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[ Abstract] The affecting factors of leaching rate such as reacting te mperature , mud particle size and concentration of

reagents were determined by studying the leaching kinetics of rare earth from black weathering mud. The apparent activa-

tion energy is 9 .08 kJ/ mol from calculating the experimental data. The results show that the leaching process can be de-

scribed by the shrinking core model and the leaching rate is controlled by diffusion of reacting reagents and reaction product
in the porous solid layer. The leaching kinetics is established as: K=7.50 x 10" > x exp( - 9080/ RT)/ r; .
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1 INTRODUCTION

Pansi rare earth deposit in western Sichuang is
the secondary largest rare earth deposit in Chinal 7.
It was discovered and appraised in 1986 and exploited
rapidly in recent year[z] . For its serious weathered , it
derives about 20 % black rare earth mud. The black
rare earth mud is a secondary enriched body of rare
earth, which contains about 3% ~ 7% REO. Its
middle ( Eu, O;) and heavy rare earth( Y,0;) parti-

[31

tioning is higher than bastnasite'”'. Therefore it is a

new rare earth resources with enriching middle and
heavy RE, and worth to recover 41

Rare earth exists in the amorphous Mm Fe oxide
of the black weathering mud with colloid sediment
phase[5 1 1t can be leached by hydrochloride acid 71,
In order to make clear the mechanism of the RE
leaching and determine the suitable technical path of
RE recovering, it is necessary to study the leaching
kinetics of rare earth for the black weathering mud.

2 EXPERI MENTAL

2.1 Properties of black weathering mud

The main che mical compositions of black weath-
ering mud are listed in Table 1 .

The existing states of rare earth in the black
weathering mud are listed in Table 2.

The black weathering mud contains 3 .73 % RE
from Table 1 , which is higher than weathering crust
of Southern China'®!.
with colloid sediment phase,
71 .0 % from Table 2.

The rare earth exists mainly
which account for

2.2 Experimental principle

Table 1 Compositions of black weathering mud ( %)
Composition Content Composition Content
RE 3.73 SiO, 32.37
MnO, 13.60 PbO 2.24
Fe, O, 12.68 BaO 1 .41
Al O 6 .80 H, O 6 .43

Table 2  Existing states of RE in
black weathering mud
Phase distribution/ %

Phase state

Water dissolving phase 5.60x10° 7

Ton phase 1.26x10°°
Colloid sediment phase 71 .00
Mineral phase 29 .10

The leaching reactions of black weathering mud
with hydrochloride acid are as follows :

RE,O, +6H" =2RE*" +3H,0 (1)
RE(OH); +3H" = RE** +3H,0 (2)
Fe,0; +6H" =2Fe* " +3H,0 (3)
Fe’" +3H,0=Fe( OH); +3H" (4)
PbO+2H" =Pb?>" + H,0 (5)
BaO+2H" =Ba’" + H,0 (6)
MnO, +4H" = Mn?>* +2H,0 (7)
MnO, +4HCl = MnCl, + Cl, + 2H, 0 (8)

Above reactions show that the leaching process is
a solid-liquid multiphase reaction. Assuming that the
mud particles are globular shape particles , the leach-
ing process can be described by Shrinking Core Mod
ell®1,

The kinetics type can be determined by treating
experimental data. For the kinetics type of inner dif-

fusion controlling , the plot of 1 - 2/3a- (1 - a)*”?
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vs time is a straight line which passes 0 point( here , a
is the RE leaching ratio) .

2.3 Experimental methods
The leaching kinetics experiments were carried

out in a tri- mouth flask!'®’

. The sample was collected
by a measuring pipe , and rapidly turned to a measur
ing flask to dilute 100 times with distilled water and
analyzed the RE and Mn concentration by spectropho-

tometric and titration methods .
3 RESULTS AND DISCUSSION

3.1 Effect of leaching temperature on RE leaching

The results of RE leaching from black mud with
hydrochloric acid at different te mperatures and times
are shown in Fig .l .
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The results indicate that RE leaching recovery
increase with increasing leaching temperature and
time .

3.2 Leaching kinetics equation

The kinetics equation is obtained by trial or error
method®'%) from the experimental data shown in
Fig .1 . A set of line can be plotted with plotting 1 -
2/3a- (1 - a)z/3 vs t from the experimental data
shown as Fig.2 . Therefore the kinetics equation can
be expressed as

1-2/3a-(1- a)** =Kt (9)
where K is a rate constant .
3.3 Leaching apparent activation energy

From the K values of leaching process at differ
ent te mperatures , the Arrhenius diagram can be built
as Fig .3 . According to Arrhenius equation: In K =
InA- E/ RT, the apparent activation energy of the
leaching process can be calculated from the slope of
line in Fig .3, which is 9.08 kJ/ mol . It proves that
leaching process is controlled by inner diffusion for its
activation energy from 4 kJ/ mol to 12 kJ/ mol .
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Fig.3 Arrhenius diagram of leaching system
3 .4 Effect of particle size of mud on RE leaching

The effect of particle size of mud on RE leaching
is shown in Fig .4 .
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Fig .4 Effect of particle size of mud on RE leaching
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From the line relationship between K and 1/ ré
in Fig .4, a kinetics equilibrium equation can be ob-

tained ast'']

K=7.50x10"°x(1/r))"
exp[ - 9080/( RT) ] (10)
The results indicate that the leaching rate in-
creases with decreasing particle size of the mud,
which further proves that the leaching process is con-
trolled by inner diffusion .
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3.5 Effect of hydrochloric acid concentration on
RE leaching
The effect of hydrochloric acid concentration on
RE leaching is shown in Fig .5 .
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Fig .5 Effects of HCI concentration on RE leaching

Fig .5 shows that the plot of 1 - a- (1 - a)??
vs t is not straight line and so does 1 - a- (1 - a) 23

vs t at HCl concentration above 2.0 mol/ L. There-
fore the leaching process is controlled by mixture rate
model .

The results can be explained as follows with the
increase of HCI concentration, the reaction of Mn- Fe
oxide leached in the mud would be speed up, and the
MnFe amorphous structure of mud would be de-
stroyed ; the mud becomes loose or porous, the leach-
ing agent and product become more easily diffusing,
the RE leaching is speed up. Therefore the leaching
process can be represented by a mixture rate control-
ling model .

4 CONCLUSIONS

The leaching kinetics of rare earth in black
weathering mud is studied, the factors of te mpera-
ture , particle size of the mud and HCI concentration
are considered. The results show that the leaching
process can be described by Shrinking Core Model .
The leaching rate is controlled by diffusion of porous
solid layer .

The apparent activation energy is 9 .08 kJ/ mol,
and an empirical equation of the leaching kinetics is
established as

K=7.50x10"°x(1/ rﬁ)'eXp( - 9080/ RT)

With the increase of HCI concentration, the
leaching agents and products would be easily diffused.
The leaching rate increases obviously for destroy of
MnFe oxide in mud. The leaching rate controlling
step changes from inner diffusion to mixture rate con-
trolling model .
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