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Abstract

The thermal behavior, thermostructural and morphological changes, of rare earth phosphate powders RePO, - nH,O (Re=La, Ce
or Y) was investigated up to 1500°C using high temperature X-ray diffraction, FT-infrared and Raman spectroscopies and
thermogravimetry coupled with differential thermal analysis. The hydration water of the compounds was zeolitic (for Re=La or Ce)
or coordinated (for Re=Y) and was associated with a divariant or a monovariant equilibrium of dehydration, respectively. The high
temperature anhydrous monoclinic phase LaPO,4 or CePO, formed irreversibly at about 750°C after the total dehydration of the
hexagonal hydrated structure while the dehydration of the monoclinic YPO,-2H,0 phase began from about 190°C with its
simultaneous decomposition into tetragonal YPO,4. A polytrioxophosphate secondary minor phase Re(POs); resulting from
adsorbed H3PO4 was formed at 950°C and decomposed at 1350°C. The particle morphology did not change with the temperature

but grain coalescence occurred below 1000°C.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

This paper is the second part of a study devoted to
rare ecarth phosphate compounds. It concerns the
thermal behavior of three rare earth phosphate powders
(Re=La, Ce or Y), the synthesis of which was exposed
in part I [1]. Several authors have investigated the
thermal behavior of rare earth phosphates in order to
determine the temperatures of thermostructural changes
from the hydrated to the anhydrous phosphate forms
for the different lanthanide ions based compounds [2-6].
Hikichi et al measured the melting point of the main
lanthanide phosphates LnPO, [7]. At the end of the
1970s, some works have been devoted to the formation
of new compounds from the decomposition of rare earth
phosphates at high temperature [8-10]. Then, studies
concerning the establishment of phase diagrams in the
system Ln,0s—P->Os were published for Ln=1La [11, 12],
Nd [13] or Ln=Y and Gd [14]. But, there is no study
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dealing with the high temperature behavior of synthetic
rare ecarth phosphate powders from a more global
approach with the aim of elaborating dense ceramic
parts. The knowledge of the behavior of powders at high
temperature is of prime importance in order to control
the sintering, and therefore the properties of the
densified ceramic materials.

The aim of this work was thus to determine the
structural and morphological changes of lanthanum,
cerium or yttrium phosphate powders according to the
temperature as well as the domains of thermal stability
of the different phases. To this end, thermogravimetry
coupled with differential thermal analysis, high tem-
perature X-ray diffraction, Fourier transform infrared
spectroscopy and Raman spectroscopy were used.

2. Materials and methods

The powders were prepared from the aqueous
precipitation method detailed in part I of the study.
For the present part of the work, the syntheses were
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Table 1

Main characteristics of the raw precipitates

Reference LaP Tamb LaP T50h20 CeP T50h20 YP T50h00 YP T50h01
Structure Hexagonal Hexagonal Hexagonal Amorphous Monoclinic
(PDF file No.) 46-1439 46-1439 35-614 85-1842
Hydration H,O/mol 0.61 0.57 0.60 1.2 2

So/m’g ! 78.4+0.4 68.840.3 69+1.0 105+ 1.0 1.95+0.03
Bulk density 3.90 3.98 4.16 2.95 2.18

Re/P

Mole ratio 0.90 0.94 0.96 0.93 0.95
Re(PO3)3

(Wt%) 2.18 1.62 1.11 1.40 0.80
performed using a Re/P mole ratio of the initial reagents 0 ST

equal to 1 without any control of the pH value, at 50¢

different temperatures (referred as 7xx, with xx in . 27 o 2
Celsius degree) and for various ripening times (referred S c i
as hyy, with yy in hours). The main characteristics of % 41 § g
these powders are summarized in Table 1. Lanthanum ° T -g
or cerium phosphate powders were rhabdophane-type :__%? 61 o 3
compounds (hexagonal system) while yttrium phosphate ; 8] E =
powders were either amorphous or churchite-type = s B
compound (monoclinic system). Elementary analyses, 3_10_ ------------------------------------- ,1,280 5T
X-ray diffraction (XRD), Fourier-transform infrared 140°C

spectrometry (FTIR), scanning electron microscopy 12 . ‘
(SEM), specific surface area measurements (Sp) and 0 500 1000 1500

bulk density measurements were performed according to
the procedures already described in part 1.

Raman spectra were obtained with helium—neon laser
excitation (632.8 nm) using an OMARS 89 spectrometer
coupled with a metallographic microscope. The spectra
were recorded in the 170-3700cm™' range with a
resolution of 2cm ™.

The thermostructural evolution of powders was
investigated from high temperature X-ray diffraction
(XRD) using a diffractometer (Siemens, Model D5000,
Germany) fitted out with a high temperature furnace
(Anton Paar HTK 10, Pt heating sample holder) and an
Elphyse position detector (aperture: 14°). The heating
rate was 10°Cmin~'. Each diagram was recorded after a
setting time of 10 min at the chosen temperature in the
range 20—1100°C under air atmosphere.

Thermogravimetric analysis (TGA) of powders
coupled with differential thermal analysis (DTA) was
performed up to 1500°C at the heating rate of
10°Cmin~"' under nitrogen gas flow (TA instruments,
model SDT 2960, USA). For these analyses, powder
samples were put in a Pt crucible. Dilatometry
measurements were made using a Setaram equipment
(model TMA 92, France). The heating rate was
5°Cmin~'. The powder was initially pressed in a
10 mm diameter die at 120 MPa to produce cylindrical
samples with a compaction ratio of about 60%. The
linear shrinkage (or expansion) was measured using an
alumina extensometer. The contact load between the
extensometer and the sample was 5.10 > N.

Temperature/ °C

Fig. 1. TGA (dashed line) and DTA of lanthanum phosphate
precipitate LaP Tamb.
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Fig. 2. TGA (dashed line) and DTA of cerium phosphate precipitate
CeP T50h20.

3. Results and discussion
3.1. Lanthanum and cerium phosphates
Typical TGA and DTA plots of lanthanum and

cerium phosphate powders are given in Figs. 1 and 2,
respectively. Similar behavior was observed, the weight
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loss occurring in three steps. The first one, below 200°C,
was associated with the release of 3—4 wt% of residual
water adsorbed on the powder surface due to the storage
conditions in air (raw precipitates were dried at 80°C for
24 h after synthesis, then stocked. But they were not
dried again before TG experiments). It was accompa-
nied by an endothermic effect whose maximum was at
about 130-140°C. The second began at about 200°C and
finished at about 600°C. It corresponded with the
dehydration of the hydrated hexagonal RePO,-nH,O
phase (rhabdophane-type). This step proceeded in two
sequences. An important weight loss was registered
between 200°C and 300°C. Then, the dehydration
decreased slowly up to 600°C. Each sequence is
accompanied by an endothermic effect. The first one
was a marked peak with a maximum at 270°C and the
second was much broader. The total weight loss
measured during this second step depended on the
synthesis conditions and corresponded to a hydration
ratio n of the compound between 0.5 and 0.65mole.
Above 600°C two exothermic peaks appeared and were
not associated with any detectable weight change. The
first one began at 600°C with a maximum at 750°C while
the second occurred at 950°C (Fig. 1). Then, at higher
temperature a third weight loss, which was not expected
to occur on the hypothesis of pure rare earth phosphate
powders, was registered between 1150°C and 1400°C. Its
magnitude was more or less important depending on the
synthesis conditions of the powder. In this temperature
range, an endothermic peak could appear with a
maximum intensity at about 1260°C. It must be noted
that the two last thermal peaks at 950°C and 1260°C
were not always detected as illustrated in Fig. 2.

High temperature XRD was performed in order to
identify the phases responsible for these observed
phenomena. Typical XRD diagrams are reported in
Fig. 3. The only detected phenomenon was the phase
transformation between the rhabdophane-type structure
(hexagonal system) and the monazite-type structure
(monoclinic system) that was observed from about
600°C for LaPO4 and 650°C for CePQy, temperatures
that agree with the literature data [2]. The high
temperature monoclinic phase remained stable after
cooling to room temperature. It must be aware that
anhydrous LaPO4 or CePO4 monoclinic-monazites are
different from hydrated YPO,-2H>O monoclinic-
churchite.

These results were confirmed through the character-
ization of powders heated for 2h at different tempera-
tures. Figs. 4, 5a and b give the typical XRD diagrams,
FTIR spectra and Raman spectra of a calcinated
lanthanum phosphate powder. Similar plots could be
given for cerium phosphates. The XRD diagrams
exhibited the thermostructural change from the hex-
agonal to the monoclinic structure at the same
temperature as that pointed out from high temperature

*LaPO,.NH,O (PDF 46-1439)
*LaPO,(PDF 32-0493)
Pt

Intensity / arbitrary units

2 Theta/ degrees

Fig. 3. High temperature XRD diagrams of a lanthanum phosphate
precipitate (LaP Tamb).

1100°C

1000°C

Intensity / arbitrary units

16 20 24 28 32 36 40
2 Theta/ degrees

Fig. 4. XRD diagrams of lanthanum phosphate precipitate LaP Tamb

after 2h of calcination at different temperatures. “LaPO, - nH,O (PDF
46-1439); °LaPO, (PDF 32-0493); *La(PO5); (PDF 33-0717).

XRD. The band at 1631 cm ™" on the FTIR spectra was
assigned to the hydration water of the hexagonal
LaPO,-nH>0. This band completely disappeared above
600°C. The other bands were assigned to the phosphate
groups [15,16]. For 8<500°C, three bands, located at
about 542, 570 and 615cm ™!, were clearly observed in
the v4 region of vibration of PO, groups. From 600°C,
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Fig. 5. (a) FTIR spectra of lanthanum phosphate precipitate LaP
Tamb after 2h of calcination at different temperatures (+: trioxo-
phosphate vibration). (b) Raman spectra of lanthanum phosphate
precipitate LaP Tamb after 2 h of calcination at different temperatures
(+: trioxophosphate vibration).

the middle band seemed split in two vibrations at 565
and 579 cm™'. The same phenomenon was visible in the
v; region of the Raman spectra with the two bands at
965 and 988 cm ! at high temperature and with a single
one at 971cm ™" at low temperature. Though it should
also occur in the v3 region it was not clearly observed on
the FTIR spectra because of a low resolution of the
different v; bands in the domain 990-1100cm ™' at low
temperature. In comparison with the low temperature
hexagonal structure, the presence of additional bands of
phosphate vibrations from 600°C is characteristic of the
vibrations of phosphate groups in the monoclinic
structure of monazite-type LaPO,4 and results from the
distortion of the tetrahedral phosphate groups in the
nine-fold coordinated La atoms [17].

From these results it can be deduced that the
hydration ratio of the hexagonal rhabdophane-type is
in agreement with the zeolitic nature of the water in
these compounds as already suggested [2,3,18]. This
crystalline structure is totally dehydrated below 600°C
without structural change, which corresponds to the
following equilibrium:

[LaPO, - nH20], .y, pona = [LaPO,] |+ nH,0]

(ga9)°
(1)

Such a system is divariant, therefore the hydration ratio
of the hydrated lanthanum (or cerium) phosphates is
variable and depends on both the temperature and the
partial pressure of water vapor. The hexagonal to
monoclinic transformation is irreversible and begins at
600°C, i.e., after total dehydration of the hexagonal
rhabdophane, according to the following reaction:

[LaPO,] LaPO,]

hexagona

hexagonal - [ monoclinic* (2)

The kinetics of crystallization of the high temperature
monoclinic phase appeared low, as indicated by the poor
definition of the vibration bands of phosphates in the v;
region in the domain 990-1100cm~' of the FTIR
spectra of the powders calcinated between 600°C and
900°C. This was confirmed by the XRD diagrams of
monoclinic LaPO4 powders calcinated for 2h in the
temperature range 600—-1000°C (Fig. 6). The refinement
of the diffraction lines was clearly observed with the
temperature. This phenomenon was accompanied by a
progressive decrease of the mole volume as it can be seen
on the dilatometry experiments (Fig. 7). The linear
shrinkage recorded up to 600°C for the raw hexagonal
hydrated phosphate is due to the contraction of the
lattice resulting from the dehydration of the structure. A
second shrinkage occurred between 600°C and 900°C
and was assigned to the crystallization of the monoclinic
anhydrous phosphate formed from the structural
change. Similar phenomenon was observed by Terra
et al. [19]. The third step of shrinkage at higher
temperature was due to the sintering, i.c., the densification
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Fig. 6. XRD diagrams of LaPO4 (PDF 32-0493) powders after 2h of
calcination at different temperatures.

2
S 5]
0]
g
x
£ -4
7
B o
£
8] —— Calcinated at 700°C
——————— raw powder
-10 1
0 200 400 600 800 1000 120C
Temperature/ °C

Fig. 7. Linear shrinkage versus the temperature for a lanthanum
phosphate powder: raw (hexagonal hydrated form) and calcinated for
2h at 700°C (monoclinic anhydrous form).

of the material, that will not be discussed in this paper.
Assuming that the bulk density of the hexagonal
hydrated form is 4.268 and that the bulk density of
the monoclinic form is 5.067, the calculated relative
contraction of the unit cell volume is of 20.1%. This
value agrees with the linear contraction of about 7.5%
measured from the ambient temperature up to 900°C for
the raw phosphate powder. For the anhydrous mono-
clinic LaPO,4 sample, obtained after an initial calcina-
tion of the raw powder for 2h at 700°C, only the
contraction due to the increase of crystallinity of the
LaPO, phase occurred from 700°C up to about 950°C.
It must be noted that this contraction remained
important with a linear shrinkage of about 3.5%. This
may have consequences on the elaboration of rare earth
phosphate containing materials.
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Fig. 8. Normalized surface area of lanthanum and cerium phosphate
powders versus the temperature of calcination (2 h holding time).

Morphological changes also occurred during the
heating. Fig. 8 gives the plot of the specific surface areca
of lanthanum and cerium phosphate powders versus the
heating temperature (the plot of Sp was normalized
according to the specific surface area of the raw powder
Sp given in Table 1). An important decrease was
measured between 500°C and 1000°C, which means
that particle coalescence occurred in this temperature
range. Consequently, though being known as refractory
compounds, matter transport can be effective even at a
very low temperature, probably through superficial
diffusion, mechanism that is often active during the
calcination of ceramic oxide powders [20]. The shape of
the particles remained unchanged during the calcina-
tion, only their size increased. After 2h at 1000°C the
particles were needle-like with a dimension of about
0.5-1 um length.

Two additional peaks were registered at 20 =24.05°
and 20=25.8° on the XRD diagram of the lanthanum
phosphate powder calcinated at 1000°C (Fig. 4). They
appeared at 900°C and disappeared after heating at
1100°C. Both peaks were assigned to polytrioxopho-
sphate La(POs3); (PDF 33-0717) [21] present as second-
ary phase. According to the preparation and properties
of this compound [22], the group (POs3); corresponds to
a cyclic polytrioxophosphate. Its vibrations were also
detected on the FTIR (Fig. 5a) and Raman (Fig. 5b)
spectra of the powder heated at 1000°C with its
characteristic vibrations bands at 770 and 1250cm™'
(FTIR) [15,23], and at 684 and 1193cm ™' (Raman) [24],
which are the two most intense bands of vibrations of
trioxophosphates, identified as Vgmmeric P-O-P and
Vsymmetric O—P—O, respectively. It must be noted that,
probably due to the very low intensity of PO5 vibrations
and to the presence of intense and broad vibration
bands of PO, groups in the domain 990-1100cm ™',
there was no evidence for the presence of a band near
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1000cm ™' also mentioned in the literature for cyclic
trioxophosphate groups [15,23]. The trioxophosphate
vibrations appeared correlatively to the disappearance
of the FTIR band at about 875cm ' assigned to
hydrogenphosphate groups that were detected up to
800°C. The same observations could be made from
cerium phosphate powders. Considering that the raw
powders contain residual Hs;PO, adsorbed at the
particle surface as demonstrated in part I of the study
[1], the polytrioxophosphate phase should result from
these residuals and their presence would also explain the
phenomena observed above 900°C on the TGA-
DTA plots. Derivated from different works on the
thermal behavior of ammonium dihydrogenphosphate
NH4H,PO,4 mixed with lanthanum phosphate powders
[18] or as single solid phase [25], we propose the two
following steps to explain the behavior of the powders.

The first step corresponds to the formation of the rare
earth polytrioxophosphate (Re=La or Ce) from the
hydrogenphosphate absorbed at the particle surface of
the synthesized precipitates that could be either in the
form of residual H;PO4 or NH4H,PO,4 depending on the
synthesis conditions:

2H3PO4(adsorbed) + RePOysotia)

~ Re(PO),, + 3H0, 3)
or
2NH4H2POy(aq) + RePOyy

- Re(POy)y ) + 3H,0/, + NH] . (4)

It must be aware that these reactions may proceed
according to a mechanism involving several stages that
could include the formation at a lower temperature of
hydrogen trioxophosphate HPO5; from the H3PO, or
NH4H,PO, initial residuals. Thus, the following me-
chanisms could also be assessed:

H3POy(aq) = HPO3(aq) + HZO(Tg) (5)
or

NH4H,POy(,q) = HPOs3 () + Hzojg) + NH3T<g>. (6)
These transformations are hypothesized because

Egs. (5) and (6) are expected to occur in the temperature
range 25-600°C for ammonium dihydrogenphosphate
crystals [25], though the behavior of the same compound
adsorbed at the surface of a solid particle, as it is the
case in our study, may differ. These transformations are
hypothesized to occur with the formation of adsorbed
HPO; because there was no evidence for any solid
transformation. The weight loss associated with these
reactions could be confused with that due the dehydra-
tion of the initial RePOy4 - nH,O precipitates. This would
also mean that the values of the hydration ratios n given
in Table 1 could be lightly overestimated. Nevertheless,

this remark must be moderated because of the very low
amount of adsorbed species.

Then, the hydrogen trioxophosphate would react with
the rare earth phosphate as

2HPOjuq) + RePOy(s) = Re(PO3)y ) + Hzogg). (7)

This last step of formation could be associated with the
exothermic peak observed on the DTA curves at about
950°C. Considering that the relative amount of the rare
earth polytrioxophosphate secondary phase was always
below 3wt%, the weight loss due to water release
according to Eq. (7) would be less than 0.15wt%, which
can explain that there was no evidence for a detectable
weight loss associated with the formation of Re(POs);3
on the TGA plots.

The second step is the decomposition of the poly-
trioxophosphate phase into a rare earth phosphate
between 1050°C and 1350°C:

2Re(PO,)y(,) —2RePOy ) + P401T0(hquidﬂ pas) (8)

A weight loss due to P,O,y gas release from the
vaporization of the liquid in this high temperature
domain accompanies this incongruent melting of
Re(POs3);3. It corresponds to the weight loss measured
in the temperature range 1050-1350°C on the TGA
plots and to the endothermic effect that begins at about
1235°C on the DTA curve (see zoom on Fig. 1). This
decomposition would be in agreement with the phase
diagrams in the system La,03—P,O5 established by Park
and Kreidler [11] or Kropiwnicka and Znamierowska
[12] though they indicate slightly different temperatures
for this decomposition, i.e., 1235°C and 1050°C,
respectively. The presence of any secondary phase was
never detected after calcination at 1400°C and the
disappearance of excess phosphorus was also confirmed
by the elementary analysis, the heated powders having a
Re/P mole ratio equal or close to 1. The amount of
Re(POs); was determined from the weight loss between
1000°C and 1400°C according to Eq. (8) (Table 1). As
detailed in part I of the study it depended on the
synthesis conditions. That explains why the DTA effects
may be absent from the plots when the amount is too
low for being detected, which is the case of the cerium
phosphate powder of Fig. 2 (1.11 wt% against 2.18 wt%
for lanthanum phosphate).

Finally, a thermal treatment of the powder at 1400°C
is required to insure both the high purity of the powder
and the high crystallinity of the monazite-like LaPO, or
CePO4 anhydrous structure. The elimination of the
secondary polytrioxophosphate phase that could be
present in the intermediate temperature range, and
consequently during the sintering of ceramic based rare
earth phosphate materials, could also be of prime
importance.
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3.2. Yttrium phosphates

TGA and DTA plots (Fig. 9) of the amorphous and
crystallized hydrated yttrium phosphate precipitates
showed that the behavior of these powders were
different at low temperature (0 <400°C) whereas it was
similar at high temperature (0>400°C). From room
temperature to 400°C, the amorphous powder exhibited
two different weight losses. The first one, associated
with an endothermic effect at about 100°C was due to
the release of residual water resulting from the storage
conditions, as already observed for lanthanum and
cerium phosphate precipitates. The weight loss due to
this residual water was all the more important that the
powder had a high specific surface area, which explains
the particularly high amount in this amorphous yttrium
phosphate (So=105m?g!). This water was practically
absent in the crystallized precipitate which exhibited
small specific surface area (Sp~2m>g~'). The second
weight loss was observed in both powders. It began at
about 200°C for the crystallized powder and it was
associated with two endothermic effects. High tempera-
ture XRD of this powder (Fig. 10) showed that the
transformation from the monoclinic hydrated form
YPO,-2H>0 of churchite-type to the anhydrous tetra-
gonal phase YPO, of xenotime-type began from 190°C,
the low temperature phase having almost totally
disappeared at 240°C. Consequently, the two endother-
mic effects correspond to the release of the hydration
water that occurs simultaneously with the phase
transformation. This agrees with the following equili-
brium:

[YPO, - 2H,0] YPO,| |+ 2H0),. (9)

monoclinic tetragonal

This system has a variance equal to 1, which means that
the hydration water of the hydrated form should be
constant, i.e., 2moles, and that this water is coordi-

OYP T50h00
®YP T50h01
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. .

endothermic

Weight change OJm/m (%)
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o

Fig. 9. TGA (dashed line) and DTA of two yttrium phosphate
precipitates: without ripening (YP T50h00) and after a 1h ripening
(YP T50h01).
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Fig. 10. High temperature XRD diagrams of an yttrium phosphate
precipitate (YP T50h01).

nated. This result is in agreement with those exposed in
part I of the study. As indicated on the XRD diagram
after cooling to room temperature, the phase transfor-
mation was irreversible in our experimental conditions,
only the tetragonal phase was detected.

The dehydration of the amorphous precipitate was
slightly different. Considering that the discontinuity of
the weight loss curve (see arrow in Fig. 9) should
indicate the beginning of the dehydration of the
compound, it seemed to occur from about 100°C in an
apparent continuity of the release of the adsorbed
residual water. The endothermic effect associated with
this dehydration should be in the continuity of that of
the release of the adsorbed water as well. A second
endothermic peak similar to that registered for the
crystallized precipitate was also detected. Fig. 11 shows
the XRD diagrams of the amorphous precipitate after
different calcination treatments. The small peaks of the
minor monoclinic hydrated phase disappeared after 2h
of heating at 300°C, the broad peaks associated with the
amorphous phase remained and could be indexed using
the same PDF file as the one of the tetragonal
anhydrous phase. Then, the refinement of the diffraction
peaks indicated a slow increase of the crystallinity of the
tetragonal YPO, phase with the increase of the heating
temperature. These results also agree with the hypoth-
esis that the hydration water was not coordinated in the
amorphous compound as stated in part I of the study.

The last weight loss was detected in the range 1100—
1300°C (Fig. 9), which was more important for the
initially amorphous precipitate than for the crystallized
one. As for lanthanum and cerium phosphates this
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° *YPO,.2H,0 (PDF 85-1842)
*Y PO, (PDF 84-0335)

Intensity / arbitrary units

% " oy 300°C
Raw powder
10 20 30 40 50 60
2 Theta/ degrees

Fig. 11. XRD diagrams of the yttrium phosphate YP T50h00 raw
powder and after 2 h of calcination at different temperatures.

weight loss must be associated to the presence of an
intermediate yttrium polytrioxophosphate phase formed
from H3;PO,4 adsorbed on the surface of the precipitates
during the synthesis. The same reaction as Eq. (8)
was hypothesized to occur in the temperature range
1100-1300°C:

2Y (PO, > 2YPOy() + P40y, . (10)

Though the phase equilibria in the system Y,03;-P,Os
described by Agrawal and Hummel [14] indicate a
Y,P40,; phase in the low temperature of the P,Oq rich-
region quite-near YPO,, the authors specified that
because this phase was very difficult to form it can be
easily overlooked. Consequently, yttrium polytrioxo-
phosphate is more expected to form. The melting of
Y (POs); appears also controversial. The same authors
hypothesized a congruent melting at 1460°C whereas
others [26] were in favor of an incongruent melting, as
that described through the Eq. (10).

The amount of hypothesized Y(PO3); calculated from
these weight losses are given in Table 1. It was much
smaller for the crystallized precipitate that exhibited a
lower specific surface area than the amorphous com-
pound. This is in agreement with the statement of
chemical species initially adsorbed on the surface of the
particles. Because present in a very low amount
(<1.5wt%), this yttrium polytrioxophosphate phase
could not be directly detected using XRD and the
trioxophosphate vibrations were not observed on the
FTIR or Raman spectra. The FTIR spectra (Fig. 12)
showed the disappearance of the hydrated coordinated
water between 200°C and 300°C (bands at 748, 1640 and
1713cm™"). The Raman spectra (not presented in this
paper) were characteristics of the hydrated monoclinic

1000°C
300°C
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Fig. 12. FTIR spectra of the yttrium phosphate YP T50h01 raw
powder and after 2h of calcination at different temperatures.
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Fig. 13. SEM micrograph of yttrium phosphate powder YP T50h01
after 1h of calcination at 1400°C.

(raw powder) and anhydrous tetragonal yttrium phos-
phates (calcinated at 1000°C for 2h). At intermediate
temperatures (200°C and 300°C), the spectra exhibited
an important background noise that could be associated
with a structural disorder that accompanies the phase
transformation from the monoclinic to the tetragonal
structure.
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Compared with the raw precipitates, the heat treat-
ments did not modify the morphology of the powders.
The initially amorphous yttrium phosphate remained
made of small agglomerated spherical-like particles and
the initially crystallized one (YP T50h01) was consti-
tuted of needle-like particles, whose length was between
10 and 20 pm (Fig. 13).

4. Conclusion

The thermal behavior of three rare earth phosphate
powders synthesized using a wet process was investi-
gated. Similar behavior was found for lanthanum and
cerium phosphates. The dehydration of the hexagonal
hydrated structure occurred according to a divariant
equilibrium without any phase change. The transforma-
tion from the hexagonal to the monoclinic structure of
monazite-type (La or Ce)PO,4 began at about 600°C and
it was irreversible. The crystallinity of this last phase was
found to increase slowly with the temperature and it was
completed only above 900°C.

On the opposite, the dehydration equilibrium of the
yttrium phosphate of monoclinic structure agreed with a
variance equal to 1 and it was accompanied by the phase
change from the monoclinic hydrated structure into the
anhydrous tetragonal structure of xenotime-type YPO,.

Whatever the composition and synthesis conditions
considered, a secondary minor polytrioxophosphate
phase Re(POs); with Re=La, Ce or Y formed from
about 950°C to disappear above 1350°C. This phase,
though often undetectable using conventional charac-
terization techniques when present in a very low
amount, may influence the high temperature sintering
(densification ability of the material, grain growth, ...)
and the resulting properties of the ceramics. This will be
exposed in a forthcoming paper devoted to the proces-
sing and mechanical properties of dense rare earth
phosphate ceramics.
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