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Preparation of amidoxime-based adsorption materials with a

multi-amino synergistic effect and their uranium adsorption performance

REN Wanning' FENG Xinxin®> HAN Hongwei' HU Jiangtao> WU Guozhong"’
'(ShanghaiTech University, Shanghai 200031, China)
*(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)
*(University of Chinese Academy of Sciences, Beijing 100049, China)
‘(Shanghai University, Shanghai 200444, China)

ABSTRACT Uranyl ions in seawater are prone to complexing with organic matter, forming stable compounds that
can impact the adsorption performance of uranium adsorption materials. Herein, glycidyl methacrylate (GMA)
monomers were introduced onto the surface of the polypropylene/polyethylene nonwoven (PP/PE SNW) substract
using radiation-induced graft polymerization (RIGP). Thereafter, three different polyamines, namely,
triethylenetetramine (TETA), tetracthylenepentamine (TEPA), and pentaethylenehexamine (PEHA), were utilized to
a ring-opening reaction, introducing the amine group into the substrate. This was followed by an addition reaction
with acrylonitrile and an amidoxime reaction to produce the straight-chain-structured AO-based adsorbents, termed
P-TETA-AO, P-TEPA-AO, and P-PEHA-AO. Subsequently, structural characterization, adsorption performance
investigation, and adsorption mechanism analysis were performed. The experimental results confirm that three
different functional polymer chains with varying chain lengths were successfully modified on the substrate surface
and that the target amidoxime-based adsorption material was successfully prepared. The adsorption process followed
a pseudo-second-order kinetic model, and the adsorption isotherm was well described by the Langmuir model. The
adsorption capacities of P-TETA-AO, P-TEPA-AO, and P-PEHA-AO for uranium were 66.1 mg/g, 63.22 mg/g, and
65.62 mg/g, respectively, within 24 h and exhibited adequate adsorption performance in the pH range of 5~9. The
adsorption—desorption experiments indicated good regenerability, with only a 6% decrease in the uranium adsorption
rate after five cycles, and a desorption ratio that was consistently above 95%. In the simulated seawater adsorption
experiment, the uranium removal rates for P-TETA-AO, P-TEPA-AO, and P-PEHA-AO were found to be 72.94%,
79.97%, and 87.78%, respectively, indicating that the adsorption performance improved with the growth of the
grafting chain in a highly saline, multi-competitive ion environment. The X-ray photoelectron spectroscopy results
indicate that during uranium adsorption, the amino and amidoxime groups of all three adsorption materials

participate in the coordination with uranyl ions, demonstrating a synergistic effect.

KEYWORDS Radiation grafting polymerization, Amino synergistic, Polymer fibers, Uranium adsorption,
Electron beam irradiation
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Fig. 1 Synthesis route of P-TETA-AO, P-TEPA-AQO, and P-PEHA-AO
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Fig.2 Synthesis reaction formula of P-TETA, P-TEPA,
and P-PEHA
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Fig. 3 Synthesis reaction formula of P-TETA-AN, P-TEPA-
AN, and P-PEHA-AN
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Fig. 4 ATR FTIR spectra of the material before and after
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Fig.5 SEM images of pristine PP/PE SNW, and P-TETA-AO, P-TEPA-AO, P-PEHA-AO before and after uranium absorption
(a~g), image on color changes of three kinds of adsorption materials before and after uranium adsorption (h) (color onlinr)
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Fig. 6 (a) TG and (b) DTG curves of pristine PP/PE SNW, P-TETA-AO-U, P-TEPA-AO-U, and P-PEHA-AO-U (color online)
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of P-TETA-AO, P-TEPA-AO, and P-PEHA-AO

HE— B A

Pseudo-first-order adsorption model

i PA 2 Lt
Pseudo-second-order adsorption model

k, /107 (min™") 0./(mgg) R k, / (g'(mg'min)") 0./(mgg") R
P-TETA-AO 12.42 0.244 0.861 0 0.041 1.02 0.998 4
P-TEPA-AO 12.11 0.258 0.8829 0.029 1.01 0.996 8
P-PEHA-AO 12.19 0.296 0.858 0 0.026 1.01 0.9950
223 SRR AT AR PR AR 69 RS v A BRI 63.22 mg/g. 65.62 mg/g LA} 66.10 mg/g. FRAE S

%85

A5 AR B AE 5~100 mg/L U [l P A 5
TR T BT EE W FE C, %6t 3 Fb g B A4 R RE 1) 52
m, iR 10 s, WERIBEE C 3 m, 3
Tl OB B A Ak ot Al ) R B R AT G, IR AT
Fa € . f£ C, N 100 mg/L I ] 75 P-TETA-AO.

P-TEPA-AO.

Q,/(mg-g™)

C,/ (mg-L™) C,/(mg-L™")
70} (c) P-TEPA-AQ 70} (d) P-TEPA-AO
60 | 60 | L] -
=50 50
o = .
240} 2401
= 30} £ 30}
o’ 5.”
20} 20}
10} 10}
0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0O 10 20 30 40 50 60 70
C, ! (mg-L™) C,/(mg-L™)
70L (e) P-PEHA-AO 70} (f) P-PEHA-AO
- ) 3 - ¥ [
60 - 60 |-
~ 50} . 50F
o a 3 .
g 40} E’ 40
o 30t J 5‘” 30,
20} 20+
10F = 10F =
0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 10 20 30 40 50 60 70

P-PEHA-AO 1 W i 2% & 43 7l /&

g, A6 FI T XS 3 R #4237 3 AT
Langmuir 1 Freundlich %5 & W BT (48L&, 0
BHERWE N PR, WESHITER3.

c. 1 . C
=——+
0. b0,

e

On

InQ,=InkK; + (’li)lnCe

(6)

(7)

70| (@) P-TETA-AO

e S
60} " eof ¥

/ /

50 Vs sof
a0} / a0l |
/ g |
30 d =30} ,
/ > |
20} / S 20l |
1] wob |

0 0

70 (o) P-TETA-AO

0 20 40 60 80 100

0 10 20 30 40 50

60 70

C,/ (mg-L™)

C,/(mg-L™")

10 P-TETA-AO(a~b).P-TEPA-AO(c~d) \P-PEHA-AO (e~ I{I B BE 52 Al 4R VA £ 1 s LA SR B 458 iR el &
Fig. 10  Adsorption properties of (a~b) P-TETA-AO, (c~d) P-TEPA-AO, (e~f) P-PEHA-AO affected by the initial concentration of
uranium and adsorption isotherm.

020202-9



LER IR/

B T2 %) 2024,42:020202

45
10l (@) P-TETA-AO . (b) P-TETA-AQ
40t
~08f
4
> 35f
E06f o
= £
Soal 301
) .
02t 25t
Langmuir . Freundlich
00 1 1 1 1 i 1 1 1 20 1 1 1 I
0 10 20 30 40 50 60 70 0 1 2 3 4 5
C,/(mg-L™") InC,
1.2 45
(c) P-TEPA-AO (d) P-TEPA-AO
10} 5
_ 40t
o8t -
()]
§ sl 003.5 e
5 £
D o4t 3.0}
Q
02t sl
0.0} Langmuir = Freundlich
0 10 20 30 40 50 60 70 20— 1 2 3 7 5
C,/(mg-L™) a5 InC,
10l (e) P-PEHA-AO n | (f) P-PEHA-AO Z
o “‘m =
40t >
—~'0.8} -
o 5
g o6l za .350
b5 g =
Q' 04t 30
O’ g
02t
25t
- .
00 ™ Langmuir Freundlich
1 1 1 1 1 1 1 1 20 L L 1 1 L 1
0 10 20 30 40 50 60 70 -2 -1 0 1 2 3 4 5
C,/(mg-L™) InC,

11 P-TETA-AO(a~b) .P-TEPA-AO(c~d) \P-PEHA-AO (e~ ] Langmuir %4 5 Freundlich #5525 5 £ 0 &
Fig. 11 Langmuir and Freundlich isotherms models of (a~b) P-TETA-AO, (c~d) P-TEPA-AO, (e~f) P-PEHA-AO

#* 3 Langmuir Al Freundlich #ZE {1#l & 55
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e b2 Langmuir #4,  HAEUE AT BLHIVE @ &I
B #A kL bG5S AL SR RN bR Cy O
Q.55 A W BT Al A FE (g LD W BT fli 25
&= (mgg ) M K25 & (mggD s n MK, 2
Freundlich % %, 73 7 W] LA FH 67 5 W B o 52 AN
A& by On nBLEK AR LA A (6)
MDD R MBEE PR k. RIEMELRE

TR RS H, 3MA R Langmuir 81 & S 5 R?
BIRT Freundlich 0 & SRy, U6 3 A0 B A4 )
(1) il W B AT O BE F A Langmuir 55 5 W B RE Y
Langmuir 55 i 26 B AR R I 2 3 A 1, Horb 4
A0 T8 B A R B A R R E RSP, BT AL
FUHR 6T IR B oA AR E R SE A g, JF HAE R I
ST B W M IE RS . @I Langmuir B 115

020202-10



FRWT 5 25 R LR LI W B e ) 4% 2 B P 28

P-TETA-AO. P-TEPA-AO UL J& T-PEHA-AO 1%
K ' Q, 4 N 6657 mg/g. 67.16 mg/g Al
67.52 mg/g, 5SS O FHIT
224 FHEREIE KPR R R R

N T 25 SRR LE M K AR 55 H IR B R
%} P-TETA-AO. P-TEPA-AO. P-PEHA-AO #4744
PRI P S288, g5 RwE 12 s, 23324 hif
W, 3R B EE 2 S IR AL A U R B AL R R
P-PEHA-AO & It W B e fe i AR 488 Valeria
ST AR, ARG, B2
HEPRRFACEEOE R, BWE A S5 U0 K
WAL B . BT PEHA 2y TREBLHE K. HR
W, MR G RAERA, IR S R
SIE R D) 5 Al T R, B IR AO L[] 5 Al
BFECAL, fRHE TR REG Bl R T IR
2.2.5 KR AHRHAG R R R R B

SR -EOE R S, MR TR B S
W g R 13 Fion e 7ESAME G, 3 MM RHERT
4 R B R B 2R B A ORFR ARG E 55 5 IR BRI R

B 2 27 96% B 22 92%,  IX 52 RN AR ff T SR
B 25 7 2 o 4 IR PR A R b PR I MR AT R RS 43 IR
BB RERI S MR o SIRIEFA T, MR B 2R B
S N B, EAR IH OREFTE — NS K fRIR
RN —BHYEFF95% LA b5 UL 3 Tl A4 KL ER LA
B B AT AR T RO A R

100
87.78

80 | 72.94 29.97
R
3
= 60|
©
3
qg) 40 +
x

20

0
P-TETA-AO P-TEPA-AO P-PEHA-AQ
12 P-TETA-AO.P-TEPA-AO.P-PEHA-AO 7E LT 7K
PR 25 B

Fig. 12 Uranium removal ratio of P-TETA-AO, P-TEPA-AO,
and P-PEHA-AO in simulated seawater.

(a) P-TETA-AO Sorption (b) P-TEPA-AQ Sorption (c) P-PEHA-AO Sorption
100} . . . Desorption| 40 100} . = [T Desorption| 100 100} . I L L Desorption| 100

! Lo 1 - I I EOR
X 80 80 8 X 80F 180 80} 80
E g g R =
® 60 608 ®eof {60 Weof 680G
5 S 5 S S s
540 {208  Baof {208 B0} 0%
o % o 8 5 2
(%] i 3 3 3 2
20 20 20} {202 20 200

ol ! ! - |, 0 0 ol ] ] ] - |,
1 3 4 5 1 4 5 1 2 3 4 5

2
Cycle numbers

2 3
Cycle numbers

Cycle numbers

& 13 (a) P-TETA-AO.(b) P-TEPA-AO. (¢c) P-PEHA-AO Sl 1 {1 W5 P - g e 25 2
Fig. 13 Adsorption-desorption efficiency of (a) P-TETA-AO, (b)P-TEPA-AO, and (c) P-PEHA-AO for uranium

2.3 IRMIHIE S AR

I FTIR 5 XPS WF 7T 1 W R A4 R i G 2 1
FROAH TLAR FALEE, A R PR Al T P 4 S S £ 41

TV B P 14 7 o LS 2P Bl FR) 3 Bk e
53 I 1E 896.8 em™. 896.9 cm™ Fil 896.6 cm™ A Hi I
O=U=0 [FRFAEIR ST, Ik Bl ) RS PR B

(a) (b)
P-TETA-AO-U
3 5
© ©
i g
£ P-TETA-AQ 8068 | &
£ £
g §
£ 2

P-TEPA-AO-U

W

(c)

P-PEHA-AO-U,

WW

Transmittance / a.u.

3500 3000 2500 2000 1500 1000
Wavenumber / cm™

3500 3000 2500 2000 1500 1000
Wavenumber / cm™

3500 3000 2500 2000 1500 1000
Wavenumber / cm™

& 14 (a) P-TETA-AO. (b) P-TEPA-AO. (c) P-PEHA-AO & {4l 41 5 19 42 IR ST /M it
Fig. 14 ATR-FTIR spectra of (a) P-TETA-AO, (b) P-TEPA-AO, and (c) P-PEHA-AO before and after uranium adsorption

020202-11



MR S ES LY % 2024,42:020202

MRS VE T S AR B Bl S ) XPS R il i WAL ORFEAAL, S RA C-NFMNEFZ 5T
15 fizR e 3MAEHI XPS Jeili b S e R R0 R BIEAL . X NIs T & (B 15d), 153
A—3, LCAP-TETA-AO MBI ABIFEAT Ui B o W B T V)& T 401.1 eV I-NH, 1§ DL 2 399.8 eV 1 C
JE MRS (B 15(a)) T BLUACIE, SFH =N-OH ™, W4 Ja U A7 73 51 iE 7 5 400.5 eV
AT e S (B 15(b) 23 7T HJE T U4L,  F1399.9 eV. X Ols #4734 (& 15(e), K
(392.6 eV) 5 U4L,,(381.9 eVO IR, JiBRANZE L BUM B O AWM AEETE R : —-CO0(533.3 eV) Al
IEANTEITE R g4 e XF ClsBET 00 —~C=N-OH(532.2 eV), W4/ HBL T 1H)E T 0=
A CE 15(c)), RIMMEH CILET 2 H-CO0  U=0(531.6 eV) [ HIE™), H-C=N-OH K& AT
(289.0 eV).C-N(286.1 eV).C-C(284.8 eVOP, Wi FEA532.4 eV, —-COOUEN RFFAAL,
BHEN G RA C-N U IEAL T F8 2 286.4 eV, H AR

@ (b) U4t
O1s 712
P-PEHA-AO-U uaf cre udfy, 381.9

392.6

P-TEPA-AO-U P-PEHA-AO-
P-TETA-AO-U
i U4fy, Uaty,
392.7 381.8
P-PEHA-AO P-TEPA-AO-U
N1s

P-TEPA-AQ

Intensity
Intensity

u4f,,
Ut 3820
P-TETA-A! 392.6
P-TETA-AO-U
L L L L h L L L L L
700 600 500 400 300 200 396 392 388 384 380 376
Binding energy / eV Binding energy / eV
© @ LE
NH, C=N-OH
400.5 399.9
Y/
% P-TETA-AO-U %‘ P-TETAAO-U — =
= =4 (2]
g o £ g
L= = [ = =N-( -
- 2048 - b =
cN
0-C=0 286.1 -NH,
2880, 4011
/
P-TETA-AO |P-TETA-AQ — P-TETAAO

292 290 288 286 284 282 404 403 402 401 400 399 398 397 538 536 534 532 530 528

Binding energy / eV Binding energy / eV Binding energy / eV
® AL ®
C-N :
286.4
0-C=0
289.0
> >
% P-TEPA-AO-U L 2; E P-TEPA-AO-U
< Q Q
Q - -
= [ 15 £
- /2848
C-N
286.2 co0 O-H
0-c=0 5337 5316
289.0
P-TEPA-AO P-TEPA-AQ

292 290 288 286 284 282 404 403 402 401 400 399 398 397 538 536 534 532 530 528
Binding energy / eV Binding energy / eV Binding energy / eV

(k)

O-H
532.2
Cc=0
533.1
c-0
534.0 u=0
530.8
P-PEHA-AO-U.
Cc=0

P-PEHA-AQ

0]

P-PEHA-AO-U

Intensity
Intensity
Intensity

P-PEHA-AQ P-PEHA

292 290 _28_8 286 284 282 404 403 402 401 400 399 398 397 538 536 534 532 530 528
Binding energy / eV Binding energy / eV Binding energy / eV

15 Ca)3 FORmRHIR B B 0 J A XPS A P s (o) W B 5 ) U461 I 5 Co~lo MR BB R 5 O T 3RO 1 K
Fig. 15 (a) XPS spectra of three materials before and after uranium adsorption; (b) U4f spectra after uranium adsorption;
(c~k) spectra of various elements before and after uranium adsorption

020202-12



PR T4 22 BRI DI S M S B PR A e o) R kB B 178 e

XPS {40 £ 45 A Ui 9 18 % s 2 ) 5 s
FIIN. O 7S 5HIECAL. TR HARL IR
IKPEAE IR B JZ RE 6 ALK TR 7 0 e, IR A
il 25 1 AT AT 23 5 3 R R P A e R Al AN 46
ZERBELBET MRS S T8 G
AL TR AL R, RN S AR E
R 131 PR BC 7 Ll 20 148 1 fi 2k 131 1) o e A2 A S i &=
A BT T EXFS ST, i 45
WA AEHERE

3 45ig

ARSI 1 TR S A R e D ) TR A
[ [ 8% 12 15 3 W Bt #4 8} P-TETA-AO. P-TEPA-AO
PL K P-PEHA-AO. SEIGZEREN, 3MAMELAS
R EE M AT 72 pH 5~9 51 FAHIGIKE
VA TR R B R T 97%; AR R B 2 R N
63.22 mg/g. 65.62 mg/g. 66.10 mg/g, 24 h FJFEA
25 B W BRSP4 o 3 e ST A AL 3 K R o S 56
733 B W B AE R Bl 25 B 4 BN 72.94%.
79.97%-. 87.78%, VB 7E i 35 FE AN 2 JL A7 B 1 1)
SUER, RECEERRAC, WRP R o e R B
BRI S5 (09 XPS itk 5 FTIR 61 %of W B ML 3 354743
M, RIBUARLE e 5 o 4 e R 2,
148 Jhg 5 22 e W 30 B I B R 3 2 5 T e, FREE
FEG ) P FOAL o ASHIE FORT T B LA 48 G 25 40 1R
MBS At T — e I SR .

EETHMAW FHTF. WLk, RELERItE
RARABENR; EHT. BEEHTT TR,
EH T, SAE A LR AE AT T RAEA LA
PIL kA R E R HAT T B R FEEHRY
B AGHE A IR A T T AT .

RPN

1 LiJ Q, Gong L L, Feng X F, et al. Direct extraction of
U(VI) from alkaline solution and seawater via anion
exchange by metal-organic framework[J]. Chemical
Engineering Journal, 2017, 316: 154-159. DOI: 10.1016/j.
cej.2017.01.046.

2 Zhang M X, Gao Q H, Yang C G, et al. Preparation of
amidoxime-based nylon-66 fibers for removing uranium
from low-concentration aqueous solutions and simulated

nuclear industry effluents[J]. Industrial & Engineering
Chemistry Research, 2016, 55(40): 10523-10532. DOI:

10

11

020202-13

10.1021/acs.iecr.6b02652.

Chen T, Yu K F, Dong C X, et al. Advanced
photocatalysts for uranium extraction: elaborate design
and future perspectives[J].
Reviews, 2022, 467: 214615. DOI: 10.1016/j. ccr. 2022.
214615.

Abney C W, Mayes R T, Saito T, et al. Materials for the

Coordination Chemistry

recovery of uranium from Chemical
Reviews, 2017, 117(23): 13935-14013. DOIL: 10.1021/acs.
chemrev.7b00355.

Ma F Q, Gui Y Y, Liu P, et al. Functional fibrous

seawater[J].

materials-based adsorbents for uranium adsorption and
environmental Chemical
Journal, 2020, 390: 124597. DOI: 10.1016/j. cej. 2020.
124597.

Zhou T C, Shao R, Chen S, et al. A review of radiation-

remediation[J]. Engineering

grafted polymer electrolyte membranes for alkaline
polymer electrolyte membrane fuel cells[J]. Journal of
Power Sources, 2015, 293: 946-975. DOI: 10.1016/].
jpowsour.2015.06.026.

Xu X, Xu L, Ao J X, et al. Ultrahigh and economical
uranium extraction from seawater via interconnected
open-pore architecture poly(amidoxime) fiber[J]. Journal
of Materials Chemistry A, 2020, 8(42): 22032-22044.
DOI: 10.1039/DO0TA07180C.

Kim J, Tsouris C, Mayes R T, ef al. Recovery of uranium
from seawater: a review of current status and future
research needs[J]. Separation Science and Technology,
2013, 48(3): 367-387. DOIL: 10.1080/01496395.2012.
712599.

He N N, Li H, Cheng C, et al. Enhanced marine
applicability of adsorbent for uranium via synergy of
hyperbranched poly(amido amine) and amidoxime groups
[J]. Chemical Engineering Journal, 2020, 395: 125162.
DOI: 10.1016/j.c€j.2020.125162.

XuLZ,ChenY B, SuW X, et al. Synergistic adsorption
of U(VI) from seawater by MXene and amidoxime mixed
matrix membrane with high efficiency[J]. Separation and
Purification Technology, 2023, 309: 123024. DOI: 10.
1016/j.seppur.2022.123024.

Li Y, Ren Q, Hua R, ef al. Synergistic strategy design of
(malonamide-amidoxime) bifunctional branching
network crosslinked membrane and application in
uranium  (VI)  resource  recovery[J]. = Chemical
Engineering Journal, 2023, 461: 142013. DOI: 10.1016/].

cej.2023.142013.



MR S ES LY % 2024,42:020202

12

13

14

15

16

17

18

19

20

He Y L, Mu L H, Wang M L, et al. Efficient removal of
trace uranium from nuclear effluents using irradiation-
functionalized fibrous adsorbents with very high salt
tolerance[J]. Chemical Engineering Journal, 2023, 461:
141978. DOI: 10.1016/j.cej.2023.141978.

Hokkanen S, Bhatnagar A, Sillanpdd M. A review on
modification methods to cellulose-based adsorbents to
improve adsorption capacity[J]. Water Research, 2016,
91: 156-173. DOI: 10.1016/j.watres.2016.01.008.

PV, XUBERH, XISEAE, 55 (&S R D e A R0 Bl i
W B W ST R (D). D BEAT BE, 2021, 52(5): 5050-5056.
DOI: 10.3969/j.issn.1001-9731.2021.05.008.

HUANG Yuantao, LIU Xiaoyang, LIU Liheng, et al.
Research progress of amidoxime functional materials for
uranium adsorption[J]. Journal of Functional Materials,
2021, 52(5): 5050-5056. DOI: 10.3969/j. issn. 1001-
9731.2021.05.008.

Ren W N, Feng X X, He Y L, ef al. Branched fibrous
amidoxime adsorbent with ultrafast adsorption rate and
high amidoxime utilization for uranium extraction from
seawater[J]. Nuclear Science and Techniques, 2023, 34
(6): 90. DOI: 10.1007/s41365-023-01237-9.

Zheng C H, He C L, Yang Y J, et al. Characterization of
waste amidoxime chelating resin and its reutilization
performance in adsorption of Pb(II), Cu(Il), Cd(Il) and
Zn(Il) ions[J]. Metals, 2022, 12(1): 149. DOI: 10.3390/
met12010149.

Saito K, Yamada S, Furusaki S, et al. Characteristics of
uranium adsorption by amidoxime membrane synthesized
by radiation-induced graft polymerization[J]. Journal of
Membrane Science, 1987, 34(3): 307-315. DOI: 10.1016/
S0376-7388(00)83171-3.

Wang Q, Wang Z Q, Ding K Y, et al. Novel amidoxime-
functionalized SBA-15-incorporated polymer membrane-
type adsorbent for uranium extraction from wastewater
[J]. Journal of Water Process Engineering, 2021, 43:
102316. DOI: 10.1016/j.jwpe.2021.102316.

Shao D D, Wang X X, Wang X L, et al. Zero valent iron/
poly(amidoxime) adsorbent for the
reduction of U(vi)[J]. RSC Advances, 2016, 6(57): 52076-
52081. DOI: 10.1039/C6RA10817B.

XieJY,WuY S, Yin ZF, et al. Annealing of oriented PP/

separation and

PE double-layer film within the melting range of PE: the
role of partial melting and self-nucleation[J]. Chinese
Journal of Polymer Science, 2022, 40(4): 403-412. DOI:
10.1007/s10118-022-2681-9.

21

22

23

24

25

26

27

28

29

020202-14

Pang L J, Zhang L J, Hu J T, et al. High-performance
functionalized polyethylene fiber for the capture of trace
uranium in water[J].
Nuclear Chemistry, 2017, 314(3): 2393-2403. DOI: 10.
1007/s10967-017-5603-5.

Journal of Radioanalytical and

Sun Q, Aguila B, Perman J, et al. Bio-inspired nano-traps
for uranium extraction from seawater and recovery from
nuclear waste[J]. Nature Communications, 2018, 9: 1644.
DOI: 10.1038/s41467-018-04032-y.

Hui J J, Wang Y Q, Liu Y H, er al. Effects of pH,
carbonate, calcium ion and humic acid concentrations,
temperature, and uranium concentration on the adsorption
of uranium on the CTAB-modified montmorillonite[J].
Journal of Radioanalytical and Nuclear Chemistry, 2019,
319(3): 1251-1259. DOI: 10.1007/s10967-019-06415-x.
Liu S D, Yang Y, Liu T H, et al. Recovery of uranium(VI)
from aqueous solution by 2-picolylamine functionalized
poly(styrene-co-maleic anhydride) resin[J]. Journal of
Colloid and Interface Science, 2017, 497: 385-392. DOI:
10.1016/j.jcis.2017.02.062.

Mg, I, kAR, & HERERE S TERCRK
T 20T 5 9 B VA R b Al R B PR BE T D). R EOR,
2020, 43(2): 020301. DOI: 10.11889/j. 0253-3219.2020.
hjs.43.020301.

FENG Xinxin, QIU Long, ZHANG Mingxing, et al.
Preparation of amidoxime-based ultra-high molecular
weight polyethylene fiber for removing uranium from
fluorine-containing wastewater[J]. Nuclear Techniques,
2020, 43(2): 020301. DOI: 10.11889/j.0253-3219.2020.
hjs.43.020301.

Al-Ghouti M A, Da'ana D A. Guidelines for the use and
interpretation of adsorption isotherm models: a review[J].
Journal of Hazardous Materials, 2020, 393: 122383. DOI:
10.1016/j.jhazmat.2020.122383.

Nurchi V' M, Crisponi G, Sanna G, et al. Complex
formation equilibria of polyamine ligands with copper(Il)
and zinc(IT) [J]. Journal of Inorganic Biochemistry, 2019,
194: 26-33. DOI: 10.1016/j.jinorgbio.2019.02.006.

Huang C, Xu X A, Ao J X, et al. Selective adsorption,
reduction, and separation of Au(Ill) from aqueous
solution with amine-type non-woven fabric adsorbents[J].
Materials, 2020, 13(13): 2958. DOI: 10.3390/
mal3132958.

Li Y, Dai Y, Gao Z, et al. Adsorption of uranium onto
amidoxime-group mesoporous biomass carbon: kinetics,
Journal  of

isotherm  and  thermodynamics[J].



PR T4 22 BRI DI S M S B PR A e o) R kB B 178 e

30

31

32

Radioanalytical and Nuclear Chemistry, 2022, 331(1):
353-364. DOI: 10.1007/s10967-021-08115-x.

Ilton E S, Bagus P S. XPS determination of uranium
oxidation states[J]. Surface and Interface Analysis, 2011,
43(13): 1549-1560. DOI: 10.1002/sia.3836.

Li L Y, Li H Lin M Z, et al. Effects of chain
conformation on uranium adsorption performance of
amidoxime adsorbents[J]. Separation and Purification
Technology, 2023, 307: 122777. DOI: 10.1016/j. seppur.
2022.122777.

Liu C, Li Y, Liu S, ef al. UO,” capture using amidoxime
activated carbon (AO-AC) from

grafting low-cost

solution: Adsorption kinetic, isotherms and interaction

33

34

020202-15

mechanism[J]. Inorganica Chimica Acta, 2023, 544:
121226. DOI: 10.1016/.ica.2022.121226.

Li H, He N N, Cheng C, et al. Antimicrobial polymer
contained adsorbent: a promising candidate with
remarkable anti-biofouling ability and durability for
enhanced uranium extraction from seawater[J]. Chemical
Engineering Journal, 2020, 388: 124273. DOI: 10.1016/j.
¢ej.2020.124273.

Zeng Z H, Wei Y Q, Shen L A, et al. Cationically charged
poly(amidoxime)-grafted polypropylene nonwoven fabric
for potential uranium extraction from seawater[J].
Industrial & Engineering Chemistry Research, 2015, 54

(35): 8699-8705. DOI: 10.1021/acs.iecr.5b01852.



