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Abstract

With strong alkaline anion-exchange resin 717 as the sorbent and NaOH solution as the eluent, a study on the sorption from alkaline solution
and elution of vanadium(V), silicon(IV), and aluminium(III) was carried out. Different parameters affecting the sorption and elution process,

including temperature, pH values as well as the ratio of resin to solution, were investigated. The results show that sorption degree of vana-
dium(V) increases with a decrease of pH values, and V(V) ions are easier sorbed than Si(IV) and Al(III) ions under the same conditions. The
sorption degree of V(V), Si(IV), and AI(IIT) at pH 9.14 for 15 min are 90.6%, 33.5%, and 21.6%, respectively. Si(IV), AI(III), and V(V) ions
sorbed on 717 resin were eluted by use of 2 mol-L™' NaOH solution; the desorption degree of V(V), Si(IV), and AI(III) for 5 min are 81.7%,

99.1%, and 99.3%, respectively.
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1. Introduction

Vanadium is an important far-between and dispersive
metal that is widely used in ferrous and non-ferrous alloys
and catalyzer fields due to its physical and chemical proper-
ties such as tensile strength, hardness, fatigue resistance, and
high catalytic activity for some reactions [1-3]. In addition,
vanadium is also a kind of an excellent potential material for
redox batteries [4-5]. In nature, vanadium usually occurs in
combination with various minerals which include carnotite,
roscoelite, vanadinite, mottramite, and patronite as impor-
tant sources of the metal [1]. In China, vanadium and tita-
nium magnetite ore, stone coal ore, and bauxite ore are three
important vanadium sources [6-7]. Thereinto, the gross re-
serve of vanadium in stone coal is about 118 million tons in
terms of V,0s, accounting for more than 87% of the domes-
tic reserve of vanadium [8]. Therefore, the extraction of va-
nadium from stone coal has been widely studied, and some
progress has been made. At present, vanadium in the stone
coal was mostly extracted by classical technology, which
includes chloridizing roasting, water leaching, deposition,
alkali melting, and thermal decomposition [9]. This method
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has many disadvantages, such as complexity, low recovery
of vanadium (<50%), and serious environment pollution
[10]. Thereby, how to extract vanadium via a simple and
very efficient method still needs to be studied and innovated
further. He ef al. [11] reported an environmentally-friendly
technology of extracting vanadium from stone coal, which
included roasting the stone coal, making V(III) fettered in
the crystal structure of roscoelite turn into oxide (V,0s) [12],
and then leaching by NaOH solution. The results showed
that 88.38% leaching degree of vanadium can be obtained
under proper leaching conditions. Usually, vanadium is re-
covered from acidic media using two processes: solvent ex-
traction [11, 13-15] or ion exchange [16-17]. However, little
information of how to extract directly the vanadium from
alkaline solution was reported.

In the present paper, the recovery of vanadium from alka-
line solution is studied using 717 anion-exchange resin as
the sorbent and NaOH solution as the eluent, and the influ-
ences of parameters such as pH values, temperature, and
NaOH concentration on the sorption and desorption of va-
nadium, aluminium, and silicon ions are reported.
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2. Experimental

2.1. Reagent and apparatus

The chemicals used were of analytical grade, and all so-
lutions were prepared with deionised water. Vanadium(V)
and silicon(IV) solutions were prepared by dissolving
NaVO0;-2H,0 and Na,Si0;-9H,0 in water, respectively, and
aluminium(IIT) solution was prepared by dissolving AI(OH);
in NaOH solution. Mixed solution containing V(V), Si(IV),
and AI(IIT) ions was prepared by mixing the three solutions
above according to the mass ratio of V(V) to Si(IV) to AI(III)
and their concentration obtained from leaching the roasting
stone coal with NaOH solution [11].

Strong alkaline anion-exchange resin 717, which is a
kind of polymer of styrene and diethylene benzene contain-
ing quarternary ammonium group (—-N(CH;);0OH), was ap-
plied. The resin was washed with water until supernatant
water became clear and colorless, and then soaked with de-
ionised water for 6 h, soaked with 5 wt.% NaOH solution
for 4 h, and again washed with deionised water until the pH
value of supernatant water was in the range of 8-9.

Vanadium, silicon, and aluminum in the feed solution,
sorption solution, and elution solution were determined by
inductively coupled plasma atomic emission spectrometry
(ICP-AES, Perkin Elmer Optima 5300 DV) .

2.2. Sorption and elution of ions

The sorption procedure was performed by agitating 10 g
wet resin and 100 mL feed solution in a 250 mL beaker via
magnetic force stirring using a thermostated shaking water
bath adjusted to desired temperature.

The elution procedure of ions was performed by agitating
10 g wet resin sorbing ions and 50 mL NaOH solution in a
250 mL beaker via magnetic force stirring at room tempera-
ture.

3. Principle of sorption and elution

Vanadium(V), aluminium(IIl), and silicon(IV) ions in
alkaline media exist in the form of V,0;; [18], Al(OH),,
and SiO>, respectively. 717 resin is a kind of polymer of
styrene and diethylene benzene containing quarternary am-
monium group (-N(CH;);0H), which is expressed by
R—-N(CH;);0H). When the resin is stirred in the solution
containing V,0;, , Al(OH),, and SiO; ions, anion ex-
change reactions can be expressed, respectively, as follows:

4R-N (CH,),0H +V,0;, =
(R-N(CH;);),V,0,, +40H" O]

2R-N (CH,),0H +Si0;” =
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(R-N (CH;),),SiO, +20H" )
R-N (CH,);0H + Al(OH), =
R-N (CH,);Al(OH), + OH" (3)

Reactions above are reversible processes; therefore, ions
sorbed on the resin can be eluted using NaOH solution.

4. Results and discussion
4.1. Sorption of vanadium ions

4.1.1. Effect of temperature on the resin-sorbing vanadium

The effect of temperature on the resin-sorbing vanadium
is shown in Fig. 1. It is found that the sorption degree of va-
nadium(V) ions increases most markedly between 0 and 5
min, and the equilibrium time decreases with an increase in
solution temperature. The sorption degrees of vanadium at
23, 45, and 58°C for 15 min are 86.3%, 87.3%, and 88.5%,
respectively.
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Fig. 1. Effect of temperature on the resin-sorbing vanadium.

Conditions: V(V), 3.027 g-.L™'; pH 9.06.

4.1.2. Effect of pH values on the resin-sorbing vanadium

The effect of pH values on the resin-sorbing vanadium is
shown in Fig. 2. It is found that pH values have marked ef-
fect on the equilibrium sorption degree of vanadium; the
equilibrium sorption degree of vanadium increases from
61.6% to 86.3% with a decrease of pH values from 10.39 to
9.06, which is attributed to an increase of competitive sorp-
tion of OH™ ions with increasing pH values.
4.1.3. Effect of the ratio of resin to feed solution on the resin-
sorbing vanadium

The experiment results are shown in Fig. 3. It is known
that the quantity of the feed solution sets a limit to the sorp-
tion degree of vanadium. Fig. 3 shows that the sorption de-
gree of vanadium decreases and the equilibrium time in-
creases with an increase in feed solution volume. The sorp-
tion degree of vanadium for feed solution volumes of 100,
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Fig. 2. Effect of pH values on the resin-sorbing vanadium.

Conditions: V(V), 3.027 g-L™'; sorption temperature, 23°C.
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Fig. 3. Effect of the ratio of resin to feed solution on the resin-

sorbing vanadium. Conditions: V(V), 3.027 g-L"; wet resin
dosage, 10 g; pH 9.06; sorption temperature, 23°C.

150, and 200 mL for 15 min are 86.3%, 67.01%, and 45.3%,
respectively.

4.2. Effect of temperature on the resin-sorbing silicon

When vanadium in the roast is leached by NaOH solution,
silicon is also dissolved in the form of SiO} ions. To ex-
amine the sorption performance of SiO:™ ions, the effect of
temperature on the resin-sorbing SiO;” ions was investi-
gated. The experiment results are shown in Fig. 4; it can be
seen that the sorption degree of SiO;” ions increases most
markedly with an increase of agitating time between 0 and 3
min. The sorption degrees of SiO}™ ions at 22, 45, and
53°C for 15 min are 83.4%, 78.7%, and 81.9%, respectively.

4.3. Effect of temperature on the resin-sorbing alumin-
ium

AI(III) exists in the form of Al(OH), in alkaline media,
which can be sorbed by 717 anion-exchange resin. The ef-
fect of temperature on the resin-sorbing Al(OH), is shown

in Fig. 5. It is found that the quickest sorption of Al(OH),
ions takes place between 0 min and 5 min, and temperature
has little effect on the equilibrium sorption degree of
Al(OH), ions. The sorption degrees of Al(OH), ions at 23,
42, and 51°C for 15 min are 47.2%, 48.1%, and 50.5%, re-
spectively.
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Fig. 4. Effect of temperature on the resin-sorbing silicon.
Conditions: Si(IV), 1.345 g-L™"; wet resin dosage, 10 g; pH 12.6.
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Fig. 5. Effect of temperature on the resin-sorbing aluminium.
Conditions: AI(III), 29.19 mg-L™'; wet resin dosage, 10 g; pH
11.38.

4.4. Sorption in the presence of coexistence ions

In the alkali leaching process, the part of aluminium and
silicon in the stone coal is leached to put higher concentra-
tions of sodium silicate and aluminate into solution along
with vanadium. They are harmful to the later vana-
dium-enriching process. These impurities can be removed
by two steps. First, most of them are removed by adjusting
pH values to 8-9 with H,SO,. Then, the rest Si is removed
by chemical precipitation with the addition of Mg(NO;), due
to the low solubility of MgSiO; [11]. We prepared a syn-
thetic starting solution for sorption experiment according to
the composition of purified leaching liquor obtained by He
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et al. [11]. The experiment results of sorption in the pres-
ence of coexistence ions are shown in Fig. 6. From Fig. 6,
the sorption degree of V(V) increases most markedly be-
tween 0 and 7 min, and the sorption process reaches equilib-
rium at about 15 min. However, the sorption degrees of
Si(IV) and AI(IIT) increase gradually between 0 and 27 min.
The sorption degrees of V(V), Si(IV), and AI(II]) for 15 min
are 90.6%, 33.5%, and 21.6%, respectively.
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Fig. 6. Resin-sorbing coexistence ions. Conditions: V(V),
3.041 gL' Si(IV), 23.56 mgL™; AI(III), 29.11 mgL™; wet
resin dosage, 10 g; feed solution volume, 100 mL; pH 9.14;
sorption temperature, 26°C.

4.5. Desorption of ions sorbed on the resin

NaOH solution was employed as the elution solution of
ions sorbed on the resin in this study. To get a clear idea of
the behaviour of sodium hydroxide in elution, an experiment
on the effect of NaOH concentration on the desorption of
ions sorbed on the resin was carried out. The results are
shown in Fig. 7. From Fig. 7(a), when 1 mol-L™' NaOH so-
lution is used as the elution solution, the rapidest desorption
processes of V(V), Si(IV), and AI(III) take place between 0
and 3 min, 0 and 3 min, and 0 and 7 min, respectively; the
desorption processes of V(V) and Si(IV) reach equilibrium
after 5 min. However, the desorption degree of AI(III) still
has a few increase after 7 min. The desorption degrees of
V(V), Si(1V), and AI(III) for 15 min are 41.26%, 92.18%,
and 71.57%, respectively. From Fig. 7(b), when the NaOH
concentration is 2 mol-L™", the desorption degrees of V(V),
Si(IV), and AI(III) for 5 min are 81.7%, 99.1%, and 99.3%,
respectively. It indicates that Si(IV) and AI(III) ions are eas-
ier eluted from the resin than V(V) ions; the higher the
NaOH concentration, the larger the desorption degree.
Therefore, according to the desorption difference of the
three ions, V(V) ions can be separated and enriched when
Si(IV) and AI(ITI) ions are eluted using a lower concentra-
tion NaOH solution; then V(V) ions are eluted using a
higher concentration NaOH solution.
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Fig. 7. Results of desorption of ions sorbed on the resin. Con-
ditions: temperature, 26°C; wet resin dosage, 10 g; solution
volume, 50 mL; NaOH concentration, (a) 1 mol-L™, (b) 2 mol-L™".

5. Conclusions

Strong alkaline anion-exchange resin 717 can be used to
sorb vanadium(V) from alkaline solution. The sorption de-
gree of vanadium(V) increases with a decrease of pH values,
and V(V) ions are easier sorbed than Si(IV) and AI(III) ions
at the same pH values. V(V), Si(IV), and Al(III) ions sorbed
on the resin can be eluted using NaOH solution. Because
Si(IV) and Al(IIl) ions are easier eluted than V(V) ions,
Si(IV) and AI(III) ions sorbed on the resin can be eluted us-
ing a lower concentration NaOH solution before V(V) ions
are eluted, and then V(V) ions are eluted using a higher con-
centration NaOH solution. Therefore, strong alkaline
anion-exchange resin 717 can be used to concentrate and
separate vanadium(V) from alkaline solution in the presence
of Si(IV) and AI(III) ions.
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