
American Mineralogist, Volume 69, pages 377-379, 19E4

Recovery of the original samarskite structure by
heating in a reducing atmosphere
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Abstract

The original samarskite structure was recovered by heating metamict samples in a
reducing atmosphere (H, at 550"C. The X-ray diffraction pattern of the recovered phase is
quite diferent from those of samples heated in an oxidizing atmosphere. Lattice parame-
ters have been calculated from the diffraction data, and the axial ratio has been found to be
in good agreement with the reported data obtained by morphological observation.

Introduction

Samarskite, (Y,Er,Ce,U,Ca,Fe,Pb,Th) (Nb,Ta,Ti,
Sn)2O6, occurs naturally in the metamict state due to the
presence of significant amounts of radioactive elements
such as uranium and thorium (Palache et al., 1952; Lima
de Faria, 1964). Consequently, previous studies of this
mineral have been carried out on samples which have
been recrystallized in an attempt to restore the original
lattice structure (Berman, 1950; Komkov, 1965; Nilssen,
1970; Nudel'man and Sidorenko, 1963; Sugitani et al.,
19E0; Van Wambeke, 1960). Recrystallization of the
mineral has been attempted by controlled heating in an
oxidizing atmosphere (generally in air or an inert atmo-
sphere (e.9., Nz). However, the results for samarskite
obtained from this procedure differ from sample to sam-
ple and from study to study depending upon the locality
of the sample andior the method of heat treatment adopt-
ed by the investigators (e.g., Lima de Faria, 1964).
Complete understanding of either the explicit chemical
formula or the crystal structure of samarskite has not yet
been achieved.

Results and discussion

Generally, samarskites recrystallized in air or N2 show
complicated powder X-ray patterns. This has been as-
cribed to the formation of a number of different crystal-
line phases during the heating, only one of which can be
regarded as the original samarskite phase.

We have found, however, that natural samarskite
which has been recrystallized at high temperatures
(400-1200'C) in a reducing (HJ gas flow will yield a
relatively simple X-ray powder pattern. If indeed a single
crystalline phase now predominates it may be postulated
that this is, in fact, the original samarskite.

Figure I shows powder X-ray diffractograms of a
natural samarskite sample from Kawabe, Fukushima
Pref., Japan, heated at various temperatures in air (left
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side of Fig. l) and in H2 atmosphere (right side of Fig. 1).
The sample treated at 580"C in air shows peaks character-
istic of the synthetic Nb3UOls phase. At increased tem-
peratures different diffraction patterns appear (e.g., that
at 800"C), and finally at 12fi)'C the results obtained
correspond well with those reported by Nilssen (1970).
This diffraction pattern can be ascribed to the formation
of several new crystalline phases including pyrochlore,
fergusonite, and ixiolitelike FeNbOa.

The results obtained from heating this metamict sample
in a reducing atmosphere, however, difer significantly
from those described above and reported elsewhere
which have all employed an oxidizing or inert atmosphere
during heating. As can be seen from the right hand side of
Figure l, two distinct phases can be obtained by heating
in a reducing atmosphere. The first, or low temperature
phase, is obtained by heating at 550"C for 16 hr. On
heating to 950"C, a high temperature phase forms as is
indicated by the splitting of the main peak in the difrac-
tion pattern into a doublet. It was found, in addition, that
both the low and high temperature phases can be treated
so as to give exactly the same difraction patterns as those
shown on the left hand side of Figure 1, simply by heating
in air at the requisite temperature.

These results would indicate that the original phase of
samarskite is formed only in a reducing atmosphere and
that it cannot be recovered from the metamict state by
heating in air. Attempts to recover the original phase of
samarskite by heating in N2 atmosphere were not suc-
cessful for the samples in the present study. These would
seem reasonable if the original samarskite, like many
other complex NLTa-Ti oxide minerals, contains a
proportion of its iron and/or uranium in lower oxidation
states e.g.o Fe(II), U(IV) etc. at the time of its formation.
Natural samarskites might have been oxidized to some
extent by weathering, hydrothermal influence, or radio-
activity. In order to confirm this hypothesis, a synthetic
study using a variety of starting oxide materials contain-
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Fig. |. X-ray powder patterns of samarskite, Kawabe, Fukushima Prefecture, Japan, heated in oxidizing and in reducing
atmospheres. Heating time and temperature are indicated on the difractograms.
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ing diferent oxidation states of Fe + U would be neces-
sary,

The peaks for the low temperature phase have been
indexed as shown in Table l. The lattice parameters and
axial ratios of the recrystallized samarskite have been
calculated by least squares and are shown in Table 2,
along with results for other samarskite samples from
different localities in Japan. The data on the axial ratios in
Table 2 do not directly coincide with the data described
elsewhere,  e.g. ,  0 .5456:1:0.5173 and 0.5547:  l :0 .5173,
Palache et al. (1952); and Brogger (1906) respectively.
However, if we take half of their b parameters as our new
b parameters, their axial ratios can be recalculated to be

1.0912:1 : 1.0346 (Dana)

and

l. 1094: I : 1.0346 (Brtigger).

These values are in good agreement with our calculated
data except for Samekawa samarskite which has a dou-
bled b dimension compared to the others. The reason for
this doubling is not known. It might be ascribed to some
form of ordering of metal ions.

Analysis of the high temperature phase of natural
samarskite as well as a synthetic study of samarskite is in
progress.

Table 1 X-ray power diftaction data for Samarskite, Kawabe,
Fukushima Prefecture, Japan, heated in H2 gas flow at 550'C for

16 hours*

h k l
c a r

d .
oDs

I l I "

1 1 0
0 1 1

1 1 1
2 0 0
o 0 2
2 0 1
2 1 0
0 2 0
1 1 2
2 0 2
2 2 0
3 1 0
0 3 1

1 3 1
3 1 2

5 .  t z J

5 - J t t

3 . 0 2 9
2 . 5 4 4
2 .605

2  . 496
2 . 4 6 3
2 . 4 6 2
z -  t 5 J

1 . 9 2 1

1 . 8 5 1

1 . 7 6 9

1  . 5 6 6

1 . 5 1 0

1  . 4 6 4

3 . 7 2 8

3  . 5 8 9

3 . 0 3 0

2 . 8 4 3

2  . 6 0 3

2 . 4 9 5

2 . 4 6 3

2  . 4 6 1

2  . 1 3 6

1  . 9 2 0

1  . 8 6 3

1 . 7 6 7

1 . 5 6 ' 1

1  . 5 1 1

r  . 4 6 3

1 5

1 0 0
1 5

1 0
5
t

f,

1 0
1 0
1 0

5

f,

CuKa radiation, d.iffractoneter method, 2'lmin ln 20,

51 standard.



SUGITANI ET AL.: SAMARSKITE 379

Table 2. Lattice parameters of natural samarskite from several localities in Fukushima Prefecture, Japan. Figures in parentheses are
standard deviations*

Temperature
t rea ted  a t i t

(H2 a tnosphere)
a : b : c

Kawabe

Ishikawa

Utsumine

Samekawa

5 5 0  " C

5 5 0

6 0 0

6 0 0

s . 2 1 0 ( 8 )

5 . 1 ' 1 3 ( 7 1

5 . 1 8 ( 2 )

s . 2 0 ( 1 )

5 . 6 8 7 ( 4 )  4 . 9 ) c . 2 1

s . 6 6 4 ( 6 )  4 . 9 4 0 ( 3 )

5 . 6 4 ( 2 1  4 . 9 8 ( 4 )

5 . 7 1  ( 3 )  9 . 8 0 ( 3 )

9 0 . 0 2 ( 8 )  1 . 1 5 5 : 1 : 1 . 0 5 8

9 0 . 0 ( 2 )  1 . 1 4 7 2 1 2 1 . 0 4 7

9 0 . 0 ( 4 )  1 . 1 3 3 : 1 r 1 . 0 4 0

9 0 . 5 ( 3 )  0 . 5 8 3 : 1  r 0 . 5 3 1

(  1 . 1 5 5 : 1 : 1 . 0 6 1  l

* Numbers of reflections used and rejected in the caLculation of lattice pardeters

are 14 and 1 for Kawabe, I and 0 for Ishikawa. 11 and 0 for Utsumine, and 10 and

3 for samekawa sample.
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