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Abstract: Considering the different geochemical enrichment behaviors of W and Mo, Fe—Mn binary oxide (FMBO), ferric
hydroxide (Fe(OH);) and manganese dioxide (MnO,) were studied to separate W from molybdate solution, respectively. The
experimental results demonstrated that Fe—Mn binary oxide (FMBO) was the most suitable adsorbent for the separation. Under a
wide pH (6.9—11.3) region, more than 80%W removal efficiency and less than 3%Mo loss could be obtained. In addition, the Fe—Mn
binary oxide adsorbent can be regenerated by treating with 3 mol/L NaOH, and the W adsorption efficiency was retained after five
adsorption—desorption—regeneration cycles. All these indicate that the Fe—Mn binary oxides have the potential for the separation of

W from molybdate solution.
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1 Introduction

Tungsten content in molybdenum products needs to
be strictly controlled, since the trace contaminate of W in
molybdenum material would reduce its physical and
mechanical properties [1]. However, with the continuous
and excessive consumption of high quality molybdenum
resources, molybdenum industry has to exploit and
utilize the refractory Mo—W blend ores of which the
amount of W is much higher. For instance, the mass ratio
of W to Mo in Ni-Mo deposits can be as high as 1:10.
Therefore, the efficient removal of W from molybdate
solution is very crucial for the successful utilization of
these resources.

The separation of W and Mo is a very difficult
process due to their similar extraction behaviors in most
cases [2]. There are a number of approaches available
for the separation of molybdenum from tungstate
solution, such as selectively precipitation [3,4] solvent
extraction [5], ion exchange [6] and adsorption [7]. On
the other hand, the studies of removing tungsten from
molybdate solution were limited to only a few cases
mainly on solvent extraction [8] and ion-exchange

route [9,10]. Solvent extraction route is a costlier
one [11], whereas the ion-exchange process has its own
disadvantages such as complicated operation process and
poor selectivity [8].

Recently, the adsorption methods aiming to remove
a small quantity of certain metal ions by using hydrated
oxides or hydroxides have been proved to be promising
due to their low cost, environmental friendly, simple and
effective operability [12—18]. Thus, it is reasonable to
make an assumption that the method may have the
potential for tungsten removal from molybdate solution
as well, and the key of a successful separation of W and
Mo is to find an efficient adsorbent.

Moreover, the geochemical behaviors of W and Mo
have great referential significance concerning the
separation of W and Mo. An analysis of the
mineralogical occurrence of W and Mo showed that
oxyphile element W can exist naturally with iron and
manganese, forming compounds such as ferberite
(FeWO,), huebnerite (MnWO,) and wolframite
((Fe,Mn)WOy) [19,20], while sulfophilic element Mo
exists mainly as molybdenite (MoS,) in nature. Besides,
researchers have found that the content of W increases
markedly in limonite, pyrolusite and ocean manganese
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nodules, all of which contain abundant (hydr)oxides of
iron and manganese [21,22].

The facts mentioned above imply that W might be
removed from molybdate solution by (hydr)oxides of
iron or manganese. However, when the removal of W
from molybdate solution was carried out by iron and
manganese compounds separately [23—29], all the
methods have some drawbacks, either insufficient
separation or high loss of Mo or impurities
contamination due to in situ generated adsorbent. For
example, SRIVASTAVA et al [11] used freshly ferric
hydroxide to remove tungsten from molybdate, while
~12% loss of Mo was observed. Research by
KASHIWABARA et al [30] also showed that in a
single-sorbate solution, the adsorptions of W and Mo
onto Fe (hydr)oxides were both more significant than
onto Mn oxides. Therefore, it seems reasonable to
assume that relatively high W removal efficiency and
low Mo loss may be obtained at the same time by using
Fe—Mn binary oxide to remove tungsten from molybdate
solution.

The aim of this work is to determine a suitable
adsorbent based on the iron oxide and manganese oxide
for the removal of W from molybdate solution. In
addition, the effects of different experimental parameters
on the adsorption were also studied in order to develop
an optimized technical approach.

2 Experimental

2.1 Materials and analytical methods

All reagents used were of analytical grade and all
solutions were prepared with deionized water. The
typical mixture solutions of 0.47 g/l WO; and 50 g/L
Mo were prepared by dissolving the sodium salts of both
metals in deionized water. The solution pH value was
measured by a Shanghai Jingke Scientific Leici pH meter
(PHS—-25) with a Leici pH electrode (E-201-C). The
concentrations of W and Mo were analyzed by the
inductively coupled plasma-atomic emission
spectrometer (ICP-AES, Thermo Electron Corporation,
US). The adsorbent was characterized by X-ray
diffraction (XRD, Rigaku, TTR III, Cu K, radiation).
The morphology of particles was observed in a JEOL
JSM—-6360LV scanning electron microscope (SEM) and
the element was analyzed by X-ray electron dispersive
spectroscopy (EDS).

2.2 Adsorbent preparation

In this work, three kinds of adsorbents (ferric
hydroxide, manganese dioxide and Fe—Mn binary oxide)
were prepared for the removal of W from molybdate
solution. Ferric hydroxide was prepared by adding ferric
chloride into the stirring caustic solution. The

suspensions were filtrated and washed with deionized
water, and then the freshly ferric hydroxide was
obtained. Manganese dioxide was prepared by the
reaction of potassium permanganate with manganese
sulphate at pH value around 8. After the filtration, the
obtained precipitate was washed with deionized water.

Fe—Mn binary oxide (FMBO) with a Fe to Mn
molar ratio of 3:1 was prepared according to the
following procedure. Firstly, potassium permanganate
(KMnOy, 2.98 g) and sodium hydroxide were dissolved
in a 200 mL of deionized water, and iron sulfate
heptahydrate (FeSO4 7H,0, 15.81 g) was dissolved in
another 200 mL of deionized water. Secondly, the FeSO,
solution was added into the KMnQO, solution under
vigorous stirring, and NaOH was supplied to keep the
mixture pH around 8. The formed suspension was
continuously stirred for 1 h, washed repeatedly with
deionized water, and then the nascent Fe—Mn binary
oxide (FMBO) was obtained. Reaction equations can be
written as follows:

MnO}, +3Fe*" +7H,0 = 3Fe(OH), +5H +MnO, (1)
These three kinds of nascent adsorbents were dried

at 50 °C for 5 h. The dry materials were crushed and
appeared in the form of fine powder.

2.3 Adsorption experiments

Adsorption experiments were carried out in 100 mL
polypropylene bottle in a water-bath shaker with 200
r/min shaking rate at constant temperature. After
reaching the desired reaction temperature, a specified
amount of adsorbent was added into the solution. The
initial pH value of 100 mL solution is around 9.3, in
which the concentrations of WO; and Mo are 0.47 g/L
and 50 g/L, respectively. After a certain time, the liquor
was filtered and the concentrations of W and Mo were
analyzed by ICP. The adsorbent was desorbed using
NaOH solution and then dried at 50 °C for 5 h, thus, the
adsorbent was regenerated.

The kinetic experiments were carried out at room
temperature (25+1 °C), and a defined amount of sodium
tungstate or sodium molybdate salts was added to a 1000
mL glass vessel to obtain a 400 mL, 0.5 g/ WO; or 0.5
g/L Mo solution. After that, 3 g of FMBO, ferric
hydroxide, and manganese dioxide was added to the
solutions to obtain a 7.5 g/L suspension, respectively.
The suspension was mixed using a magnetic stirrer, and
the pH was adjusted to 6.7 with the addition of 0.1 mol/L
HCI and/or NaOH. 1 mL solution was taken from the
suspension at the following intervals: 0.083, 0.167, 0.25,
0.333, 0.5, 0.667, 1, 2, 3, 4, 5, 7, 12, and 22 h of the
reaction.

WOj; and Mo adsorption isotherms were determined
at the pH of 6.7, (25+1) °C. Initial WO;3; or Mo
concentrations were varied from 0.1 to 0.8 g/L. In each
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test, 0.4 g of the three adsorbent samples were added to
the polypropylene bottle to obtain a 4 g/L suspension.

The molar distribution coefficients of tungsten and
molybdenum were calculated as follows:

1= Crlr = Cel

CeVe @

where A is the molar distribution coefficient of metal; Cr
and Cg are the initial and equilibrium metal
concentration in solution; and V1 and Vg are the initial
and final volumes of the solution. Separation factor

any, Wwas then calculated as follows:
A
o, = /I—W ©)

Mo

where Ay, and Ay are the molar distribution coefficients
of Mo and W, respectively.

3 Results and discussion

3.1 Selection of adsorbent

Three kinds of adsorbents (ferric hydroxide,
manganese dioxide, and Fe—Mn binary oxide) were
taken to study the adsorption effect on the removal of W
from molybdate solution. As shown in Fig. 1(a), the W
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Fig. 1 Adsorption by three nascent (a) and dried (b) adsorbents:

Fe—Mn binary oxide (FMBO), ferric hydroxide (Fe(OH);) and

manganese dioxide (MnO,) (0.47 g/L WO,;, 50 g/L Mo,

reaction time 10 h, temperature 25 °C and dried time 5 h)

adsorption capability increased with the increase of Fe
content in adsorbent, which is consistent with the
literature result [30] that W shows larger affinity on Fe
(hydr)oxides than on Mn oxides at higher equilibrium
concentrations. However, the large number of surface
active sites on nascent adsorbents also led to the increase
of the molybdenum loss. When the adsorption rate of W
reached 75%, the loss rate of molybdenum was nearly
10%.

In order to minimize the loss of molybdenum, these
nascent adsorbents were dried and their adsorption
behaviors are shown in Fig. 1(b). It can be seen that the
loss of molybdenum greatly reduced to 3%. Although the
adsorption rate of W also dropped slightly, it was still
acceptable.

Interestingly, the dried Fe—Mn binary oxide had a
better adsorption result for W than dried iron oxides,
which is consistent with the results of P, As, and Sb
adsorption [31-33]. The XRD pattern of Fe—Mn binary
adsorbent (Fig. 2) showed that no obvious crystalline
peak was detected, indicating that both Fe and Mn oxides
in the Fe—Mn binary composite exist mainly in
amorphous form. According to Ref. [31], during the
synthesis process of Fe—Mn binary adsorbent, this may
be the formation of crystalline manganese oxide and
iron(IIl) oxide was blocked by the co-existing of them.

10 20 30 40 50 60 70 80
200(°)

Fig. 2 XRD pattern of dried Fe—Mn binary oxide

The morphologies of dried Fe—Mn binary oxide and
iron oxide were studied by scanning electron microscopy
(SEM) (Figs. 3(a) and (b)). It can be seen that the surface
of iron oxide was smooth, while the Fe—Mn binary oxide
was constituted by many aggregated micro-particles,
resulting in a rough surface and high activity. The EDS
analysis (Fig. 3(c)) showed that Fe/Mn mole ratio on the
surface was 3.04:1, which is very close to the value 3:1
of the bulk Fe/Mn mole ratio, revealing that Fe and Mn
were evenly distributed on the surface. The chemical
composition of Fe—Mn binary oxide was analyzed as
41.22% Fe, 13.48% Mn and 43% O (molecular formula
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is very close to Fe;sMnO;;Hy which is made up of three
Fe(OH); molecules and one MnO, molecule). In order to
understand the adsorption mechanisms, the adsorption
kinetics and isotherm experiments were done.

Fe

Element w/% x/%
(0] 5.90 17.90
Mn 2299  20.31
Fe 71.11  61.79

A
1255456I’I;'891011
Energy/keV
Fig. 3 SEM images of dried Fe(OH); (a) and FMBO (b), and
EDS analysis result of FMBO (c)

3.1.1 Adsorption kinetics

Figure 4 highlighted the variation of the adsorbed W
on these three adsorbents and Mo on FMBO with
reaction time. It was observed that the adsorption process
of W and Mo onto these adsorbents could be divided into
two steps. In the first step, the adsorption rate was fast
and almost 80% of the maximum adsorption capacity
(Omax) was achieved within the initial 5 h. This may be
due to the fine particles of these three adsorbents
powders. The smaller particle size was favorable for the
diffusion of W and Mo molecules from bulk solution
onto the active sites of the solid surface. In the following

step, intraparticle diffusion dominated and the adsorption
rate slowed down.

45
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Fig. 4 Adsorption kinetics: (a) W adsorbed by FMBO, ferric

hydroxide, manganese dioxide in 7.5 g/L suspension at pH

6.7+0.1 at initial WO; concentration 0.5 g/L; (b) W and Mo

adsorbed by FMBO in 7.5 g/L suspension at pH 6.7+0.1 at

initial WO3 or Mo concentration 0.5 g/L

In order to evaluate the kinetic mechanism that
controls the adsorption process, the experimental data
(Fig. 4) were analyzed using four different kinetic
models: Pseudo-first-order equation, Pseudo-second-
order, Parabolic diffusion and Elovich model [33]. The
kinetic parameters obtained from the models are given in
Table 1. It is found that the kinetic data of W adsorbed by
these three adsorbents and Mo on FMBO fitted well with
the Elovich model, indicating the occurrence of
heterosphere diffusion reactions [33]. £ values in the
Elovich equation indicated the adsorption rate of
adsorbate, and an increase of k would enhance the
reaction rate [33,34]. It was observed that & values of W
and Mo adsorption on these adsorbents were in the
following order: FMBO,W (5.66 mg/(g-h)) > Fe(OH);,W
(4.80 mg/(g-h)) > MnO,,W (2.67 mg/(g-h)) > FMBO,Mo
(0.74 mg/(g-h)), which indicated that FMBO had better
selective adsorption performance for W over Mo
compared with ferric hydroxide and manganese dioxide.
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3.1.2 Adsorption isotherm

The adsorption capacities of these adsorbents for W
and Mo were evaluated using the isotherms presented in
Fig. 5. Both Freundlich and Langmuir models were
employed to describe the adsorption isotherms, and the
fitted constants are listed in Table 2. It is seen that the
Freundlich model fitted the experimental data better than
Langmuir model. The value of correlation coefficient
(R*=0.99) good representation of
experimental data by this model. The Freundlich
equation describes that the adsorbent has a
heterogeneous surface with adsorption sites which have
different energies of adsorption. The Ky in the Freundlich
equation is roughly an indicator of the adsorption

confirmed the
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capacity [32]. It was observed that the K¢ values of W
and Mo adsorption on these adsorbents were in the same
order: FMBO,W (3.64) > Fe(OH)3;,W (2.82) > MnO,,
W (2.01) > FMBO,Mo (0.51), which demonstrated that
FMBO has a better adsorption selectivity for W than
ferric hydroxide and manganese dioxide. The results of
adsorption kinetics and isotherm experiments indicated
that FMBO is the most potential adsorbent for the
separation of W from molybdate solution. Thus, the dried
Fe—Mn binary oxide (FMBO) was selected to remove W
from molybdate solution.

3.2 Drying process of adsorbent
It is observed from the previous section that the

Table 1 Kinetic model correlation coefficient and parameters for adsorption of W on FMBO, ferric hydroxide, manganese dioxide,

and Mo on FMBO at pH 6.7
o R q~a+klnt ¥
Condition ) 5 " 0se >
q=qe[1-exp(-kt)]" q=kqatl/(1+kget)” gatk’* R 4 k

Fe(OH);, W 0.70 0.87 0.82 0.99 23.78 4.30
MnO,, W 0.80 0.93 0.73 0.96 14.48 2.67
FMBO, W 0.69 0.86 0.88 0.99 26.94 5.66
FMBO, Mo 0.57 0.78 0.78 0.95 4.43 0.74

a)—Pseudo-first-order; b)—Pseudo-second-order; ¢c)—Parabolic diffusion; d)—Elovich; ¢ is time; g,and g. are amounts of metal adsorbed on adsorbent at time
t and at equilibrium, respectively; a is the parameter of the equations; £ is the rate constant of adsorption

Table 2 Langmuir and Freundlich isotherm constants for adsorption of W on FMBO, ferric hydroxide, manganese dioxide, and Mo

on FMBO at pH 6.7, (25+1) °C

Langmuir model, ¢.=¢, K C/(1+K . C.)

Freundlich model, g.=KC¢

Condition

R? gm/(mg-g ") Ki/(L-mg™") R? Kr n
Fe(OH);, W 0.96 53.38 0.005 0.99 2.82 0.42
MnO,, W 0.96 37.41 0.005 0.99 2.01 0.42
FMBO, W 0.94 65.42 0.005 0.99 3.64 0.41
FMBO, Mo 0.96 27.69 0.002 0.99 0.51 0.56

g. is the amount of metal adsorbed on the solid phase; C. is the equilibrium metal concentration in solution phase; K, is the equilibrium adsorption constant
related to the affinity of binding sites; g, is the maximum amount of the metal adsorbed on the solid phase; K is roughly an indicator of the adsorption capacity;
n is the heterogeneity factor which has a lower value for more heterogeneous surfaces
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Fig. 5 Adsorption isotherms for W by FMBO, ferric hydroxide, manganese dioxide in 4 g/L suspension at pH 6.7+0.1, (25+1) °C (a)
and for W and Mo by FMBO in 4 g/L suspension at pH 6.7+0.1, (25+1) °C (b)
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nascent Fe—Mn binary oxide and the dried Fe—Mn binary
oxide have a great difference on the adsorption result, so
it is necessary to study the drying process of adsorbent.
The adsorptions for W and Mo both decreased along
with the drying time. As shown in Fig. 6, the adsorption
rates for W and Mo both dropped markedly in the first 5
h. The W adsorption rate dropped from 81% to 70%,
while the loss of Mo also greatly reduced from 12% to
2%. Besides, the separation factor reached peak value
136, and it had almost no further impact on the
adsorption of W and Mo with prolonging drying time.
Therefore, the Fe—Mn binary oxide was dried for 5 h.

90 180
| o ]
80 \n\u__‘n 160
_ 70} ~o— {140
S 0 5
% 60 1120 -g
£ 50f 1100 g
B 40} o 180 .é
: 2
Z 301 /0 w 160 2
-0
201 " Mo 140
o -0- Separation factor
10 g><ﬁ\a__,3 ) 20
. . . Ly 0
1 2 3 4 5 6 7 8 9

Drying time/h

Fig. 6 Effect of dried time of Fe—Mn binary oxide (FMBO) on
adsorption (0.47 g/L WOs, 50 g/L Mo, reaction time 10 h,
temperature 25 °C, FMBO/W molar ratio=70:1)

3.3 Adsorption on Fe—Mn binary adsorbent
3.3.1 Effect of reaction time

The effect of time on the adsorption of W and Mo is
shown in Fig. 7. The adsorption rate of W increased with
reaction time, while that of Mo did not change basically.

70
60
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i
=

—o— Mo
40+

30+

T

Adsorption rate/%

20

10+

OO'W 1 rt\ 1 i 1 o
0 2 4 6 8§ 10 12 14 16 18
Reaction time/h

Fig. 7 Effect of reaction time on adsorption (0.47 g/L WOs3, 50
g/L Mo, temperature 25 °C, FMBO/W molar ratio=70:1)

When the reaction time was less than 4 h, the adsorption
rate of W increased rapidly and then increased slightly.
Moreover, the adsorption rate did not change after 10 h.
Thus, 10 h was selected to study the effects of other
factors on separation.
3.3.2 Effect of adsorbent dosage

Figure 8 presented the effect of the adsorbent
(FMBO) dosage on the adsorption. The experiment data
indicated that W was adsorbed prior to Mo. More
specifically, when the FMBO/W molar ratio was below
60, the adsorption of W increased linearly with the
FMBO dosage, while the loss of Mo basically remained
unchanged. The adsorption curve of W bent when the
molar ratio was greater than 60. When the ratio exceeds
80:1, the removal efficiency of W increased slowly,
whereas the loss of Mo also increased. Considering that
the increased dosage results in the cost of raw materials
increased, FMBO/W ratio of 80:1 was found to be
suitable.

90

80+
. 70¢F
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2 60
- o W
é 50t o Mo
B 40t
2
;‘g 30+

20+
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Molar ratio of FMBO to W

Fig. 8 Effect of FMBO dosage on adsorption (0.47 g/ WO,
50 g/L Mo, reaction time 10 h, temperature 25 °C)

3.3.3 Effect of solution initial pH

Effect of initial solution pH from 3 to 13 on the
removal of W was shown in Fig. 9. There existed a
platform in the adsorption—pH curve. Fe—Mn binary
oxide had a good adaptability for the solution pH. When
the initial solution pH ranges within 6.9—11.3, the
equilibrium pH was always around 9.7 (Fig. 9(b)) and
the adsorption rate of W was basically the same
(Fig. 9(a)).

This should be due to the protonation and
deprotonation reactions of surface active group SOH
with H" and OH™ [35-39]:

SOH+H" =SOH; 4)
SOH+OH™ =SO™ +H,0 5)

The adsorption of Mo increased with the decreasing
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pH, which displayed typical anion adsorption property. It
was favorable to anion adsorption when pH decreased,
because of the protonation reaction of surface active
group (Eq. (4)), the adsorption of Mo increased. When
the initial pH dropped to 7.0, the competition of Mo for
the available active sorption sites increased due to the
gradual formation of Mo polymeric ions, which caused a
significant reduction of the adsorption of W [40].
Correspondingly, it was unfavorable to anion adsorption
when pH increased, because of the deprotonation
reaction of surface active group (Eq. (5)), thus, the
adsorption of W and Mo decreased under high pH
conditions. When the initial pH was greater than 10, the
loss of Mo was below 1%. The results indicated that
Fe—Mn binary had a good adaptability for the solution
pH. The adsorbent can be added into weak alkaline
solution (pH=6.9—11.3) directly without preadjusting the
initial solution pH, the operation was greatly simplified.

80
(a)

701
60
50
40
30F

Adsorption rate/%

20+
10

0 3
2 4 6 8 10 12 14
Initial pH

4
o)

12

(=]
T

Final pH
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Fig. 9 Effect of initial solution pH on adsorption (a) and final
pH (b) (047 g/lL WO;, 50 g/L Mo, reaction time 10 h,
temperature 25 °C, FMBO/W molar ratio=80:1)

3.3.4 Effect of temperature

The role of temperature on the removal of W was
studied by varying reaction temperature at 15—80 °C
(Fig. 10).

Elevated temperature can not only promote the
adsorption process but also the desorption process.
However, the adsorbent has a greater affinity for W than
Mo, leading to the increase of W adsorption and the
slight decrease of Mo loss when reaction temperature
increased. The adsorption rate of W increased from 64%
to 76%, when temperature increased from 15 to 50 °C.
When the temperature was greater than 50 °C, the
removal efficiency of W reached a maximum gradually.
Considering the energy consumption, 50 °C was chosen
as an optimal temperature. The adsorption rates of W and
Mo were 76.17% and 2.15%, respectively, and the
separation factor achieved to 145. After adsorption, the
W concentration in filtrate dropped to 112 mg/L, and the
mass ratio of Mo/WO; reached 437:1.

80

70 D/n/r.o—’—a"_“
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< 20t
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Fig. 10 Effect of temperature on adsorption (0.47 g/L WO;,
50 g/L Mo, reaction time 10 h, FMBO/W molar ratio=80:1)

3.3.5 Effect of Mo/WO; mass ratio

The effect of Mo/WO; mass ratio on the W and Mo
separation was studied by varying the W and Mo
concentration under different adsorbent dosages.

In different Mo/WO; mass ratio solutions (WO;
concentration was fixed at 0.47 g/L), the influence of Mo
concentration and adsorbent dosage on the removal of W
was investigated (Fig. 11(a)). It can be seen from
Fig. 11(a) that the removal rate of W decreased with
increasing Mo concentration. This can be explained that
the competitive adsorption of Mo was intensified with
the increase of Mo concentration. When the Mo
concentration was 0.5 g/L (the FMBO/W molar ratio
exceeded 70:1) and 5 g/L (the FMBO/W molar ratio was
above 90:1), W in the filtrate was undetectable. When the
Mo concentration was 50 g/L and the FMBO/W molar
ratio was 100:1, the adsorption rates of W and Mo were
82.5% and 2.2%, respectively, the separation factor
achieved to 210. After adsorption, the W concentration in
filtrate dropped to 82 mg/L, and the mass ratio of
Mo/WO; reached 595.
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Fig. 11 Effect of Mo/WO; mass ratio on adsorption:
(a) 047 g/lL WOs; (b) 50 g/L Mo (reaction time 10 h,
temperature 50 °C)

Under conditions of fixed Mo concentration (50 g/L)
and different Mo/WO; mass ratios, the separation results
are shown in Fig. 11(b). It can be seen from Fig. 11(b)
that the adsorption rate of W increased with adsorbent
dosage, at the same FMBO/W molar ratio, the higher W
higher W removal
adsorption method has
applicability in treating solution with a larger W/Mo

concentration, the efficiency.

Obviously, this a better
molar ratio.

3.4 Desorption and recycle of adsorbent

The recoveries of W and Mo from spent adsorbent
and the regeneration ability of adsorbent during several
adsorption—desorption—regeneration cycles were studied.

In fact, hydrated metal oxides can be seen as weakly
basic anion exchanger. Under the acid and weak alkaline
conditions, anions would be exchanged with the surface
hydroxyl group of hydrated oxides. The adsorption
reaction would be reversed under strong alkaline
conditions as Eq. (6), the adsorbed W and Mo anions
would be recycled and the adsorbent was regenerated.

S-W(Mo)" +OH ==SOH+W(Mo)"" (6)

The adsorbent was desorbed under different
concentrations of NaOH solution (0.1-5 mol/L) at room
temperature. As shown in Fig. 12, the desorption rates of
W and Mo both increased with desorption time and
NaOH concentration. Under conditions of 3 mol/L NaOH
solution and 10 h, the desorption rates of W and Mo
reached 81% and 99% respectively. It had almost no
further impact on the W and Mo desorption with the
increase of NaOH concentration.

so- @
=X
= 70r
5
~“—é 60
=
8
2 50+
S —o— (.1 mol/L
L —o— (.5 mol/L
B 4 —a— 1 mol/L
—7— 3 mol/L
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. 951
=
[=] L
< 90
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E 80r
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o 20+ —2— | mol/L
A —-7— 3 mol/L
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60 . - . . .
0 2 4 6 8 10

Desorption time/h

Fig. 12 Effect of NaOH concentration and desorption time on
desorption of W (a) and Mo (b) (temperature 20 °C, adsorbent
3.5 g, NaOH volume 150 mL)

Adsorbents were desorbed for 10 h under different
NaOH concentrations. They were dried at 50 °C for 5 h
and then recycled to remove W from molybdate solution.
As shown in Fig. 13, the rates of W adsorption onto
recycled adsorbent were all around 75% when the eluent
alkali concentration was less than 3 mol/L. While it
decreased to 64% at 5 mol/L NaOH condition. This
indicated that too high alkali concentration may destroy
the structure of adsorbent. Therefore, the adsorbent
which desorbed under 3 mol/L. NaOH solution for 10 h
was selected to further study the regeneration ability.
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Fig. 13 Effect of eluent NaOH concentration on readsorption of
W and Mo (0.47 g/L WOs3, 50 g/L Mo, reaction time 10 h,
temperature 50 °C, FMBO/W molar ratio=100:1)

The adsorbent was regenerated five times, and the
adsorption efficiencies of W and Mo were shown in Fig.
14. The experimental data clarified that the adsorption
rate of W slightly decreased after five consecutive cycles
and it was greater than 71% and the loss of Mo was less
than 2%. This indicated that the cycle performance of
Fe—Mn binary oxide adsorbent was stable.

80
= Mo
70 ]
60
50 |
40

30+

Adsorption rate/%

201
10

0 - ] -
Ist 2nd 3th 4th 5th
Cycle number

Fig. 14 Regeneration study with consecutive elution operation
in five cycles with 3 mol/L NaOH (0.47 g/L WO,, 50 g/L Mo,
reaction time 10 h, temperature 50 °C, FMBO/W molar
ratio=100:1)

4 Conclusions

1) Three adsorbents of Fe—Mn binary oxide
(FMBO), ferric hydroxide (Fe(OH);) and manganese
dioxide (MnO,) were investigated to remove W from
molybdate solution. The Fe—Mn binary oxide (FMBO)

was obtained by a simultancous oxidation and

co-precipitation process after being further dried for 5 h,
and it was proved to be a more suitable adsorbent than
others in the process of the W removal.

2) Fe—Mn binary oxides have a good adaptability
for the solution pH. It can obtain satisfactory separation
results without preadjusting the initial solution pH,
which simplifies the operation and expands applicability
of processing solution. The feed concentration
experiments show that this adsorption method has a
better applicability in treating solution with larger W/Mo
molar ratios. The separation factor reached 210 at
FMBO/W molar ratio of 100:1, 50 °C for 10 h. At the
same time, the adsorption rates of W and Mo were 82.5%
and 2.2% respectively, and the Mo/WO; mass ratio in
purified filtrate reached 595:1.

3) The desorption rates of W and Mo reached 81%
and 99%, respectively, when the adsorbent was desorbed
after 10 h in 3 mol/L NaOH solution. The regeneration
ability of the Fe—Mn binary oxide adsorbent was stable.
All these demonstrated that Fe—Mn binary oxide could
be one of the efficient and cost-effective potential
materials for removing W from molybdate solution.
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HEESS YR MIEMNBERE AR P 2 E 8
Rz, AL, BEF!, RPh!
1. FRIRY RESIEER, KD 410083; 2. JEHE KR MG AR AT 7L, L3 100084

B E. BIERE. HARRBERMLEEET N, R E A MYI(EMBO). A E Bk (Fe(OH)) M — S ALt
(MnO,) = Ffl B 77 N EH IR i i b 7 B4 . 45 R W], B R & A L YI(FMBO) it & AR L h BR S . Bk
WA AMYAE—NELEIZ B pH T E N (6.9~11.3) A BAFRE I, 7T IS5 5 BR3d 80%, HHBUR/ T
3%, BEAh, BRERE G EMPTT LU 3 mol/L MIESAALNE A, T HAS R BRI 5 R B — AT SR AT B
REFAAE . RUIERER S & A AW BE AEHIR SR h B A A RAF RO T 7

KR BRI HHERELVAW, BREE SR T
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