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99.5%) KI (4 fif = 99%), NaHCO, (4fi F >
99.5%) . FeSO, « 7TH,O (4 J&F =99 %) 1 NaOH
(B =96 %) H W [{ K H R WK Na, S, Oy (4l
FEZ=98 Yo) MR N TP B (4EE =98 ) I A 7l 5
fE 3 4 (300 H BB ARO W [ IR SR 0T 5 S5
FHIK Ry 1 0 PR B 8 2l K ML T ) 68 4K
1.2 CRPM ikl

CRPM il £ 3 224 45 38 A A RSP A 20 3R,

R KRR 3 0 1 B B ER AN GiE 60 H
i) AR I Aok R IR S 50 oK FE L AR S
JHCTE P 45 Al VR R 40 129 50 1 40 4 T4 40 4%
TR B2 AR VR Bl BR B S AT KT 43 i &
THAHN 5~6 mm Fl 9~10 mm FJ/NER.

AR < 3 3 92 0 R X /N BRI AT A D 1 g
¥ 15 g BELRREE T 100 mL CH,Cl, B il 40 15
Fie BRI B ) 40 B P in A — i & NaCl kL
(it 100 H ) o i P4 H o ¥ 50 R 5 TR IR A
. A A — J2 B B /N BR IR U 8~ 10 min, fF /)
BRAR TS H 77 A A0 o LI T (B LA
5 CH,Cl, ¥ % R FL M L i 5, R e i ™
—J2 B 2~3 s Il A LR, B 20
INERSE AL AT, — MR AL 5 2. Ak MR AR S
it il & TR 6 )21 CRPM.
1.3 CRPM Btk RE G il

SR FH R B PE e K - 25 0= 1 R T CRPM 1Y
B %02 |4y 1.2 ¢ CRPM Bt A 100 mL 1Y
Atk b, AR 24 hoal 48 h BUREIE IR . R
JH Liang 55 $2 H (9 43 60 B2 V5 0 2o i 12 A ) ke
HEATI T g SR RRURE A X b ARk A e R
AT RAE I E AKX T .
i}a X DXV XM
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2 B4R R S B AR AN Y R L s BRI A A TE] L d
c; N @ RINAS A W o 4 B2 AN 09 ¥k B2, mol /L
D R JE S W BTGV R /N BR 0 7 TR AR
B L5 MRy ol 4 2 B ) B8 O BB 4, 238 g/ mol.
1.4 CRPM A

K F 45 B 85 (SEM, SU5000, Hitachi) %t
CRPM (40 5 J5E B | T30 i i %) 3% 18 JB 30 14 A7 W
585 2R FH A8 B b A 4o T il 4 S 4T AR OGS (ATR-
FTIR,iS50, Thermo Nicolet) %} CRPM i it |2
HEAT 43 BT LA R AE H A 2 45 0 AE A Ak T 5 19 A2 4k

F 2278 1 4 i $ ik (DSCL DSC-Q20, TA) X 8

FLIR A5 )2 R AT P43 M LA R AE HBAES 7 PR 7E S Ak
i J5 B2 AT

1.5 CRPM [EfgK SR b R

PRI SIS %31, 18] 150 mL #E TR 8 4% —
JE f 1 CRPMUHl & 264 : RSP 5~6 mm, A I% 5
2R NaCl &4 20%) .6 mg FeSO, «7H, O
F1 100 mL —E W EE CIP F . LA 120 r/min JZh
10 h, J o 2o A8 oo i BORE. b, T 4 B 2ot
TR VR B2 0 R i BB R A Liang 50742 M 04 43
66 B s F T4 M CIP B (0 RE & 75 AL R B
K LR JE F NaOH 3815 %% pH £ 9~10, Jffifi
FH 0.2 pmn 8RR U LAV R W rh 2k 5 1 X CTP
WD (52 . CIP 19 VR B2 R FH 48 077 DL 43
6T (U-2900, Hitachi) 7€ 271 nm F % . A1k
7R WA £ 3 R 3 0 B BT S AL (LC-
Orbitrap-MS, Q Exactive Plus, Thermo) #k 17l
FE. AT AR . C18 A% AE (1. 9 pm, 100 mm X
2.1 mm), WA (G A Az 7K +0. 1% B8R ; i 8
A B: OB +0. 1% F ). YeBAEE R 0~20 min:
5%B~70%B;20~22 min: 70 % B~95%B; 22~
25 min: 95 % B, ffi Bl ESI 1F & 1 #5 X ik 41 4
. HHE Y 50~750.
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8 2 10 A R 8 8 ) K A R A R UKL 86
G591 BRI R, DA TR SR v A b il A
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Ay — g N 202 ] ok s R R A O B R R /N
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(3R A0, H 2R T80 2 A6 6 0% AL R T J 00
oK -H# 25 35 1 X CRPM 1 B il 1 RE 3F 47
LSRN 1 (b) B s CRPM A B it HL R 45 &
TR/ 2 FRAE (R? = 0. 998) , 3 B % 41 KL 7] §2
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FH G P Ml L 0] AR AN % T X R AT
ik — 25 R .
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(a) CRPM

(b) BB S 15404 2k
W1 CRPM R HEEZRBER N FH AL

Fig.1 CRPM and its fitted curve for cumulative

release kinetics
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Fig. 2 The fitted curves for cumulative release kinetics

of CRPM with different parameters
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Tab.1 Zero-order release kinetic constant (K,,) and

release half-lives of persulfate of CRPM

kL {2 ol AR R R
Rt/ 1 NaCl e Ko/d ™! R? ek
mm /% W/ d
9~10 0 5 0.000 3 0.998 1613
9~10 10 5 0.005 0 0.989 101
9~10 15 5 0.008 6 0.997 58
9~10 20 5 0.024 3 0. 990 18
5~6 20 5 0.068 0 0.998 7
5~6 20 6 0.045 6 0.983 11
5~6 40 5 0.116 3 0.998 4

TE o B R R B A2 ek 0] S 1 CRPM. v 5 i 1% 36 32 AR R il &
35 50 26 i i B B[]

e O |

258 ;im’:

(283 um ¢

() HIE 5 2

(¢) BEJHHT . NaCl & & 20%

(o) BEHHT. NaCl F &t 400 (D BRHUA - NaCl &5 4000
K3 CRPM &K E#&® . .kHEHHE SEM H
Fig.3 SEM images of cross section and surface

morphology of the coating layer of CRPM
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CRPM AR H 0.6.1.2.1. 8 g B, % 10 mg/L
CIP M 5 BR243 00 Ry 4626622 .59 %. Frr, Jn
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Fig. 4 The degradation efficiency of CIP with
different dosages of CRPM
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(9 FEE JH 4% CRPM B il %

CRPM MR 0 R A — 8 R B b 25 ) L
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Fig. 5 The degradation efficiency of CIP and change
of sodium persulfate concentration with

different initial concentrations of CIP
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Fig. 6 The cyclic degradation effect of CIP by CRPM
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Fig.7 The possible degradation pathway of CIP in CRPM/Fe?*" system
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Fig.8 The ATR-FTIR and DSC spectra of polylactic

acid coating layer before and after oxidation
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antibiotics: Kinetics, mechanisms and effects of

Controlled-release persulfate material development

for ciprofloxacin oxidation in water

ZHAO Jing', XU Baiging’, QIAO Xianliang™'

( 1. School of Environmental Science and Technology, Dalian University of Technology, Dalian 116024, China;
2.SINOPEC (Dalian) Research Institute of Petroleum and Petrochemicals Co. , Ltd., Dalian 116045, China )

Abstract: In order to make oxidant release continuously and stably in a certain period, a novel
controlled-release persulfate material (CRPM) is prepared with environmentally friendly bentonite and
polylactic acid as raw materials by a method of granulation and coating. The results show that the
release of persulfate in CRPM conforms to the zero-order kinetics, indicating that the material can
release persulfate stably. The release rate of CRPM can be regulated by changing the content of
porogenic agent NaCl, the particle size and the number of coating layers. The release half-lives of
persulfate in CRPM are among 4-1 613 d, which can meet the need of different remediation periods.
The ciprofloxacin (CIP) in water is degraded by Fe*" activated CRPM. When the concentration of CIP
is at lower level, the removal rate of CIP is relatively higher. The removal rate of CIP is relatively
stable after 5 cycles of oxidation, which indicates that CRPM can stably release persulfate. The
characterization by Fourier transform attenuated total reflectance infrared spectroscopy and differential
scanning calorimetry shows that the chemical structure and thermal stability for the polylactic acid

coating do not change significantly during the oxidation process, and have fairly good stability.

Key words: persulfate; controlled-release material; release rate; ciprofloxacin



