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Efficient Removal of Levofloxacin Hydrochloride from Environment by
UiO-66/CoSO, Composites

Zhu, Guifen* Chen, Letian Cheng, Guohao Zhao, Juan
Yang, Can Zhang, Yaozong Wang, Xing Fan, Jing*

(School of Environment, Henan Normal University, Key Laboratory for Yellow River and Huai River Water Environment and
Pollution Control, Ministry of Education, Henan Key Laboratory for Environmental Pollution Control, Xinxiang 453007)

Abstract In this work, a newly UiO-66/CoSO,4 composite was prepared by introducing UiO-66 as precursor carrier. The
morphology and structure of the presented UiO-66/CoSO,4 composite were characterized by scanning electron microscopy,
elemental analysis, specific surface area analysis and X-ray diffraction. The adsorption performance of UiO-66/CoSO, to-
wards levofloxacin hydrochloride (LV) in aqueous solution was investigated, and some parameters, such as pH value, tem-
perature, contact time and initial concentration have been optimized. The results showed that the UiO-66/CoSO,4 composite
has significant adsorption performance for levofloxacin hydrochloride. Compared with the control material UiO-66, the re-
moval efficiency of the composite towards levofloxacin hydrochloride increased by 20% under the same conditions, which
indicated that the properties of the composites have been greatly improved. Within 5 min, 95.3% of levofloxacin hydrochlo-
ride can be removed, and the equilibrium adsorption (99.8%) was achieved within 30 min and the adsorption process could be
described by pseudo-second-order kinetic model. The adsorption isotherm verified that the maximum adsorption capacity was
up to 108.42 mgeg~' and fitted well with the Langmuir isotherm model, which indicated that monolayer coverage of
levofloxacin hydrochloride was formed on the surface of UiO-66/CoSO, composite. Data obtained from thermodynamic
study showed that the adsorption process is spontaneous endothermic reaction and the chemical adsorption might play major
role to control step. The UiO-66/CoSO, composite was easy to prepare with good reusability, and the adsorption efficiency is
still higher than 92.2% after five cycles. Additionally, under the optimized condition, the UiO-66/CoSO, composite was suc-
cessfully applied for the removal of levofloxacin hydrochloride from environmental water and soil samples. It was found that
above 94.7% of target can be removed by the as-prepared UiO-66/CoSO,4 composite. This result proved that the composite
with excellent recognition has been synthesized. The new UiO-66/CoSO,4 composite prepared in this work provided a way to
treatment levofloxacin hydrochloride in environment with broad application prospect.
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Figure 1 SEM images of UiO-66 (a), UiO-66/CoSO, (b) and TEM
images of UiO-66 (c), UiO-66/CoSO4 (d)

it — D e 2 A MRk R T AL &5 i AL AR R
b, T T Ny BRI SRR SE S, Ui0-66 K UiO-66/
CoSO, HEAMAEIHILL R LA LEESHWE 1
B, aTLAEH, 5 Ui0-66 #t, Ui0-66/CoSO, [ EL 3
T A 1 826.37 mPeg ™' JE/NF 707.02 m?eg ™!, FLAEH1 0.33
em’eg ' UH/NE] 0.29 emieg !, FLARFR AR KRN AT BE
JERA CoSO, kit N Ui0-66 (IEE /> el e, %45
RALERI Co LHR O A I 1 F] Ui0-66 L.
£ 1 Ui0-66 1 Ui0-66/CoSO, [fIFL4%. FLARM L RIS

Table 1 Parameters of pore size, pore volume and surface area of the
Ui0-66 and UiO-66/CoSO,

K EERE R (mPeg ) fLB/(cmPeg)  fLiE/mm
UiO-66 826.37 0.33 1.26
Ui0-66/CoSO,4 707.02 0.29 1.26

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 3 Effect of pH on the adsorption performance of UiO-66/CoSO4
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Figure 4 Time-dependent adsorption capacity of LV on UiO-66/CoSO,
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Table 2  Kinetics parameters for LV adsorption on UiO-66 and
Ui0-66/CoSO4

ME Geop/(mgeg ) kaf(gemg 'omin™')  gee/(mgeg ) R

Ui0-66  6.00 0.0277 6.26 0.9996
Ui0-66/

7.98 0.3121 7.97 1.0000
CoSO,

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Table 3 Equilibrium isotherms parameters for LV on UiO-66/CoSO; at different temperatures

B Langmuir Freundlich
e Geexp /(MEeg l) _ _
qn/(mg=g ") Ki/(Lemg ") R n K R
15 59.38 58.08 0.1589 0.9936 3.0642 12.4935 0.9244
35 76.61 75.53 0.2874 0.9949 3.0868 18.2648 0.9110
55 105.94 108.41 0.1813 0.9950 2.8639 23.2247 0.9864

* Geoxp RE LI FITAFIR I 75 2.
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Table 4 Thermodynamic parameters of LV on UiO-66/CoSO; at different temperatures

T/K Ki/(Lemol ') AG/(kJomol ") AH/(kJsmol ") AS’/(Jemol 'K ")
288.15 63217.84 —26.47

308.15 114352.10 —29.82 3.03 103.78

328.15 72119.36 —30.50
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Figure 6 Regenerative experiment of LV by UiO-66/CoSO, (a); XRD patterns of UiO-66/CoSO, and after recycled for 5 times (b)

RS FEIMTIN SRR A AR SR AP BEXT b

Table 5 Comparison of adsorption performance between various adsorbents for LV

M Bt 571 SRRt AT 1) IR KR PR 25 5/ (mgeg ) Z25 30k
MCM-41 pH=6, 303 K 2h 355 [16]

3% Co-MCM-41 pH=38.5,304.6 K 2h 108.1 [8]
Zr-modified CBs pH=7,323 K 12h 73.1 [11]
Rice-husk biochars pH=8,333K 8h 5.0 [17]
‘Wood-chip biochars pH=6.5,333 K 4h 7.7 [17]
Graphene oxide pH=5.6,298 K — 256.6 [10]
Ui0-66/CoSO, pH=17,328 K 30 min 108.4 AL
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Figure 9 Chromatography of the removal efficiency of UiO-66/CoSO4
towards LV in environmental water sample (a) and soil sample (b). A and
A are the initial solution before and after adsorption by UiO-66/CoSO,, B
and B', C and C', D and D' are the real samples spiked with 1, 10 and 50
mgeL "' of LV before and after adsorption by UiO-66/CoSQ,, respectively

R 6 SEPRIETRE G T IR AL EURVD B E R AUR

Table 6 Removal efficiency of LV from real environmental samples

PRESFE il JobRE/(mgeL ") FERE % RSD/%
) 95.5 2.0
IKFE
10 97.9 3.1
50 96.2 2.8
) 1 94.7 5.1
R
10 96.0 2.1
50 953 2.6
3 #ip

AU R A NIEZE Ui0-66 NETIKIAA B T Hr kil
HAMEL Ui0-66/CoSOy, Fdit $14 i 7 WAt B 5
BT R OB . 0 & 40 A AN L 3R T AR ) 25 T BUIE B
Ui0-66 LI 18 T CoSO,. WRF4E R, FHIF A
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T, Ui0-66/CoSO, B &M ELLL Ui0-66 Xt /K #hR 7 4
B EMLGRHERS 26.5%; Wtsh12:E£MH, £
30 min N UiO-66/CoSO, G IRk ATk 210 147,
R B IS ARATAAE B Sy AR, W PR A I 4R B KR
Bi&E A 108.4 mgeg ', HFFA Langmuir W Ff25EIE A5,
Tt BZ I I RN T R, TR B, 1%
W P I R AEEAT I SRR IR L. 2R A M
LT FRES AR RN A R R A SR B 25 BR R AE 94.7%
DL, HREAEMGELF, EERIH S RVORERE S IR
PERE, BRI 922%0L b ik, AHFFEHI%&
T Ui0-66/CoSO4 & &M BHEAL BRI h f) SRR /e
AV R EAA T R R B S

4 LIERSY
4.1 SEILEEFNIAF

WANFESL KL 4.
42 MTRERK
42.1 UiO-66 #45-1&

27 Shen!" {1 754 i Ui0-66, FREL 0.4664 ¢ 1]
DY AL 85 (ZrCly, 2.0 mmol) A1 0.1661 g Xt 2K — FI iR
(H,BDC, 1.0 mmol) T-6e#F 1, HIA 50 mL f N,N-— FiJ&
F It % (DMF)J5 8 75 10 min fF FLIE R, SR J5 W 1 EE 2
F] 100 mL VY LM A KR S H, T 120 C
TR 24 h, G5H G BRI E =E. P B L
(6000 rt/min, 6 min) =X LLLEARBYIFR, HIRBT
Ji, 100 ‘CEZS T4 12 h, B8 A€k KRl Uio-66.
422 Ui0-66/CoSO4 & &H#H449 4%,

FRHEX 0.8986 g 1] CoSO4, MIAZF] 150 mL HEFIE R
HOEE A S min, REAEIVEARSS, PRI 1.2004 ¢ 1RG5 K
[P UI0-66, 140 C NHL/IHiHE3 his, A H A 2050
(7000 r/min, 10 min) A& BR AR NAR AV, H IR
T, 30 CHEZ T4 12 h, 53] Ui0-66/CoSO,#} K.
4.3 UiO-66 F1 UiO-66/CoSO, KM B4 e

FREL 10 mg Ui0-66 Al Ui0-66/CoSO, T~ 25 mL 4EJE
A, IINE] 10 mL iR A 8 mgeL ™' (IR R /2 A i 2
KW, KIBPR% 3 h (180 r/min, 25 C), HWL 0.22
pum JEREIE YRS, ERAMOLETT Bl IS E bR
VI, JEEE A 6 /Al Uio-66 Al UiO-66/
CoSO, X #h IR /e S b B2 1) 2 i e,

EBE=(C,—C)/Cox100% (6)
1, Co AT C 43 AR TR AR IR A B G B2 7KV At TR B i
JE FOHE (mgeL ).

4.4 pH{EE

FREL 10 mg Ui0-66/CoSO, T+ 25 mL #EIH A, A
F 10 mL — £ %1 pH 15(3~9)f 8 mgeL ™" ha /& >
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FIKIEW, KisHR% 3 h (180 r/min, 25 °C), VERZ 0.22
pm JEREIEIESE, ERAMOLETT BillE BiEHE bR
YIRIKREE, FFiEE AR 6 HHEAEARF pH {E T UiO-66/
CoSO, X FRhIR 7r S 3D B 1) 22 B e

4.5 WRMizhHIE

FREL 10 mg Ui0-66/CoSO, T~ 25 mL #EJE i, A
F 10 mL WKEAN 8 megel ' A AR E KB
(pH=7), 1E 25 ‘C. 180 r/min F/K¥&HR %A FIF 1] (5
H°N 5 min. 10 min. 20 min. 30 min. 40 min. 60 min.
90 min. 120 min. 150 min. 180 min. 240 min. 300 min),
WE 0.22 pm JEBS YRS, RSN eETt EilE
IEW BRI, EiE A 6 T Ui0-66/CoSO,
X ERIR AL SE D B PR R
4.6 WRMIERL

FREL 10 mg UiO-66/CoSO, T~ 25 mL #EJE i, A
F| 10 mL #JUEWKE N 5. 10 30, 50, 80, 100, 120.
150, 180 200. 250 mgeL ™" fZEER 2 A V) B /K IE W
(pH="7), ZEARFIRSE (15 C. 35 ‘C. 55 CyKIBIEY
3 h, EE 0.22 um JFERLTIE G, EEIMHOCET L
ME BB W E AR E, B AKX 7 1HE Uio-66/
CoSO, 1 it &2,

4. =(Co=C)x¥V/m @)
3, Co AT C A AR ERTR A S D B2 7KV A e e i
Ja B B (mgeL ™), V RFEHEWAAB (mL), m fLF
Ui0-66/CoSO, HIJii E (mg), g. AR % 2Pt 2 &
WREX R R 7 S D 2 BB B (mgeg ).

47 HEBFEMN

PR Na®. K. Ca?'s Mg*'. Cl'. SO& AFE T
YERREFIRT G, B 1B T3R5 28 04 104 100 £ (1)
R A R VA, B 10 mL IAVRAINN 25 mL HETE I
o, BN 10 mg UiO-66/CoSO, 7 25 “C/KITRY 3 h,
WE 0.22 pm JERIS YRS, RN ETE Bl
FIEWE PRI, B A 6 1 Ui0-66/CoSO,
X ERIR A S D B IR 25 R 2R
4.8 XABHREM

MR BLER(FA) WIBIERHA) IR A HLF (NOM)
VE RTINS, Bofl] TANRE S 38 04 1. 34 5.
8+ 10 mgCeL ' (LR A AP S, B 10 mL ¥
oA 25 mL #ERHH, FHIIA 10 mg UiO-66/CoSO, 1E
25 C/KBIR 3 h, HWRL 022 pm JERETIE), 74
Aoy R EE FIE R E AR R EE, it A 6
THE Ui0-66/CoSO, X $h IR /e A VD B I LB .

4.9 SRR
49.1 FEFFmeyTRLE

A G2 e BL T IR B K RE RN A BEAT SEBRAE i b 2

PR e SRR B B AT, B K RERT HRE S BB E B 2 T
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I KFHT £ TR .

IKFELE 0.45 wm TR AT BRI 38 L 2% B AR5 R 1 2 o &%
H; EREERXT R 100 H R, SRJEELS g ke
TN —E R LRI 24 h, B.OJEUcEE FiERT iei 7%
RAGEEHEBRT, SRIE N — ¢ B 4i/KEH . 5
St KRR R AT bR AL B, HL KV R R A AR
I RIS RSN 0. 1. 10 A1 50 mgeL ™",

PREL 10 mg UiO-66/CoSO, E&#1EL, 73 Hl A%
10 mL BA BEsEfrKeE LA K+, T 25 C. 180
r/min F/K#HRED 3 h, RS 0.22 um JEREE I 5, 765
RO AR GRS A B e BIE W E bR R, did A 6
THE Ui0-66/CoSO, ¥ EhBR 7 S D B I L bR .
492  FEIFAfSR e ME

SR A 00 5 SR FH v 380 €543 (C g column,
4.6 mmX250 mm, 5 um, Waters, 3£[E), PLZFE © 7K ©
VKZER(25 275 1075, Vi V. V)IBEWRENH, FE
291 mLemin', ¥ 35 C, PDA 28 AM& 253 KN 290
nm.
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