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Design, preparation of benzimidazole-based porous polymers

and its rapid adsorption of chlortetracycline
ZHANG Lili,NAN Hai,ZHANG Huaxin
( College of Chemical and Pharmaceutical Engineering , Jingchu University of
Technology , Jingmen 448000, China )

Abstract: The adsorption rate and efficiency of chlortetracycline by common adsorbents are very limited. In this
work , benzimidazole as functional monomer, two benzimidazole-based hyper-crosslinked polymers, HCP-DCX and
HCP-BCMBP, were synthesized by one-step Friedel-Crafts alkylation reaction using 1,4-benzyl dichloride (DCX)
and 1,4-bibenzyl dichloride(BCMBP) as crosslinking agents, respectively. It was found that the crosslinking agent
had an important effect on the morphology, composition and pore structure of polymers. HCP-BCMBP possessed a
hierarchical pore structure formed by the random stacking of massive nanoparticles. The BET specific surface (1 397
m*/g) , pore volume (1.488 cm’/g) and nitrogen content (0.96%) of HCP-BCMBP were significantly higher than
those of HCP-DCX. As a result, HCP-BCMBP showed a better adsorption performance for chlortetracycline. Under
the condition of pH=5, the initial mass concentration of chlortetracycline was 500 mg/L., and the mass concentration
of HCP-BCMBP dosing was 1.0 g/L, the adsorption capacity of HCP-BCMBP could reach 413 mg/g within 30 min.It
was obviously superior to that of other adsorbents reported. In addition, the adsorption kinetics, adsorption isotherm
and adsorption mechanism of chlortetracycline on polymer were analyzed , and it was confirmed that hydrogen bond,
- interaction and electrostatic interaction were the main adsorption mechanisms.
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Fig. 1 Morphology and pore structure of HCPs materials
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Table 1~ Structural parameters and elemental composition of HCPs
B eI Y LT Y LAY ALY (OF/v% Yiig: 4 HICR i N JC 5 Jii
(m*-g™") (m*-g™") (m’-g™") (m’-g™") % 8% 3 50 %
HCP-DCX 939.19 741.0 0.873 0.305 86.58 5.11 0.53
HCP-BCMBP 1397 663.3 1.488 0.288 78.19 5.23 0.96
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JUF B0 U E 9K 1% UK B AL FH % 422 B4 FLIR 2544

1 (c) fif 75 ) HCP-DCX Fl HCP-BCMBP 1) A&
A B R AR R 2R . ] 1(e) v %1, HCP-DCX
HCP-BCMBP 14 20 W B — 15 B 45 3 2k 35 o IV 74 55
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Fig. 2 The curves of adsorption capacity with time (a)
and quasi second-order kinetic fitting (b )
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Table 2 Comparison of adsorption rates of HCPs for CTC with other materials

5% B J52 S B 5510 CTCH) s Jou bk e B2 /(mg - L7") TR /K S 5 7] /min EEDN
RN YT RN 100 308 1200 (12])
BEIEA N 250 293 360 (13)
cre P58 16 1 e 1 000 293 20 (14)
TR R AR 50 298 600 (15)
flVE A SR 0 SR AL 50 313 480 (4)
HCP-BCMBP 500 298 30 ARHFFE
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VW) A pH e 52 MR W AT SR Y R S R TE
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Fig. 3 Zela polential of HCPs at different pH (a) and
the influence of pH on adsorption capacity (b)
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Table 3 Fitting parameters of isothermal adsorption of CTC by HCPs

Langmuir Freundlich
W B 7 -1 -1 -1 Y 2
Q,./(mg-g™") K /(L-mg™") K./ ((mg-g™")(L-mg™)") 1/n R
HCP-DCX 147 0.106 0.995 64.4 0.142 0.992
HCP-BCMBP 437 0.216 0.990 159 0.222 0.998

%% 3 0] %0, HCP-BCMBP X T CTC Ay 1% Ff} %k
it 5 Freundlich 52 R $UL & B 4, AR B4 & £ 5
T2 W B RRAE o BNEL A I A O RBE
CTC 7 HCP-DCX _I- % W B 45 Y £k 55 Langmuir £5 5
A I A G PE L X AT RE S HCP-DCX 1 fi L
Fb ] 75 3K 78.9% , 1 CTC 43 1 M BLER K, ME LA AE 3%
LB Z 572 UL —ERE L2 T

PR G3F J2 0 B Y W R 42
224 KK HE

Br2.2.2 9 th g B R AE AN S ER R &)
M CTC Z [8) 38 °T RE A7 76 S HEFN m-m AE . RAIE
B 2 Fh 1 FH LB B £F 7, XF HCP-BCMBP , HCP-
BCMBP+CTC ., CTC #F 17 41 #b i K & fF |, 45 %
LS,
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Fig. 5 FT-IR spectra of HCP-BCMBP,
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Fig. 6 Regeneration performance of HCP-BCMBP
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