)
65550 IRBE PR IFFF 50 WasH WM 20244 A

Eco-Envi I . ) ]
Kf,‘:,w?!;;°e"v'(,‘:£“ Environmental Protection Science Vol.48 No.2  Apr. 2022

inlicts Sk DAL Epoy eabact=k b1 ol it

E &' EZ5 A, S, BRR, RAT, REP
(1. I)Pfe R FE 5 3REAFFR, e 24 321004;
2. WITIFE K FATFIR, Wi A4 321004)

OB AURARBRECE KL B3R P AR R ZHHATR A, it XRD. SEM #= FT-IR 5 5 Bl W Fl sk 47 R AE, # 5
TR A% A0S 145 pH. 4 5 £ AT BT 1 5 B £ M 2OR 6 %0, JEAE st A i E gk imme, &2
AW, RAKLGLZABALGILREM P InET, KpH A AL E TR NKE; BRWAZMEA25¢L, pH A
3.00 BE20°C, ARA BAEKIEA 50 mg/L. F I -FAFET ] 5 120 min B, BB KL B AT AR RR M E R TiA
99.46%; K KAt KL G B SR A — B Ao B A% 42 20 °C B, Langmuir 25 % 7 22 X 48 F 45 b ik X K
Kol B 5t A2 B RGT ZOR AT A, BUME KoL B 3t A B AGY 2 69K B #4544 Freundlich 2 R AL ; R A2 B o 636
My LR Fe SR

KRR AR R G ARRE BRI

FESES: X52 XERFRARAD: A DOI: 10.16803/j.cnki.issn.1004 — 6216.2022.02.018

Study on adsorption of levofloxacin in water by volcanic rock modified by sulfuric acid

WANG Lei', WANG Fangyuan', DAI Shengwei', XIE Huanqing', WU Chunyu', QIU Jianping®
(1. College of Geography and Environmental Sciences, Zhejiang Normal University, Jinhua 321004, China;
2. College of Xingzhi, Zhejiang Normal University, Jinhua 321004, China)

Abstract: The levofloxacin in water was adsorbed by the volcanic rock modified by the sulfuric acid. The adsorbent was
characterized by XRD, SEM and FT-IR. The effects of dosage, initial pH, co-existing salts and time on the adsorption effect were
investigated, and the adsorption kinetics and adsorption isotherm were fitted. The results showed that the pore structure of natural
volcanic stone modified by sulfuric acid was more abundant, and its ability to resist the interference of pH and coexisting salts was
stronger. With the adsorbent dosage of 25 g/L at pH 3.0, 20°C, the initial levofloxacin concentration of 50 mg/L, and adsorption
equilibrium time 120 min, the adsorption removal rate of levofloxacin by modified volcanic rock could reach 99.46%. The adsorption
process of natural and modified volcanic rock was obeyed to pseudo-first-order and pseudo-second-order kinetics. At 20°C, the
adsorption behavior of levofloxacin by natural volcanic rock could be better described by the Langmuir isothermal equation, while
the adsorption behavior of levofloxacin by modified volcanic rock was more consistent with the Freundlich isothermal adsorption
model. The adsorption process included both physical adsorption and chemical adsorption.

Keywords: sulfuric acid; modified volcanic rock; levofloxacin; adsorption

CLC number: X52

VAR, i R AE KR 2 A ANAT kRS AR, 7R 2 E KR K 2 T
HA 725 P B (Levofloxacin, LEV)A/E REE =/ KPERBEAS Y, LEV TEIREE rh e B iR 2 S8
WETETR (FQs) Kbt AE &R, RIHEA PR, 754 R 241 AR ik, BT R AN T AR . JCH:
BRI FEI N 2 N T A% | REIRTT MK F BEE DA ZPUMEFEN (ARGs) #2, R n xR
FARECT, LEV NG 8 A Y56 2 A R Y Rl S B0 BT FN NA BRAL T AR B R, B9 —

YFsHEA: 2021 — 06 — 22

EEWE: ERARPIAES(22076171); WiTAE IOKILAIN, TAESET R LTS (KYH06Y 19047)

fEEREN: T #(1997—), B, WL A . FFE 71 K5 deds il X A SBE M5 . E-mail: : 1725131017@qq.com

BIEEE: 1966 - ), 2, Bt #4%. E-mail: 948839643@qq.com

SIRMR: T &, Tk, S, & SRR J LA K T 22 SR B W BRAF S D], SRBR AP R, 2022, 48(2): 89 —
95.


https://doi.org/10.16803/j.cnki.issn.1004-6216.2022.02.018
https://doi.org/10.16803/j.cnki.issn.1004-6216.2022.02.018

90 IREE LR R

548 3

2205 A SR AR BRI IR LEV BRI
HYITE, HAl, K& FQs bk R EBRHE A E
BAFEULRN | AL RE | ra b A EIRE R R
AACBORAE, b, W EA AR, AR B
TeRI A IL s, 88 2 TR LR,

A (KOS BPE A ) S8 KL R & B S 55 1
K B 5 R 35 ) SO B 235 1 B 1) A Ok, L3R
AR NERFLBRZE M &2 4% fhfae PR, H
FIFEE, AARRR, 7T LWER— A R B
B A 2z N TR R BRE AR L
BE B2 B DRGSR, (2R
KA 2B FQs b R A il .

ABGE LR A VR R R AR, BF9E T 3
BEXF LEV B RAT R, 8¢ T IR B 148 hn o . pH.
ILAFERAS | W2 B0 s 1] 5 D] 22 6T W B IR i 52 i, %
TR B SR Bl 2 | A6 T R B A R B AL

1 MRERE

1.1 KR

KA, W A AR A 22 E R B, =98%
(HPLC), W H R AE 45 $hie | il . &b, &
fhah . FALER . SALBE RS ALES, 30 [ 25 7 A ali;
S RBTRL T 38 4l Be — SUE A [ 25 g At
SRS K R Aok
12 MHEXLARHE

WA R LA FZEI K TR, BETRIFES R,
1 150 pm, B, 0 RP, Bet s B BRI S ¢
KIRKILA (RP) MR TR, LA 100 mL WeEEH
0.5 mol/L Y H,SO, ¥, H ik TR+t 4 h, SRR
720 h JeAhiE . RHEhIEE AR FHZRIR K FE A
EBREREAGIAR, 105 C HETS2ImRRSE X LA (MP),
1.3 WRIRME

W2 R 62 LT S5 R FH A L S 3045 (SEM,
Hitachi S-4800) #1773 #7; A FHI 7T 2R 241 1k T RE
HMH X OGS (EDS) BET 20 M AR LR
H X SAii 8t (XRD, AXS D8 Advance) #4744,
i B R 40 KV, LR 15 mA, FHE 75l 10° ~ 80°
(20); A4 Ak 2 T AR M >R R T I A2 8 21 O Ol
(FTIR, NEXUS 670 FT-IR) HE1750 47 .
1.4 LEVHINERZX

AT LA UV AT DA I 25 7 1o R8O AH 0 33

(HPLC, 1260 Infinity 1T 38 EZHERRHE A e
WAHT LEV WeBE . RIS 294 nm; W shAHZ 2
—10 mmol/L #§fR — %4 (15:85, V/V); Jii% 1 mL/min;
FEIR 30 °C; #EFEER 10 pL.
1.5 WRFiEIe

BRI — 2 & RP A1 MP F 50 mL [&J5E 2.0
Brh, RIS B RIS pH., SEArER R
ISt JE R W 56 B ) e 2 o g s e, W o P-4 ), B
—EKAEER 0.45 pm EH T PE R, ME LEV #RE
RAAHEEERL 3 R, HA RSO g T
2.5.5,10, 15, 20, 25 g/L; pH %X B U T : 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0; FL7FEh U I
NaCl, KCI1, MgCl, ., CaCl,, HfE5E 4 0,0.01, 0.05,
0.10. 0.50 mol/L; WA Rl EUTF: 0, 1. 5. 10, 20,
40. 60, 90, 120 min,

WM (o) PR (R), W(1~2),

q.= (co—c.) VIim (1)

R = (co—c.) [co X 100% (2)

K g, AWBFHIE L, mg/g; R 0 LEV 23
;5 ¢ Ml e, 775IA LEV WIAFIRN S BT, mg/L;
V 8 LEV SRR, Ly m B, g.
1.6 WRHshHZE

AR R th—9sh J12% . th— Kz J12 .
R HOR Elovich BEBYFEA T [ 20 122804, Ak
LR, Wa(3~6),

q.=gq.(1-¢™") (3)
¢ = (kagilt) (1-Hhager) o5
g = k"’ +C (5)
g: = (In(ap) +int) /B (6)

KA g g 530 R ¢ B 20 e ST A R R
mg/g; k,(min") 1 ky[g/(mg-min)] 735 M h—2 . —
29 W B TR B kg AR N PRI R AL
mg/(g min"?); C R 5 A ZIEEA M HEG o HH)
053 IR R SR 5 R, mg/(g-miin); B A i I AR, @/mig
1.7 ZiRRHMHRE

W FARZAEAYE Langmuir, Freundlich, Temkin
RIS, HARZ R, WA(7 ~10),

ge = (kL OnC.) [ (1+k.C.) 7

4e = kael/" (8)
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q. = BInC.+BIlnAr 9)
B =RT/b; (100

A g V1 B & (mg/g) 5 kM Langmuir
HE(L/mg); O, & K75 it (mg/g) ; C, R W
VA S B W LEV W B (mg/L) 5 ko W B 25 1
(mg/L); n W Bt 3 &5 B A Temkin 45 I 26 %0
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AR H L 8.3141/(mol-K); T 2484 HEE (K)o
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2 HRSIR

2.1 RBHFIRIE
2.1.1 XRD % # RP Fl MP W [ff fij J5 XRD %%
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B, BEAETE 220 R 0, F TS G B

i i & 2 T EDS ZR A 4, KL AFETE C.
O. Na, Mg. Al Si. K fll Ca e, XE&EITEKH
{345 Si0, Fl ALOs 55 KA AU A, F34b
RP Fl MP W [} 5 5 EDS IESE T F JCR BIFETE, iX
FWH LEV #US ekt
2.1.3 FT-IR % #7 RP Al MP W [ # J5 A9 FT-
IR S5, UL 3,

TR CPE G — B R LB T kLA Y RE
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FTIR Y, 997 em™ B 9 04 U9 PR F Si-O sl #
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2.2 TR B 704 hn 2 % O B A 2 i

S A%, LEV WG VR FE 8 50 mg/L, pH i
6.5CRIHTT), T 20 °C. RP 1 MP $fin&E Xt LEV
EBRACR B, ULIE 4,

= RP COIMP —~+~—RP —&—MP 7]

10} 1100
(D ///; 1% ¢
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£ jor
B o / {60 &
= 4T 140 =

2t [ﬂ 120
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A9 W2 B R R 2 B R 43 5l R 8.02 mg/g Al 40.12%;
MP % LEV 1% 1 i £ A1 25 BR 22437014 10.25 mg/g
1 51.25%. W B 500 4% hn &t O 25 g/L i, RP Xt
LEV WU FfF A2 ERE 00 1.62 mg/g Fl 81.11%;
MP X LEV 1) W B 5 F1 25 B 2% 53 514 1.93 mg/g
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BRF 7045 o a2 348 K, I R 7 053 22, AT 4 v T
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e I R R0 %) W o R AR AR R B 1 DL T
MP Xf LEV 25 Bk R B B AL T RP, ZBRECR 2T
T 119~ 1.35 4%, X[ HH T MP AH# T RP #iA
B 22 1A FL B 245 P R B3 A (1 2) o (RIS, %
B Stz 6 4 SR R I 4 P A R X RP A7 kb, T AR
ARGER, BETHIR AR, iX 5 PANDA et al'"™ BF57 45
TR—2, GRR A BERT DL3E 1o J T R AR ) —
Wy I MR A0 G L 2 T BRI LA
2.3 REHIEA pH IR B B 220

PRI I pH 52 R M R E R R, &
(7] Fsf 552 D] 8% o 790 0 082 B JBiE 1% % 3L 55 Ak 2 M Jo
JEU4S FERR R 38 R 25 o/, BFAE TR
HIh pH A 3.0 ~ 11.0 JuFEINXT RP & MP [ LEV
(RsZm, LI S,

RS a] g0, P IR pH {E X RP AT MP A9 W¢
B 2 2 52 e A AE AL, R Rt 2 R R 4 R B
pH T &5 M B A (pH g 7 K41 ) o 7E pH Jy 3.0 i,

RP I MP Xt LEV f K 25 B 2 43 Jill iy 94.23% Fi
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1 pK2(8.15), 24 pH<6.02 i, 5 LLBH B T2 &
(BT TARWR R L) FE1E; 24 6.02<pH<8.15 I, FE L)
W B T S TEAE, 2 pH>8.15 I, FEE LI B 1
A (R TFARIEL) fELER,

WFFE ], RP 1Y pH,,. (% G HLT pH ) 34K,
TEARSE pH Y N zeta HLO7 34 (8, LR T 7
i f7U%, RP 2Rl AL S, — 284 i A b
SEPLVE A Si0, & R, X 25 FEMP 1Y pH,,
AFFHEAR, 24 pH<pK,,, it HLAH B4 FH T BB 2 I B
1 F 28RS 75 2 pH>pK,,, I FIEAR LEV 5
W2 BT 551 2 TR P A e 3 el 75 A B e A1
2.4  HTFEE TR E X UK B A R A

B TS BRI K th &8 AR — L3R, BT DABIESY
F T A ER 2 Koy BE XF RP Fil MP %F LEV Wit
FERYRZ I 2 OCE B, L, A T BRI
Wi, 7 pH 2 3 2506 T, WA A RIS NaCl,
KCI. MgCl,. CaCl, #17-#tM fi 55, WAl 6.

] 6 T, b IS A7 23 0 W B2 A 7= A= 41 il
BOR, LEV 23 BRI 2 Bl 25 Eh Wk B 1) 15 KT
kAR R TEAFERZEMR BT, X RP 2BR%KL
FHFEIRR/INA NaCl<CaCl,<KCl<MgCly; X MP 25
s 3% R 1Y 52 W K /) S NaCl<KCl<CaCl,<MgCl, .
AHEL T 25 O B, 7EER MR 21 20 0.1 mol/L 1Y
5T, NaCl {iff RP Fl MP %} LEV 223 284 [ A%
T 11.75% F1 0.89%; KC1 i RP 1 MP %f LEV %
4 % & IR T 20.80% Fl 2.51%; CaCl, ffi RP Fl
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MP X} LEV ZRFEFET 15.22% F14.00%; MgCl,
fifi RP F1 MP Xf LEV % B #8435l BE AR T 49.13%

- N
i
100} RP —CaCl
- MgCl,
90}
§r 80}
% 70}
! 60t
=50t
40}
30}
20 1 1 1 1 1 ]
0 0.01 0.03 0.05 0.10

FEA7ER W B /mol - L

1 6.08%., X HLAEH, MP X g2 2k HoA B g1y
PLHILsR .

[ MP
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B
& 96 +
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93 ~a-NaCl
921 ~KCI
r - MgCH,
90 1 1 1 1 1 |
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FLAFEE R B /mol - L

6 HERERKRES RP F1 MP IR0

— 7T, 76 pH Ky 3 SEE AT, Eh26 P &R
BT 25HE TIEAR LEV 7847 G faf i RP I
MP L= AT e B, FLIRE SRk B 1 K, 5 4 e ff
YERM R . 5 —Jrim, A £, Hchm
FQs KA R LIE HAR RS &R HE T K
FRE A A US 10 AR R 2T W B 285 11 5 il

o
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™

m RPI R
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— h s Fi2
Elovichi¥ %Y

M A B /mg. g
5 i
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n

=]
T
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Wz {6 Bsf ) /min

Al fE T T Ca> il Mgl LEV 76 K IE W P I i T
Ca”-LEV., Mg”-LEV &4 &9, ##il T LEV B &
L5 RP FI MP Z [R5 GAER], 3 L ERASCRIFIR
2.5  WR BB AR RN K B ST S AT

1ERP FIMP BHhilEH 25 ¢/L, LEV ¥ 50mg/L,
pH P8 3.0 Z504F T BT IGRE, ULIE 7.

2.0r
‘ m MPWE FH
P15} —h—Brah i
%D —hZBrah 2
= —FElovichi& £l
) 1.0
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S

0 L
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82 B Bf 1] /min

B 7 RP# MP iz &AM EE

P 7 AL, LEV 118 1 5k Bt 5 TR o sF ] 194 S 4
T4 i, PR Bk 2075 . ZEf P 10 min
S M R R SR, TR A TR T R 3 U PR R 5
F & AL T RO 3[R, %
WA 751 1 R R ot 355 VR A R B 59 ] LA A e
KJm#B LEV ¥k J& 22, iX A #] T LEV By § 1L,
MG 75 4 v P R B 200 i 5 S i) ) i K 36 T
M (57 A5 2R T 15 B AR R, S50 B i P 22 1 O
B Lk B A

H T 30 1 25 WIS LE TAk R B 790 10 T B 3 e
1 EAE A . ARTFIR P —S . th g
Elovich #1443 4T RP F1 MP W 4T 7, #0045 435 51
UL 7, UG AR SHL, W 1,

&1 RP# MP Rz N FERINSHEXSH

B IR 24U RP MP
ki 0.7470 0.5986
th—gizh J1% 9 1.9205 1.9453
R 0.9964 0.9902
ky 0.5996 0.453 1
th—gz )% 4 1.994 1 2.0356
R 0.9951 0.998 1
601.377 103.615
Elovichf& 7! B 6.2297 5.1470
R 0.9307 0.9355
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ERLH], Ph—2 . S 1R RP A
MP [ HU AR R G (R>0.99) . th—2% . —
G 43 RSP %) ) BRI B T B,
AR RS Sl X LEV W B[R] s 42455 4y B g
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7 2 AL, MP 1S KRB L (Q) i T RP, [A]
B3] LAAS Y, AR SC 56 RP A MP I B LA S 54
O<Ry <1, Pt TR 4 A2 A

HAh, MP #4 Freundlich B! (k) & T RP, W]
MP FHES T RP W2 B g 7 S0t i A] RE -5 I B 2544
A, [ R e AE T KL 454, 42
B TWMIRE S . [RIBst, Freundlich #5458 1<n<10, F2H
RP il MP 2 F]T LBk LEV, 3 B S Ab2# b

%2 RP# MP ERFMEELISIHAXSEH

SR BT R 2R RP MP

ky, 0.0346 0.0123

Langmuir Onm 14.4591 20.3113
R 0.9838 0.9347

ke 1.8005 2.2647

Freundlich n 2.9522 2.9992
R 0.9531 0.9869

B 2.0581 1.9699

Temkin A 1.4741 5.5636
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