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Fig. 1 SEM images for the foams of (a) CS, (b) ICZ-1, (c) ICZ-2, (d) ICZ-3 and (e) ICZ-2; (f) pictures of CS and ICZ
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Fig. 2 FT-IR spectra of (a) ZSM-5, (b) CS, (¢) ICZ-1, (d) ICZ-2, (e)
CZ-2 and (f) ICZ-3
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Fig. 3 X-ray diffraction patterns of (a) CS, (b )ZSM-5 and (c) ICZ-2
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Fig. 4 Comparison of sorption capacities for the non-imprinted and
ion-imprinted foams (C;=100 mg/L, pH=5.0, sorbent dosage
(SD) =0.2 g/L)
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Tab. 1 Structural properties of the chitosan-based composite foams

Sample A(I;:I:iim susrlzzselleiea Porosity* Pore volume Vy/ Adsorbed water after —NH, content
P pAme ciln'l) - ) &% (cm™ g swelling (Guaer/ Getitosan) /(mmol- g")
ICS 112.0 62.7 90.7 8.1 15.8 2.58
ICZ-1 105.1 82.4 92.5 8.8 14.2 1.71
ICZ-2 96.7 87.8 94.8 9.8 13.4 1.28
ICZ-3 116.4 72.5 89.6 7.7 12.5 0.85
CZ-2 99.0 85.2 93.1 9.4 13.1 1.27
*e= 15 P
100 _
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Fig.5 (a) pH variation for U(VI) sorption on ICZ-2 and CZ-2 (C, =30 mg/L, SD =0.2 g/L); (b) variation of U(VI) species U(VI) at

different pH ; (c) Zeta-potential curve for ICZ-2
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Fig. 6 Sorption isotherms for U(VI) sorption onto the sorbents at
298 K (C, =10~100 mg/L, SD =0.2 g/L, pH= 5.0, 7=298 K).
The solid lines and the dash lines represent the Langmuir
model and the Freundlich model, respectively
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Fig. 7 Effect of contact time on U(VI) sorption (C,
0.2 g/L, pH= 5.0, 7=298 K)

224 R F ARV EST UV 3 17 2 dh
22N Fig.7. W B P-4 I 5] %5 T 60 min, 2% B W% Fff
AR, T A% G R0AR 72 5 0E T B I8 O 7 AR K R
CHUNIF BL_EDS %, 1CZ 7K f i 55 IR 45 # f F) T
U(VI) PRI AL 5, FR Ok AT 48 s U B S 26 . 43 51 ) 98
— 24 (PFO, 2 (8)) « 1 = 4% (PSO, X (9)) f1 4 ¥ #k
(RID, R (10)) B B & 5 /) 7 F 4z o

g =ql1—e") ®)

=100 mg/L, SD =

Tab. 2 Isotherm model parameters for the sorption of U(VI) onto different chitosan-based foams

Sorbents Langmuir Freundlich D-R
Lo .
/(mg? g /(Lf;lg") kzl/f?lnglgi“)" n r Konx10° /(kJ-]liol") R’

ICS 152.21 0.092 0.992 32.31 2.900 0.963 3.05 12.80 0.945

ICZ -1 219.27 0.091 0.997 42.17 2.660 0.974 3.26 12.38 0.970
1ICZ -2 280.09 0.282 0.992 95.68 3.604 0.904 2.28 14.81 0.877
1CZ -3 267.01 0.177 0.993 74.18 3.175 0.924 2.65 13.74 0.904

Cz-2 238.82 0.125 0.995 55.95 2.920 0.945 2.93 13.06 0.930

Tab. 3 Kinetics parameters of the sorption of U(VI) onto different chitosan-based foams
Sorbents PFO PSO RID
e ki e R /(Kfnw e R /(mK X R
Amg-g")  /min"  /(mg-g") ‘fnin,lg) /(mg- g") mfn é)

ICS 137.18 0.037 134.19 0.984 3.31 151.20 0.993 7.81 35.10 0.802
1CZ-1 189.53 0.051 183.41 0.986 3.72 201.77 0.997 9.67 64.08 0.731
1CZ-2 253.06 0.067 246.71 0.970 4.24 265.80 0.992 11.97 103.62 0.653
1CZ-3 234.93 0.063 229.01 0.978 424 247.35 0.993 11.21 93.88 0.660
Cz-2 208.81 0.049 204.07 0.984 3.29 224.33 0.995 10.74 70.85 0.730
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Tab. 4 Adsorption selectivity of U(VI) by CZ-2 and ICZ-2 foams (0.1 mmol/L for each metal)

Metal Distribution ratio, Selectivity coefficient, Relative selectivity
ions KJ/(L-g" LBum coefficient,s.
1CZ-2 CZ-2 1CZ-2 CzZ-2
U (VD) 162.4 58.2
Fe(I1I) 222 23.2 7.3 2.5 2.92
AI(TIT) 14.7 13.8 11.0 42 2.62
Mn(II) 11.8 10.5 13.8 5.5 2.51
Co(II) 10.9 11.2 14.9 5.2 2.87
Ni(II) 9.5 7.6 17.1 7.7 222
Ca(II) 6.8 52 23.9 11.2 2.13
Mg(IT) 3.7 32 439 18.2 2.41
Cu(Il) 32.1 30.3 5.1 1.9 2.68
Na(II) 1.4 1.8 116.0 323 3.59
K() 2.8 32 58.0 18.2 3.19

Tab. 5 Comparison of U(VI) sorption properties with various sorbents

Equilibrium time

Gn

Sorbents pH /min /mg: g") References
Chitosan/MoS, 5.0 180 169.0 [1]
Poly(@ethacryhcamd)- grafted chitosan/ 55 180 1172 (5]
bentonite
Ton-imprinted chitosan/PVA 5.0 120 1559 [7]
Hydrazmyl amino grafted magnetic 30 40 2403 [13]
chitosan
Graphene oxide-chitosan aerogel 35 60 200 [14]
Amino-acid grafted chitosan 5.0 300 159.4 [15]
Dl.ethylenetrlammo modified magnetic 3.6 45 185.6 [16]
chitosan
Ion- imprinted chitosan/ZSM- 5 foam 5.0 .
(1CZ-2) 60 249.8 This work
Non- imprinted chitosan/ZSM- 5 foam 5.0 60 1583

(CZ-2)
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Fig. 8 XPS spectra for (a) N1s, and (b) Ols for ICZ-2 before and after U(VI) sorption; (¢) XPS spectra of U 4f;, and U 4f;,

I 1, £ ICZ-2 X UV B R IR W ik
BrE, X2l T H AR E UV LR 2 i, B ik
RE e B 1 WP UV . IR AM, ICZ 19 B BE 1 (&)
REIE FEPE L & W R s &, UL 38 & 1 WP a2k 4% 1
U4, AN [R) W B 576 UV W B 14 B BL %5 Tab.S
7N, 0 UL ICZ-2 5 UCVI) I W B 25 & T 2 B b
), I LW B 3 R PR - A IR A 4D | i R A
WA T 2 Pl W B A4 K

250
nyry
200} )
“en
;DISO-
g
100t
50
N7/ 77/ 7/ 7/,
1 2 3 4 5
Cycles

Fig. 9 Sorption capacities for five consecutive sorption/desorption
cycles
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Adsorption Properties of Honeycomb-Like Ion-Imprinted Chitosan/ZSM-5
Composite Foams for U(VI) Ions

Yanlin Liu', Yiming Dai', Limin Zhou'”', Hailan Yu', Xiaohuan Tang', Zhirong Liu ',Yiping Wang’

(1. Key Laboratory of Polymer Micro/Nano Manufacturing and Devices, East China University of Technology,

China)

Nanchang 330013,China;2. School of Chemistry and Chemical Engineering, Tianjin University, Tianjin 300072,

ABSTRACT: The radioactive pollution of uranium- containing effluent seriously harms environmental safety and

human health. Herein, the honeycomb-like ion-imprinted chitosan/ZSM-5 (ICZ) composite foams were prepared and
used for the selective sorption of U(VI). The results suggest that ICZ-2 is the best among various ICZ foams with

different raw material ratios, owing to its well- developed honeycomb- like structure as well as the presence of

abundant functional groups. Compared to the non-imprinted sorbent, the ion-imprinted sorbent ICZ-2 presents higher

sorption and better selectivity since it could smartly recognize the target ions. The sorption isotherms could be

described by Langmuir model, suggesting homogeneous monolayer sorption with the maximum sorption capacity of

280.09 mg/g. The sorption kinetics could be fitted by the pseudo-second order model, indicating chemisorption as the

rate-controlling step. The main sorption mechanism is related to U(VI) coordination by the functional groups of ICZ-

2. The ICZ-2 presents a high sorption capacity, fast kinetic rate, and good selectivity for U(VI), therefore it has

potential applications for the treatment of U(VI) - containing wastewater.

Keywords: chitosan/ZSM-5; ion-imprinted foam; U(VI) sorption



