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Effect of Two Types of Nanopartlcles on the Adsorptlon of Clproﬂoxacm on Zeol_lte

JIANG Lan-cui' , MENG Zhao- fu' 2" , LIU Xian' , LIU Xin' WANG Xin-xin' , CAO Xue- -wen! | ;‘_f';‘
(1. College of Natural Resources and Environment, Northwest A&H UanPI‘%ltV Yangling 712100, China; [, Key Laboratory of Plant Nutrition and Agro envuamne_r,lt 'in
Northwest China, Mmlslrv of Agriculture and Rural Affalrs 'Yanghng 712100 Chmg) J L W

Abstract In order to ,explore the influence of the coex1stence of I?pamg],es (NPs) on the adsorption -of aftibiffies bn e y mmerals zeolite was used as the edt “clay”
mJneral and mproﬂoxagm ( CIP) was used as the target po]lutam nder diffefent temperatures, pH valuesy”and ionic strength conditions, the effects of Zn® nanoparudgs-"
(Zn0 NPE) and Ti04 “Hanoparticles (Ti0, NPs) on the ddsorpuon of CIP Ey zgolite was studied, and the mechﬁmsm of dlffereﬁf types of NPs on CIP adsorption was analyzed
and discussed in LOmblndtlUn’Wlth the surface properties of zeohte /The rejuhs showed that, except for that under the coexistence of 5 mg+L ™" ZnO NPs, the adsorption‘of CIP
was s]lghtl} promoled andythe concentration of other NPs iinhibited CIP 14 varying degrees. The degree offinhibition showed the order of Ti0, NPs >Zn0 NPs. With the
1ncrea£ in temperature, the presenge-0f NPs enhanced thepositive effect of zeolrle on CIP adsorption. When the fonic strength increased from 0. 001 mol-L™" to 0.01
mol-L7", the ad%orpnﬁn capacity of CIP decreased, but thie presence ® of bolh NPs* N(“‘:lken("‘(l the negative effect of ionic strength. The pH of the solution could affect the
ex1sten(e of CIP and the praperties of NPs and in turn affect the adsorption of CIP. The adsorption of zeolite on a single CIP exhibited electrostatic attraction, hydrogen
bonding, apd pore filling. ZnO NPs mainly competed for adsorption sites through electrostatic attraction to affect CIP adsorption, whereas TiO, NPs mainly competed for
adsorption sites through pore filling and hydrogen bonding. Their differences in nature resulted in different influence mechanisms.

Key words: zeolite; ZnO nanoparticles; TiO, nanoparticles; ciprofloxacin; adsorption
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Table 1  Basic physical and chemical properties of ciprofloxacin
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385. 81 6. 18 F18.76 35
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1) fe2f4ity o o
: OH
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I/\N N
SRS
L2 SEBt

A5 U B A 52 6 SR A A B AT t’;\’i%ﬁk
PR 3 /\ii RLwh A W cIp J@XTRE GIP %
{ﬁzuﬁﬁ 254410, 15, 20, 30, 50. 190 %ﬂ 200
mg-L~ 9"/’(@7%*‘ i 4

NPs 771K 1| NPs 1% 4% ﬁtﬁt 740 NPs il
TiO, NPsl_z%ﬂlﬂ e LB B S mg- L7 20
2/\%@“ }fg/\%&ﬁ:jﬂ/m 25°C, pH }'jr"..
6. 5N 0.001 mol-L ™" 14 NaCl ¥AWK.

/\{%&gfaz%e%/é/ﬂ%fi pH 11 - IR JIE 1P
F—H1 NPg+ CIP JEAFAR R CIP 3 A e JEE 34
20 mg-L™", 2 Bl NPs MV EE 312 0 20 mg-L~". i
JEBE M 10, 25 F140°C (pH =6, B T3 JE M 0. 001
mol-L™"); pHI®EN3.5,.6.7.8 A 10(IREN
25°C, B T3 ¥ N 0.001 mol-L™"); B 75 i LI
NaCl B 7 5 & 7, B B 4 0.001, 0.005 F1 0.01
mol-L~" (JREH 25°C ,pH =6).

CHOREANEE | Zeo-5Zn0 Fl Zeo-20Zn0 27
415 Zn0 NPs HAFR R NPs W 0518 5 mg- L~
120 mg-L™"; Zeo-5TiO, Fil Zeo-20TiO, Frniff5
TiO, NPs ;iﬁlei/% NPs ¥ J&E 539k 5 mg-L~' 1 20
mg-L~", CK £/~ CIP H—fA 2.

1.3 LRIk

YK BTEI £ IR — 2 BT R Y NPs T —
SERFR R ZE IR R AT K TR FF 207 30 min,
DIAS BN 57 (R G KB T T, 9K B TRV I FH B

ARSI SR AL 3 AT, CIP B — R R e
FRELO. 1 g WA 3 AIINAZ 51 50 mL 355 25048
FEMA _EIBRAE MR CIP R I 25 mL; NPs + CIP
AR R EFIFREL 0. 1 g Wb N A FR 51 50 mL B 5
BLODE I _EAROR RN (1Y) NPs 277 1OF1 CIP
VTR, A HEARRR 25 mL. #HEIEIR IR 24 h(Z&3)
FI2EECRAIER , 24 h EL AR R ) .

mg-L~
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(% BiE 2 5 NPs + CIP JEAFR R | DL CIP W) 4R vk &
Bl NPs A7 R b A W BN S BT TR 2 Y
CIP (¥R B, #4223 (1) 3158 NPs A7 F & X
CIP I B . 285056, %07 6 CIP I 9 A 7 it
LMK RE(r) B KT 0.999, [ i B A K41
M P B SRR 22 0 e A (1)
3] i <

Q = V(e —¢,) x107/m (D)
Ao, e, Ml e, 4PV CIP (70 b vik BE R4
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RZ WA B CIP B S AUFE S B SR SR H A
D/mas 2500 Rigaku % X 5 Z& AT 5450 s 47 W B i
JE Al ) AR S R HEA TN A 5 A 1 L 3R T AR AL
F253 i K i V-Sorb2800P Hr 2 i AR FL AR 43 B A3
FE 3 B FAcH iz (CEC) SR FP640 K GG T,
LR EN- N I
1.4 Hdkaba
1.4.1 PR EHE

SPGB AR OR 22 0k, 4 A S (1) HEAT
AL
1.4.2 WRHFIRANDE
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Bt S IR AR A T A
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L, Ko S EA L SEG 1/n R

SRIE S o MYAWEH CIP B MR mg- L.
1.4.3 WA 2
W B 2 SR B A P IR
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K AG AE AT H HAEAE, kJ-mol ' AH® A
WA”*,kJ mol "5 AS® AL, T - (mol-K)’l
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Fig.

1 Adsorption isotherm of CIP on zeolite in the presence of single CIP and nanoparticles at 25°C
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Table 2 Fitting parameters of adsorption isotherms of zeolite to CIP in the presence of single CIP and nanoparticles at 25" 3
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Fig. 2 Effect of pH on adsorption of CIP
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‘ Fig. 3 Efféct of ion strength on adsorption of CIP
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5 CIP —701 NPs + CIP 3tk R AR CIP BT/SH) SEM
Fig. 5 SEM of CIP single and NPs + CIP coexistence system

before and after CIP adsorption by zeolite
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Table 4  Pore size distribution, specific surface area, and cation
exchange capacity (CEC) measurement results

of zeolite before and after adsorption
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Fig. 7 Pore size distribution
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Fig. 8 Infrared spectra of CIP single and NPs + CIP coexisting

system zeolites before and after CIP adsorption
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Fig. 9 XRD patterns of CIP single and NPs + CIP coexisting

system zeolites before and after CIP adsorption
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