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Abstract: A process for recovery of RE from Baotou rare earth concentrate was developed by fixing the fluorine and

chlorinating RE with ammonium chloride in the ore. The optimum conditions were determined as follows: fixing the fluo-

rine of the ore 80 min with the MgO dosage m (ore)/ m (MgO)= 3. 1 at 600 C; chlorinating the fixed fluorine calcine
80 min, with NH4Cl dosage m (NH4Cl)/ m (ore)= 2: 1 at 500 C. The RE recovery reaches 85% under optimum con-

ditions. The products of fixing fluorine with MgO were determined by X-ray diffraction, and the mechanism of fixing flu-

orine was also discussed.
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1 INTRODUCTION

Baotou rare earth deposit is the largest one in the
world. The concentrate is the mixture of bastnaesite
(REFCO3) and monazite (REPO4) and the ratio of
bastnaesite to monazite is generally 7. 3. The main
processes to recover RE from the concentrate include
the roasting with sulfuric acid, alkali heating process

[ The conr

and high temperature chlorination etc
ventional processes produce waste acid, alkali or dis-
charge gas to pollute the environment, therefore the
metallurgists try to seek the green chemistry process
with low cost, simple process and low pollution in re-
cent years[z’ A,

Chlorinating RE of bastnaesite with NH4Cl was
invented by Tsinghua University!> *. In this pro-
cess, RE in the ore is chlorinated by HCI which is de-
composed from NH4Cl.  Generally rare earth ore
should be firstly defluorinated with Nay,CO3 roasting,
then the fluorine (NaF) is washed away with hot wa
ter before chlorinating RE with NH4Cl. Actually the
proposed process would also pollute the environment
for containing fluorine wasting water. It should be
further studied if the chlorinating process is suitable
for the recovery of RE from the Baotou rare earth
concentrate. To avoid generating containing-fluorine
wastewater, MgO is selected to fix the fluorine of the
rare earth concentrate in the calcine. After fixing-flu-

orine treatment, chlorinating RE with NH4Cl roast-
ing is further applied to concentrate.

The condition of fixing-fluorine and chlorination
with NH4Cl is determined in this investigation. The
recovery of RE reaches 85% under the optimum con-
ditions. The process of chlorination with NH4Cl
roasting has good selectivity to Fe, Al, Si and Th
57121 " and it simplifies the fluorine treatment of rare
earth ore. Therefore the new process is favorable to
purification and separation in recovery of RE. At the
same time, the mechanism of fixing fluorine is also
discussed based on the analysis of the products of the
MgO reacting with the rare earth concentrate deter
mined by X-ray diffraction.

2 EXPERIMENTAL

2.1 Materials
Baotou mixed RE concentrate is the main material
used in this experiment. The chemical composition and

the rare earth partitioning of the concentrate are listed in
Table 1 and Table 2 respectively.

2.2 Principles

Magnesium oxide is used as de-fluorine agent in
this experiment. The fluorine contained in the con-
insoluable

and there is no need to wash them away before

centrate is turned into substances
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Table 1 Chemical composition of Baotou Mixed

RE Concentrate ( mass fraction, %)

Element TREO Ca Mg Fe
Content 52.1 9.0 0.15 2.0
Element Al Si P F

Content 0.12 0. 030 0.25 7.15

Table 2 RE partitioning of Baotou Mixed RE

Concentrate ( mass fraction, %)
Component Lay 03 CeO, PrsO1y Nd,03
Content 24. 4 51.4 5.5 16. 6
Component  Sm»03 Eu, 03 Gdy03 Th,404

Content 1.1 0.000 5 0.96 0.000 5
Component  Dy»03 Ho,0;5 Er,05 Tm,05
Content 0.001 O 0.000 3 0.000 5 0.000 3
Element Yhy03 Luy03 Y03 REOy
Content 0.000 8 0.000 3 0.001 0 52.1

chlorinating roasting. After the fluorine in the con-
centrate is fixed, the calcine is then roasted with am-
monium chloride and the RE are changed into water
soluble chlorides, which can be leached with hot wa-

. 9, 13, 14
ter. The reactions can be expressed as' I

NH,Cl= NH3+ HCI(328 C)

RE,05+ 6HCl= 2RECL+ 3H,0
2Ce0,+ 8HCl= 2CeCls+ Cly 1+ 4H,0
RE;03+ 3Ch= 2RECL+ O, 1

~— — — ~—

1
2
3
4

o~ o~ —

2.3 Experimental methods

10 g mixed RE concentrate was mixed with
some amounts of defluorine agent in each experr
ment. The mixture was then roasted in muffle fur
nace to fix fluorine. The calcine was further mixed
with NH4Cl and then roasted again in muffle furnace
at the designed temperature. The resulting calcine
was leached with hot water. By analyzing the concen-
tration of the leaching solution, the recovery of RE
could be calculated.

2.4 Analysis methods

The chemical composition and RE partitioning of
Baotou rare earth concentrate was analyzed with ICP.
The concentration of rare earth in the leaching solu-
tion was analyzed by EDTA titration method to calcu-
late the recovery ratio of RE. D/max- [IIB X-ray
diffractometer( tube voltage 35 kV, Cu target, inte
gral time 0. 2 s/step, speed 0.5 (°)/s) was used to
determine the products of fixing fluorine calcine with
MgO roasting.

3 RESULTS AND DISCUSSION

3.1 Determination of dosage of fixing fluorine
reagent
To avoid forming rare earth fluoride and to im-

prove the recovery of rare earth, the fixing fluorine
reagent was added before recovery of rare earth by
roasting the calcine with ammonium chloride. 30 g of
rare earth concentrate with different dosages of MgO
were roasted in each experiment. One third amount
of the resulting calcine was then chloridized with
NH4Cl and leached with water. The effect of the
dosage of fixing fluorine reagent on the RE recovery is
illustrated in Fig. 1. It achieved maximum with the
MgO dosage m (ore)/ m (MgO)= 3.1 and decreased
as the dosage of MgO increased. The reason is that
excessive MgO would consume chlorinating agent
NH4Cl, then affect the chlorination of the rare earth
of the concentrate.
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Fig. 1 Effect of fluorine fixing reagent on
recovery of RE

3.2 Effect of fluorine fixing temperature on RE
recovery

The effect of fluorine-fixing temperature on RE

recovery is shown in Fig. 2. It shows that the optr

mum temperature is 600 C. Lower temperature is

not favorable for the fluorine-fixing process. Howev-

er, the recovery of RE will not increase significantly

if fluorine-fixing temperature is higher than

600 C.

100

80t
N
2
g 607
§ m(Ore). 10g; m(NH4CI): 20¢g;
-4 0(Solid): 600 'C; m(MgO): 3.3 g;

401 f(Solid): 2h; #(Chlo): 1.5h

20 ' s . :

300 400 500 600 700

6/C

Fig. 2 Effect of fluorine-fixing temperature
on recovery of RE



.« 440 + Trans. Nonferrous Met. Soc. China

Apr. 2003

3.3 Effect of fluorine fixing time on RE recovery

Actually the effect of roasting time of fixing-flu-
orine process is very small from the results in Fig. 3.
It implies that the roasting process of fixing-fluorine
time may be omitted, the fixing-fluorine and chlori
nation process could be combined into one step. Fur
ther investigation should be done for the combination
of the fixing-fluorine and chlorination process though
the recovery of rare earth reaches above 85% at the
optimal roasting time 80 min.
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Fig. 3 Effect of fluorine fixing time
on recovery of RE

3.4 Effect of NH;Cl amount on recovery of RE
Various amounts of NH4Cl were added into the
fluorine fixed calcine of the Baotou Rare Earth Con-
centrate. The mixture was then roasted for 1. 5 h at
500 C. The relation between the RE recovery and
the dosage of NH4Cl is shown in Fig. 4. The results
show that the recovery ratio of rare earth rises up to
85% when m (ore)/ m (NH4Cl)= 12, and no ob-

vious increase of RE recovery ratio is observed if more

NH,4CI is added.
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Fig. 4 Effect of dosage of NH4Cl

on recovery of RE

3.5 Effect of chlorination roasting temperature on
RE recovery

When the chlorination roasting time was fixed

for 1. 5 h, the effect of roasting temperature on RE
recovery ratio is shown in Fig. 5. It indicates that the
RE recovery ratio increases with the increase of roast-
ing temperature during 350-500 C, and the recovery
ratio rises to the maximum at 500 C. However, the
recovery ratio would decrease if the roasting tempera-
ture is further increased, this may be explained by the
oxidation of the rare earth chlorides'® 7
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Fig. 5 Effect of chloridization temperature
on recovery of RE

3.6 Effect of chlorination roasting time on RE re-
covery
The RE recovery ratio increases with the prolon-
gation of roasting time at the initial stage, and then
reaches its maximum. Nevertheless, the recovery ra-
tio decreases if the roasting process continues. The
most favorable roasting time is 80 min, see Fig. 6.
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Fig. 6 Effect of chloridization time
on recovery of RE

3.7 Mechanism of fluorine fixing process

The X-ray diffraction results of Baotou Mixed
RE Concentrate, the fluorinefixed calcine, and the
leached gangue after chloridizing are shown in Fig. 7.
It shows that the main phases in mixed RE concen-
trate are CeFCO3 and LaPOy, see Fig. 7(a); the main
phases in fluorinefixed calcine are La,03, CeO,,
MgFs and Mg,FPOy4, see Fig. 7 (b), and the

main phases in the leached gangue after chlorina
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Fig. 7 X-ray diffraction patterns

tion are Mg F, and Mg,FPO4, see Fig. 7(c).

From the above results, we can conclude that
during the fluorine-fixing process of mixed RE con-
centrate, the fluorine in bastnaesite is turned into in-
soluble MgF,, the PO anion in the monazite is
turned into Mg ( PO4)2, which reacts further with
MgF> to form the insoluble M g2FPOy4 at high temper-
ature. Those reactions can be expressed as:

2REFCO3+ MgO= MgF,+ RE,03+ 2CO, 1

(3)
4CBFCO3+ 2Mg0+ 02: 2MgF2+

4 CONCLUSIONS

1) Fluorinefixing chloridizing roasting is suit-
able for the recovery of RE from Baotou Mixed RE
Concentrate. During this process, the de-fluorine cal-
cine needs not to be washed, the reaction selection is
excellent, there is no left acid in the RE leachate, and
it contains little Fe, Si, Al and Th, which is favor
able for further purification of leached rare earth solu-
tion.

2) The optimal fluorine fixing condition is that
m (ore). m (MgO) = 3.1, defluorine temperature
is 600 C, and de-fluorine time is 80 min. The opti-
mal chlorination roasting conditions are that m (ore)
- m (NH4Cl) = 1! 2, roasting temperature is 500 C,
and the roasting time is 80 min. The process reaches
85% recovery ratio of RE. The combination of the
fluorine fixing and the chlorination of RE should be
further investigated.

3) X-ray diffraction results show that the prod-
ucts of fluorine fixing process of mixed RE concen-
trate are Mgk> and Mg, FPO4.
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