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The hydrated rare-earth orthophosphates LnPO,-xH,0 (Ln = La-Dy) contain zeolitic
water in the structural channels, which is released reversibly up to 300°. The thermal stabilities of
the hydrates depend upon the nature of the Ln atom. The dehydration temperature decreases
with decreasing ionic radius r of Ln3*, according to the general equation & = (r— a)/b (where 8 is
the DSC and/or DTG dehydration peak temperature, and a and b are empirical constants
depending on the experimental conditions}.

The contracting-area rate equation was valid for linearization of the isothermal « vs. time
plots in the range a € {0; 0.65). Kinetic values of E, 4, AH* and AS* were calculated and the
kinetic stabilities of the hydrates are discussed.

The hydrated rare earth orthophosphates LnPO, - xH,O (Ln = La-Lu, Y and
Sc) form two structural groups: _

(a) LnPO, hydrated (Ln = La-Dy) crystallizing in hexagonal symmetry [1, 2],
which are isostructural with the mineral rabdophane (CePO, - 0.5H,0), in which
Mooney [1, 2] found zeolitic. water bound in the channels of the structure. -
Kuznetsov et al. [3, 4] used X-ray diffraction methods and described zeolitic water
in LnPO, - xH,0 (Ln = La, Pr, Nd and Sm). They concluded that this water does
not stabilize the structure of LnPO,, up to 300°. Further complementary data on
these compounds are given elsewhere [5-9].

(b) The structure of the second group of LnPO, - xH,O involves smaller Ln3*
(Ln = Ho-Lu, Y and Sc). These compounds crystallize in tetragonal symmetry,
and the water is arranged differently than in the former group [7].

In this work we have studied the thermochemical properties of the zeolitic water
present in LnPO, - xH,O of structural group (a), the kinetics of its release and some
correlations between the thermal behaviour of the hydrate and the ionic radius of
Ln3*.

13 John Wiley & Sons, Limited, Chichester
Akadémiai Kiado, Budapest



756 HORVATH et al.: THERMOCHEMISTRY OF THE HYDRATED
Experimental

The samples of LnPO,-xH,0O were prepared by precipitation from 0.2 M
solutions of Ln(NO;); and NH,H,PO, at pH 8-9.

Thermoanalytical measurements were performed with a DuPont 990 Ther-
moanalyzer, using the TG 951 thermobalance and the DSC cell. 10-20 mg samples
were heated isothermally and/or at constant heating rate (10 deg min ™!} in static
air or in a N, stream (1 cm?® s~ 1), then rehydrated during programmed cooling
(5 deg min ') in a N, stream saturated with H,0 at room temperature.

Enthalpy changes of dehydration (4H,) or rehydration (— 4H,) were evaluated
from the DSC curves.

Results and discussion

In principle, two distinct steps of dehydration occur during heating up to 300°
(Figs 1 and 2). the first step indicates the release of physically bound water
(hygroscopic water); the escape of zeolitic water occurs at higher temperatures.
Whereas the amount of hygroscopic water depends strongly on the conditions of
storage, the amount of zeolitic water remains constant for each sample and
equilibrium is established very rapidly during rehydration. The reversibility of the
dehydration—rehydration processes may be described by the equation:
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Fig. 1 TG and DTG curves for dehydration and rehydration of LnPO, in N,
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where x is the number moles of zeolitic water, and 0, , and AH, , are the DTG or
DSC peak temperatures and the enthalpy changes of dehydration and rehydration,
respectively. The data determined for Eq. (1) are presented in Table 1. They show
that the nature of the Ln atom does not influence the amount, but it does lead to
variations in the temperature and enthalpy change of the release of zeolitic water.
The dehydration peak temperature decreases with decrease of the ionic radius r of
Ln** in the sequence:

La>Nd>Eu>Gd>Tb

T~

1 L 1 |
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Fig. 2 DSC curves for dehydration (1) and rehydration (2) of LnPO, in N,

Table 1 Thermochemical data on dehydration-rehydration reaction of LnPO,-xH,0

Dehydration Rehydration
X
Sampl —_— 0,,°C AH N,+H,0
ample mol H,0 1 1 2 2

N, N,+H,0 air N, 6,.°C 4H,

DSC DTG DSC DTG DSC DSC DSC DSC
TbPO, 0.46 165 148 180 171 204 59 162 55
GdPO, 0.47 175 155 196 180 208 56 176 49
EuPO, 0.39 180 162 197 191 207 56 177 48
NdPO, 0.53 192 166 215 199 222 45 196 37
LaPO, 0.53 200 183 230 214 243 44 215 32

* The values 6f AH, and AH, are in kJ mol™! H,0.
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Fig. 3 The relations between DSC and/or DTG peak temperature and the ionic radii of Ln®* at
various experimental conditions. ¢ DTG (N,) o DTG (N, + H,0) c DSC (N, + H,0) A DSC

(sl. air)

The most pronounced linear relations 8, = f(r) are shown in Fig. 3, and may be
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described by the general equation:

where a and b are constants depending upon the experimental conditions. The best
straight-line fit (correlation coefficient = 0.997) was given by DSC measurements
shows some relations between the calorimetric values and the
atom. The enthalpy change of rehydration increases with
nic radius in the sequence:
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4 Isothermal dehydration of TbPO, + 0.46 H,O in N,
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Fig. 5 Dehydration of TbPO, * 0.46 H,0 plotted with the contracting area rate equation

The kinetics of dehydration was studied isothermally. Isothermal a (fraction
dehydrated) vs. time plots (Fig. 4) were correlated with selected kinetic models for
the best straight-line fit, and the rate constants were computed. It was found that the
dehydration obeyed the rate equation for contracting area (Fig. 5):

1-(1— )% = kt 3)

Finally, the values of energy (E), enthalpy (4H *) and entropy (45 *) of activation
and the preexponential term (4) were calculated (Table 2).

The energy of activation and the preexponential term may be used for evaluation
of the kinetic stabilities of ‘he hydrates, which may be indicated by the starting
temperatures of dehydration, as discussed by Logvinenko [10]. If we assume the
highest sensitivity of the DuPont thermobalance to be 1075 s~ (expressed as the
rate constant), then it is possible to calculate the approximate starting temperatures

Table 2 Kinetic data on dehydration of LnPQ, - xH,0 for xe<0; 0.65)>

E, A AH* AS* [7)
S l £ > I b start.?
ample kJ-mol~! st r kI'mol™' J-K !'mol™! °C
TbPO,-0.46 H,0 151 -10'7 0.995 148 72 83.6
GdPO,-0.47H,0 144 105 0.997 141 45 90.3
EuPO,-0.39 H,0 127 1013 0.996 124 - 32 91.9

r - correlation coefficient of Arrhenius relation (4-5 isothermal measurements);
6 — the starting temperature of dehydration calculated by means of Arrhenius data and supposed
max. sensitivity of thermobalance.
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of the release of zeolitic water from LnPO, hydrates via the equation:

10 S =lnA-—— _ @)

R-0

start.

where 4 and E are known values from Table 2.

The values of 8,,,, (Table 2) are in good agreement with the sequence determined
from the thermal measurements using the DTG or DSC peak temperatures, and
confirm the observed correlation between the thermal stabilities of these LnPO,

hydrates and the Ln3* cation radii.
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Zusammenfassung — Die hydratisierten Seltenerdiphosphate LnPO,-xH,0 (Ln = La bis Dy)
enthalten in Kanalen jhrer Struktur zeolithisches Wasser, das reversibel bis 300 °C abgegeben wird. Die
thermische Stabilitit der Hydrate hdngt von der Natur des Ln ab. Die Entwisserungstemperatur 6 sinkt
mit abnehmendem Ionenradius r der Ln®*-Ionen gemdss: 6 = (r—a)/b (a und b sind empirische
Konstanten, die von den experimentellen Bedingungen abhingen). Die isotherme Entwisserung lasst
sich im Umsatzbereich 0 <« <0,65 mit der Gleichung fir kontrahierende Fliche (zweidimensionale
Phasengrenzreaktion) beschreiben. Die kinetischen Grdssen Aktivierungsenergie £, -enthalpie AH*,
und -entropie 45* wurden berechnet und die kinetische Stabilitat der Hydrate wird diskutiert.

Pessome — OprodochaThl peaxoseMenbHbix 31eMeHTOB obmied  dopmynst  LnPO, xH,0
(Ln = La—Dy) B CBOMX CTPYKTYPHBIX IIOJIOCTSX COAEPXAT LEOJHTHYIO BOJY, BbLACIAIOUIYIOCH
obpatumo npu Temnepatype A0 300°. TepMOyCTOHYMBOCTL THAPATOB 3aBHCHT OT IPUPOIKI
peakozeMenbHOro eMenTa. TeMrepaTypa OeTAAPATAMH YMEHBIIACTCA C YMEHIICHHEM HOHHOTO
pagyca r QJIEMEHTa B COOTBETCTBHM C ypaBHeHHeM 6= (r—a)/b, rne 6 — JACK wam [TA
TEMIIEPATYPHBIH ITHK ACTHApATAllMH, 4 4 M b -— DMIMPHYECKHE KOHCTAHTHI, 3aBHCHILIHE OT
IKCIIEPMMEHTAIBHAX YCIOBHH. VpaBHEHHE CKOPOCTH PeaKIMH THHA CKHMAcMOi Iuromaan OmUIo
COpaBe/UTHBBIM [11% JIHHEapH3auK rpadHKOB H30TEPMHYECKan o — BpeMs B HHTepBatie a € {0; 0,65).
BriyHClieH KHHETHYECKHE BeduunHbl K, A, AH* 1 AS* % obcyxaeHa KAHCTHYECKAs YCTOHYHBOCTH
rUApaTos.
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