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Table 1 Physical and chemical performance indexes of different resins

. Volume exchange
Moisture

Resin Framework Functional group capacity/ Particle size range
content/% 5
(mmol mL™)
.. (0.450-0.850 mm)
D751 Styrene divinylbenzene copolymer ~ —N(CH,COOH), 48-58 =1.8 =959
= o
. . (0.315-1.25mm)
D201 Styrene divinylbenzene copolymer —N"(CH,),Cl 50-60 =1.2 = 959,
= (J
. . (0.315-1.25 mm)
201%*7 Styrene divinylbenzene copolymer —N'(CH,),Cl 42-48 =14

=95%
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Fig. 1 Ion species diagram of vanadium(IV)-watersystem
at 298 K
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Table 2 Vanadium adsorption rate of different resins

) ) Adsorption rate of
Categories of resin

vanadium/%
D751 95.25
D201 10.11
201%*7 98

ISR R, pH BAKK, M AF D751 F1
2017 R I R AP AL PERE, (HSE30 I R
IR 2017 6 i 70 R B acd A2 Hp R A 7 B BRI R (TR
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LI pH 5 T Bt 2 1 % R 2(a) s pH
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Fig. 2 Effect of experimental parameters on adsorption rate: (a) pH value; (b) Temperature; (c) Initial concentration of

vanadium; (d) Initial concentration of Fe**
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HRE AN [RIELEE T (W BT S A0 H0HE ,  FRvusy
BRI RQ)HEATINA 1 y=—3443.14x+
14.1916, L4 R 23 1HH 15 14 2 {H AH=28.6263 KkJ/
mol, JHZZ{E AS=117.989 J/(mol-K). HIAH. AS K
@) VST 15 N 1 75 AR BT E AR AG 45 Rk 3
FT7R o
In(Q,/p, )=[-AH/(RT)]+ AS/R (3)
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K Qo po 7090l ik S W B4 s A i o 0 4 Wi
B R (mg/g) RV R LIV ) BS T IR B (/L)

=3 ANFRE AT E R

Table 3  Gibbs free energy variation at different
temperatures
Temperature/‘C AG/(kT-mol™)
25 -6.55212
30 -7.14207
35 -7.73201
40 -8.32196

AH KT 0, R PER R, &2
e it FE A R TR RO EAT s I AS KT 0, R
B JG 3G J2 HE B 7, [ AR 2 T B T VR R
T3 AG<<0, RIS B BN B KBTI,
HRBILES T T A R B 2 R 2 T

MR A [ FEE T W B~ SR AR s, 53 ) ] B
ZR WL AR (X(5)) A1 BRI R A 1AL (X (6)) i AT
WG . BRI PSR 2k R*=0.966:
pelQc=p/O0n+K /0, (5)
e O, N B IR B AR TR Tt Fr) 5 R BE 18 IR Bt
&y K TR

SRS A 7 I S5 4k R*=0.852:
lgQ.=1gK+(1/n)lgp, (6)

WA RR, SR RS BT 5 S5
B, ik, BSw RN ARy TR .
53T 2 A0 252 W% B AE L 47 2 % B 8 i 1 44 2%
71, WIS EIRAR BRI AR BT, W
FEANTTI, TR R I 2 e v R R R RS e, H
W B 3 8 1k 57
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0.075F
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335F S

3'05 L 1 i 1 L L
0.25 0.30 0.35 0.40 0.45
Inp

E3 MRS
Fig. 3 Adsorption isotherms fitting curves: (a) Langmuir

isothermal model; (b) Freudich isothermal model
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Table 4 Fitting correlation coefficients of pseudo first-

order and pseudo second-order rate equations

Initial concentration of Fitting coefficient of quasi

vanadium/(g-L™") first/second order equation
0.5 (0.9858, 0.9921)

1 (0.9752, 0.9879)

2 (0.985, 0.9892)
3 (0.9916, 0.9944)
4

(0.9943, 0.9970)
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Fig. 4
particle diffusion(b)

Fitting results of liquid film diffusion(a) and
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Fig. 5 Comparison of infrared spectra before and after ion

exchange resin adsorption
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Fig. 6 Mechanism of vanadium adsorption by D751
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Mechanism of adsorption of vanadium (IV) ions in
acidic solution by D751 resin

YANG Xiao-hui', LI Wang' >3, ZHU Xiao-bo'**

(1. School of Chemistry and Chemical Engineering, Henan University of Technology, Jiaozuo 454003, China;
2. State Environmental Protection Key Laboratory of Mineral Metallurgical Resources Utilization and
Pollution Control, Wuhan University of Science and Technology, Wuhan 430081, China;

3. Collaborative Innovation Center for Safe Production and Clean and Efficient Utilization of Coal,

Henan University of Technology, Jiaozuo 454000, China)

Abstract: The chelating resin D751 was investigated to dislodge vanadium(IV) ion in acid solution, the effects of
pH, initial concentration of vanadium in solution, temperature and concentration of impurity ions on the adsorption
degree were discussed, the adsorption isotherm and kinetic process were analyzed, for which the adsorption
mechanism was inspected gradually. The results show that D751 resin reveals a relatively sterling adsorption
capacity for vanadium ion (IV) in strong acidic solution(the saturated adsorption capacity is 78 mg/g), in the
presence of ferrous ion, the vanadium adsorption rate is still more than 80% (simultaneously the ferrous ion
adsorption rate keeps a low level of <<20%), which indicates that D751 resin can be suitably used for the
separation of vanadium and iron in acidic system. The adsorption of vanadium in acidic solution by D751 resin is a
spontaneous endothermic process, driven by entropy increase. Langmuir isothermal model can appropriately fit the
experimental data, indicating the adsorption of vanadium in acidic solution by D751 resin is a monolayer
adsorption. The process of vanadium adsorption by D751 resin is controlled by internal diffusion and liquid film
diffusion. The infrared spectrum varies after adsorption, which can be inferred that the principle of the adsorption
process is that the double carboxyl functional groups on the resin surface form a stable coordination bond with the
vanadyl cations in the solution, and the vanadium ions are successfully adsorbed on the resin.
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Foundation item: Projects(51904097, 51804103) supported by the National Natural Science Foundation of China;
Project(2019GGJS056) supported by the Training Program for Young Backbone Teachers in
Colleges and Universities of Henan Province, China; Project(HB201905) supported by the
National Key Laboratory Open Fund; Project(202102310548) supported by the Science and
Technology Research Project of Henan Province, China

Received date: 2021-10-27; Accepted date: 2021-12-14

Corresponding author: LI Wang; Tel: +86-18639104027; E-mail: liwang0805@126.com

ZHU Xiao-bo; Tel: +86-15978732365; E-mail: zhuxiaobo0119@126.com

(miE TR



