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Adsorption of tungsten by N-doped lignin
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Abstract: N-doped lignin used for adsorption of tungsten was synthesized by polyamination and
quaternization from lignin. The adsorbent was characterized by SEM-EDS and FTIR. The effects of pH,
initial mass concentration of tungsten, adsorption time and amount of adsorbent on the adsorption capacity
were investigated. The adsorption mechanism was revealed by SEM-EDS and FTIR and XPS. The results
showed that N-doped lignin was loose and porous and contained a large amount of phenolic hydroxyl,
amine and quaternary ammonium functional groups. When the total concentration of tungsten was
0. 005 mol/L and the value of pH was smaller than 4. 7, the existing form of tungsten was H, W,, O, .
H,W,,0}, was adsorbed by N-doped lignin through electrostatic attraction of hydrogen bond and
coordination with amino and ion exchange with ClI~. The saturated adsorption capacity of 1 g/L. N-doped
lignin for tungsten reached 421. 68 mg/g at pH of 4. 0, with initial tungsten mass concentration of 800 mg/
L. and adsorption time of 960 min. The adsorption followed LLangmuir model and quasi-second-order kinetic
model, indicating that the adsorption was monolayer homogeneous chemisorption.
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Fig. 1 Quaternization of lignin
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Fig.2 Polyamination of quaternary ammonium ligin
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Fig. 3 Relationship between the mole fractions of tungsten species and the value of pH
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Fig. 4 SEM and EDS images of lignin and N-doped lignin
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Tab.1 Comparison of adsorption capacities of different adsorbents on tungsten

R i 551 q/(mge+g ") EEDUN
TVEX-TOPO resin 17. 60 [10]
D201 resin 144.90 [26]
Morpholine chelate resin 349. 20 [27]
Fe/Ce/Ti -Garlic peel 91.50/84/83 [28]
Fe-Mg type hydrotalcite 54. 60 [29]
Modified Montmorillonite 222.40 [30]
N-doped lignin 421.68 AR
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Tab.2 Parameters and adsorption isotherm models of tungsten by N-doped lignin
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Temkin vy=90.535 9x—190. 333 1 Z=90. 54 K;=0.122 2 R*=0.961 1
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Tab.3 Kinetic model parameters of tungsten by N-doped lignin
W i 3 o7 2 4 A L5 Ty XS4
T — 20 5 Sy 2 R ) y=3.002 8—0. 002 2x q.=1006.47  K,=5.066 6X10 ° R*=0.906 5
e Z 2 5l Iy 2 i y=0.001 7x+0.612 4 q.=588.24 K,=4.719 1X10~° R*=0.999 0
y=13.573 1z +34.607 6 A, =34.61 K, =13.573 1 R?=0.994 8
S NPT HOE A y=10.279 7x+113.343 5 A,=113.34 K.,=10.279 7 R2=0.9930
y=4.787 3x+273.349 8 A,=273.35 K, =4.787 3
y=140.922 92 —537. 2290 a;=3.11 B =7.096 1X10° R}=0.998 3
Elovich 1% £ .
y=71.743 42 —70.977 3 a,=26.68 B,=13.938 6X10°°

0. T WM g/ s K, ol — SR B min K, R~ R A/ (g - min) s A 301
5 o AT R B/ g+ i) 0 P25 IR 5 T T i 2 A AT X B /e
0 8 e 5 AT W B BT 4 005 8ot ELR® 3K 1T 0. 998 3. 4600 N JB AR 2 X1 B0
B A S0 3 G DM I O N (K = Ky = Ko 5k R A T2
CAL < Ay A o WM ST O (5 0 S . R B 2 1 005 5 R B ) 0
A B R4 R B



5 3 3 AR A5 N 4B A ST 20T 85 Y 15 Ff 277

2.4 BHEM

TE 25 C R HEFE N 250 r/min MR B E] K
60 min B £ F. R A 10 mL 2 mol/L NaCl
1 mol/L NaOH R & IFE WA} 10 mg 73845 N B4 K
JBT 2R AT A W ek A O i W A PR S B AR BN 4B
KRR FRAERE 45 R E 9 iR, /9 253K,
FRAJE N 4B 2 AR BT 38 05 1 W B 45 & T P18 L5 5
YT I 1A W B 2 e AN L B 1 VR T A 5 118 T B 2
TRET 10.64% , R N B4R I BA R4
PERE, BT N 45 22 A o7 R W B4 B G AR ) fe A 1

2.5 WRHHHLE %
AR R N 8 AT 2 RE A 9 0% [ BL L E 0 B9 NBRARRNTELRE

S T Fig. R ility of N- ligni
W R 19 N #5822 Kt 2 347 SEM-EDS.FTIR il XPS 2.9 Regenerability of N-doped lignin

SR g5 R LR 10 ATIE 1.

c .
Before adsorption

N

= !
5 i ! |
§ F_»_I\l‘}fter adsorpﬁlﬁg /_,_\ : !
E ,.\ 7~ // 'v: A :Ym \{‘\T‘
= N / .\| ‘,\r l"‘m\’/ll\o o,
28 S
1 n 1 = L
y 40 35 30 25 20 15 10 0S5
ElkeV WHU(10° em™)

a. SEM K ;b. EDS El ;c. FTIR El
B 10 NIBFARERMIEH SEM-EDS B 71K i 37 /5 & FTIR
Fig. 10 SEM-EDS images of N-doped lignin after adsorption and FTIR spectra of N-doped lignin before and after adsorption
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