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Fig. 1 Comparison of FI-IR spectra for CS and CA/PAO@IA

B 1 Al 7 CS/PAO @ 1A 3% 2k 1Y
3430 cm LSBT FEUE L ZIEIHE T O—H
N—H W4 REs: 5 CS L4t .1 569 cm !
eV T 1 AR I X R e R OB AR I g
(—NH, ) 5 bk me-2- F i [ 56 J2 7 2B 1Y) A 5 B
i (— CH=N—) 1t C=N 11 45 §iz 3 ¢ , J& 1k 2% %
E0 8 Ty A9 DG B E 4 1 L TR B L 7E 916 em ! BRI H
BT S A A 0, H K SR A e B v AR G
A N—O 145 % 3h 16 (C—=N—0) , JIF 52 5 {8 i
55 4 B ) 5 A K R i TR 45
2.1.2 kEfANR

R o3 B K BE S B CHT IS R SR K P BE L 43
BI%E CS 5 CS/PAO@TA 17 45 7K 3 firh £ I
LA RE 2 s, FTHL CS 1§ S 25K £
fil fR 58.04° 420, 17°, CS/PAO@IA 1 # 245 F
Bk ¥ b f R 12.07° £ 0.67°, ML 2 T,
CS/PAO@IA /R B R 4f 1 25 K M, A Rl F oK
53 R TG 5 - 75 B 9 45 AR Y 1R

CS CS/PAO@IA

\
11.40°

2
57.87° /-\ 57210 12.73°
. e e

B2 CS5 CS/PAORIA HyEsAS/kiEfm Attt
Fig.2 Comparison of static water contact angles for
CS and CS/PAO@IA
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Fig. 3 Scanning electron microscope images of
CS/PAO@IA
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Fig. 4 XPS spectra of CS/PAO@IA before and after uranium adsorption
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Fig.5 Variation of uranium adsorption capacity of

CS/PAO@IA under different pH values
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Fig. 6 Variation of uranium adsorption capacity of

CS/PAO@]IA under different temperatures
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Fig.7 Pseudo-first-order and pseudo-second-order Kinetic

fitting curves for uranium adsorption by CS/PAO@IA
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Table 1 Kinetic fitting parameters for uranium adsorption by CS/PAO@IA
TC il 15 ) 2 HE—23h I i
il BT R/
(mg+ L1 Ge.snig /(mg + g7 1) ky/h71 Qe /(mg e g™ 1) ky/(gemg ' +h 1) R?
3.3 18. 55 0.064 7 0.991 06 26. 14 0.001 89 0.992 16
2.2.4 WMEELZ 9.10 P A2 B HOLE 2.

T Jo e v g 145 g/ L P TR o T 1 AR
FH IR SR U 7K i B, TC i B 2 v B2 439 4 10,.20,200
500,1 000 mg/L Ay MbriEEK, JET5 914G pH 8
(B /K pHD L BOAS [R] ¥ B2 B9 bR i /K 200 mL it
R, AR B CS/PAO@IA ¥ ¥} 0. 2 g,
W RfF48 h, CS/PAO@IA X A [a] 4h Joit 1t e B i) i
B it K b il Y W R 2 s AN 8 B R, AT,
CS/PAO@TA ) lt W B 75 Sk Fifl ¥ L v i Jo 2k Wk 2
Fh i 10 5 Xl T AR R R 43 A 10.,20.,200,
500.1 000 mg/ LA IMIFRIEE KW 48 h 5 o 4l W Bt
Ay Bk (8. 23 £0.21), (15, 41 £0. 46)
(148.142.08) . (357. 4+6.09) . (674. 7+5. 85)mg/ g
B 7 1 il 0 B 32 43 ) A 82, 33%6£2.10%
77%+2.31%.74.03 %41, 04 % .70, 94 % + 1. 22% .
67.47%+0.58%,

700 -
600 [
500
400 -
300 [
200
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0 ! I )
10 20 200 500 1 000

Bl R B WK/ (mg + L)

R AR /(mg « g7Y)

8 CS/PAO@IA Xt A [6) $ 5T &R B B AR i 7k Hh
sHIRM A2
Fig. 8 Uranium adsorption capacity of CS/PAO@IA in

spiked seawater with different uranium concentrations
MRAE CS/PAO@IA FEA[R] il 5 e JEE T (11

I3 56 5040 22 ) W B 4 L £k L 9 43 I Langmuir
FIFreundlich %5 i W B AR Y 847 801 45 R an i

0 50 100 150 200 250 300 350
pJ(mg = L7

9 CS/PAO@IA W B $ 49 Langmuir %55 IR B #1 & i 2%
Fig. 9 Langmuir isothermal adsorption fitting curve of

uranium adsorption by CS/PAO@IA

7r

In (¢ /(mg = L™")

In (p,/(mg * L)

10 CS/PAO@IA IR Bi$h AT Freundlich %558 IR B3l & ih &%
Fig. 10 Freundlich isothermal adsorption fitting curve
of uranium adsorption by CS/PAO@IA

HE 9.10 &£ 2 0] Al . Freundlich %5 J& %
R ASE R0 400 G A OC R E(R” = 0. 994 27) W] &
{1 Langmuir 55 I W B A B 49 4006 A OC & 8K
(R*=0.683 53) . &M CS/PAO@IA # ¥} W i
iR 3 2 B4 & Freundlich 55 Ui W B #8259, 7
EARBE) R £ 0 T2 WM 51 /2<<1,
Ut W] CS/PAO@TIA # ¥} XT fil 47 — & 19 W B

el
He JJ o

R 2 CS/PAO@IA W B $h B9 35 iR W M L & S 8
Table 2 Equilibrium adsorption fitting parameters of uranium adsorption by CS/PAO@ IA

5 Langmuir Freundlich
T/C ; .
gm/(mg g 1) kr/(Lemg 1) R? 1/n kr/(L e mg 1) R?
25 1247. 77 0.003 11 0.683 53 0.856 92 4.715 85 0.994 27
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2.3 AR

MR SCHRC17-18 /i 3 1 vk, SR FHAS [ vk 32
() £ R 1 W X 384 CS/PAO@ITA HEAT i Wz i 5
ZERME 11 fFros . A HCL MR B2 B AR s, 5l A
MR AR ;2 HCL W B8 = 0. 8 mol/L B, fi#
T3 92.37% £ 1. 83 %0 ; k£ K HCL ¥ B, il
fife W R %Wk T OF AR 2 4 A 4 D R Xt
CS/PAO@TATY fif W AL Sy - h 2 4 Ik 1 2 1k 26
e i H 5 UOST 3840 e fis 3 A L 0 e A7
7 g5 A e i B A P i U 7 (- NH,) MR T
(—OH) fEMM: &M T & k11, i i 71k
Jei B AR Jie i B AF OE H A, 2 5 R RE A OE B Y
UOs™ F=AE#U T, T 58 som 38 5 U 05
(A TC A B AR A UO5 T MM L 35 T B i W 1A
W

100

BRI/ %

0.1 03 0.5 08 1 2
BRI E /(mol « L7Y)

11 AREKENEERX HH CS/PAO@IA i
eSO
Fig. 11 Comparison of desorption rate of
uranium-loaded CS/PAO@]IA by different

concentrations of hydrochloric acid
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Bidil 1 000 £% F KRR K P VO, (Co*' |
Ni** \Cu®" Zn™" MR BE Y 8l (3. 3 mg/ LD IEK2 L,
IEAREF Na® (Mg (K™ \Ca”™" FEIRE K i ik B A AR
(% 3). 78 CS/PAO@IA M BHE 0. 2 g 5144 T
W BRF 48 by 25 2225 T P02 X8 W5k %) 52 e L 445
mE 12 iR, wH CS/PAO@IA #1 R %F VO, |
Zo*t L Cut R W B2 A Ay s (2. 77 £ 0. 1),
(3.5140. 30 F1(3. 78+0. 21 mg/ g, Ui X 2o T4 5
X Hl A R B A — 2 TR AE 5 5 R in A i K
SRR T 7, CS/PAO@IA MR X BT A B
B 82 B 1 B8 il 82 B 725 £ 3K (18. 13 £0. 54) mg/ g,
MRS UOST W B 75 5 5w o X W] BB e T b

RE A IR B R AT 50 el A e (DR Y 46
A BT Na® (Mg®" (K* . Ca®" 1 W Jff 25 15
AR X PR O X LR 4 ) B 7R I K Y i 8
L RIIRWE L UOT 5 3.4 MR 9K 3, H
KA W B 2o B v gy B0 B T 4 RE R, &
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Preparation of Chitosan/Imidazole Crosslinked Polyamidoxime Hydrogel

and Its Performance in Uranium Extraction from Seawater

LI He'? ,CHEN Shusen'?,LI Hao"?,CUI Qi"'*, WANG Fengju'?,LI Ziming'?,
SONG Yan'?,WU Haotian, SHANG Ziming'"*

(1. Beijing Research Institute of Chemical Engineering and Metallurgy .CNNC,
Beijing 101149,China;
2. National Key Laboratory of Uranium Resources Exploration and Extraction and Nuclear

Remote Sensing ,Beijing 101149,China)

Abstract: In response to the problems of limited adsorption capacity and susceptibility to interference
from ions in the existing seawater uranium extraction hydrogel materials,a novel composite hydrogel
adsorbent, chitosan/imidazole crosslinked polyamidoxime hydrogel (CS/PAO@IA) was developed.
This material is based on chitosan as the three-dimensional network framework and imidazole-2-
formaldehyde as the chemical crosslinking agent. Through hydrogen bond effects and Schiff base
reactions,a flexible and strong three-dimensional network was constructed. The correctness of the
synthesized material structure was verified by systematic characterization methods,and the microscopic
morphology of the material surface and the composition and valence state changes of the elements on
the surface after uranium adsorption were analyzed. The uranium adsorption performance and ion
selectivity of the material were tested separately. The results show that the material has good
adsorption selectivity for uranyl ions in the spiked seawater with uranium mass concentration of
3.3 mg/L,and the uranium adsorption capacity is up to 18. 13 mg/g. This study can provide a new
idea for the development of efficient, stable and multifunctional hydrogel materials for uranium
extraction from seawater.

Key words: uranium; uranium extraction from seawater; hydrogel; chemical crosslinking; polyamidoxime;

schiff base; adsorption



