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ABSTRACT

The preparation of vy-titanium phosphate from mixtures of 8 and y phases by treatment
with NaCl and subsequent reverse reaction with HCL, is described. The hydration process of
B-TiP was studied. Solids with a P,O; /TiO, ratio greater than one were obtained and their
thermal behaviour and hydration capacity were determined. The materials were characterised
by chemical analysis, thermal analysis (DTA and TG) and X-ray diffraction,

INTRODUCTION

The interest in inorganic ion-exchangers due to technical problems derived
from the instability of organic resins against high temperatures and strong
ionizing radiation, has made possible the wide development reached in the
study of insoluble acid salts of tetravalent metals.

Several crystalline varieties of these salts have been described and those
having an a-structure, such as the a-zirconium bis{monohydrogen ortho-
phosphateymonohydrate, have been widely studied [1,2]. To be specially
noted are the titanium phosphates because, in addition to their exchange
properties, they are low-priced raw materials.

The behaviour of these compounds as jon-exchangers is a function of their
crystallinity and structure and, therefore, their perfect characterisation is of
primordial importance.

From the literature, different methods of preparation of inorganic ion-ex-
changers with layered structure can be seen, the most commonly found being
the reflux method. In recent years, various preparations of titanium
bis{(monchydrogen orthophosphate) with several hydration degrees by means
of this method have been described. Among them, titanium bis{monohydro-
gen orthophosphate) with a y-structure should be noted owing to its great
interlayer distance (11.6 A) [2,3].

In 1975, Kobayashi [4] prepared a crystalline titanium phosphate with the
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composition Ti(HPQ,),- 1H,0, by refluxing a titanium phosphate gel in
concentrated H;PO, for 24 h and washing the solid obtained with acetone or
ethanol. Later, by refluxing a TiOSO, solution in concentrated H,PQO,, he
obtained a solid which, washed with water, had the chemical composition
Ti(HPO,), - 0 4H,0 [5]).

Alberti et al. [6], following a similar procedure to the first one described
by Kobayashi, but with a greater reflux time (1 week) and by washing with
distilled water, obtained a crystalline compound (Ti(HPO,), - 2H,0) which
they called y-TiP [7] because of its similarity to y-ZrP. Recently, Kobayashi
[8] investigated the characteristics of various types of hydrated titanium
bis(monohydrogen orthophosphate), the previously reported Ti(HPO,), -
0— $H,0 [4,5] is called the ( 8—v) form which, as a mixture, is a quasi-stable
form.

v-TiP loses its two molecules of hydration water in the temperature range
40-100°C, being transformed into B8-Ti(HPQ, ), which tends to rehydrate in
air [9,10].

When amorphous titanium phosphate was refluxed in concentrated
H,PO,, a product with a different composition was obtained depending on
the eluent used in the elimination of the phosphoric acid [4-8]. In this paper,
the results obtained by using water or acetone as washing agents, are
examined,

EXPERIMENTAL
Reagents

All chemicals used were of reagent grade.
Analytical procedures and experimental technigues

The determination of the concentration of phosphorus and titanium in the
solid was carried out gravimetrically [11]. The water content of the y-
Ti(HPO,), - 2H,0 and B-Ti(HPQ,), phases was determined from the weight
loss of the solids, in an electric furnace at 1000°C. The H,PO, content in the
Ti(HPO,), - zH;PO, solid was obtained by shaking the solid in deionized
water for several hours and analysing the H,PO, amount in solution by
titration with 0.05 mol 17! NaOH, using phenolphthalein or methyl orange
as indicator. The thermogravimetric analyses (TG) were performed in a
Setaram MTB10-8. The differential thermal analyses (DTA) were performed
in a Setaram MTB-M4. The X-ray diffraction was performed in a Philips PV
1050723 (A = 1.5418 A).
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Reflux experiments

Amorphous titanium phosphate obtained by the method of Alberti et al.
[12] was refluxed in 15.5-17.0 mol I~' H,PO, in the ratio 20 cm’: 1 g for
7-10 days and, after cooling, the solid was separated by centrifugation. A
portion was washed several times with deionized water until pH 3.5 and
stored over a saturated solution of BaCl, at toom temperature ( P/P° = 0.9).
The remaining solid was washed with acetone several times and stored over
P,O..

Preparation of the y-Ti(HPO,}, - 2H,0 phase

The Ti(HPO, ), - xH,O solid obtained in the reflux was equilibrated with
a 0.5 mol 1 ! solution of NaCl in the ratio 100 cm®:0.75 g for 3 h. The solid
was centrifugally separated and treated with 0.5 mo! 17! HCI at the same
ratio for 3 h. This process was repeated three times. After centrifugation, the
product was washed with deionized water until pH 3.0-3.5 and stored over a
saturated solution of BaCl,.

Preparation of the B-Ti(HPO,), phase

The y-Ti(HPO,), - 2H,O solid was heated at 210°C for 48 h and stored
over P,Os.

Hydration of the T{HPO,), - zH; PO, and B-Ti(HPQ,), solids

In the presence of water, both solids transformed originating phases with
X-ray patterns showing reflections corresponding to the initial solids and
characteristics of y-Ti(HPOQ,),-2H,0. The degree of transformation with
time was determined quantitatively from the calibration curves of X-rays
obtained from mixtures of the pure solids (y-Ti(HPQO,), - 2H,O +
Ti(HPQ,), - zH,PO, and y-Ti(HPO,), - 2H,O + B-Ti(HPO,),) and by
calculating the area corresponding to the first reflection of each phase [13].

RESULTS AND DISCUSSION
Water as eluent

The product obtained in the reflux washed with deionized water had the
composition Ti(HPQO,),-xH,O (x=0.8-1.1). The X-ray pattern of this
solid (Table 1) showed many reflections, all of them corresponding to the
B-TiP and y-TiP phases. To be specially noted were the values at d=9.12
and 11.56 A of the interlayer distance of these phases. The TG curve (Fig. 1)
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Fig. L. DTA and TG curves of 8-TiP (a), Ti(HPO, ), xH,0 (b). y-TiP (c). T{HPO, ), zH, PO,
(d) and Ti(HPO,), - zH, PO, heated at 210°C for 40 h (e).

showed four endothermic peaks and one exothermic peak, and two well-de-
fined weight losses; the former between room temperature and 160°C and
the latter over 330°C.

Zone A in these curves corresponds to the transformation of the y-phase
into the B-phase. The process occurred in two overlapped steps correspond-
ing to each water molecule of y-TiP. The subsequent endothermic reactions
(zone C) were a result of the condensation of the hydrogen phosphale groups
of the B-TiP phase, producing «-TiP,O, Two defined processes again
appeared; they were explained by La Ginestra and Massucci [9] as being due
to the formation of an intermediate pyrophosphate /phosphate phase with
an interlayer distance of 8.3 A which explained the delay in the condensation
process. At 880°C, a-TiP;O, was transformed into its high-temperature
form.

It has been reported [9,10] that the 8-phase tends to produce the y-phase
in air. Nevertheless, when the solid described above was at high relative
humidity (in a desiccator with water or a saturated solution of BaCl,) or in
contact with water or diluted solutions of H,PQ,, an evolution towards the
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v-phase was observed though the total conversion was never reached. Under
the present working conditions, the hydration of the S-form was not an
adequate method for obtaining y-TiP.

Owing to the importance of the attainment of pure materials in the study
of ion-exchange properties, it 1s necessary to find an alternative method for
the transformation of B-TiP into y-TiP. Since y-ZrP was obtained through
an Na phase [14] a similar behaviour might be expected for y-TiP. When the
B and y mixtures were treated with a diluted solution of NaCl, a product
was obtained whose X-ray pattern (Table 2) is similar to that described by
Allulli et al. [3] for the TiNa,sH, (PO,),- H,O phase. By means of treat-
ment of the Na phase with a diluted solution of HCI the acid exchanger was
obtained. Characterisation by chemical analysis, X-ray diffraction (Table 1),
DTA and TG (Fig. 1) suggested that the solid was y-TiP. By heat treatment
at 210°C it was transformed into a solid which, characterised in a similar
way (Table 1, Fig. 1), turned out to be 8-TiP.

The attainment of the pure 8 and y phases made possible the quantitative
determination of mixtures of these solid phases by X-ray diffraction. The
study of the hydration of the 8-TiP phase at a relative humidity of 100%
initially showed a high hydration rate which subsequently decreased, a
conversion of 76% being reached in 17 days. These results explain why
Kobayashi and Yamazaki [8] considered the f—y mixtures as “quasi-stable”
phases.

TABLE 2

X-ray diffraction data of the sodium phase of y-TiP

TiH, sNays(POy),- H, O [5) Reflux solid treated

with Na(l

11.0vs 11.05s
6.21vw 6.15w
588w 6.00w
5.06w 4.96w
4.67vw 465w
423w

39Tvw

3.78m 3.78s
3.73m 3.73s
3.66w 3.55w
3.13w 316w
3.01w 301w
2.98w 2.98w
2.86vw 2 89vw

277w 278w
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Acetone as eluent

The reflux product washed with acetone had the composition Ti(HPO,), -
zH,PO, (z = 0.3-0.5). The d-values of the reflections observed in the X-ray
patterns are shown in Table 1. A total agreement with the d-values of 3-TiP
can be seen, though the reflections were less strong. Thermal analysis (Fig. 1)
showed a different behaviour to that of the 8 and y phases. Four endother-
mic processes were observed corresponding tc well-defined weight losses.
Zome B, characteristic of this product, should be noted.

Ti(HPO,), - zH,PO, quickly absorbed water from the air giving rise to an
X-ray pattern with reflections characteristic of ¥-TiP in addition to the
initial ones. When the solid was stored over water similar behaviour was
observed; the intensity of the reflections characteristic of the y phase
increased with time, and after 50 h a conversion degree of 34% was reached
(Fig. 2). Thermal analysis of these partially hydrated samples showed that
the initial pattern was maintained with stronger losses in zone A. The two
walter molecules of y-TiP should be lost in this zone, as happened in the
solid washed with water.

In order to explain the process occurring in zone B of the pattern. a
sample of Ti(HPO,),-zH,PO, was heated at 210°C for 1 h. Its pattern
showed reflections characteristic of a-TiP,0O, which were the only ones
remaining when the treatment lasted for 40 h (Table 3). In this case, the TG
curve did not show weight losses in zone B. In this temperature range, the
condensation of the hydrogenphosphate groups into pyrophosphate took
place.

Weight loss at temperatures over 300°C (zone C) was verified in two steps
increasing with the H,PO, content in each sample. X-ray patterns corre-
sponded to those of a-TiP,O,. The shape of the TG curve can be attributed
to the behaviour of the P,Q;,/H,O system in the liquid phase [15] because in
these systems a loss of water initially takes place, H,PQ, starting to
evaporate from temperatures about 300°C until the azeotrope with 92% in
P,O; (boiling point 840°C) is reached.
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Fig. 2. Conversion-time curves of B-TiP (O) and Ti(PO,),-zH,PO, (v) at a relative
humidity of 100%.
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TABLE 3

X-ray diffraction data for the heating products of titanium hydrogen phosphate
Ti(HPQ,),- zH, PO, a-TiP,0, * -TiP (800°C) [10]
(210, 500, 1000°C)

4.50w 4.51Tm 4.51m

3.91vs 391vs 391vs

3.50s 3.50s 3.50s

319s 3.19s 3.19s

? According to Levi and Peyronel (1935). ASTM X-ray data cards.

Although in similar materials to those studied in this paper the insertion
of basic groups used to be easier [16], compounds with interlayer H,PO,
have also been detected [16-18]. They are highly unstable in contact with
liquid water or water vapour. The presence of interlayer H,PO, should
explain the loss of crystallinity of the material and the premature appearance
of a-TiP,O, in the heat treatment.

When Ti(HPO,), - zH;PO, was in water for 15 h, all its H,PO, passed
into the solution and the X-ray pattern showed reflections corresponding to
a mixture of § and y phases. At the same time, in TG curves the disap-
pearance of weight losses in zone B can be observed, it behaving in the same
way as the Ti(HPO,), - xH,0O. The easy extraction of H;PO, by means of
water detracts from the results attainable in the study of Ti(HPO,), - zH,PO,
as an ion-exchanger in an aqueous medium.
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