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Abstract

The adsorption/desorption behavior and separation conditions of vanadium and tungsten ions were investigated using a
gel-type anion-exchange resin. In the adsorption experiment with the initial acidity of the solution, the adsorption rate of
vanadium was remarkably low in strong acids and bases. Additionally, the adsorption rate of tungsten was low in a strong base.
An increase in the reaction temperature increased the adsorption reaction rate and maximum adsorption. The effect of tungsten
on the maximum adsorption was minimal. The adsorption isotherms of vanadium and tungsten on the ion-exchange resin were
suitable for the Langmuir adsorption isotherms of both the ions. For tungsten, the adsorption isotherms of vanadium and
tungsten were polyoxometalate. Both ion-exchange resins were simulated using similar quadratic reaction rate models.
Vanadium was desorbed in the aqueous solutions of HCI or NaOH, the desorption characteristics of vanadium and tungsten
depended on the desorption solution, and tungsten was desorbed in the aqueous solution of NaOH. It was possible to separate
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the two ions using the desorption process. The desorption reaction reached equilibrium within 30 min, and more than 90%

recovery was possible.

Key words : Anion exchange resin, Vanadium, Tungsten, Adsorption, Desorption, Spent SCR denitrification catalysts
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2. Experimental
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Fig. 1. Structure of Lewatit Monoplus M600 resin.

Table 1. The physical and chemical characteristics of Lewatit

monoplus M600
Characteristics Value
Name of the resin M600

General Description

Tonic form as shipped Cr

: uaternary amine
Functional group q ry 8

type 11
Matrix crosslinked
polystyrene
Structure gel type beads
Appearance white, translucent

Physical and Chemical Characteristics

Uniformity Coefficient*(max.) 1.1

Mean bead size*(mm) 0.62 (+/- 0.05)

Bulk density(+/- 5%)(g/L) 680
Density(approx. g/mL) 1.10
Water retention(wt. %) 45~50
Total capacity*(min. eq/L) 1.3
Volume change(Cl—OH)(max. vol. %) 16
Stability(at pH-range) 0~14
Storability of product(max. year) 2
Storability temperature range(°C) -20 ~ +40
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3. Result and discussion
3.1. Effects of intial pH
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Fig. 2. Effect of pH on the adsorption of vanadium and

tungsten on M600 resin.
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3.2. Influence of temperature
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Fig. 3. Effect of temperature on the adsorption of vanadium
on M600 resin.
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Fig. 4. Effect of temperature on the adsorption of tungsten
on M600 resin.
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3.3. Isotherms
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Fig. 5. Comparison of the different adsorption isotherms.

Table 2. Equation of Langmuir and Freundlich isotherm

model
Langmuir Freundlich
Equation G = G Jri logq, = logK,+— logC
. ¢ b
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Fig. 6. Langmuir isotherm model for vanadium adsorption
for different vanadium concentrations on M600 resin.
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Fig. 7. Freundlich isotherm model for Vanadium adsorption
for different concentrations on M600 resin.
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Fig. 8. Langmuir isotherm model for tungsten adsorption
for different concentrations on M600 resin.
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Fig. 9. Freundlich isotherm model for tungsten adsorption
for different concentrations on M600 resin.

Table 3. Langmuir and Freundlich isotherm constant

Langmuir Freundlich
Ky
q(mglg) | b(Limg)| R | ((mglg) | Un | R
(L/mg)I/n)
V| 96.15 0.234 | 0.9945 | 25.763 | 0.381 | 0.9682
W | 39.53 0.413 | 0.9934 | 25942 | 0.088 | 0.8297
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Fig. 10. Pseudo-first-order for vanadium adsorption on

M600 resin.
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Fig. 11. Pseudo-first-order for tungsten adsorption on M600
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Fig. 12. Pseudo-second-order for vanadium adsorption on
M600 resin.
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Fig. 13. Pseudo-second-order for tungsten adsorption on

resin. M600 resin.
Table 4. Pseudo-1st-order and pseudo-2nd-order rate constant
lon Temp. Pseudo-1st-Order Pseudo-2nd-Order
ky qe R 5) qe h R’

293K 0.1286 0.5359 0.2877 -0.0004 0.15086 -0.0177 0.9917
\% 303K 0.0017 0.3439 0.7345 0.00032 0.18921 0.00886 0.9988

313K 0.0026 0.3675 0.9312 0.00075 0.22094 0.01544 0.9993

293K 0.0008 0.0809 0.0599 -0.0009 0.08867 -0.1192 0.9997
W 303K 0.0020 0.0949 0.4847 0.00045 0.08473 0.06209 0.9999

313K 0.0009 0.1213 0.3624 0.00028 0.08849 0.03584 0.9996
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Fig. 14. Desorption rate of vanadium with concentration of
desorbing solution (HCI).
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Fig. 15. Desorption rate of tungsten with concentration of
desorbing solution (HCI).

3.5. Desorption

T2 o] 257 2 o] 2 9HE vl 2L §l5tel
Z¥ZF 1M, 2M, 3M2] HCl ¥ NaOH 4~8H-3 AR5t &
AL YT FHE Figs. 14~170] EAIBHALE HCI
S gololA] RS 0] 2.2 o] Zlo) mE gakge)
Z7pt Bed3] Aolvt Lrehte 2k A 3 608
7] 2 A] S2to] o] 20jA] 11 0] F 7} ASHE 7
e HERH AT 18U HCL 8o A | AHI o]29]
H2HE2 =5] H|[SIeith NaOH =& Aol A vivkgt
BFAHl o] B WAL 302 7HA] WiEA E3lo] o]
FolFom, 60 o]F BFol =5t B4l ol
< NaOH 89| 55710 whE 22HET} £kofA
T Aol E HolA| o vtk Fkof whE 2R E
9] Alo|& H3loH, 53] 2MO] NaOH ~&of| A 71

o 2RE HiE/HAE E2 34l Wt AT 33

100 ° °
o A A
¢
80 LR N T
o

20 4
—=— V(NaOH 1M)

o V(NaOH 2M)
—4— V(NaOH 3M)

T T T T
50 100 150 200 250
Time (min.)

Desorption (%)
8 3
! 1
oy ¥ oy

Fig. 16. Desorption rate of vanadium with concentration of
desorbing solution (NaOH).
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Fig. 17. Desorption rate of tungsten with concentration of
desorbing solution (NaOH).
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