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In contrast with the well-known zirconium and titanium phosphates, products containing
these metal ions together are unknown. To investigate the thermal behaviour of such materials,
samples were synthetized with various ratios of the two metal ions. The samples were identified
by means of X-ray diffraction. Their thermal behaviour was investigated in the temperature
interval 25-1000 °C via simultaneous TG, DTG and DTA measurements. The data obtained are
presented in this paper.

During the past 20 years, synthetic inorganic materials with ion-exchange
properties have been investigated in detail. The best known of them is zirconium
phosphate, the thermal behaviour of which was investigated earlier [1]. The thermal
decompositions of various titanium phosphates have also been investigated [2].

In contrast, the thermal behaviour of materials containing both these metal ions
is not known.

In this paper we present results on the thermal decompositions of materials
containing zirconium and titanium ions together in various ratios.

Experimental
The mixed acidic salts of the given metal ions were synthetized as follows. The
amorphous gel was prepared as described earlier [10], then aged for 48 hours in the

mother liquor. It was next filtered off and the residue was washed (once) with
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Table 1 Conditions of synthesis

Sample Method Drying temp., Washing Final pH Zr/Ti ratio Gnion
no. °C agent
1 4.0 9:1
2 4.1 2:1
3 HF 60 water 3.8 1:1 PO;~
4 4.0 1:2
5 4.0 1:9

distilled water. Subsequently, the semicrystalline materials was refluxed in 12 M
H,PO; for 100 h [3-4].

The conditions of the syntheses are given in Table 1.

The final samples were stored at room temperature over saturated NaCl solution
(p/po = 75%). The metal and anion contents were determined in conventional
ways: the metal ions colorimetrically [5] and the phosphate content
photometrically [6].

The samples were identified by means of X-ray diffraction with a DRON
diffractometer, with a CuK, (Ni-filtered) beam.

The thermoanalytical experiments were carried out with a Paulik—Paulik-Erdey
(MOM, Budapest) derivatograph [7], which is capable of recording TG, DTG and
DTA curves simultaneously. Given quantities of the samples were heated in a
quartz crucible in the temperature range 25-1000°. The measurements were
performed in air, with alumina (x-Al,0,) as reference material (Table 2).

Results and discussion

The synthetized samples were shown by X-ray diffraction measurements to be
crystalline (layered) materials.

Table 2 Conditions of thermal analysis

Sample  yioht, mg Sensivay Time, min | CALNE rate,
no. T.°C  TG,°C DTG DTA deg/min
1 420

2 622

3 115.6 1000 100 15 15 100 10

4 56.4

5 183.4
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Table 3 Compositions of investigated samples

Metal content

Sample no. 7 = 2. Me**/PO3 " ratio
I 0.90 0.10
2 0.67 0.33
3 0.50 0.50 2.0
4 0.33 0.67
5 0.10 0.90

The analytical data indicated the compositions shown in Table 3.

The results of thermoanalytical investigations are to be seen in Figs 1-5.

Sample 1, containing about 10% of titanium (Fig. 1), revealed three endothermic
processes with weight loss. The first two, nearly equal peaks at 160° and 270° are
smaller than that at 610°, but the weight loss associated with the latter is similar to
that of the first two.

At higher temperatures, a very small and a more considerable exothermic
process, without weight loss, were observed at 880° and 910°, respectively.

Further, 0.36 mol of water adsorbed on the surface was lost up to 40°.

At about 850°, o'-TiP,0, changes into cubic TiP,0,, and at above 900°
monoclinic &-ZrQ, changes to tetragonal -ZrO, [8-9]. These phenomena could be
followed via X-ray diffraction [11].
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Taking into consideration the analytical data, the thermal decomposition of
sample 1 may be described as follows:

40-400°
Zr Ti, _ . (HPO,), -H,0 —m)~——> Zr,Ti, _ (HPO,),
42
400-650° above 900°

T Zr~Ti,_,P,0; —————— (Zr0,), (TiP,04), -,
where x=0.9.

For sample 2 (Fig. 2), a weight loss was found up to 45°, which corresponds to the
water adsorbed on the surface.

Additionally, two endothermic processes (nearly equal sharp peaks) with weight
loss were observed. At higher temperatures, there was a very small peak (800°) and a
more pronounced (895°) exothermic peak, without weight loss. The thermal
decomposition of sample 2 can be described as follows:

. 45-400° .
Zr,Ti, o (HPO,), 2 Hy0 — o Zr, iy (HPO,), H,0
—il2
400-660° ) ~900° .
T Zr, Ty, _,P,0; ———— (Zr0,)(TiP,05), _,
—H;
where x=0.66.
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Fig. 3 Thermal curves of sample 3

. For sample 3 (Fig. 3), 0.05 mol of water (adsorbed on the surface) was lost up to
50°.

Two endothermic processes with weight loss were found, with peaks at 170° and
570°. Exothermic processes relating to the transformation of the crystal forms were
found at higher temperature.

The thermal decomposition of sample 3 can be described as follows:

45-120°

Zr,Ti, - (HPO,); 2H,0 — o Zr,Ti;(HPO,), - H,0
—i12

120-400° . 400-680° .
T Zr,Ti, (HPO,), T Zr,Ti, P,0,

above 900°

(Zroz)x : (T1P207)1 -X

where x=0.5.

For sample 4 (Fig. 4), 0.05 mol of surface water was adsorbed and two
endothermic processes with weight loss were found. The first revealed about twice
as high a weight loss as the second one.

Further, the same exothermic processes without weight loss take place at higher
temperature.
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The following thermal decomposition of sample 4 may be assumed:

0—400°
Zr.Ti, _ (HPO,), 2H,0 —020" 7 i, __(HPO,),
“2H,0
400-680° . b 900° .
O 70Ty, P,0, 2T (Z10,), - (TiP,0,), -,
“H,0
where x=0.33

Sample 5 (Fig. 5) also contains 0.05 mol of adsorbed surface water. A further two
endothermic processes with weight loss were found, with peaks at 240° and 535°.
The exothermic processes without weight loss were found at higher temperature.
These results, combined with the X-ray data, suggest that the thermal decom-
position of sample 5 can be described as follows:

45-440°
Zr,Ti, _ (HPO,), H,0 —%O—Q—. Zr,Ti, _(HPO,),
—ti2
440-650° above 900°
—_—

H.O Zr,Ti; ,P,0; ——————— (Zr0y), - (TiP,0,),
2

where x=0.1.
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From the results described above, the following conclusions can be drawn:

1. All samples contain a small quantity of adsorbed surface water, which is lost
up to 50°. '

2. The samples contain different quantities of crystalline water, which is lost up to
450°. These quantities are related to the metal ratio; in samples 1 and.5, which have
compositions near those of the pure one-metal phosphates, 1 mol of crystalline
water was found, the same as in the one-metal phosphates: a-Zr(HPO,), - H,O and
a-Ti(HPO,), - H,O. In accord with the modification of the crystal structure [11], at
intermediate metal ion ratios (samples 2—4) 2 mol of crystalline water was found.

3. The following phenomena were identified: the known transformation

bove 850° -
o-TiP,0, (with =P—0O—P= structure) _BDOVE BN | cubic TiP,0,

bove 900° ..
and a-ZrO, _Bove 70, p-ZrO, (monoclinic to tetragonal).
4. On the basis of the above data, the thermal decompositions of the samples can
be described as follows:

. 50-400° .
Zr,Ti, (HPO,), 2H,0 H,0 Zr,Ti, _ . (H,PO,),
400-680° above 900°

H,0 Zr,Ti, _,P,0;, —————— (Zr0,), (TiP,0,), -,

where (x+y) = 1
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To summarize, the thermal decompositions of samples containing various
amounts of the two tetravalent metals are similar to those of the original materials
containing only zirconium or titanium metal ions. This behaviour may be of interest
from the aspect of evaluation of the ion-exchange properties of these materials.
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Zusammenfassung — Im Gegensatz zu den wohlbekannten Zirkonium- und Titanphosphaten sind beide
Metallionen gleichzeitig enthaltende Produkte unbekannt. Zur Untersuchung solcher Substanzen
wurden Proben mit unterschiedlichen Mengen der beiden Metallionen gefertigt und mittels
Ronigendiffraktion identifiziert. Die Proben wurden im Temperaturbereich 25-1000 °C mittels
simultaner TG-, DTG- und DTA-Messungen untersucht. Die Ergebnisse werden in dieser Arbeit
mitgeteilt.

Peziome — B poTHBONOIOXHOCTE XOPOWIO H3BECTHHIM (pochaTaM MUPKOHUS U TUTAHA, CMEIIaHHBIE
docate 060X MeraiIoB Hem3BecTHBL. C HENbIO MCCACHOBAHMS TEPMHYECKOrO HOBEICHHS TAaKHMX
COeMHEHHH OHU GBLUTH CHHTE3HPOBAHBI IPH PA3IHYHOM COOTHOLIEHHY o6onx MeTainos. [TonyuenHble
TaKUM OYTeM o0Opasnel ObIIM  HMACHTHOMPOBAHBI PEHTTEHO-IH(GPPAKIHMOHHBEIM METOAOM, a
TEPMHUUECKOE TOBETEHUE UX OBLIO M3y4eHO coBMereHHbIME MeTogam TT, ITT u [ITA B unTeppane
temnepartyp 25-1000°. TIpencrapnens! noyryueHHbIE JaHHbBIE.
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