el B RSINESZ IR m:

XRiPIZiis http. //www.aed.org.cn

N

e > |
SR K S B E R R R R B -0 R LA 5
Mraz, #i&am, Bk, 78, XIFF

FIHASC:
Wiak, Bk, Xk, A5 SO I P R P AR R D B AR S LB S D). ARl B S PR 22 4R, 2020, 37(1): 59-65.

TEZR L View online: https://doi.org/10.13254/j.jare.2019.0175

TR BERRNAR  HAd S

Articles you may be interested in

A= Py s TR ORAE AT A B e 2 K
RIGEE, AT, B IT, 4K, KRR
LMV BRIE S A4]. 2019, 36(3): 337-343  hitps://doi.org/10.13254/j.jare.2018.0155

TR AL X5 C A2+ 1 AL A1

50, SR, 5T, Rk, R, EAUK, Xt

PV FEIR S EFR 2R R 2017, 34(4): 343-351  https://doi.org/10.13254/j.jare.2017.0136
R TR JEE 155 T T P ) B O B

A, ST B, SR, 13, sRknidk

AV IR SR 2017, 34(2): 175-181  https:/doi.org/10.13254/).jare.2016.0275
&R B TR () L 5 T 5 i A L IR AL A B 5

Fohe, A, XD, PRAEN, s2, AESRe, EETE, SR, 2K

POV FEIR S ER 2R 2017, 34(5): 405-413  https://doi.org/10.13254/j.jare.2017.0125
AL AEATSLLE W R U (W B RE R 52

PHRLT, 22K, R, XA

A B IR S, 2018, 35(6): 559-567  hitps://doi.org/10.13254/j.jare.2017.0298

KHEMAF AT, PAFH LN E


http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0175
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0155
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0136
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2016.0275
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0125
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0298

Al % R 5 B 88 R 2020, 37(1): 59-65

Mk g%, Bk, B, A5 SERRKET R M B AU D B R STLBBA S, Al BRI S PR AR, 2020, 37(1): 59-65.
CHEN Xin, WEI Zhi-yuan, ZHAO Han-bin, et al. Adsorption characteristics and mechanisms of ofloxacin—Cu by activated carbon based on long—root
Eichhornia crassipes[]]. Journal of Agricultural Resources and Environment, 2020, 37(1): 59-65.

SERRIK B T M R B 4 L0 S 1 R LI AT 5%

M &, aEE T, AR, X, AAH
LABARBE TR RIS S TR =B, _LifE 200237 2. B RIS AR Toad BRI 8 KU PR S 4 il 5 5280 =, I 200237)

W E MU EWIAERSESIRE G 15 Y, R SR K3 2 3L 6 4 5% (Long—root Eichhornia crassipes—activated carbon,
LREC-AC) W Bf /K 75 9 119 S8 3070 AL (Ofloxacin, OFL) Al Cu®, F5 X0 EL R B FRPE FIMLEL S TR 5T . 45 30T, LREC-AC X} OFL
N Cu> (W I P45 4 Langmuir 8580 K 88l =28 5 J1°F )5 FE . LREC-AC XF OFL (1) W fhH AL FRA2 35 H 7 (R 32 (4 54 ] S VE
ARG FAE A, X Cu® B DL 55 5 5 | VR, DU i T ae e s IR B S VR . A2 DB IR I, 2558 OFL-Cu™ & A1k
Z ™ LREC-AC X OFL F1 Cu® W Bt Rt FHLEE . 768 G K & h , LREC-AC X OFL 1 Cu® 4 13 A1 Bt 3 43 51 °4 59.34 mg - ¢! I
37.46 mg-g™'. 7EOFLYE N 10 mg- L™ Cu ¥ J# <2 mg- L[}, Cu™ T 5 OFL 2545 , T2 3k LREC-AC XJ OFL W . BFge 29,
LREC-AC ] 1 2 R B AILBE I ] 1 T A 2k 22 B kAR i OF LA Cu, (]G 3 4 J A 202 495 et BAT RLAT- (R W AR RE
SRR AR TGP e s SRV D B S i 5 A A e 5 W B

RESES X13;X71 LERFR RS : A X E 4B :2095-6819(2020)01-0059-07 doi: 10.13254/j.jare.2019.0175

Adsorption characteristics and mechanisms of ofloxacin—Cu by activated carbon based on long—root Eichhor-

nia crassipes

CHEN Xin'?, WEI Zhi—yuan'?, ZHAO Han-bin'?, WU Guang-zhe'?, LIU Li-1i"*

(1.School of Resource and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China; 2.State
Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on Chemical Process, Shanghai 200237, China)
Abstract: In order to solve the problem of combined antibiotics and heavy metal pollution, long-root Eichhornia crassipes—activated carbon
(LREC-AC) was used to adsorb ofloxacin (OFL) and Cu® in aqueous system. Multiple experiments were conducted to investigate the ad-
sorption characteristics and mechanisms of LREC—AC for OFL and Cu®". Both the adsorption of OFL and Cu* by LREC-AC conformed to
the Langmuir and pseudo—second—order model. Multiple mechanisms co—existed in the absorption of OFL and Cu* by LREC-AC. The ad-
sorption mechanism of OFL by LREC-AC included electron—donor—acceptor interaction, hydrogen bonds, and electrostatic attraction,
while the adsorption mechanism of Cu* included electrostatic attraction and electronic exchange or covalent bonds. On this basis, the ad-
sorption characteristics and mechanisms of OFL and Cu® by LREC—AC in a compound system were further investigated. The saturated ad-
sorption capacities in the compound system were 59.34 mg+¢™" and 37.46 mg- ¢ for OFL and Cu™, respectively. In addition, OFL concen-
tration of 10 mg- L™, Cu* (<2 mg- L") promoted the adsorption of OFL by LREC—AC because of the complexation of Cu** and OFL. LREC-
AC can effectively remove OFL and Cu™ from aqueous system through a variety of adsorption mechanisms. At the same time, LREC—-AC
has good adsorption performance for combined heavy metal and antibiotics pollution.
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ST IS BT A R R TR AR
B W e W TR 25 8, H o TP B (Ofloxacin,
OFL) M8 =AM Wb b 25, BT )% B VE A
5o S A 8 e N 0 B R R AR
PE T A AR R SRR S TR I — R B Y Cu
ST 4| . T OFL I Cu AN BE 58 4 1% 5l M Wi i 1)
FH R OFLAR LA 24 sl 5 A ™ 4 ) 7 =X 1o
AR E AR, R BHA PR Cu S5 3 4 @ HERK
Zhou P57 3% B A8 A % SR 5 S 25 R (%) OFL % &
I A8 2970 ng- L' ARBRARCI AR 1 X A 5 77 5
J 7K HR M s R 2T AR 2R I Y e IR R R e
AR 16.1 mg- L7, FLGJE 00 i 7= A 1 AS [l A B 1) 5
Mo Bolan SE90 BT PG >4 K32 518 3 1) IR /K v Cu® k&
K- A K PR, R W A R K R R A ik 10.5 mg -
L FEA B I K vk B e ey 8 1.6 mg - L' FEAROL AR
BRGP &L YA UL Y0 E =Y
e FEAE R TR LR & A R AR,
FEME ) OFL J Cu 8RB K A | -8R 5E o, 3E
X A2 R G- AE e XS F e . (Rt , iR 75 7
OFL-Cu & A 15 41 2 BRBAR G Iy T 5%

TP e DR LA R ) He R T AR = 1 FL R 540 45
Rt XS Yoy A B IR T RE O o AT R T
P 3 A2 v e 06 P o B — R EFE s 3 T 2 0 A 2R B
B — W B S, L bR SR s A ST AR 2R A W BT L
P A o T AR A7 (R BV A T A
VEFR A o 5 4 s A R FRE ML B =5 e 5 | g e 1
AR, WX R E R S ESE RS
FELE T WAL A BT e A B . [RIBs, IR BRIl
TE R I e, LR R (BB E R B B 55 ) A
1R S EOR S M S K EA T AR B A = o BT LA
FIH B SR FAEE i AR 0 b Rk £ 16 M e, HLAT AR
A B R A T S I SR
AAERKEITAT ST G R BCEER A B TR R
TRk A A T, PR, % FLC A S 2R A 7 9 R A R R
AR o B AT 5T & B, ) SR
TR PR AT Tl 5 A3 P e R TR AN N, A 3= Y
FLBRZ5#) DL I 5 M T Re L A (R L V& 3L R 3t
)M R, HXF OFL A Cu #EA b i e B RE

A FE R FH 28 AR A AR A Sk DRk il & 35 1 e
T OFL-Cu B /15 Ui LBk . fER—IKRT, 509
ZH N [A K X LREC-AC W B OF L 5, Cu> SR Fils:
PRI, 45 G 8 ) AR A5 TR R AR Xof LR f
MLBREAT IR 5E . TEULIERE b, HRE SRR H

LREC-AC X} OFL F1 Cu W B FIMLEE . M R I
RIWEEHHUAER 5 EERE G5 A R AR R ML
(1) SECIE , TR) A SR AR K 3 7 114 A i R AL R P B
ST

| RS

1.1 EEKF

OFLAi# £ 3 : ERfAFR 2 0.100 0 g OFL, IN A 255 1
IR I #2100 mLAR 25 s, /8 25, e il A
WS R 1000 mg- L ABEA L, 4 CHAF T #EGIRAE

Cu® i #5 V- WERf AR 1 3.906 0 g CuSO4-5SH,0, il
A B T KRG R % 1000 mL A5 & 2 2 %
A7, B4 3 ¥ BE 4 1000 mg- L7 (9 Cu> bR AERS 5 W, 7%
B BRIP4 CRMF TR
1.2 LREC-AC HI#HI & 5 RAE

AHFFE T LREC-AC il 28 IR} A S8 MR K8 4 A
Ko SRHLKET R B, T OKIRE BRI G
AR R KR, G AEYIR 1 80% LU b . & VE K
A HE T IS T T M e i AT TR A i B AR
rh X a8 B I M e AL AR A AT | 2 T R (RS NI
[ , TriStar 113020, Micromeritics , 32 [E )" Zeta HL{V/
(Zeta 1Y , Nano ZS, Malvern, 9 [E] ) F1 38 i B fE
(X HHotHL T HE1E , Escalab 250Xi, Thermo Scientif-
ic, B ) M S HEHAT 1 RAES,
1.3 LREC-AC IR Bt OFL#A Cu* BA{K R 5016

pH %} LREC-AC W% [} OFL 5 Cu® 5% i 52 56 - B
100 mL ¥ 24 10 mg - L™ % OFL 8% Cu™ i & T 150
mL HEEHLH, F 0.19% NaOH i W 1 0.1% HCL Y
5 OFLIE W) 4A pH M 2~10 . Cu™ AW 1R pH K 2~65
LREC-AC #4100 mg- L', HEIE M % EH5 |, 2
BRI IR 2%, £ 20 °C 200 r-min™ 2544 F 3F
AW B 520, OFL Al Cu 43 ) 4E 360 min 1240 min i}
HUHE

W B Bl 7 2 S 5 - oF E ] 4 19 1000 mg - LAY
OFL 8, Cu™ fiff 45 V& F B iR B2 4391 5.10.20 mg - L™
) S 36 T, 43 BT 100 mL 432 3] 150 mL #ETE i
W, 1% NaOH 1 1% HC1 75 pH £ 6; LREC-AC #
JnfE oy 100 mg- L' HEIRR S B S A SE IR IR A
o, 7E 20 °C.200 remin Z504E T SEA TR RN, 43 A
0~600.,0~300 min P4 7E i BURE

ALY B S I < BC 100 mL ¥ EE 4351 2.5.10.,20,
30 mg- L' OFL 8 Cu™ K , B T 150 mLEEE i,
1 1% NaOH i1 1% HCl 515 pH 2 6; LREC-AC #¢Jin

http://www.aed.org.cn



Wk 2%, 5  SOMUKGH T 1 ¢ I B 40D A R S LR

202018

A 100 mg- L7 HER % B, A TE R % 4
W, 43 E 20,3040 °CR,200 remin PR35 , S s [E]
Sk R 55 2y 2 S B v T R 1) S B ]

KA B2 mL W BS540 0.22 wm SRR , T
SE VRO 4% OFL 8% Cu® e B . R4 S 56 13 58 3 41
AT BOFSAE
1.4 LREC-AC Mt OFL-Cu E &K R LI

BARZR B 124525 . FH 1% NaOH 1 1% HC1
%pH%QOFL‘X&E 10 mg-L_l,Cu%‘?;{EfE 10 mg-L_l,
LREC-AC B4 100 mg- L™, ¥4 W (100 mL) %5 A
150 mLAEE L 3 65 AR IR R 4%, 20 C.
200 r-min™ I A TELL, & B HORE

W B 5 4 S2 56 < FH 1% NaOH 1 1% HC1 835 pH
26, OFLZY Co” WIIRHE ] 10 mg- L', 5 — Y i vk
JERBE 0.1.2.4.6.8 mg- L' 110 mg- L', LREC—
ACH N 100 mg- L™, K57 7 (100 mL) % A 150 mL
R, % B S A TE TR R 5 A% L 20 €200 e
min” Z50F R A TIEE B EURE .

R AE B2 mL W B S, 1 0.22 wm BEFR S, 43
S8 R PRI A OFL A Cu ¥R I . AR 5200 150 5E 3
ASAT S5 O
1.5 A&

K B RO A A% 1 (HPLC, Shimadzu, H 4% )
JE OFLVREE o Mg 25 - A3ty C18 KL AHA: (5 pm;
4.6 mm X 250 mm i.d.) , WA ARFLEL 80: 20 ) H s
KRGV, WE A 1 mL-min™, JEAERE 10 pL,
L2 ARG 25 K N 288 nm, AR A 35 °C, K R A
0.01 mg L' RA R F MU 4368 1 (AA-7000,
Shimadzu, H 4% ) Il % A iy WP 9 Co™ W B2, Kt BR Ry
0.02 pg L'
1.6 HiEAHESHH

IR0 K3 R FH Excel 2013 BE47 403, 5% A Origin
9.0l & Hh & SER .

2SR5

2.1 EMEREMEY

ARG G ALLE XoF T 1) 4 1 SR AR K 0 B 0 T e
HEAT T R MFLAR A1 | F AR | Zeta W07 S 101
REFI A S BRAE (R DP, 451K, LREC-AC
HLA 5K ) H R T RURI 2 & 1 7 48U BE A L ik 1 B
, 2 B AT B dy Wi B B O, FLL R 1T 19 55 & 26
JE P BRI LT RE M2 n BT AEIAN,
1 OFL & ER | 1) 75 U A R 45 460 B BE 141 LA AR 3 £
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Table 1 Structural characteristics of activated carbon”

SRR e
Structural characteristics Parameters
LR /nm 0~10
LABYem® - ¢! 0.38
F-H LA m 6.96
Hb R /m?- g 874.3
Zeta HL{ 33
& CEREHA FFEF Y C=C/C-C .C-0 .C=0 F1COO
& O E gl C=0.C-0 Ff1COO"

HLFI s, iR VR m 2R, [, LREC-
AC A[3E A PR -Z R EAE R 5 OFLEs &0 H
H R AT B A7 ) B 1 v] 5 OF LT 1IE HA faf A IR
W L R g 45 A 7E— &, [FBF, LREC-AC
FEI Y FUE RE A G 3L AR 3% ) vl i SV 5 OF L
R IE R BLLS A, AN LREC-AC K i it
HAL A7 B R AT AT 3 ok 7 L 15 | 1 A P R B0 T fL i
CuZHlZ]O
2.2 %A pH X3 IR B SR A0

VES VR pHL Az 52 Wi HRZ 568 500 W2 o A8 SR iy B PR 2R 2
— EYE T 15 P AE T W A AR AE T 2K W 57 2
1T far {75 O o MU W pH (AR F 3.3 B, LREC-AC %
T HY I H T 247890 pH {E = F 3.3 B, LREC-AC 3
T4 R . T OFLAT PSSR pKAE L 43 5128 pKai=
6.10 Fl pK..=8.28 , 7E 7 W il pH 1Y A~ [m] 7T 52 B FH
RN 5 = o T = e e 1B I N N 1 e S
VI pH<4 B, OFL 78 75 1% 0 LA PH S 1 (T8 A7 e i
LREC-AC Ry 1E HLfar , P& 2 (] AR e 5 g,
LR PR FRARR 5 24400 4 pH=4 IS}, 1847 1E L (7 1Y OF L
SR AUR AT LREC-AC 22 [W) 38 1 #5157 i AH
H 5], 42 LREC-AC Xt OFL A4 W B 7, 5 0
B8R B 5K 5 2046 pH>4 10, B pH G TH 85, 37
DA P4 125 7 F B 2 12 A AE Y OF L By S s
AT 55 2 AT L 67 (9 LREC-AC P2 AR Fr R 1, &
O RO TR (& 1a) o

Wk pH AT Co® W BFCR A DL 1he Cu(OH ),
FR V8 8 BV B K, =2.2%X 107 mol’- L7, 78 pH=6 I} , i T
Cu™ ¥k 4 10 mg - L', JL A [Cu® ][OH <2.2x 107
mol®+ L, 2 pH<6 I}, ¥ M Hh Cu™ JTCUTTE . 24 pH<3.3
B, LREC-AC R [+ 1E HELfar , G A Cu® 4 1F L 4y
i £5 Cu® 5 LREC-AC 2 18 K LT 7 10 S S00% B3k
RASE, 2 pH>3.3 0, i % pH 1Y &1, 18 PR A SR T
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TR fr, 5 Cu™ T B L 51 ), AT i X Cu i
WK, Y5 40 7E pH K 3~6 T Y, 4V T pH I
i, LREC—-AC ZR 187 (1) W B3 5 5 HA45 A g H oK
didE, 15 LREC-AC R R AME & Az el Ar , 3 1mi 538k
FOXT Cu WL B AS 78 53, W B R A TR 2 pHL B
() T, TR b Hsk b W B S AR DURE I, S5
H Cu® W BHVE F R 9, Co® W B R 22 384, 24 pH>6
B R OH 3 £, 5 Co® TR RLTTTE .

I, 2545 437 pH X% LREC—-AC W B OFL F1 Cu*
RO R RS2, Je 22 S8 b R0 i pH I E N
6, LALRTIE L5 4y vy W 1 B, 2 30T S B K BR8E 1Y)
pH{H.
2.3 WRMizh S s A

K i — 2 BF 58 LREC-AC %F OFL F1 Cu® W Ffit #1L
P, AHIF 58 R FHW I 21 07 248, 4 5501 2% A s Y AR
[F W) LA E R, LREC—AC XF OFL F1 Cu il W% Jf 45 14
(E2). T5YWH) tE A BE X LREC-AC B W% fFH: fiE 5
WA o Bl 15 Y00 L Tk B (R BG N, £ Bk 2y g 14
5%, LREC-AC b 36 M7 S8 T 2 075 Yy el fifi

W BEE S 3G SR AU — AN — G g g A AR R
LREC-AC W B OFL I Cu™ i 45 SR A7 400, ARG
W RSl 1 SRR 20 Hoh U s T AR AL
BEHRNLNE R R R RT 0.99 41 H T4 — %5 )
PR A MO L. Nk, B LREC-AC XJ OFL
HICu (W B R4 G 4 s 122 R, b 2E
RO, 775 W B 5] 5 MR B I =2 1] ) v, A2 b S e 4
PRI,
2.4 TR BHEEIR SR

— BRI, AN [ S i B 2 e W B 7 A —
(520 . LREC—AC W Bf OFL 1 Cu® fry W B 45 i 2 45
RIDLE A5 RN 3 s o W98 & B, 24 OFL Al Cu™ ¥
JERARIY (<5 mg= L"), ik J2E X6 I B4k 8 52 ) AN i 25 5
24 OFL 1 Cu™ ¥k & 3% Jn i), B S o i B2 B T &
LREC-ACXJ OFL Al Cu* (W M BE T3 TR 73 5IR
Langmuir F1 Freundlich W [fif 55 7 265 7 X LREC—AC
W Bk OFL A1 Cu™ 52 56 K dhs HEAT 005, oS HL 3R 3.
Langmuir 1578 0] ] [ W 15 AR BHAR 3%, HE e g By
PN, R A AE AR WA A T Freundlich 77

= 90T (a)OFL 5 501 (h)Cu”
a0 =14}
&0 g &0 I
g £
Z st Z 4or
2 % |
:
301

£ 701 g |
E E
< < 207
< 60 =
I I
§ g 10r
= 50 L " L L L L L L ] = L L L L ]

2 4 6 8 10 2 3 4 5 6

pH pH
1 pH % BR PR B0 5R B9 5 0
Figure 1 Effects of pH on the adsorption of OFL and Cu**
- 1207 (a)OFL A - 80r()Cu> . DN-----
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s = 601
3 S e P Wy e
z g
- 60f z 40r
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& |
(=] S AL & e a R
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] I I
=l = of
% 1 n 1 n 1 n 1 n 1 n 1 n 1 % 1 n 1 n 1 n 1 n 1 n 1 n 1
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t/min t/min
O5mg-L"' @ 10mg-L" A20mg-L7" — #l—Z8l1J12% Pseudo—first—order ---- 1 "2 5)) Jj % Pseudo—second—order

2 OFLF Cu™ IR P 3 77 5 h 2%
Figure 2 Adsorption kinetics curves of OFL and Cu™
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Table 2 Parameters of kinetic models

WG v SIS S R o H—Z 5l 12 Pseudo—first—order P25 12 Pseudo—second—order
15U Initial . Measure(? equilibri.um TS 7 % ffHE Theoretical R I - H50% [H 5 Theoretical
Pollutants  concentration  adsorption capacily [, /min™! equilibrium adsorption R ver ,% equilibrium adsorption R
(Co)/mg-L"! (gey)/mg-g™! capacity(g.)/mg-g™' m capacity(q.)/mg-g”!
OFL 5 46.65 0.018 1 45.12 0.990 0.000 5 50.86 0.994
10 85.18 0.014 6 81.76 0.977 0.000 2 93.34 0.991
20 112.66 0.0135 107.84 0.980 0.000 1 124.28 0.991
Cu™ 5 23.77 0.028 1 22.28 0.965 0.001 3 25.79 0.990
10 48.85 0.0320 47.48 0.990 0.000 7 54.37 0.993
20 78.43 0.024 0 76.14 0.993 0.000 3 89.69 0.997
- _ r 2+
- 1201 (a)OFL - o 100- (b)Cu
& I = &0
g £ s0f
£ oo} ER
E g
2, T 60f
S 60f = |
2 £ 401
=y 5]
2 30r ;:5 L
= i 20[
= 0 = |
Q 1 n 1 n 1 n 1 n 1 n 1 % 0 | N | N | N | N | N J
= 0 5 10 15 20 25 0 5 10 15 20 25
S A ke RE T 1o e . e ey e e . -
SPflip e Equilibrium concentration/mg- L. S e JiE Equilibrium concentration/mg- L 1
020C @30°C A 40°C — Langmuir ---- Freundlich

B3 OFLFI Cu™ IR %R L
Figure 3 Adsorption isotherms of OFL and Cu*

®3 WHERLESH

Table 3 Parameters of isotherms models

5L IC Langmuir Freundlich
Pollutants Fe KW Maximum adsorption capacity (¢.)/mg- g™ Ki/L-mg™ R’ Ki/mg'™ "1\ g™ n R’
OFL 20 127.64 0.77 0.981 54.10 3.27 0.786
30 117.21 0.47 0.997 37.67 2.76 0.892
40 83.94 0.52 0.997 28.65 2.87 0.902
Cu™* 20 98.47 0.22 0.996 23.16 2.36 0.932
30 93.15 0.13 0.993 16.95 2.11 0.971
40 78.54 0.11 0.996 11.54 1.95 0.976
T2 U P A 158 BH W B S — b 22 S22 A E S AR o AT ST 2.5 ERERRMENEFE
Hr, Langmuir 5 78 LREC-AC %f OFL 1 Cu® [ 1% TE L — R R FTIERN I, I — 2% 28 OFL Ml Cu™

R SR 2R A LB RCR Y T Freundlich BEAY , P &
BR>0.98, RHARE ST & B, AN [R] R4 J5i W o 5510 % OF L
A W% -+ AR Ak AT BB 40.65 mg - g7, R\ T kA
31.32 mg- g " AN TRRE X Cu® 14 W B St < AR B2 3%
P2 3011 mg - g, A5 A% 6 P 4 22.80 mg - g1, A
2 F , ABE 5T o 9 LREC—AC Xt OFL Al Cu* 3
LA B W B, 26 B LREC-AC 7] JH T % OFL-
Cu® & 4375 Y 1 W B 25 5% o
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B T8 — %8 )y 22 U g RAL, W] LREC-AC Xf
OFL Fl Cu™ Wy W B A 40 — sl g 2z ad #  [A]B, Cu™
F OF L AL [R] A 7E 2577 A= W B, 58 4, 3 S00% B et e
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Yy, WRE SA PSS G NS G P e R I 1 45 &
A7 85, B AVORT 5 4 W BFF 5T A 2 B 2R RO, 7
OFL Fl Cu™ I & & 14 & v, LAt A Wi B 122 43 531
59.34 mg - g Fl137.46 mg- g, BB — 1K R4 T B
30.33% F123.42%
2.6 OFLE Cu*zZ BB E &I

E— 22558 OFL Al Cu™ 78 5 A 1A 7 58 4 W
ek (KS)  BRYESE T, OFL 5 Cu> Z [AlfEAE 45 4 45
FU 2 AR R R OFL Y Cu™ B4 A P il 6 s .
M C VR <2.0 mg- L7, BT OFL, 1 fifl

Cu™ W FE BN, 7 W H OFL 5 Cu™ B 285 45 4 WU ¢
1001 (2) OFL R=0.991
80: R=0.977 Ry i
601
40+

I O OFL 10 mg-L"'
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Figure 4 Adsorption kinetics of OFL and Cu*" in their mixed systems
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Figure 5 Competitive adsorption curve of OFL and Cu** in their mixed systems
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