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Thermodynamics and Kinetics of Norfloxacin Sorption on Humic Acid
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Abstract : The thermodynamics and kinetics characteristics of norfloxacin(Nor) sorption on humic acid (HA) were investigated by batch
equilibrium studies according to OECD Guideline 106, and the sorption mechanisms were also discussed in this study. Results showed that
the sorption of Nor to HA began from a rapid stage with continuing for approximately 12 h, and then followed with a slow stage until a 48 h of
sorption equilibrium time. Sorption kinetic curves at different pH were well fit with a pseudo second—order kinetic model. The Freundlich
model could properly describe sorption isotherm. The sorption isotherm indicated nonlinear characteristics due to 1/n of isotherm fitted by the
Freundlich model less than 0.5. Results with —48.85 kJ -mol™ of AH® and less than 0 of AG° revealed that the sorption of Nor on HA was a
spontaneously exothermic process. The exchange of ion was the dominating sorption mechanism for Nor sorption on HA, while the H-bonding
and dipole force might be the other sorption mechanisms. Less than 0 of AS® indicated an entropy decrease during the sorption process. Ener—
gy at sorption site decreased as the sorption amount increased, indicating the heterogeneity and non-linear sorption characteristic of HA.

Keywords: norfloxacin; humic acid; sorption
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Figure 1 Molecular structure of norfloxacin

Millinium 3% T 4E %4 . Elemental Vario MICRO JE& 43
Hrilo
1.2 RWHE
1.2.1 SRR LA B Al

IR C.H.N TR /P E ,0 TTE M
TRAZEITESD, REEMRESESREE
ZE(HEA VR , B Fk i BRI B0 2R
FHA5E,
1.2.2 R BRI 3h 12500

SIS G OECD Guideline 106 45 7 V61T -
Fi 0.01 mol- L™ 9 Te/K & ALE5F1 0.01 mol - L B 5 b
B CHR 3 A 0V A D BE B SV W, R pH R
3.0.5.0.7.0, FREUEASKER 10.0 mg THRME , IMAEH
400 pmol - L FIEHID M SVAW, N385 7E 25 C
FERRRIRTIRG , -G HEEH 250 romin™, 7 F
10.30 min 1 2.6.12.24.36.48.60.72 h BL ke 5 5
F 4000 remin™ FE.L> 5 min, H 0.22 wm JEfFET1E
0 S VAR PP R B R R B MR B S VRE SE TR
2h WELE B TIRAEEMT . RS A AR R
U VR B ) TC R SRR BRAE X B, SEIGTE S 4 IR,
Xof R SEIG R IR R B R TN T 5%,
1.2.3 R BRI ER L F ) 5505

FRECEAEER 10.0 mg FEBLE F, 1A 25 mL AN
Rk B B R YD B S W . NaOH 1 HC1 1875
BRIV pH=5.0, F TSR FHEE T EGR, N
T AT H T AR PR B R i R B SR b
AR B, ASEIG Hh i R B R LG TR B 43 R
75.100,150,200,250,300,350,400 wmol - L7, fill 5 /&

® 1 PEBROMELFER
Table 1 Physic—chemical properties of the humic acid

P JUEMT BR M2 A /mol - kg™
R

C/% H/% N/% 0/% H/C 0/C (17858 B e
AldrichHA 31.67 2.67 0.19 65.47 1.01 1.55 3.28 0.91 2.37
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Figure 2 Sorption kinetics of Nor on the humic acid
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Table 2 Simulation of the dynamics
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Figure 3 Adsorption isotherm of Nor on the humic acid Figure 4 Plots of InC,/C, vs. C, at various temperatures
SE \ B . -1
SR KR LRI RAY] Un 22 0500~ RS FEEEASEORERT )
1.048 Z [a] . B JLEASEERNT v s v B2 A IR AT Eb - 3R Do romo oy ;;;;;ms =
WAL P U BUKMER B AR o S e
2.3 BEE R M 2 EHE —42-84 -5  —2--40 Not available —40  —2~-29 —63~-84
ORI IR 0 L7 R IR B 6 K, AIAGY
(HXHE ) K/NIFFA 5 C>15 °C>25 T 3), el PR o
FETHERES T HHER IR R 2 A FRAEFR T, B 5 7% 25 CHL S CRISRA B* FICR . S
It R AW s, MR B BOJOMIUR 25 TS °C, s miia] o
H I 4 TR Ko FIR I A BT AGYASY, 18¢
AH° 3% 4 Fi7s . AG'<0 AW 2 B R AT 16 W m25C
720 AH'= ~48.85 k] -mol ! FRUTHHRT IR B ul w © 03t
e o
% 3 AERENRIENSESEIANESH 5 12y .
Table 3 Isotherm parameters of Nor in different temperatures and & 10f ™ o
thermodynamic parameters 8l . u o o
||
ﬁo(;rg“/ Freundlich : KyL-g' AG° AH® _ AS° 6- | | | | u | O. o .
K Un R /K mol 100 150 200 250 300 350 400
5 14406 0.9 095092 587.57 -14.74 -48.85 —0.1227 C./pmol -1
15 9699 027 099074 34378 -1398 -48.85 -0.1211 E 5 WRHER B lXER
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