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Figure 1 Synthesis procedure of ExiF-AO, ExiF-2-A0O, and DDBF-AO (color online).
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Figure 2 SEM results of DDBF-AO (a), ExiF-AO (b) and ExiF-2-AO (c); (d) FTIR spectra of ExiF-2-AO; XPS C Is spectra (e) & N 1s spectra (f) of
ExiF-2-AO; (g) TGA curves of three materials after amidoximation; (h) FTIR spectra of ExiF-2-AO after treatment by strong acid or base (color

online).

1120


https://www.sciengine.com/doi/10.1360/SSC-2024-0017

REFR: b 2024 5 S4B BT

RS TR TG R AR B Re A L, B
T RS G EHIXPS C 1s, N 1si(E2e, f,
S1b, S2b, S14d, S15d). X} FExiF-2-A0, HC 1si%, N 1s
W BT HLA NN IE S 2N &, C 1silEH286.5 &%
285.7 e VAL 45 & RE & 2y BT LR A Yk 28 L 1K ik
S (s 2 C-N/C=NDL 288 1 eVAL 4 &
UG U3 S Exi B IERIE; N 1si7F399.9/2399.2 eVib
FR 45 BV 43 )%k IR 486 Jl s 4 E I C-N 5 C=NP i
ExiF-AO5DDBF-AOMIC 1si, N 1sifi 47l & 115
B TR R. FRSE G REIE N ISR T8 5 5
HIFEAE, SFTIREALS: B4

NT TR AR e, X RS R JE 1 =
FhRRIHEAT T M HT(TGA). 1nE2g % KS3, (%)
MR R E BRI R = A B, TR S
200°C ik 7 Hp i b B AR R IR T A R AR B K S
AR M200~300°C [X 8] P A4 AR 5 00 35 kit
B i T Fa e MR 22 M e 5 2 Rk A >,
F-300°C J5 I S48 U T A R AR A2 3 T il
. R g AR =M R B AR e T, BeE
TE 1E 5 W BRI B R AR e

T AR A AR P, B ExiF-2-A0 % I B
ToRMR . SRR AL 24 h, FER AL AT S R
FIFTIRE, 25 R uE2hfR. HA 21 mol/L NaOH
ALFR S, FHEHE3350 om ™ b B¥R IR B T RL A A
TEARAK, IX FT B 2 AR} P SR ) 265 1) A8 A0 B 85, 3 Fof
A 2N o3 AR AR R B AR s s e, AT 2
FRILIE R ARL. T45E3 mol/L HNO, AL F J5 A1 kL7
1660 cm ™' kb C=N4R1F U6 fir B M1 T 138 1 0 58 B 7
R IR 5E 2 X ExiF-2-A0 - 8 i fi 255 138 Rl R, 18 1
SRR RE ST T B, R SRR A S X AR 2
Py R — 52 B SR 2, ABAE A AR S A4 F M RET
LLANEREA AL/, 1B ExiF-2-A O IR ) Ab B 4%
PE R BB RFF R b e Aa e . R N T4
BIESZFR N AR IR E S EE, A, AH)E
FEHE1060 cm ™' Kb—C—O—F 42 HIRRE I T AR 5 F A
5E, Y EHTEAN IR AT S MR S A B JE RS (R FF 0 2, I i
—EIE T COPsHPRI LA B 2 A B m Ak 2 R k.

N AR R LAE K Brunauer-Emmett-Teller (BET)
LLR AR, B 46877 KRS =M BT 7 NI B - it
MR ZRINR, 45 R ESAFT R, T3 R EE
(DFT)15 H BIP R LA 23 A E s 2 B = Fhob BL 38 8 T8

FLETENEIS4b, d, 1), Z JGX =Rk T TR K XRD
FAE, 25 FAanEISS TN, 158 WIAT S 6 R i =Mkt k1Y
AR EE R, A COPsHRIIG & T L.

3.3 COPstARHUVD R F P REE 5T

1 ZpHAE REM BRI R EE S —, B
DB SR B (1 B EEpH. AN [FlpH R = R4 R
UVDI R 3aiis, BRmE, =MAbRR
T PE AR RpHAA P30 230 S s b ik, B
HIE pH N 6~TI 35 31 5 K Fff &

NIERE = PR S pHAR (AR G IR BRI %, AT 50
TAFpH T = MR Zetaf A7, 21 EI3bfTR, =ikt
B 2 TH FEL AT AR pHIN N IE, B 25 pH T =7 1T 32 7
/N, BTN A 2R R T A 9 IR, AR O
HLIUO, Al &= A HE R AR, TSR e 7 24
pHTH A6, ¥ TR Al Ik 8 7 DR K A i o 2 DA
(UO,);(OH)” F1(UO,)(OH) T :AFAE, I 2 1 Fe
TiF 9 BRI 0 T 6 B T e B e W 51 Y, ek
LT A4 REE pHA 61 45 o (A I B . R Ihb i 2 R s
IR RpH N6 I A N EAT. BbAh, i E3b] K,
4k ZpHAH R, DDBF-AOAH Lb HoAth B F b4 kb A5
BZ S, IXRR 2 R R ER T R R S5 R
7 LA 2 DDBF-AO b £ 5 fO gk 3 L 412, Hehgdt
VE Ry i 7 1], A% S5k 25 B2 21 B EL AT 43 A,
[ DDBF-AOZR 71 A5 5 £ 971 Ha . AR 2 T HL A7 1 40
A1 AT Re 2 S MM RS eSS 1 A BAE AT N, 5
A1 2 THT FELRT 20 AT PRV 1 6 IR B AR i Ak B
HIEE Y.

N T AF BB FE AR ) B R, TFRT
ASTF] [ ¥ B R ExiF-2-A0XF30 ppm  U(VIBE 1) 2%
BRRR, 4B 3cian. AEExiF-2-AOR [ W L M
0.05F+ =1 21.0 g/LI i RE b, A4 REGHal it B+ 1) 2B
K N49.4%F2 = £198.6%, W P &= U 2963 FE MK &
29.6 mg/g. HEW L N0.1 g/LIY, ARERER S 2Bk
H(90%) )[R I W B (270 me/g). LR kg L,
2 Y BRI IS 7 [ B 0.1 /LI AR N kAT

TEI A IR FE 960 mg/LEI 1 FREFE T 44 RHK
W Eh 715, B3R, =R R E R B
P, F43 BITEA0 min (ExiF-AO5DDBF-AO) 2120 min
(ExiF-2-AO)} ik 20 bt -F4if.  H-HExiF-2-AO#H =
e el o 5 v PO B o, 3 E T L AR X R AR

1121



Bg

HX A
FE

=)

J R FE AR T PR ) ) 18 el 2

%

Wi £ B UVDIR AT A0 7L

5 — s
~ I Exit2-A0 L {100 40 F —>—DDBF-AQ  R*=0.998
0400 Dr.uw-,.\n 300} 3 —— 25l FxFAO  R=0.999
80 <o | B DLBF-AO \ - -3 BROF i
g o~ N R, [T ENFZAC RI=0.998
g 300 = s B, /
= ) w2 Eas ,./
£ 20 - £ o v
2. = o\ 0 = £ ) 4
= 200 =~ 150 \ 8= 7
o Z E s 7
E 150 & S <= g
2 100 . L - ” .
= 100 =5 23 >
- — » od et
£ s0 —_— 50 05 i y ———
S 50 ——— A
0.0 | S5+
0 0 40
2 3 4 5 6 s 9 0.0 02 0.4 0.6 [ 10 0 S0 100 150 200 250
pH Dosage (g/L) Time (min)
50 400
(b) —— ExiF-2-A0 (d) S - () 400
40 o— FxiF-AO 350 }/*/i" S5 .
- o 35 S o B
L 5 *=-ODBFAO 300 o P
= 20 g o/
s N 250 - = [ Exif-2-A0
g0 ;\)\ e ) =SR2 A0 ELasot | ExiF-AQ
< N\ 0 200 o—ExiF-A0 ® DDBE-AO
=0 '“"““\\“'-\ """"""""""" —a— DDRE-AQ £ 200
< <
o <10 2\ =150 .
e A\ & greo—o—o—so & 150
KED N \\ 100 % 3 M
— d 100 3 3
30 N - ; - o
g sof a7 SEEC
a0 I \ }/,..—v—
-50 0
1 34 5 6 71 8 9 10 00 150 200 250 0 0 20 30 40 50
pH Time (min) ¢ (mg/L)

B 3 (a) pHXAUVDIR SRR M, (b) ANFpHEAMH T =M B 1 Zeta AR, (c) [HW L X ExiF-2-AORIU(VI)IK B 14 B
HISEIR; (d) = FPAA LR B 30 71 225800 ; (e) = FIbP Rl HE = B3 J1 SRR A () =M BT UV IR SRR 28 iR =R

ANARIEZE, = RS SR (W 45 SR D)

Figure 3 (a) Influence of pH on U(VI) adsorption capacity; (b) Zeta potentials of three materials under different pH conditions. (c) The effect of the
adsorbent content on the adsorption of uranium onto ExiF-2-A0O. (d) Adsorption kinetics of three materials. (e) Pseudo-second-order kinetic model fit
for three materials. (f) Adsorption isotherm data of three materials. Error bars represent S.D. n = 3 independent experiments (color online).
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Figure 4 SEM and optical images of ExiF-2-AO before (a) and after (b) U(VI) adsorption. (c) EDS mapping of ExiF-2-AO with U(VI) loaded. (d)
FTIR spectroscopy of ExiF-2-AO before and after U(VI) extraction. (¢) Reusability study of ExiF-2-AO over 5 consecutive cycles of sorption-
desorption experiments. (f) XPS survey spectra of ExiF-2-AO before and after U(VI) adsorption. Error bars represent S.D. n = 3 independent
experiments (color online).
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Design and fabrication of amidoxime functionalized phenolic
ether-polymers for U(VI) extraction
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Abstract: As a low-carbon and clean energy source, nuclear energy is one of the priority development targets of the
country. Uranium is an important component of nuclear energy, which limits the development of nuclear energy due to
China's limited uranium reserves on land. However, there are about 4.5 billion tons of uranium in the ocean, which can
meet the long-term needs of nuclear energy's development. Herein, starting from the structure design of material, three
uranium adsorption polymers with phenol ether structure: ExiF-AO, ExiF-2-AO and DDBF-AO, were prepared by
cheap industrial raw material tetrafluorophenone (TFTPN) and exifone (Exi)/4,4'-dihydroxybenzoyl (DDB) through
crosslinking and amidoximation, and the relationships between materials' structure/ligand and adsorption properties
were systematically studied. The results showed that compared with the similar linear structure polymers ExiF-AO and
DDBF-AO, ExiF-2-AO with a reticular cross-linked structure had a higher adsorption capacity reached 347.5 mg/g, as
well as a better recyclability and physicochemical stability. In this paper, the effects of polymer structure on uranium
adsorption were discussed at the molecular structure level, providing some references for the rational design and
fabrication of functional materials for extensive uranium extraction.
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