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Abstract: The lepidolite located in Yichun, Jiangxi Province, China, was adopted to investigate the recovery of alkali metals and
leaching kinetics of lithium with sulphuric acid solution under atmospheric pressure. The results show that the recoveries of alkali
metals were achieved under the leaching conditions: mass ratio of lepidolite with particle size less than 180 pm to sulphuric acid 1.2,
leaching temperature 411 K, liquid—solid ratio 2.5:1, and leaching time 10 h. Under the selected conditions for leaching experiment,
the leaching rates of lithium, potassium, rubidium and caesium are 94.18%, 93.70%, 91.81% and 89.22%, respectively. The X-ray
diffraction analysis for leaching residue indicates that no insoluble product forms during leaching. The chemical compositions of
leaching residue reveal that trace iron, manganese and calcium disappear after acid leaching. The kinetics of leaching process for
lithium follows shrinking core model of mixed control and the apparent activation energy is 17.21 kJ/mol. The reaction orders with
respect to sulphuric acid concentration and liquid—solid ratio are determined to be 2.85 and 1.66, respectively. A semi-empirical rate
equation was obtained to describe the leaching process. The kinetic analysis shows that the leaching process is controlled by
diffusion through the insoluble layer of the associated minerals.

Key words: kinetics; lepidolite; lithium; activation energy; leaching

1 Introduction

Lithium is widely utilized in battery industry and
many other commercial products due to its fascinating
electrochemical reactivity as well as other unique
properties. Lithium chemicals and minerals find
extensive applications in many industrial branches, such
as ceramic, rubber, glass, aluminium, lubrication
industries, metallurgical and pharmaceutical industries as
raw materials [1,2]. It was reported that the use of
lithium for batteries and related products has been
increased by more than about 25% per year during the
past several years. Prediction indicates that the total
world lithium consumption is expected to increase by
approximately 60% from 192000 t to 307000 t of lithium
carbonate in the next 5 years, with the use of batteries in
upcoming electric and hybrid vehicles taking a
tremendous percentage (40000 t) of this growth [3,4].

Currently, majority of lithium products are extracted
from the primary source of surface brines in the world,
which typically contains 0.06%—0.15% Li due to the
lower production costs compared with processing cost
from lithium ores [5,6]. With the tremendous growth in
demand for lithium and price rise, many potential ore
deposits are being considered or have been developed
to process lithium carbonate such as spodumene
LiAIS1,06 (6.0%—7.5%), petalite LiAlSisO (3.5%—
4.5%), lepidolite K(Li,Al)3;(ALSi)40,o(F,OH), (3.3%—
7.74%), zinnwaldite K(Li,Al,Fe);(Al,S1)40,0F, (2%—5%)
and also other solid minerals [1-7]. Spodumene is the
purest form of those minerals containing Al and Si while
petalite has higher Si content. Lepidolite and zinnwaldite
contain Al in the same lattice with Li or Fe and also
contain increased contents of valuable metals, such as Rb
and Cs. Up to now, Rb is usually separated from the
processing of lepidolite to extract lithium because of no
minerals of its own [8—10].
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Several methods have been developed to obtain
lithium from all solid lithium minerals. Partial processes
used in the below mentioned reports are subjected to a
two-stage (roasting and leaching) treatment with
aggressive media such as sulphuric acid, hydrochloric
acid, lime, sodium and potassium salts and calcium
sulphate at elevated temperature to obtain a water-
soluble lithium salt [11,12]. However, the leaching
process of lithium with pyrometallurgical methods
consumed a large amount of energy, and SO, emission
has received considerable attention due to more stringent
environmental restrictions. These drawbacks of the
roasting process limit their applications worldwide. Acid
leaching is suitable for the recovery of valuable metals
from complexes, especially low-grade ores with high
contents of Si and waste rocks tailings [13—15]. The
main advantage of the acid leaching is that the
production of SO, can be avoided during the leaching
process compared with the conventional method.

For the production of lithium carbonate from
lithium minerals, two main alternatives have been
proposed in recent years, including roasting leaching
(RL) and acid leaching (AL) directly [16,17]. Compared
with the AL process, the RL process has a shorter
roasting and leaching time. CHEN et al [18] reported that
the a-spodumene was roasted at elevated temperature of
1323 K for 30 min for crystal transformation and then
leached for 120 min to ensure lithium salts into the
lixivium more efficiently. The leaching of lithium from
granite by using sulphuric acid was carried out in an
autoclave above 533 K [19]. The acid-roasting method
applied in lithium ores such as spodumene has been
reported during the past years [20].

The effects of heat treatment on the lithium leaching
rate have been intensively studied [21]. However, there is
a lack of detailed investigation about kinetic of lithium
recovery from lepidolite. Despite the hydrometallurgical
process has emerged as a promising technology for
lithium leaching from lepidolite, it has not been
commercialized worldwide. Leaching of lithium in
sulphuric acid is complicated and it is not surprising
that the reaction kinetic for the system has not been
reported [22].

The purpose of the present research is to
recommend results on the characterization and leaching
of lepidolite by diluted sulphuric acid. The factors
studied were temperature, reaction time, acid
concentration, liquid—solid (L/S) ratio and particle size.
Through analysis of the above factors, we established the
controlling kinetic model of the reaction process. This
model can provide a scientific approach and a theoretic
basis for the mechanisms of leaching lithium from
lepidolite at optimal performance and reagent
consumption. The X-ray diffraction (XRD) measurement

and inductively coupled plasma atomic emission
spectroscopy (ICP—AES) method were also used to
interpret the results of leaching experiments.

2 Experimental

2.1 Materials

The lepidolite was provided by Jiangxi Province of
China. It was ground in a ball mill and sieved to less than
180 pm before it was used as the samples for the
leaching tests. The chemical composition of the
lepidolite is listed in Table 1 and the XRD pattern is
shown in Fig. 1. The lepidolite sample that can be used
in this investigation is a fairly pure crystal as indicated
by 2.12% Li, 1.25% Na, 6.50% K, 1.21% Rb, 0.20% Cs,
14.26% Al, 4.46% F, 50.78% SiO, and containing 0.24%
Mn, 0.14% Ca, 0.13% Fe as impurities. The raw material
contains primarily lepidolite (K(Li,Al);(Si,Al)40,0-
(F,OH),), albite (NaAlSi;Og) and quartz (SiO). All
chemicals used in the experiments are analytical grade
reagents. Deionized water was used to prepare solutions
for the experimental procedures and also for all the
analytical tests.

Table 1 Chemical composition of raw ore (mass fraction, %)

Li Na K Rb Cs SiO,
2.12 1.25 6.50 1.21 0.20 50.78
Al F Fe Mn Ca
14.26 4.46 0.13 0.24 0.14

« — K(Li,Al)(Si,Al),0,(F,0H),
0— NaAlSi,Oq
«  +—Sio,

o 000

10 20 30 40 50 60 70 80
20/(°)
Fig. 1 XRD pattern of lepidolite

2.2 Experimental process

The leaching experiments were implemented in a
1000 mL three-neck flask glass reactor connected with a
condenser pipe and agitated by a mechanical stirrer. The
reaction temperature was maintained to be constant in an
oil bath heated by an electric heater. All the experiments
were conducted in batches with 200 g lepidolite. Firstly,
a specific amount of diluted sulphuric acid solution was
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added into the reactor. The solution was heated up to a
specified temperature under stirring. Up to temperature
stabilization, a certain amount of lepidolite was added
into sulphuric acid solution to initiate the reaction. 2 mL
of sample solution was withdrawn from leaching solution
at specific time and filtered for analyzing the
concentrations of all valuable metals. After reaction, the
slurry was separated by vacuum filtration and the
leaching residue was dried in an oven at 313 K.

2.3 Analytical methods

The leaching process was followed by sampling of
solution at a chosen time interval, and then measured the
concentrations of Li, K, Rb and Cs by an ICP—AES
method. Fluorine and aluminum were determined with a
fluoride ion selective electrode and titration, respectively.
Fluoride and aluminium were determined three times to
obtain the average values. Relative standard deviations
were found to be within +0.5%. The leaching rates of
valuable metals were calculated using the following
volume correct formula [23]:

i-1 i1
(Vo - zVi)CLi,i + zViCLi,i

_ i=l i=l

4 m CLi 0
100

where Vj is the initial volume of the leaching solution
(mL), V; is the volume of the sample solution i (mL), c|;
is the content of Ilithium in the Iepidolite (mass
fraction, %, dried solid), c¢;; is the concentration of
lithium in sample i (g/L), and m is the initial mass of
lepidolite (g, dried solid).

3 Results and discussion

3.1 Chemical reactions during process leaching

Up to now, the mechanism of reduction dissolution
for lepidolite in sulphuric acid solution remains unclear.
The lepidolite is only partially dissolved and reacted with
sulphuric acid to form alkali metal sulphate and
aluminium sulphate during acid leaching, and the
amounts of alkali metals and aluminium in the residue
are very low. Only a trace of Fe and Mn in the minerals
are dissolved into the leaching solution, which have little
influence on the acid consumption, leaching rates of all
valuable metals, lithium concentration in leaching
solution and the product composition. The effect of the
recovery of lithium on the leaching kinetic plays a
significant role in the following discussion. The main
chemical reactions during leaching may be expressed as
follows:

MezO(s)+H2504(aq):MezSO4(aq)+H20 (2)

where Me are alkali metals, which can react with
sulphuric, chlorine and nitric acids.

Aluminium, iron, manganese and calcium exist in
lithium minerals of lepidolite. They will also react with
sulphuric acid in the leaching solution, and the reactions
are as follows:

ALO;(s)+3H,504(aq)=Al5(S04)3(aq)+3H,0 (3)
FeO, MnO, CaO(s)+3H,S04(aq)=—
(Fe,Mn)SOy4(aq)+CaS0,(s)+3H,0 4)

The most common process involves the leaching of
mixed alkali metals from the original minerals by
prolonged leaching time, and mixed alums are developed
by reacting an aqueous solution of aluminium sulphate
and the corresponding Me,SO, includes potassium,
rubidium and caesium sulphates in a stoichiometric
proportion partially, and then all the soluble mixed alums
decrease with the increased atomic number [24].

Me,SO4(aq)+AL(SO)s(aq)+24H,0=
2MeAl(SOy), 12H,0(aq) (5)

Therefore, at the end of dissolution reaction, the
leaching residue consists mainly of quartz and albite. All
metallic elements are dissolved to form metallic sulphate
and mixed alums in the solution.

3.2 Effect of experimental parameters on leaching
process

As valuable metals and silica exist predominantly in
the lepidolite, all alkali metals, aluminium and trace of
iron, manganese, will dissolve into the leaching solution,
and thus the leaching rates of these metals will reflect the
leaching extent of lepidolite.

3.2.1 Effect of initial acid concentration

The effects of initial acid concentration on the
leaching rates of alkali metals and aluminium were
studied by varying mass ratio of acid to lepidolite over
the range of 0.6:1-1.6:1, maintaining the reaction
temperature at 411 K, 2.5:1 of L/S ratio, particle size less
than 180 pm and 10 h of reaction time.

As can be seen in Fig. 2, when the mass ratio of
acid to lepidolite is no more than 0.8:1, the leaching rates
of alkali metals are less than 70%, which is due to lack of
sulphuric acid in the slurry. When the mass ratio
increases from 0.8:1 to 1.2:1, the leaching rate of lithium
increases significantly. The lithium leaching rate
improves from 92.71% to 97.99% when the mass ratio
increases from 1.2:1 to 1.6:1. The leaching rate
improvements of alkali metals and aluminium are
probably due to the increase of H' activity that will result
in subsequent reaction of valuable metals in the residue.
But higher mass ratio will increase the consumption of
H,SO, and reduce the concentration of valuable metals
in the resultant solution. Therefore, a mass ratio of 1.2:1
is employed in order to optimize the leaching process.
3.2.2 Effect of L/S ratio

The effects of L/S ratio in the range from 1.5:1 to
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Leaching rate/%

40 L : . L .
0.6:1 0.8:1 1.0:1 1.2:1 1.4:1 1.6:1

Mass ratio of acid to lepidolite
Fig. 2 Effect of initial acid concentration on leaching rates of
valuable metals (411 K, L/S ratio 2.5:1, particle size less than
180 um)

4:1 on the leaching rates of valuable metals were studied,
maintaining the mass ratio of acid to lepidolite at 1.2:1,
reaction temperature at 411 K, particle size less than
180 pm and 10 h of reaction time.

As can be seen in Fig. 3, increasing the L/S ratio
from 1.5:1 to 3:1, an obvious increase in the leaching
rate of alkali metals is obtained. The leaching rate
increases from 80.08% to 92.72% for lithium and from
77.11% to 87.37% for other alkali metals, with the
increase of L/S ratio from 1.5:1 to 2.5:1, while the
recovery of aluminium increases by about 13.12%. When
L/S ratio of 4:1 is used, a lithium leaching rate of 97.75%
can be obtained, as can be expected, a further increase in
L/S ratio from 2.5:1 to 4.0:1 has little impact on the
leaching rates of alkali metals. Therefore, the L/S ratio is
kept constant at 2.5:1 for the subsequent experiments.

100
90t
S
£ 80
en
£
S 70t *—Li
B *—Rb
—
A—Cs
60t v—K
«—Al
50L . . . . .
151 20010 251 301 351 401

L/S ratio
Fig. 3 Effect of L/S ratio on leaching rates of valuable metals
(411 K, initial acid concentration 50%, particle size less than
180 um)

3.2.3 Effect of temperature
The effects of reaction temperature on the leaching

rates of alkali metals and aluminium were investigated in
the temperature range of 351 to 421 K. During these
experiments, the L/S ratio was maintained to be 2.5:1,
the mass ratio of acid to lepidolite was 1.2:1, particle size
was less than 180 um and reaction time was 10 h.

The results are shown in Fig. 4. It can be seen that
the leaching rates of valuable metals increase with
increasing temperature, alkali metals are readily leached
at 351 K or lower temperatures. With the increase in the
reaction temperature from 351 to 411 K, lithium leaching
rate increases from 59.13% to 94.18%. The economical
leaching rates of potassium, rubidium and caesium are
93.70%, 91.81% and 89.22% when the temperature is
411 K, respectively, and the leaching rates of all other
alkali metals are lower than that of lithium. Also, it is
clear that the maximum leaching rate of aluminium is
82.63% at 411 K, and then decreases with further
increasing temperature. The low dissolution of
aluminium at higher temperature is probably due to
precipitation of AI-F complexes. The fact that the
leaching rates of alkali metals and aluminium increase
with the temperature increasing may be attributed to the
intensive diffusivity of sulphate.

100
90
§
£ sof
an
.8
S
s 701 n—11
- *—Rb
A—Cs
60 v—K
«— Al
50 1 L L L
350 370 390 410 430

Temperature/K
Fig. 4 Effect of temperature on leaching rates of valuable
metals (L/S ratio 2.5:1, initial acid concentration 50%, particle
size less than 180 pm)

3.2.4 Effect of particle size

The effects of particle size on the leaching rates of
alkali metals were studied. These experiments were
conducted at 411 K, mass ratio of acid to lepidolite 1.2:1,
L/S ratio 2.5:1 and reaction time 10 h. As shown in
Fig. 5, the leaching rate of lithium increases with the
particle size decreasing, but the particle size plays a
minor role in the leaching process. The maximum
leaching rate of lithium reaches 85.89% when the
particle size is above 380 um, whereas 95.12% lithium is
extracted when the particle size is less than 96 pm. The
leaching rates of other alkali metals are presented in
Table 2. The results show that the leaching rate of
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lithium is the highest, and that of caesium is the lowest
of all the alkali metals. The leaching rates of alkali
metals are both up to 88.86% when the particle size is
96—180 um. The leaching rates of alkali metals increase
gradually and then keep almost constant with the
decrease of particle size. It is necessary to grind the
lepidolite and sieve to less than 180 um before leaching
in order to improve leaching efficiency.

100
80
X
)
s 60
CD . .
»E Particle size
§ 40+ n —>380 um
= 0 —250-380 um
A—180-250 pm
20F v—96-180 um
4«—<96pm
0 2 4 6 8 10

t/h

Fig. 5 Effect of particle size on leaching rate of lithium (411 K,
L/S ratio 2.5:1, initial acid concentration 50%)

Table 2 Effect of particle size on leaching rate of all elements

Particle Leaching rate/%

size/pm Lithium Potassium Rubidium Caesium
>380 85.89 84.90 81.75 77.11

250-380 90.55 89.40 85.65 84.78

180250 92.5 91.69 86.86 85.37

96—180 94.14 92.47 88.86 96.55
<96 95.13 93.44 90.04 98.93

3.3 Morphology of leaching residue

The mineralogical composition of the lepidolite
after sulphuric acid leaching was examined by XRD. The
corresponding XRD pattern in Fig. 6 shows that the
primary phases of leaching residue are albite
(NaAlSi;Og) and quartz (SiOy).

o — K(Li,Al)y(Si,Al),0,,(F,OH),
0— NaAlSi;Oy
+—Si0,

10 20 30 40 50 60 70 80
20/(°)
Fig. 6 XRD pattern of leaching residue

The chemical compositions of leaching residue are
listed in Table 3. The results indicate that alkali metals
and trace amount of Fe, Mn and Ca disappear after the
leaching experiments. These results suggest that no
insoluble product forms during the leaching processes.

Table 3 Chemical composition of residue (mass fraction, %)
Li Na K Rb SiO, Al F
0.12 0.85 0.28 0.01  50.78  3.07 1.85

3.4 Kinetic analysis

Kinetic modelling yields comprehensive informa-
tion regarding leaching mechanisms. In a fluid—solid
reaction system, if the mixed lepidolite ore particles are
considered as nonporous particles, and the ore grains
gradually shrank and the product layers form around the
unreacted grains during the leaching process of alkali
metals. The heterogeneous non-catalytic reaction for
lepidolite may be kinetically interpreted by using the
shrinking core model (SCM) while other models such as
homogeneous, grain and pore models are usually applied
to the porous solid—ligiud system [25—27].

Figure 5 indicates that the diffusion through the
liquid film surrounding a solid particle does not act as a
rate-controlling step under the particle size less than
96 um. Therefore, only diffusion through the product
layer and chemical reaction on the surface of the
unreacted core should be carefully considered when
discussing the controlling step. According to Eq. (2), the
leaching reactions are irreversible reactions, and the
leaching process can be described as two independent
models, based on the SCM of which liquid film diffusion
control is neglected.

Assuming that lepidolite has a spherical geometry
and the process is controlled by the surface chemical
reaction, the integrated equation of the shrinking core
model can be given as follows [28]:

1-(1-x)" =kt
kM, (6)

k.= Ca
aps’”o

where x is the lithium leaching rate, ¢ is real leaching
time, k, is the apparent rate constant calculated from
Eq. (6), k is the kinetic constant, M; is the relative
molecular mass of solid, ¢4 is the acid concentration, a is
the stoichiometric coefficient of reagent in reaction, p; is
the density of the solid, and 7y is the initial radius of
particle.

Similarly, if the leaching products form on the
surface of the unreacted grains and the volume of
products is the same as that of the reacted solids, the
particle size will keep constant and the radius of the
particle is equal to 7y during leaching [26]. If sulphuric
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acid concentration is constant during leaching, the rate of
reaction can be expressed as

1—§x—(1—x)2/3 = kyt

7
_ZMSDAeff c ( )
- A

apsr0

where Dj.r is the diffusion coefficient in porous
product layer.

According to Egs. (6) and (7), when the chemical
reaction and outer diffusion are the rate controlling step,
a plot of 1-(1—x)"” vs time is a straight line with a slope
of k. On the contrary, when the leaching process is
controlled by inner diffusion through the solid product
layer, a plot of 1—(2/3)x—(1—x)** vs time is a straight line
with a slope of k4 [28,29]. Equations (6) and (7) are often
used to describe the process when it is controlled by
chemical reaction or diffusion in nonporous liquid—solid
system.

3.5 Empirical kinetic equation

In order to determine the controlling step and carry
out kinetic analysis in this work, the SCMs with surface
chemical reaction and diffusion through product layer,
Eqgs. (6) and (7) were evaluated. The left sides of these
expressions are plotted with respect to the leaching time
and then the dependency models on the kinetic data are
evaluated with correlation coefficient (R?) values. The
slops of these plots are the apparent rate constants (k, and
k).

Experimental data were substituted into Egs. (6) and
(7), and correlation coefficient (R*) were calculated, as
given in Table 4. The results indicate that the dissolution
controlled model (Eq. (7)) is fitted with the data better in
the range of experiments and the correlation coefficients
(R?) are greater than 0.96. Figure 7 shows the good
fitting obtained by plotting 1—(2/3)x—(1—x)** vs time at
different temperatures. In addition, the type of reaction
does not confirm to surface chemical reaction and the
correlation coefficients (R®) are lower than 0.96. It is
then illustrated that the kinetic data are fitted with the
shrinking core model, in which the leaching process is

Table 4 Correlation coefficient (R?) of two kinetic models at
different temperatures

R2
K 1-(1-x)" 1-(2/3)x—(1—x)*?
351 0.9496 0.9910
371 0.9654 0.9907
381 0.8784 0.9959
401 0.8403 0.9943
411 0.9333 0.9637
421 0.9137 0.9983

0.175
—351K
0.150r e—371K
a—381K
0.125 v—401K
@ «—411K
T o.100p »—421K
%0075
o
)
T 0.050
0.025
0 RSB i i i
0 20 40 60 80 100 120 140

Time/min
Fig. 7 Plots of 1—-(2/3)x—(1—x)** vs time at different
temperatures (L/S ratio 2.5:1, initial acid concentration 50%,
particle size less than 180 pm)

controlled by diffusion through the insoluble layer of the
associated minerals.

The apparent activation energy F, was determined
based on the Arrhenius equation:

E
Ink;,=In4-——2 8
d RT (®

where A is the pre-exponential factor. Arrhenius plot of
Ink; vs T ! for lithium leaching data is shown in Fig. 8.
The apparent activation energy calculated from the slope
of the line is 17.21 kJ/mol at 351-421 K.

-3.20r

1=2.07-2.25x
R?=0.9922

=-3.361

)

=3.52

n

-3.681

In(ky/m

-3.84r

=4.001

2.35 2.40 245 2.50 2.55 2.60 2.65 2.70
T71/1073K™!
Fig. 8 Arrhenius plot for lithium dissolution from lepidolite

A similar fitting plot of 1—(2/3)x—(1-x)** vs time
was obtained at initial different sulphuric acid
concentrations ¢y and shown in Fig. 9(a). From the slopes
of the straight lines shown in Fig. 9(b), the apparent rate
constant (k4) values were determined and a plot of Inky
vs Inc, was obtained to determine the order of
dependency with respect to the concentration of
sulphuric acid. The reaction order with respect to the
concentration of sulphuric acid is 2.85.
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0.10 P
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r
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N
3=-12.23+2.85x
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n
-9.75r

1.00 125 150 1.75 200 225
In[cy/(mol-L)]

Fig. 9 Fitting of experimental data according to Eq. (7) at
different initial acid concentrations (L/S ratio 2.5:1, 411 K,
particle size less than 180 pum): (a) 1-(2/3)x—(1-x)**
(b) Inkg vs1gcy

Vs time;

Similarly, the straight lines of 1—(2/3)x—(1—x)*" vs
time were obtained at different L/S ratios and shown in
Fig. 10(a). The experimental k4 values were determined
and Inky vs In(L/S) plot is shown in Fig. 10(b). It is
calculated that the reaction rate is proportional to the
power of 1.66 for L/S ratio.

The control factors of leaching temperature,
sulphuric acid concentration and L/S ratio were applied
to developing the kinetic model. According to the above
results and Eq. (7), the apparent rate constant k4 can be
expressed as follows:

k
kg = =25 R exp[-17210/(RT)] 9)

Ty

By the above analysis, comparing Eq. (7) with
Eq. (9), the kinetic model of lepidolite leaching by
H,SO, can be described as follows:

2 2/3
I——x—(1-x)""=
;¥ (1=x)

k
r_gcg-“rg/-gﬁ exp[—17210/(RT)]t (10)
0

0.175 1(a) R*=0.9949
0.150+  L/Sratio
n—1.5:1 R?=0.9936
@ 0.125r¢—2.0:1
Nflg A—2.5:1 R?=0.9984
— Lv—3.0:1
j;’ 0-1001 —4.0:1
5 .
< 00501 R*=0.9904
0.025

07720 40 60 80 100 120 140
Time/mim

=6.00 ®)

-6.25r
=6.50r

=7.00

In(ky/min")

y=-8.25+1.66x
R*=0.9848

=7.25F
=7.70r

=175k . . . .

0.50 0.75 1.00 1.25 1.50
In(L/S)

Fig. 10 Fitting of experimental data according to Eq. (7) at

different L/S ratios (initial acid concentration 50%, 411 K,

particle size less than 180 pum): (a) 1—(2/3)x—(1—x)** vs time;

(b) Inky vs In(L/S)

The value of &, can be calculated from the straight
line in Fig. 7 to be 1.18. Consequently, Eq. (11) can be
described as the kinetic expression to interpret the
dissolution of lithium from lepidolite in sulphuric acid
solutions.

1 —%x —(1-x)*"= #c&‘gsrb? exp[—17210/(RT)t
)

(11)

4 Conclusions

(1) The recovery of alkali metals from lepidolite and
the leaching kinetics of lithium were investigated in
sulphuric acid at atmospheric pressure. The results show
that the recoveries of alkali metals were achieved under
the leaching conditions: mass ratio of acid to lepidolite
1.2:1, leaching temperature 411 K, L/S ratio 2.5:1,
particle size less than 180 pum and leaching time 10 h.
Under the selected conditions for leaching experiment,
the leaching rates of lithium, potassium, rubidium and
caesium are 94.18%, 93.70%, 91.81% and 89.22%,



648 Jin-lian LIU, et al/Trans. Nonferrous Met. Soc. China 29(2019) 641—649

respectively.

(2) The X-ray diffraction analysis indicates that no
insoluble product forms during the leaching process, the
chemical compositions of leaching residue show that
alkali metals can be dissolved and trace amount of Fe,
Mn and Ca disappear after the leaching experiments.

(3) The leaching process follows the kinetics of a
shrinking core model and the apparent activation energy
is 17.21 kJ/mol. The kinetics expression to interpret the
dissolution of lithium from lepidolite in sulphuric acid
solutions is obtained.
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BRBH HEN LM ERRLEOR LN NS

1. K% R TR, K 410083; 2. L= BUIM B WA RAR, HHE 336000;
3. FE RS mEEMEER, K 410083

O A TILAE BET NS B RS R T SR NI ERE NS BRI, #n iR BT E
LA B 1T R . SRR AR/ T 180 um R SRR R BN 1.2:1. RN 411 K. E LN 2.5:1
M4 IR 10 h, 4. 8. HOREE 3R 3R 3 010N 94.18%. 93.70%- 91.81%F11 89.22%. 1M X HHEEAT
ot RN, B HERP AR e, RS BT AR R, . SRR T R AT
B R BB AT AR SR A T IR B, R BRIEAL AN 17.21 kI/mol, BRERIKFE AR
6] LU AR S PR S SR 5331 2.85 1 1.66. 1351430 T FE DR BN M TR s o RE W, &
HIE R B AR I ANV B B

KR % HaRE 8 TERE R
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