atmosphere according to the scheme [4, 5]: 

> 145 ~ [Li2H2P2OT]cryst. > 210 ~ 
[LiHzPO4]cryst. ~ _ 

[LiH2P.Oa. + l]amorph. 

[(LiPOa)~ �9 H20(/)]cryst. > 250 ~ 
.... , [(LiPOa)x �9 H20(h)]cryst. 

[LiH2P.O3. + x]amorph. 
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The intermediates contain small amounts of amorphous lithium triphosphate. 
Crystalline lithium triphosphate was not detected on the thermal treatment of 
Li2HPO 4 or LiH2PO 4- LiaPO 4 [6], nor in the systems Li4P2OT-(LiPOa)x [7] and 
LiaPO4-(LiPO3)x [8, 9]. A vitreous phosphate with overall composition LisP30~o 
was obtained by cooling a melt [10]. 

Experimental 

In order to investigate the possibility of obtaining lithium triph0sphate by 
thermal treatment of phosphate mixtures with the general ratio Li : P ,~ 5 : 3, we 
studied the thermal transformation taking place when individual phosphates and 
mixtures thereof were heated in different gas media in the temperature range 
20-1050 ~ The materials investigated were crystalline orthophosphates LiH2PO 4 
and LizHPO 4 of reagent purity, crystalline lithium pyrophosphate Li4P2OT(/) 
obtained by the solid-phase synthesis method [2], and crystalline LisP3Olo �9 5H20 , 
obtained by passing a solution of chromatographically pure sodium triphosphate 
through a KU-2 cation-exchanger in Li form, with subsequent precipitation with 
acetone. The anion composition of the samples was determined by thin-layer 
chromatography (TLC). Low-soluble lithium salts were pretransferred into soluble 
ammonium salts according to methods used for the TLC analysis of low-soluble 
phosphates of multivalent metals I11]. The contents of phosphorus in the samples 
were determined by the gravimetric quinoline-molybdate method; the contents of 
"lithium were determined by colorimetry with thoron I indicator; and the contents 
of water were determined via the mass loss duringCalcination. The TLC analysis 
data showed that LiH2PO 4 and Li2HPO 4 were chromatographically pure salts, 
while Li4P2OT(/) contained 96.9% P2 and 3.1% P1, and LisP3Olo'5H20 
contained 95.8% Pa, 3.7% P2 and 0.5% P1; P1, P2 and P3 being the contents of 
phosphorus (mass percent) in the form of ortho-, pyro- and triphosphate, 
respectively. 

The phase compositions of the samples were determined with a DRF-2 X-ray 
diffractometer (CuK, radiation). IR spectroscopy was performed with a UR-20 
spectrometer (KBr disk method). The X-ray diffraction characteristics of 
Li4P2OT(/) corresponded to the published data for Li4P207(/) [2], and the 
characteristics of LisPaOxo" 5H20 also corresponded to the previously obtained 
data [12]. 

The thermal transformations of the samples in air were studied with a Hungarian 
MOM OD-102-T derivatograph (mass of sample m -- 300 mg, heating rate 
HR = 5 deg/min, ceramic open pan); in a flow of predried nitrogen (content of 
moisture additive up to 20-30 ppm, oxygen 7 ppm, argon 2-3 ppm), the thermal 
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transformations were studied with a Perkin-Elmer Thermal Analysis Lab 1 
(m = ~'(r-12 mg, H R  -- 20 deg/min, standard Perkin-Elmer gold pan; nitrogen feed 
rate 37 ml/min in DSC-2, Scan. Auto Zero, and 14 ml/min in TGS-2 Model 
FDC-1~.. In a series of experiments, the samples (m ~ 1 g) were kept in air 
(p = 990 hPa), in vacuum (p = 10 -3 hPa) and in a flow of water vapour 
(Pn2o -- 990 hPa) in the isothermal mode, and the samples were then cooled and 
their anion compositions were determined. 

Results and discussion 

The results of TLC and XRD analyses indicate that the mixtures LiH2PO4+ 
2Li2HPO 4 and LiH2PO 4 + Li4P207(/) subjected to isothermal treatment in air at 
150-500 ~ for 30-300 rain did not contain crystalline lithium triphosphate (Table l, 
Fig. 1). Triphosphate was not formed even when the treatment time was increased. 
Only in a mixture of LiH2PO4 + Li4PEOT(D heated to 200 ~ was a small amount of 
amorphous triphosphate (7-8% Pa) formed; its content decreased with the increase 
of temperature and time. The new crystalline phases during temperature increase 
were fixed in the following order: Li2H2P2OT, Li4P207(/) and (LiPOa)x �9 H20. The 
main anion component in the reaction products was pyrophosphate, the content of 
which reached 87-89% P2- The formation of its crystalline forms was reflected in 
the IR spectra, for instance, in the form of an absorption band at 1245 cm - J, which 
is characteristic of the H2P202- ion [6]. The other anion components were 
polyphosphates (P> a)- In the products heated at 400 ~ and higher temperatures, part 
of the phosphorus remained at the start (Pstart) during chromatography. In these 
cases phosphorus was not fully transferred into solution with the KU-2 cation- 
exchanger. Polymeric crystalline phosphate (LiPO3) ~ .H20 with x > 8-10 was not 
transferred into solution. 

The XRD and TLC analysis data correlated with the results of DSC and TG 
studied (Fig. 2): the components of the LiH2PO4+2Li2HPO 4 mixture were 
dehydrated without the formation of a triphosphate. The main effects of the 
thermal conversions of LiHzPO, ~ + 2Li2HPO 4 corresponded to the thermal effects 
of the main mixture component, Li2HPO4 (Table 2). Specifically, there were close 
correlations between the temperatures of the formation Li2H2P207 (233-235 ~ for 
LiH2PO 4 + 2LizHPO 4 and 232-233 ~ for Li2HPO4) , of the formation of Li4P207(/) 
(382-385 ~ and 375-379~ of the phase transition Li4P2OT(I) --*LiaP207(h) (617 ~ 
and 615~ of the melting of(LiPOa)x" H20 (656 ~ and 661 o), of the crystallization of 
(LiPO3)x" H20 during cooling (650 ~ and 647~ and of the phase transition 
Li4P2OT(h) ~LiaP2OT(/) during cooling (526 ~ and 523~ The melting temperature 
found for (LiPO3)x" HzO coincided with those reported: 656-665 ~ [2, 7, 8]. The 
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Table 1 Anion and phase composition of the products of isothermal treatment of lithium phosphate 
mixtures in air (p = 990 hPa) 

Phosphorus  content, mass.  % CrystaUine 
t, ~ r, thin 

Pt P2 P3 P > 3 + P~,o,,, phases* 

Mixture LiHzPO~ + 2Li2HPO, 

150 30 91.5 8.5 0 0 - -  

150 300 93.3 6.7 0 0 I, II 

180 30 79.3 16.6 traces 4.1 - -  
180 300 12.7 75.9 traces 11.4 I, II, III, IV 

200 30 13.9 70.3 traces 15.8 - 

200 300 13.3 79,2 traces 7.5 I, II, II1, IV 

220 30 11.2 73.2 traces ! 5.5 - -  
220 300 9.9 74.8 traces 15.3 I, II, III, IV 

300 30 6.1 78.0 traces 15.9 - -  

300 300 5.2 69.5 traces 25.3 III, IV, V 

400 30 10.7 79. I traces 10.2 - -  

400 300 7.7 87.2 traces 5.1 III, IV, V 

500 30 8.3 78.5 0 13.2"* - -  

500 300 3.6 89.3 0 7.1"* IV, V 

Mixture LiH2PO 4 + Li ,P207 

20 0 37.0 63.0 0 0 I, IV 

200 30 3.2 71.8 7.1 17.9 - -  

200 120 2.0 74.0 7.7 16.3 - -  
200 300 6.4 82.3 3.6 7.7 III, IV 

300 30 0 70.5 0 29.5 - -  

300 120 0.8 65.4 0 33.8 - -  
300 300 1.2 73.0 0 25.8 IV, V 

400 30 1.8 79.0 0 I9.2 - -  

400 120 4.3 83.9 0 11.8 - -  

400 30(3 0.9 82.7 0 16.4 IV, V 
500 30 3.1 73.7 traces 23.2 - -  

500 120 1.7 77.9 0 20.4** - -  
500 300 1.7 71.8 0 26.5** IV, V 

* I - -L iH2PO , ,  I I - -L i2HPO, ,  I I I - -Li2H2P207,  IV--Li,P2OT(/), V--(LiPO3)~ "H20 
** phosphorus  is not  fully transferred into solution 

temperatures for the transition Li,~P207(/)~Li4P2Ov(h) were somewhat lower 
than those known in the literature: 630-640 ~ [2, 7, 8]. LiH2PO4 behaved quite 
differently during heating. First, at around 240 ~ , in contrast to the other 
compounds studied, it passed into the 4iquid state (this phenomenon, studied 
microscopically, was reported in [5]), apparently due to the formation of  free acid in 
a disproportionation reaction of  the type 2 LiH2PO4 --, Li2HPO4 + H ~PO.. When 
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Fig. 1 X-ray patterns (a) and IR-spectra (b) of the products of isothermal treatment of the phosphate 

mixture LiH2PO~+2Li2HPO4 ir air (p = 990hPa, T = 300min): l - i n i t i a l  mixture, 

2 - t  = 180 ~ , 3 - t =  300 ~ , 4 - t  = 4 0 0  ~ 5 - t =  500~ I - L i H 2 P O 4 * ,  I I - L i 2 H P O  **,  

I11 - Li2H2P207 (3, IV - Li4P2OT(/) O,  V - (LiPO3)~.H20 [] 

the temperature rose to 400-420 ~ the liquid boiled away (here the DSC curve had a 
characteristic dent-like form). Second, on cooling, the sample set to a vitreous mass 
without the crystallization of (LiPO3)x-H20 or Li4P2OT(/) (see DSCcurve l',Fig. 
2). These phases crystallized when the heating-cooling cycle was repeated several 
times. 

Table 2 shows DTA data obtained from derivatographic experiments (Fig. 3). On 
the whole they correspond to the DSC data, notwithstanding the differences in the 
conditions of the DTA and DSC experiments. The DTG data are limited by the 
results obtained with the Thermal Analysis Lab 1. 

The above-mentioned results and their comparison with the literature data show 
that, on the therml treatment below the melting temperatures, mixtures of sodium 
or potassium phosphates quantitatively transform into the corresponding 
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Fig. 2 D S C  - (a), T G  - and  D T G  - curves  (b) o f  hea t ing  individual  l i th ium phospha t e s  and  mix tu res  
thereof  in the flow of  n i t rogen (p = 990 hPa) :  1 - LiH2PO4,  2 - Li2HPO4,  3 - L i H 2 P O 4 +  

2Li2HPO4,  4 - L i sP aO lo '  5 H 2 0 ;  1', 2', 3', 4' - curves o f  cool ing (20 K /min )  

crystalline triphosphates. Analogous mixtures of lithium phosphates contain either 
no triphosphate at all or only a small amount of it. Such a difference is explained by 
the specific properties of lith;um ions, which, for instance, differ from sodium and 
potassium ions in polarization degree, their lower mobility and a higher degree of 
metal-phosphate bond covalency [13]. 

Due to their low mobility, Li + ions cannot migrate from regions abundant in 
lithium to lithium-lacking regions, as takes place with Na § ions during the 
formation of sodium triphosphate [14]. However, this is not the main reason 
hindering the formation of lithium triphosphate, because shortening of the 
migration path due to-the better contact between the particles of the reacting 
components does not solve the problem in principle. When LisPaO1o'5H~O is 
heated, the triphosphate chain ruptures into ortho- and pyrophosphate fragments, 
which are in close contact with each other, but further increase of temperature does 
not lead to recombination of the fragments into anhydrous triphosphate, as occurs 
with the sodium and potassium salts. On removal of the bulk of the water from the 
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Fig. 3 Derivatogram of phosphate mixture LiH2PO4+ 2Li2HPO 4 in air 

samples, the DTA and DSC curves of LisPaOlo'5H20 practically repeat the 
analogous curves for LiH2PO4 + 2Li2HPO4 (Fig. 2), except for an additional effect 
at 609 ~ which cou!d be explained, taking into account the close contact between the 
components, by melting of the eutectic of Li4P2OT(/) - (LiPO3) x" H20 (603-604 ~ 
according to [7, 8]). 

The main reason for the low yield of lithium triphosphate resides in the high 
crystallization rate of Li4P2OT(/), which due to its low reactivity, practically does 
not participate in the recombination reaction. Such cases of reactivity loss because 
of the crystallization of the reacting components are also known for sodium 
phosphates [1]. 

In accordance with this, the factors that cause mineralizing action and accelerate 
sodium triphosphate crystallization are ineffective in our case; they increase the 
yield of crystalline pyrophosphate, leaving the lithium triphosphate yield 
unaffected. The contents of pyrophosphate in the products of thermal treatment of 
LiH2PO4 + 2Li2HPO4 and LiH2PO4 + Li4P2OT(/) in a flow of water vapour, which 
provides mineralizing action, increase to 96-98 % P2, while in vacuum the content 
does not exceed 74-77% P2 (Table 3). The additive NHaNOa (-~ 1 mass per cent), 
which increases the yield of NasP30~o (form II), also proved ineffective. In our case 
this additive, similar to the action of water vapour, increased the yield of crystalline 
lithium pyrophosphate. 

J. Thermal Anal. 31, 1986 
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Table 3 Anion composition of  products of  isothermal treatment of lithium phosphate mixtures in 
vacuum (p = 10 -3 hPa) and in flow of  water vapour (Pmo = 990 hPa) 

t, ~ z, min. 
Phosphorus  content, mass.  % 

P1 2 3 "> 3 + P,,,,,r 

Mixture LiH2PO4+ 2Li2HPO4, p = 10 - s  hPa 

218 30 46.9 53.1 0 0 

218 300 7.9 73.6 traces 18.5 

256 30 21.3 57.4 traces 21.3 

256 300 6.5 69.6 traces 23.9 

300 300 10.8 65.8 traces 23.4 

400 300 3.1 76.6 traces 20.3** 

500 300 9.4 66.7 traces 23.9** 

Mixture LiH2PO 4+  2LizHPO4, Pmo = 990 hPa 

150 30 100.0 0 0 0 
150 300 92.8 7.2 0 0 

200 30 74.1 25.9 0 0 

200 410 8.3 89.6 0 2.1 

250 30 5.9 91.9 0 2.2 

250 120 2.0 96.0 0 2.0 

300 30 5.9 88.1 traces 6.0 
300 300 2.8 94.7 0 2.5** 

400 30 6.8 81.6 0 I 1.6** 

400 360 5.4 86.0 0 8.6** 

500 30 6.1 84.6 0 9.3** 

500 300 2.5 95.5 0 2.0** 

Mixture LiH2PO,~+ Li4P207(I ), PH2o = 990 hPa 

200 30 1.0 97.8 0 1.2 
200 300 1.2 97.5 0 1.3 

300 30 I. l 76.5 traces 22.4 

300 120 0 81.8 traces 18.2 
400 120 5.1 81.6 0 13.3"* 

400 300 3.8 81.7 0 14.5"* 

500 30 2.0 96.0 0 2.0** 

500 120 1.1 97.9 0 1.0'* 

** phosphorus  is not  fully transferred into solution 

The above facts do not mean that lithium triphosphate can definitely not be 
obtained by the thermal treatment of phosphate mixtures with .~he general ratio 
Li : P ~ 5 : 3. Experiments with the addition of urea, which possesses condensing 
properties with respect to alkali metal phosphates [15], indicated that in the 
mixtures LiH2PO4 + 2Li2HPO4 + (NH2)2CO and LiH2PO 4 + 2Li2HPO4 + 
2(NH2)2CO a certain amount of triphosphate was formed even at 150 ~ (Table 4). 

11 J. Thermal Anal. 31, 1986 
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Table 4 Anion composition of products of isothermal treatment of mixtures of lithium phosphates with 
urea in air (p = 990 hPa; P4, Ps, P6, P7 ---content of phosphorus in the form of tetra-, penta-, 
hexa- and heptapolyphosphate respectively) 

Phosphorus content, mass. % 
t, ~ z, min 

PI Pz P3 P,  + Ps + P6 + P7 P,ta,t 

Mixture LiH2PO4 + 2Li2HPO, + (NH2)2CO 

100 30 87.9 12.1 0 0 0 
100 120 84.6 15.4 0 0 0 
128 10 63.1 30.8 0 6.1 0 
128 300 44.7 35.6 2.0 17.7 0 
150 10 48.0 24.0 15.0 13.0 0 
150 120 43.0 30.7 14.5 11.8 0 
150 300 32.6 41.7 14.4 11.3 0 
200 I 0 39.2 23.6 17.1 15.1 5.0 
200 30 31.6 36.5 11.9 15.2 4.8 
200 300 8.1 47.1 4.1 30.6 10.1 
300 10 13.4 43.9 12.3 22.9 7.5 
300 30 16.5 42.7 6.8 25.8 8.2 
300 300 3.0 69.3 0 20.4 7.3 
400 30 8.8 69.6 0 10.9 10,7 
400 300 6.7 74.6 0 9.3 9,4 
500 30 4.4 79.5 0 11.9 4.2** 
500 300 6.8 68.0 0 19.0 6.2** 

Mixture LiH2PO * + 2Li2HPO , + 2(NH2)2CO 

100 30 97.2 2.8 0 0 0 
100 300 44.6 31.9 12.7 10.8 (P4) 0 
200 30 45.0 6.0 12.1 34.9 2.0 
200 300 29.3 26.8 5.6 31.1 7.2 
300 10 32.9 19.9 2.0 37.3 7.9 
300 300 11.1 49.0 traces 30.7 9.2 
400 I0 8.0 66.2 traces 20.7 5.1 
400 300 2.1 95.5 0 0 2.4 
500 10 20.1 75.0 0 0 4.9 
500 300 5.0 89.9 0 0 5.1 

** phosphorus is not fully transferred into solution 

However, the formation of triphosphate is connected with the partial substitution 
of lithium ions by ammonium ions, as proved by the appearance of the 1400 cm- 1 
absorption band corresponding to NH~ group oscillations in neutral and double 
ammonium phosphates (Fig. 4). With the increase of temperature and time, as the 
formed ammonium phosphates decompose, the intensity of the 1400 cm -1 
absorption band diminishes and the content of P3 simultaneously decreases. At 

J. Thermal Anal. 31, 1986 
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Fig. 4 1R-spectra o f  the products  o f  isothermal treatment o f  LiH2PO,~ +2Li~HPO4 + (NH2)zCO 

mixture in air (p = 990 hPa, ~ = 300 min): 1 - initial mixture, 2 - 100 ~ 3 - 150 ~ 4 - 200 ~ 

5 - 300 ~ 

t~>400 ~ the anion and phase compositions of the products of thermal treat- 
ment of the mixtures LiH2PO4+2Li2HPO4 and LiH2PO4+2Li2HPO4+ 
(1-2)(NH2)2CO are identical. 

Lowering of the temperature of anion condensation of the mixtures LiH2PO 4 + 
2Li2HPO4+(I-2)(NH2)2CO, as compared with LiH2POa+2Li2HPO4, is 
connected with the formation of a liquid phase, caused by the melting of urea. The 
samples with urea additives at 100--300 ~ present a sticky or viscous mass. It seems 
obvious that in the liquid phase the rates of formation of individual oligomers are 
equalized and triphosphate is formed together with pyrophosphate in the reacting 
mixture, but triphosphate is not accumulated in large amounts. 

Other cases where triphosphate could be detected are also connected with the 
liquid phase. It is known that in phosphate glass with the overall composition 
LisP3Olo, the function of the anion size distribution corresponds to the contents 
34% P2, 38% P3, 18% P4, 6% Ps, 3% P 6  and 1% P7 [1]. The amount of 
triphosphate depends on the temperature of the melt, the duration of its isothermal 
treatment and the cooling rate. Vitreous samples obtained by heating LiH2PO 4 + 
2Li2HPO 4 mixtures at temperatures above and below the melting temperature of 
Li4P207(h) (876-885 ~ [2, 7, 8]) contain 7-17% P3 (Table 5). 

I 1 "  J. Thermal Anal. 31, 1986 
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Table S Anion and phase composition of vitreous samples, obtained by isothermal treatment of the 
LiH2PO4+ 2Li2HPO4 mixture in air (p = 990 hPa, v--rate of melt cooling) 

Phosphorus content, mass. % Crystalline 
t, ~ z, rain v, K/rain 

PI P2 P3 P4 + P~ + P6 + P7 P~,o.  phases* 

700 120 30-35 7.9 46.6 I 1.8 33.7 0 IV, VI 
700 120 2-3 6.5 35.6 17.3 32.5 8.1 IV, V 
850 90 30-35 2.2 59.3 6.6 25.4 6.4 IV, V, VII 
850 90 2-3 0.5 59.2 7.1 26.6 6.9 IV, VII 

1050 45 30-35 4.5 56.5 6.9 26.2 6.1 IV, VII 

* IV--LigP2OT(/), V--(LiPO3) x �9 H20 , VI--Li3PO,, VII--non-identified phase 

Conclusions 

In contrast to the solid-state interaction of analogous mixtures of sodium or 
potassium phosphates, the solid-state interaction of the components'of lithium 
phosphate mixtures with the general ratio Li: P ~ 5: 3, does not lead to the 
quantitative formation of anhydrous triphosphate. This fact is explained by the 
high rate of crystallization of neutral lithium pyrophosphate, which due to its low 
reactivity, does not participate in further anion condensation. A contribution is 
made to the increase of triphosphate yield by the liquid phase formed on acid salt 
disproportionation, on the melting of reaction mixture components, or as a result 
of the introduction of urea additives. 
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Zusammenfassung - -  Die w/ihrend der Erw~irmung yon LiH2PO 4, Li2HPO4 und Li.sP3Ol0.5H20 

sowie yon Gemischen yon LiHEPO,,-2Li2HPO4 und LiH2PO 4 -  Li~P2OT(I ) in Vakuum, Luft und 
Wasserdampfatmosph/ire bei 20-1050 ~ verlaufenden Umwandlungen wurden isotherm und 
nichtisotherm mittels TG, DTG, DTA, DSC, IR-Spektroskopie, XRD und TLC untersucht. Es wird 
gezeigt, dab dii~ Festk6rperreaktion der Komponenten von Gemischen mit dem allgemeinen Verh/iltnis 
Li : P ~ 5 : 3 - -  im Gegensatz zur Reaktion der Komponenten der entsprechenden, Natrium- bzw. 
Kaliumphosphat enthaltenden Gemische - -  nicht zur quantitativen Bildung von Lithiumtriphosphal 

fiihrt. Das wird der hohen Kristallisationsgeschwindigkeit von Lithiumpyrophosphat zugeschrieben, 
das wegen seiner geringen Reaktionsf/ihigkeit keiner weiteren Anionenkondensation unterliegt. Die 
Triphosphat-Ausbeute ist in fliissiger Phase, die durch Disproportionierung sauer Salze, durch 
Schmelzen der Reaktionskomponenten oder bei Zugabe von harnstoff gebildet wird, gr6Ber. 

Pe3mM e-  MeTo~aMn TF, ~TF, ~CK, ~TA, peaTieao~ba30soro a TCX-ana~n30B, HK cnegTpO- 
CtCOHHH Hcc~ej1oBaHbl n30- H HeH3OTepMHtleCgHe npenpameHH~, HpOHCXO,aRHI~[e npH HarpeBaHHX 
LiH2PO 4, LizHPO 4, LisPaO1o'5H20 , cMecefi LiH2PO4+2Li2HPO 4 K LiH2PO4+ Li4P20 7 (n) s 
aaryyMe, aTMocqbepe ao3~yxa a napoa ao~tu npu 20-1050 ~ Ilogaaano, qTO vBepJ/oqba3noe 
B3anMoaeficTsne IgOMrioHenToa CMt~..Cfi C o6maM OTHOmeHHeM Li : P ~ 5 : 3, a OTanqne OT TBepi10- 
gbaauoro BaaHMo~IefieTBHS ana~ornqHblX CMCCefi ~boc~baToa HaTpna (ra~ns), He npHaO~aT g 
roaaqecTaennoMy o6pa3oaaaHm 6e3ao~Inoro TpHnoaaqboC~aTa. ~TO o61,acnaeTca sb~corofi CrO- 
pOCTbrO gpncTa.aJlnaaHna cpe~lHero napo~bocqbaTa anTna, KOTOpblfi, acaeacTBne caoefi HH3KOH 
peRKRHOHHOfi cnOCO6HOCTH, He yqacTayeT a ~a.abHe~tllefi aHtlOHHOfi KOH~IeHCalU4H. Yaeymqenn~o 
ablxoaa TpunOaH~bOCqbaTa cnoco6cTayeT xn~ras  qbaaa, o6paayvomaaca B pe3y21bTaTe ~ncnponop- 
HflOHHpOaaHaS gHCJ~b~X co~e~, aac~eHaa ao6aaor MoqeBHHb~ H~H HAaB~eHHS KOMII'OHeHTOB p~aKHHOH- 

HOfi CMeCH. 
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