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Preparation and Properties of Temperature-sensitive
Surface Ion Imprinted Polymers
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Abstract: A novel temperature-sensitive nickel ion imprinted polymer (IIPs) based on multi-walled carbon
nanotubes (MWCNTs) was synthesized by inverse suspension method using N-isopropyl acrylamide
(NIPAM), acrylamide and acrylic acid as functional monomers, N,N-methylene bis-acrylamide as
cross-linker, and Ni(Il) as template molecule. The sample was characterized by Fourier transform infrared
spectrometer(FTIR), X-ray diffraction(XRD), thermogravimetry (TG) and scanning electron microscopy
(SEM). The adsorption properties of the imprinted polymer were investigated by ultraviolet-visible
spectrophotometry. The adsorption properties of ion imprinted polymer were investigated by
dimethylglyoxime visible spectrophotometry. The results indicated that changing the temperature could
control the adsorption and desorption efficiency of imprinted polymer. The maximum adsorption capacity
of TIPs to Ni*" was 33.80 mg/g at the optimum adsorption temperature of 40 °C. The adsorption isotherm
obeyed Langmuir model, and the adsorption kinetics could be represented by pseudo second-order kinetic.
The desorption efficiency of IIPs to Ni*" at 25 °C was much greater than that at 50 °C. In the presence of
competitive ions Pb>" and Cd*’, the selectivity coefficients of Ni*'/Pb*" and Ni*'/Cd*" were 12.62 and 16.12,
respectively, indicating that IIPs had a strong ability to recognize Ni*".
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1.2 BFEHBRBEEWH&

2 2% SCHR [14], R FH 3L U0 3E ¥ il % Fes04/
MWCNTs-COOH,,
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Fig. 1 Preparation process for Ni( Il ) imprinted polymer
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BT ER G R I NI, SRR

Y- R o6 K B B R A AL A SR
q. = V(,D() _pe) ( 1 )
m
E1%=20"Pe 100 (2)
£o

K. g P, mg/g; E MBBRZE, %; po
N NP B R B, me/L; pe AWK 2O
N R, me/L; Vo NP IR RRL, L;
m W AR, g,
1.4 BEEETFHNBES WML
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Fig. 2 FTIR spectra of MWCNTs-COOH (a) and IIPs (b)
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Fig. 4 TG curves of Fe;0,/MWCNTs-COOH (a) and IIPs (b)
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WL Sa. b ATLAE ], B Sb HigIRE 3R
T Y 25 1 22 BAR R/ N IBURL , JIERH FesO, UKL AL
AR RIBR K AT o B Sc FhBRaN KA 26 1 28 159 58 fin
MBS, MY A, 58 5a ML, B Sc RRRgNRA
A1Z I BE IR BE RO, HaR g — 2 A AL R

a5, VLR G B IE M B e i oK A R L
2.5 WRHMIHIERR
2.5.1 EM#HHFHA

FREC 20 mg 1IPs, JAF] 50 mL Jii & v & 53 5]
910, 20, 30, 40, 50, 60. 70 mg/L ) Ni* %
W, 40 °CFAKIBIRY 3 h, ik, MEIERH Ni*
M i, AR 2 & an i 6 k.

mi & 6 Al T, 7E 10~20 mg/L 1Y Ni*" i & i &0
BN, IPs 5 NIIPs BYW R AR o YW #4 kS
N B, TR AT A 5 BT — 2 B B
A LA A ) EE B O A R B S A NP, — i
ST "y B 5 3 A v A R . X
FAb AN 5 B R AR N, A A, TR

HZRE R, MY BEENANTE Bk AR AR R N, T
TRER A /D, DR I B B R S 58 AP k2
TERR 40 KA 1) e T8 TG /2 1IPs B N1IPs #RA77E 5 4
JBEFRAEZESWERER, BT X NiTHE T
B o AR BE R, B3 AR B0 A4 A 0 W B B
FEIT . 1E 20~70 mg/L () Ni* %W+, T1IPs Fl NIIPs
FR) W B B 2 N A R B8 R i, T R
HEVREE A 70 mg/L W B A TR B4, 1IPs /P
WA 40.12 mg/g, 1 7E 0 Mk RE VS RN HE
1IPs 5 NIIPs B W B BE /7, 11Ps BH AL T NIIPs, iX
Al FELE A RS NP4 &5, 8l sk
o, AE BRI AR R TR B2 7, 28 X PR i T
o5 NG A, RS T B bR 1 55 0 b
PERE

KA (3) Langmuir WY B8 22 B ATRT A
3 (4 )Freundlich W fff #4 ) 2445 BU 451 5 TIPs 1 NIIPs
Xof N> ST R B S, AR OLIEL 7. 8, S
W AT 22 SR 1



<312. A 4| it T FINE CHEMICALS 55 36 %

ARl p— Langmuir 25 I W% fff A 75
40 | —e—NIIPs |
45| — MWCNTs-COOH Pe_ 1 P (3)

~ 30 + de qu 9m

§ 25 Freundlich 55 jf W BRH 52751 .

= o0l

20 Ing, =% { Ink, (4)
15t n
10 t K g MFIEE 2, mg/g; b~ Langmuir J5 2
SE o : : : H-F- 1+ %8, L/mg; n A Freundlich J5 21 % %4

102030 ’ ol(r:;g/L) 06070 K; >} Freundlich J5 2899 40

Kl 6 MWCNTs-COOH, IIPs Fil NIIPs V-t W i} 5 i 2%
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Fig. 7 Langmuir isotherms fit curves of Ni** adsorption on
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Table 1 Adsorption isotherm parameters of Ni** on IIPs
and NIIPs

Langmuir 55 f A% 7 Freundlich 45 A 54

q./ G/ b/ 2 Ky

(mg/g) (mg/g) (L/mg) (mg/g)

1IPs 40.12 42.63 0.42 0984 1932 385 0915
NIIPs 26.13 26.32 1.81 0.981 12.82 449 0.715
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Fig. 9 Adsorption rate curve of IIPs
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Fig. 10  Pseudo-first-order kinetic curve of IIPs for Ni**
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Fig. 11 Pseudo-second-order kinetic curve of IIPs for Ni*"
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Table 2

W R I
q./(mg/g) ks R

115.10 0.080 0.806 38.46 0.002  0.995

1 E—20 8 15 B 3l 2t 2 (1 10)
A%, k=0.080, #15¢ 2 %L R*=0.806, ¢.=115.10 mg/g;
HE 908l 12 e Bk sl g2t it 2 CE 1) al A,
k,=0.002, M5 R% R?=0.995, ¢.=38.46 mg/g. 455%
TERH, HE—20 8l S AL AH 2 REUN T 98
JIBER S I Ho R S A AT, BT R T 0 B i
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A (A R B et ST SR . BT LA, T B A
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Fig. 12 Effect of temperature on the adsorption of Ni** on
I1Ps
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Fig. 13  Effect of temperature on the release of Ni** on IIPs
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Fig. 14 Effect of pH on the adsorption of Ni** on IIPs and
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Fig. 15 Regenerability of IIPs in three successive cycles of
desorption-adsorption
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Table 3  Selective adsorption properties of IIPs and NIIPs

IIPs/NIIPs
q./(mg/g) E/% Ky K
Ni** 25.13/7.31 83.77/24.37 5.16/0.32 —
Pb>  8.71/7.22 29.03/23.87  0.41/0.317  12.62/1.01
cd*™ 7.25/7.18 24.16/24.00  0.32/0.315  16.12/1.02
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H1% 3 01, FE5e4 BT Pb> Ml Cd™ L RI7E7E
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