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ABSTRACT

The thermal decomposition behaviour of natural bastnasite crystal, mined from Mianning,
Sichuan province, in calcination in air was studied by DTA, TG, XRD and chemical analysis
methods. The decomposition procedure can be separated into two steps. At first, (Ce, La)CO;F

is oxidized and decomposed into (Ce, La)O,;,F,_, at lower temperature. When calcination tem-
perature and time increase, (Ce, La)O,.F,_, is farther oxidized and decomposed. The final prod-
ucts are CeO; and other rare earth compounds. Part of F is lost during the calcination procedure,
but not for Si. The total weight lost is 17. 095%;. The activation energy E of the calcination reac-
tion is 49. 325kJ/mol and the reaction order nis 1. 123 by thermal dynamic calculation.
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1 INTRODUCTION

Bastnasite is one of the most valuable rare
earth ores in industry. During the industry process-
ing, it is calcined more frequently now!' =31, There
were only a limited number of studies about the cal-
cination process of the bastnasite!!" *°). But they
were mainly on the chemical and optical properties
of the calcination products of the bastnasite. There
was no systematic study on reaction mechanism,
products composition and thermal dynamic calcula-
tion of the calcination procedure of the bastnasite.
The thermal decomposition behaviour of natural
bastnasite crystal in calcination in air was studied
systematicaly by diffrential thermal
(DTA), thermal gravity (TG), chemical analysis

analysis

and X-ray diffraction analysis in present work.

2 EXPERIMENTAL METHOD

The bastnasite crystal was mined from Mian-

ning, Sichuan province. It was pulverized and
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sieved to 300 ~ 320 mesh. The sample is pale
brown after pulverization. Its chemical composi-
tion and rare earth distribution ratio are listed in

Table 1 and Table 2 respectively.

Table 1 Chemical composition of bastnasite( %;)
species  RE:03;  SiO; Ca0 BaO MgO
content >70  2.941  0.346  0.186 0. 063
species AlO3 MnO Fe F CO;
content  0.200 0.014 0.270 10.0 18.15

Table 2 Rare earth distribution
ratio of bastnasite(%;)

species La03 CeOz PrgO|1 Nd203 Sm203 Eu203 Gd203

ratio 27.5 49.92 4.5 14.0 1.25  0.25 0.58

species TbiO7  Dy203 Ho203  Erz03  Yb203 Y203

ratio 0. 042 0.11 0. 058 0. 072 0.032 0.76

A tubular resistance furnace was used in the
experiment. The sample was heated with the fur-
nace and cooled in the furnace. There were two
types of atmosphere used in the experiment. They
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were. (1) natural air, (2) dried air in which the
water vapour was removed by two stages of sieve
sorbent.

The DTA and TG experiments were carried
out at a Shimazu BT- 30 thermal analysis instru-
ment and a Setaram MTb 10-8 instrument respec-
tively. Their heating rate was 10 C/ min. The
XRD was carried out at a Rigaku D/ Max- ra
diffractometer, CuK, radiation was used.

3 RESULTS AND DISCUSSION

Fig. 1 is the thermal analysis curves of the
bastnasite sample. From it we can see there is an
endothermic peak in the DTA curve during 400~
513 'C. The temperature of the peak tip point is
480 ‘C. An obvious weight lost happens during this
temperature range in the corresponding TG curve.
The total weight lost is 17. 059%;. It means at this
temperature range the bastnasite decomposes be-
cause of heating and gives off COs,.

Fig. 2 is the XRD patterns of the calcination
products of the bastnasite at different temperature
in natural air. From Fig.2 (1) we can see most
part of the sample is (Ce, La) CO;F with only a lit-
tle impurities, such as « -SiO, etc. In Fig.2(2),
the diffraction peaks of the (Ce, La)CO;F disap-
pear completely. It means the (Ce, La)COsF has
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Fig. 1 DTA-TG curves of bastnasite

decomposed completely in this condition. The crys-
tal structure of the prouduct is the same as that of
(Ce, La)OF,both are FCC. But its peak positions
shift to high angle side as compared with that of the
(Ce, La)OF. This can be explained as part of F in
the (Ce, La)OF is substituted by O. Because O is
capable of absorbing one more electron than F,
Ce®*" is oxidized into Ce'" by the substituting O.
Since the ion radius of the Ce'* (92 pm) is smaller
than that of the Ce** (103pm), and the ion radius
of O (132 pm) is also smaller than that of F~
(133 pm), the crystal lattice constant and the dis-
tance between the diffraction planes become small
when Ce*' is oxidized to Ce*". This causes the
diffraction peak positions to shift to the high angle
side. It also means when (Ce, La)COsF decompos-
es, part of Ce is oxidized at the same time. The re-
action product is (Ce, La)0,..F,_,, where 0< =z
<C1. From Fig. 2 (2) we can also see the diffrac-
tion peaks of the (Ce, La)O,..F,_,widen obvious-
ly. It indicates the grain size of the crystal is very
small’®), Curve Fig. 2 (3) is basically similar to
Fig. 2 (2), but its peak width becomes rather nat-
rower as compared with that in Fig. 2(2), and its
peak positions shift to the high angle side farther.
The (111) peak position shifts once more by 0. 10°
as compared with it in Fig. 2 (2) (see Fig. 3).
This indicates that the grain of the product
coarsens and the F in the (Ce, La)O,..F,_, is far-
ther substituted by O. At the same time the (Ce,
La) O,.F,_, begins to decompose, and the Ce'"
and O? begin to enrich at some place. In Fig. 2
(4), the diffraction pattern changes apparently.
The peaks of CeLa,O;F; are separated from the
peaks of the (Ce, La)0,,.F,_, and the remaining

peaks shift to the high angle side farther. From

~ Fig. 3 we can see the (111) peak of the (Ce, La)

Oy, Fi -, shifts by approximately 0.62° as com-
pared with that in Fig. 2(2). It indicates that the F
in the (Ce, La)O0,, . F,_.is farther substituted by
the O, and the d value of the (Ce, La)O,,.,F,-.is
approching to the standard value of the CeO, gradu-
ally. The peaks of LaF; are also found in Fig. 2
(4). Tts strongest peak is overlapped with the

strongest peak of the (Ce, La)O,,.F,_,. In Fig. 2
(4), the peak width of the (Ce, La)O,,.F,_, be-
comes smaller than that in Fig. 2(3), but it is still
wide. This indicates that the grain has farther coars
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Fig. 2 XRD patterns of products of bastnasite in different calcination conditions in natural air
(1)—Raw material ; (2)—400 C,1h; (3)—500 C,1h;(4)- 700 C,Ih;(5)—1000 C,1h;(6)—1000 C,2h;
/A—(Ce,La)COsF; * —-0-SiO,; A — (Ce, La)O ;. ,F,_,;(O-~LaF,; []— CeLa;O:F;; %—CayLas (Si0,)s (OH) , ; f—Ce0,

ened, but it remains very fine. In Fig. 2(5), with
the calcination temperature increasing, the (Ce,
La)O,..F,-. is oxidezed completely into CeQO., so,
r = 1. Its (111) peak position shifts by 0. 86° to
the high angle side altogether as compared with that
in Fig. 2(2), and its peak width decreases greatly.
The peaks of the LaF; formed at lower temperature
disappear, and the peaks of Ca,Las(SiO,)s(OH); e-
merge. This means the LaF; can react with the im-
purities at high temperature. In Fig. 2 (6), the
peak positions of the CeO, change hardly with the
increasing of the calcination time at 1 000 'C. Only
the relative peak intensity of the products changes
slightly. The peak intensity of the CeLa,O;F; de-
creases while that of the Ca,La¢(SiO,)s (OH), and
CeQ, increases. This shows the CeLa.O;F; can be
decomposed into CeO, and LaF; with the increasing
of the calcination time at high temperature, then,
the LaF; farther reacts with the impurities.
Repeated the Fig. 2(3)and (5) experiments in

the flowing air dried by two stages of sieve sor-
bent. The XRD analysis results indicate that the
calcination product gotten at 500 C in dry air is
the same as that gotten in natural air, their XRD
patterns are the same. In the XRD pattern of the
products gotten at 1 000 C in dry air, the peak po-
sitions of the CeQ, and Ca,Las(SiO4)s (OH), do not
change, but their intensity increases. The peaks of
the CeLa,O;F; disappear completely while that of
the LaF; appear again. This farther indicates that
the small amount of water vapour existing in the
air does not affect the bastnasite calcination. Be-
cause the flowing air can carry the gas which is
emitted in the calcination away, and O can be sup-
plied sufficiently at the same time, the decomposi-
tion of the CeLa,O3F; is accelerated by the flowing

air, and the relative content of the CeO, and

Ca;Las(Si04)s (OH)» increases. Because of the lim-
ited content of the impurities, the peaks of the
LaF; appear again in the XRD pattern. So during
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Fig. 3 Changes of (111) peak position
of (Ce, La)0O,,.F _, in calcination
(2)—400 C, 1h; (3)—500 C, 1h; (4)-—700 C, Ih;
(5)-—-1000 C, 1h; (6)--1000, 2h
Only the bottom of (111) peaks are drawed in the figure;
The positions of other peaks, which are omitted in the fig-
ure, are replaced by dashed lined for clarity

the thermal decomposition procedure of the bastna-
site in air, the (Ce, La)COsF; is oxidized and de-
composed to (Ce, La)O,,,F, ., at first. Then with
the calcination temperature and time increasing,
the (Ce, La)O,..F_, is farther oxidized and de-
composed to CeO; and other rare earth compounds
etc. The two procedures can be described by chemi-
cal equations as;
(Ce, La)CO3F+0>—>(Ce, La)O,,.F _.
+CO,+F (1)
(Ce, La)0,..F,_.+0,—>Ce0,+LaF;
“+CeLa,OsF; (2)
Temperature and calcination time increasing
farther, or in an oxygen- rich atmosphere, the
CeLa,O;F; can be also decomposed to the CeO, and
LaF;. During the calcination procedure the amount

of F in the samples decreases gradually.

The chemical analysis of the calcination prod-
ucts also shows the changes of the F content. The
analysis results are shown in Table 3. Compared
with the Table 1, the amount of Si in the samples
calcined at 500 'C or 1000 C for 1h respectively
is higher than that in the bastnasite not to be cal-
cined, but the amount of F is lower. It shows that
the defluorination happens during the calcination
process, but not for Si.

Table 3 Chemical analysis results of F
and Si in calcination products

species calcination condition
P 500 C, 1h 1000 C, Lh
SiO, 5.52 5.28

F 9.5 6.0

The colour of the calcination products also
changes with the different calcination temperature
and time. From lower temperature to higher, 1h
to 2h, the colour changes from pale brown to red-
brown. Perhaps it is caused by the continuous
changes of the products. Sintering phenomenon is
also observed under the high temperature calcina-
tion. It becomes more prominent when the calcina-
tion temperature or time increases.

The thermal dynamics of the calcinaton proce-
dure is calculated by using the DTA curve and the
differential difference equation as;

Ng\T B

ANQ/T)
Ngs” 4. 5750 \ig:S” I+ 3
S” — S - S’ (4)
Where T is the temperature of point D which is ar-

bitrary point in the DTA curve, i. e.
\T is the temperature difference of the point D, i.
e. the ordinate; S is the total area under the DTA
curve; S’ is the area under the DTA curve between

the abscissa;

the point ) and the point where the reaction starts;
8" is the difference between S and S’ .

Plot \Ig\T/\IgS” rs \(1/T)/\lgS” , the acti-
vation energy F and the reaction order n can be ob-
tained from the slope and intercept. The calcula-
tion results are shown in Fig. 4. The line equation
obtained by least square fitting is

y=— 10781.420x + 1. 123 (5)
So the activation energy E during the calcination
process is 49. 325kJ/mol, and the reaction order n

is 1. 123.
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Fg. 4 Thermal dynamic calculation of decomposi-
tion of bastnasite by differential difference method

The relative coefficient | » | is 0. 996 which
approches 1. It shows the y and z in the line equa-
tion have a good linear relationship.

4 CONCLUSIONS

(1) From the DTA-TG curves, bastnasite is
decomposed by heating during 400~513 'C and dis-
charges CO,. The total weight lost is 17. 059 %;.

(2) The thermal decomposition procedure of
bastnasite in calcination in air can be seperated into
two steps. At lower temperature, (Ce, La)CO;F is
oxidized and decomposed into (Ce, La)O,;.F,_,;
Temperature and time increasing, (Ce, La) Oy,
F,_. is farther oxidized and decomposed into CeQ,
and CeLa»OsF; etc. , i.e.

(Ce, La)CO;F40,—~(Ce, La)O,.F,_,

+CO.+F

(Ce, La)O,.F—,+0,—>Ce0,+LaF;

+CelLa,0,F,

(3) With the increasing of calcination tempet-
ature and time, or in an oxygen-rich atmosphere,
CeLa,O;F; can be farther decomposed into CeO.
and LaF; etc.

(4) Part of F is lost during the calcination pro-
cedure, but not for Si.

(5) The colour of the calcination products
changes from pale brown to red-brown with calcina-
tion temperature and time increasing. Sintering phe-
nomenon is also observed under high temperature
calcination.

(6) The activation energy E of the calcination
procedure is 49. 325 kJ/mol, and the reaction or-
der is 1. 123.
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