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Abstract

A new X-ray diffraction pattern for the compound cerium
oxygen apatite, Cey g7[SiO4]30 is suggested. The compound
was prepared by the solid state reaction of the oxides, CeOy
and SiOy and has a hexagonal crystal structure with the lattice
constants a = 9.6578 A and ¢ = 7.1187 A. The sample of the
most recent PDF pattern 31-0336* (Visser, 1978) for this com-
pound is believed to be contaminated with significant quanti-
ties of N owing to the fact that it was prepared by mixing
Cey0s and SigN, and its very close resemblance to the pattern
displayed in the PDF 33-0333 given for the cerium “nitrogen”
apatite, Ces[SiO4]3N.

Introduction

The apatite (Cas[PO,4]sF)-type compound, cerium (III) or-
thosilicate (Cey7[S104]50) in the CeOy - SiOy binary system
forms according to the following reaction (Felsche, 1969):

14 CeOy + 9 Si0, = 3 Cey 47[SI0,150 +7/2 O,

Depending on the gas atmosphere, the forward reaction is
favoured at elevated temperatures (i.e, T > 1550° C) from
pure oxides in a vacuum atmosphere. The evolution of the
gaseous Oy was confirmed by mass spectrometer and with an
appropriate amount of weight loss by thermogravimetry. The
XRD pattern of this compound was indexed by Felsche
(1969) as hexagonal belonging either to P63 or P63/m space
group with lattice dimensions equal to a = 9.659 and ¢ =
7.121 A with two formula units per unit cell. Felsche’s pattern
was later published as PDF 22-0169. This pattern was then re-
placed by that of Visser (1978). Visser’s pattern (#31-0336%)
was given a star quality and it identified the Ce-apatite to be-
long to the P6;/m space group. Lattice constants were given
as a = 9.6387 and ¢ = 7.1812 A. The difference between
the patterns of Felsche and Visser was that the latter included
about 10 additional weak reflections, slight shift in d-spacings
resulting in a slight difference in the lattice constants.

The primary purpose of the present study was to investi-
gate the phase relations in the CeOy - SiO, - Al Oy system in
inert atmosphere. As a prerequisite for this investigation, a
systematic study into the synthesis and structural characteri-
sation of compounds in the CeOy - SiOy and CeO, - Al,Oy
binaries was done. This report addresses the discrepancy
observed for Ce-Apatite, Ce, 47[S104]30, phase.

Experimental

Stoichiometric Cey 57[Si04]50 was synthesized by combining
appropriate quantities of CeOy (99.87% pure, Cerac) and
fumed SiOy (99.98% pure, Sigma) in acetone and wet mixing
in plastic jars for 50 minutes followed by overnight drying at
80° C. Powders were pressed into pellets in a tungsten carbide
lined steel die at about 140 MPa. Pellets were prefired at
950° C for 4 hours in air, then heated on a platinum sample
holder in a vertical tube furnace at 1560° C in a pre-purified
flowing argon atmosphere for 6 hours, followed by quench-
ing in water. When the homogencity of the product or the
completeness of the reaction was in doubt, the samples were

Powder Diffraction, Vol 7, No. 4, December 1992

reground, pressed and fired for another 6 hours. Analysis of
the product by laser source mass spectroscopy indicates that
only carbon (5400 ppm), nitrogen (1200 ppm) and boron
(150 ppm) impurities are present at significant quantities. All
other elements are below the 50 ppm level. Carbon is be-
lieved to have been introduced during quenching. The water
quench bath is covered with a low vapour pressure oil layer
which forms a char layer upon the pellet. The source of
boron and nitrogen is unknown. One possible source for ni-
trogen could be an impurity in the flowing argon gas.

The XRD patterns of the product were obtained using a
Guinier camera and monochromatic CuKe; radiation. Ex-
perimental procedures are summarised in Table 1. The XRD
pattern of the single phase Ce, 67[SiO4]30 sample along with
the lattice constants are given in Table 2. The standard errors
in lattice constants are 3.46 x 104 and 4.40 x 10** fora and ¢,
respectively. These values are roughly half of those calculated
either from Visser’s or Felsche's data.

Table 1.

Powder Diffraction Data for Phase Characterisation
Name: Cerium Oxygen Apatite or Cerium Oxide
Silicate

Ceyi7[S104]50

Yes

Synthetic; fusion of binary oxides CeOy
and SiO, under inert atmosphere

Empirical Formula:
Chemical Analysis:
Source/preparation:

Radiation type, source:  X-rays, Cu
Wavelength used: 1.5406 A Ka;, Monochromatic

Camera: Guinier
Camera radius: 57.16 mm
Guinier geometry: DELTA = AI*L. + A2 (L. = L(MEASURED)-

L(PRIM))

Al = 0.181E-02 A2 =-0.121E + 00

DELTA = AIFL¥*2 4 A2*L, + A3

Al = 0.168F-04 A2 = -0.170L-02 A3 =
0.425E-01

95+ 1

5°20 10 85° 20

Si (NBS 640a)

Temperature (°C):
Range of 20 from:
Internal 20 standard:
Lattice parameter
of 2@ standard:
20 Frror Correction
Procedure:
Intensity Measurement
Technique:

5.4308 A
Interpolation from 26's of standard
Peak heights

Method of Cell
Determination: Cell and structure known from Felsche

(1969)

Cell Refinement
Method: Leastsquares. Appleman and Evans

(1973).
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[image: image3.jpg]d-spacings but also in missing reflections. Furthermore, our
data extend down to 1.152 A whereas Felsche’s and Visser’s
data go down to 1.47 A, with 20 fewer reflections than ours.
Visser reports reflections at 5.44 (101), 2.409 (220), 1.915
(320), 1.697 (223), 1.683 (114), 1.670 (500), and 1.664 (313)
A. Of these all but three (1.915, 1.683, 1.664 A) peaks were
marked by Visser as coincidence peaks with those of
Ce,Siy0,N, apparently present in his sample. Our repeated at-
tempts in a very carefully run experiment failed to generate
these peaks. Since the intensities of these peaks are very weak
even in Visser's data and we were able to detect even weaker
peaks in other reflections, we believe the coincidence peaks
reported by Visser do not belong to the oxygen apatite phase,
Cey57[S104]50.

Deviation between our data and those of Felsche and
of Visser was calculated from each peak by the [ollowing
expression:

T-i=(dp-dj)/dr (1)

where dy and d; represent the observed d-spacings for a given
plane by this study and others (i.e., dg for Felsche, dy for
Visser). In general, agreement between us and Felsche was
consistently an order of magnitude better than that with us
and Visser. The average deviation from Felsche's pattern was
found to be 123 ppm whereas that from Visser’s was 2675
ppm. This comparison clearly indicates that our data agree
with that of Felsche much better than with that of Visser. The
only information on the PDF pattern indicates that the sam-
ple employed by Visser was prepared by Mah et al (1978) at
Wright Patterson by hot pressing a CeyOy and SigN,y mixture.
It is also mentioned that “the sample contained Ce SiyO7Ny,
the lines of which were omitted.” As mentioned above at least
several peaks that were considered as “coincidence” peaks
(belonging to both Ce,SiyO;Ny and Ce, 5;[SiO4]30) do actu-
ally belong to Ce,;SiyO7Ny but not to the cerium oxygen ap-
atite. In Visser’s sample SigN, was employed as one of the re-
actants. The fact that sample did contain nitrogen bearing
phases raises a question as to whether his apatite phase is re-
ally cerium oxygen apatite (Cey7[Si04]30) or cerium nitro-
gen apatite (Ces[SiO4]3N). No chemical analysis is provided
and it is likely that his sample contained large amounts of ni-
trogen. Some of the reflections such as 220, 320, 500, 313 and
403 which were observed by Visser but neither by us nor
Felsche show up in our samples alter treating our sample at
1520° C for 6 hours in “nitrogen” atmosphere rather than
argon atmosphere. Alternatively, we added small quantities of
SiyNy (>98%, Grade KSN-IOM-TX, Shin-Etsu) in our starting
oxide mixture while retaining the total Ce:Si stoichiometric
ratio (4.667: 3.00) to see if we could duplicate Visser's pat-
tern. Indeed, in addition to previously observed cerium oxy-
gen ap':nilc peaks, we did see reflections at 5.50, 1.9155, 1.666,
1.651 A which were also observed by Visser and indexed as
“1017, “ 320", “313", “204” reflections. An X-ray powder
diffraction pattern of cerium nitrogen apatite (Ces[SiO4]3N)
provided by Guha (1980) (PDF 33-0333) is compared to
Visser's cerium oxygen apatite (Ceyg7[Si04]30, PDF
31-0336) in Table 4. Comparison of the two sets of data
clearly indicates that these two samples have nearly identical
X-ray diffraction patterns.
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Table 4.
Comparison of Visser's Data to that of Guha
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Visser

5.44

4.82

4.17

4.00

3.591
3.298
3.155
2.889
2.879
2.782
2.721
2.409
2.314
2.284
2.199
2.143
2.087
2.076
2.001
1.945
1.915
1.907
1.851
1.821
1.805
1.795
1.697
1.690
1.683
1.670
1.664
1.649
1.575
1.567
1.560
1.541
1514
1.509
1.495
1.467

d(A)
Guha

4.83

4.18

4.00

3.590
3.300
3.159
2.890
2.783
2721
2411
2.316
2.284
2.200
2.145
2.088
2.003
1.946
1.915
1.908
1.851
1.822
1.803
1.795
1.698

1.683

1.649
1.624
(420) 1.579
1.567
1.561

1510
1.495
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1.416
1.385
1.374
1.360
1.334
1.308
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1.278
1.271
1.952
1.203
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[image: image4.jpg]Assuming that the sample used by Visser is the same as
that described by Mah et al (1979), one can easily explain the
formation of cerium nitrogen apatite. Mah ¢ al. prepared
their sample from a 10% CeOy and 90% SigN4 mixture. They
claimed to grow Cey7[Si04]30 crystals on the surface of a
hot pressed (under Ny) sample. Upon heating a mixture of
CeO, and SigNy, as above, regardless of the gas atmosphere
used, the first thing that will form (at about 14007 C) is an
oxynitride liquid. This liquid will then actas a flux during the
formation of crystalline cerium nitrogen apatite. Itis unlikely
that the “cerium apatite” that forms under these conditions
could be [ree of nitrogen contamination.

Although there is litde doubt that Visser's sample con-
tained considerable nitrogen and the differences observed in
XRD can be attributed to nitrogen, very little can be said
about the site(s) these nitrogens occupy. Guha (1980) gives
his composition as Ce,[SiO,]4N (actually for a unit cell it
should read: Ceg[SiO4]gNy). There is no evidence that ni-
trogen actually occupies the (0,0,1/4) and (0,0.3/4) sites.
These sites are surrounded by three Ce atoms in the defect
free compound. However, it is quite possible that some of the
nitrogen atoms can occupy the oxygen sites in SiOy tetrahe-
dra. In fact, Gaude (1987) obtained an apatite-like phase by
reacting CeO,, CeN, SiOy and Si at 1350° C in Ny atmo-
sphere. They claimed their product has the formula:
CelSi04.61Ng 391601 835017 Gaude (1987) explained this
structure using the concept of SiO4N tetrahedra units, how-
ever, they also admitted that without neutron diffiaction data
one could not assert the precise position of N. Nitrogen sub-
stitution for oxygen (relatively close ionic sizes of O (1.40 A)
and N* (1.71 A)) does not create any point defects 1o main-
tain the charge neutrality. Instead, more cerium ions will oc-
cupy the vacancy sites in  oxygen apatite
(Cey4750.431S104]50) to form the cerium nitrogen apatite
SiO4]3N). Lange (1979, 1980) in a similar system,
pointed out that XRD data cannot ditferentiate between var-
ious oxygen and nitrogen containing apatites. Solid solubility
between the two forms makes the distinction impossible by
XRD techniques.

One final question remains to be answered with respect
to the crystal structure of cerium oxygen apatite. Does the ap-
atite structure exhibit P64 or P6y/m symmetry? The reflec-
tions 001 with 1 # 2n were found to be absent in the pattern.
This particular extinction condition is applicable to both of
the above space groups in a hexagonal system. Gaude ef al,
(1975) claims that the space group is P63 not P63/m for
SmySigNyOyy. Again, there is no direct evidence provided
for the site occupancy of the nitrogen atoms in the structure.
However, the application of symmetry operation (based on
the atomic coordinates of the Ce, 67[Si0,],0 structure
(Belokoneva el al., 1972)) on P6, (#173) gencrates 8 sites for
10 Tanthanide (Sm or Ce) atoms and 18 O sites for 24 tetra-
hedral oxygen atoms, whereas P6y/m (#176) generates 10
sites for 10 lanthanide atoms and 24 sites for 24 tetrahedral O
atoms. It is, therefore, reasonable to assume the space group
for either nitrogen or oxygen apatite to be P6,/m analogous
to the fluoroapatite structure.
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Summary

X-ray diffraction pattern of cerium oxygen apatite,
Cey57[Si04]40, has been revisited. It appears that the X-ray
diffraction pattern of cerium oxygen apatite has been incor-
rectly replaced by cerium nitrogen apatite in the PDF. Our
analysis indicates that Visser's data which claims to be cerium
oxygen apatite is actually cerium nitrogen apatite
(Ces[SiO4]4N) and matches very closely to that of Guha. Both
compounds show the same structure and space group sym-
metry but with different Lattice constants, Exact site occu-
pancy ol nitrogen atoms will have to await the neutron
dilfraction experiments.
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