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FEMORL: FKES, 7 AW E A S R
& (PFX,C,H, FN,0, , #iX} /¥ i &k 333.36) ,
TR KIS K B A= P B 42 A BR 23 ®1 7™ 5 NaOH (43 Bt
ali) R Ak KA 2 R A B2 ] 7 5 HCL( 43 B
af) MG UL T A R R ™, S8 K
FRFOK 5 D B A U BT B R B O 500 me/L,
ot FH s S B ) O AR

FEALER : AL-204 BY L 43 B KT, Mg A ) -
ORI Z A BRI 77, PHS-3C BURS 3R X, iR
LA BEATBR 2N 7 77 s ZHWY - 110X30 HU7E 2 ok is
TEIREE R, b0 R Ik 43 BT A28 3 A R | 75
TU-1810 B EHMAT L4350 B i, b st 35 A 3l Y
A BRA R bR i AL S BT, AU R il s 19
BIE A BR 2N 7] 7% ; Spetrum —Two 8 BL M- 75 36 21 4
JEIEAY , 25 [E Perkin Elmer 23w,

1.2 EREEFEERH &

P TR BRI 3 K, T 105 CHEF
HET B 3k 20 H A PRI B oK
T Tz d , 76 400 C T Ak 60 min, HRRHNEE
HIEEUH A B0 g b Bk E TE X,
TEN, 4P FFHE Z 909 C 5, Yl R K 25 ST Ak
42 min , F33] B AN P, 4 Hob i 5 it A7 Tk
il i 0 R
1.3 WMEmAE

FH 0.1 mol/L 4 NaOH &} HCI ##77 PFX %
pH ., WEARFR B — 2 B 1Y ORI M 5 T 50 mL
HEIE T, I 20 mL BTtk B4 100 mg/L 1) PFX
VAT, PR EEISE S 11 i AK IR R IR, 7 — 2 1R
T, LA 120 v/min ()55 0 TR R T — A 5 [R] 2R AT
B NG, ARF W B 485 o O s R TR O O i
0.45 pm JEME, AT W43 566 B THFE 275 nm
b R G R AR AR v i 2R PEX AR o
HRE TR PEX WM& ¢, TFR AT
(G, -C)V

Hodr g, A ¢ b 2] PRX W R/ (mg-g™') €, I PFX
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IR R B/ (mg - L7') 5 €, 4 ¢ Bf %) PFX Ji
BIE/ (mg- L") VN PEX IEBUAREY/ Lym o E K
O EETEME R T g
1.4 WEHEHMRNK

K FH U 97 17 434792 ' Box-Behnken design 45 7
X W fE 2% A BEAT AL . L PRX W B ¢, A i R
TEHCW BB IE] (X, min) | EORFEE MR A (X, , ¢/
L) RV pH {H (X,) AHF AR, 7 = E =K
ARG, AR 1,

A1 RKBAEKFEL

Table 1 Experimental factor levels table
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0 240 0.8 5
420 1.2 8

1.5 SRR ZE

I B 2 TR M A 2 6 KU 30 1 2 1)
T BRI FLAR A3 A0 5 2R 3L L i AR 46 21 1l 35 A0
SE PFX KO FE G P e W B PRX AT B £0 51
7% GTE Il 4000~ 500 em ™',
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Fig.2 The pore size distribution of activated carbon
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Table 2 Experimental design and response values

stpe X/ Xz{l X, RN q'iﬁ/ i q'iﬁ/ s
min (g-L7") (mg-g™) (mg-g )

1 -1 -1 0 58. 41 58.60 —0.19
2 1 -1 0 70. 89 71.22  -0.33
3 -1 1 0 47.11 46.78  0.33
4 1 1 0 64. 09 63.90  0.19
5 -1 0 -1 50.22 51.76  —1.54
6 1 0 -1 68.51 69.91  —1.40
7 -1 0 1 37.49 36.09  1.40
8 1 0 1 49.21 47.67  1.54
9 0 -1 -1 67.09 65.36 1.73
10 0 1 -1 60.71 59.50  1.21
11 0 -1 1 48.91 50.12  -1.21
12 0 1 1 35.12 36.85 -1.73
13 0 0 0 68. 61 68.13  0.48
14 0 0 0 67.79 68.13  —0.34
15 0 0 0 68. 42 68.13  0.29
16 0 0 0 69. 31 68.13  1.18
17 0 0 0 66. 52 68.13 -1.61

q, = 68.13 + 7.43X, - 4.78X, — 9. 48X,
+1.12X,X, - 1. 64X, X, - 1.85X,X,
- 4.80X,> - 3.20X,” - 11.97X,’ @®

ANROMAERFREL R 4 0.989 9, K W] A
5 T 2 4 A5 A B A OGP R G 5 B E A OC R A
0.976 9, R MAAT 97. 69% 1) S 1 B4l T LA FH i A
RUHEAT RS

X AR AT, AT A e R 4504, B
W2 B B 1] 382 min, & Kt 5 4 e H & 0.6 ¢/L,
PFX & pH {H 3. 76, T 5 KW B 74. 18 mg/g.
TEZM S5 N iEAT 5 AT, PEX IR 4351
g 71.22 mg/g.74.29 mg/g.70.89 mg/g.71. 11 mg/g
1 74.88 mg/g, F-HIE N 72. 48 mg/g, LW (H 5 T
DUMELAH 2240/ 16 B IZ A5 80 ] J000 6 K08 2 0%
PEBXT PFX I i 72

it BB IE A ORI S X LI B 21 7
T5 2250, 25 I3 3, R P<0. 000 1, WA R
T SEBME LA RBOR B AT, RAUT P {2 0. 068 9
(>0.05) , FHI R LI A 52 e A Bk 2, Bk 2 J2 P B ML
DREEG Y BRI AT EE DR B A [R] | T K0 9 1
A PEX I pH (Y F ERE , 45 FIZEX] PFX
W B B RE AR N PEX VAT pH (B> I BFF B[] >
KISFETE M S . MCHAERIRE , ORI LE
R S pH (M AR .,
2.2.2 3DBEEBISGHT FOKIEIHETE PR W PFX
&3 ERAEMRBM PFX LIt £ 5L R

Table 3 Analysis of variance for adsorption of

PFX on activated carbon

i PR E Hor% P P ORE

B 2 173.23 241.47 76.08 <0.000 1 &3

9
X, 442.09 1 442.09 139.29 <0.000 1
X,  183.07 1 183.07 57.68 0.000 1
X,  718.20 1 718.20 226.29 <0.000 1
XX, 506 1 5.06 1.60 0.2470
XX,  10.79 1 10.79 3.40 0.107 7
X, X, 13.73 1 13.73 4.33 0.076 1
X? 9711 1 97.11 30.60 0.0009
X2 43,18 1 43.18 13.61 0.0078
X2 603.29 1 603.29 190.08 <0.000 1
2 22.22 7 3.17
ST 17.80 3 5.93  5.38 0.0689 AEFE
4

iRz 4.41
B 2195.45 16

1.10
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Fig. 3 Three-dimensional response

plots of adsorption variables
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Fig. 4 Nonlinear fitted curve with isotherm models
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Table 4 Parameters of isotherm model at

different temperatures

FiT S5 298 K 308 K 318 K
a0 70.42  80.82  87.25

K, 0.7146 0.8021 1.4268

Langmuir R 0.9847 0.9860 0.9799
X 0.2487 0.3791 0.8890

K, 40.35  45.97  53.37

. /n  0.1250 0.1281 0.1141
B 0.851 0.8022 0.7535

X 41209  7.8695 12.1069

A, 53.7490 64.3589 137.8316

B,  0.7460 0.7984 1.6049
Koble-Corrigan m 0.8309 1.027 7  1.360 2
R 0.9880 0.9833 0.9885

X° 01680 0.3615 0.2602

Ay 36.9413 42.3610 51.096 2

. B,  7.5923 8.8469 8.5516
Temkin R 0.8973 0.897 0.8202
X 23296 47180 8.1160

R B A R %) T2 R et AR Sy W B R 3 N
JEN Langmuir W% B 453 7 B9 R® (HI KT 0.97,
X AEBEN, B Langmuir J5 72 0] AAR I o A &
KOG PR PEX M Rt A%, iR 298 K
B, T RGNS T (4 IR B PFX ) J5e R B 43 T 2
B &R 70. 42 mg/g, K-C ZE IR Y 3 >S50
(A, B, T m) SR A il BE 1) T e T BG 0, 76 AN [ 3
JET R HIH KT 0.98, 335 F 1, KA EH/NF
0.4, ULHH K-C &5 W% B 7 Pt vl LRSI Al i &
KO FENEPE R X PEX AW [t iS#2 T Freundlich #1
Temkin 7R R* (HIH /N, X2 HEBE K, AiEF
TR TG I I PE X PRX AR B A

I12E S 4G5 A 0 H BB AG (kJ/mol) i 28
AS(kJ/(mol - K) ) FIkG4E AH (kJ/mol) =3 K FR U
L(@D—O@) Fis

ad
Ke =
‘T, @
AG =- RTInK,
AG =AH - TAS ©)

Kb, A C. o BN AT PEX 7E oK
OSFETEME R VAR P S/ (mg-g ) 3 T 2%
TRJE/K; R NSMH%,8.314 J/(mol - K)

WAL AXO—QIH M F SR g5 Rk 5
JiR. RS AIAL3 MR TR 0 AG ¥R A, B
B KO FETE PE A I PEX (I RS2 B &R T,
FHEREEA R T PEX AR . AH FILAS Y8 1EME,
FE ] B KT M R X PEX A W B 2 — > A R TR
I IR A

A5 ERYAER RN PFX 89 # A%

Table 5 Thermodynamic parameters for the

adsorption of PFX on activated carbon

/K AG/ AH/ AS/
(kJ*mol™)  (kJemol™)  (kJ+(mol-K)™)
298 -30. 67
308 -32.00 27.45 0.194 4
318 -34.56

2.4 WM HZES
PEHL PFX 41 45 T & ¥ B~ 100 mg/L ( pH =
5.08), ERSHEERHE N 0.6 /L, % & A
T TS R B S [) X5 PEXC I B o AR A s e, 2 O
—RB IR ME 9B TSR Elovich B A
FIORE N 4™ IR AL (20A0—A3)) Xof S92 56 Hic 4 44 740
BT R ILE S K6 Mk 6,
g, =q.(1-¢"")
kyq.’t
- 1+ kyq,t

4,

q, = ;ln(aﬁ) + ;lnt

q, =kt +C

Kok, O PEX UE—Z 3 ) A5 R % Ff  ewy
e/ (min™') 5q, Al g, 5050020 ¢ B ZIEF PEX IR0
SRR (mgeg™') sk, i PEX M sl fy 245
M7 RS 5 K/ (g + (mg»min) ™) 5 o S 0 465 1% B
R (mg- (grmin) ™) 5B -5 T8 B 531 3% 1T A2 s It
e PR SR AL REA R IR 5 555 b, S URL N
AL (mg - (g-min'?) ") s C A HHHRZE
BEA KR HEEL (mg-g™') .

M5 i 6 W LI gl ) AR AR
KEKR Y¥IRT 0.95, HIG PFX R & ¢, 515
RULA PSR MT E g, ., TR, BEITHE 23 )
SRS ET LIRS M A F KOS SE TG MR PFX A
B, Hok, Fil g, BEWR AR RE B TS R S0

® & © ©
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9 - A6 ERGAEM LB PFX 093 h 3 ARE
R ot M Table 6  Parameters of kinetic model for PFX
il e . 5 _9 adsorption on activated carbon
7| = i 28 298K 308K 318K
e o k, 0.0496 0.0598 0.072 1
260 | e HE—h q 64. 41 7471 80.64
o pAE b b ’ ) ’
2 = 208K R 0.8567 0.8288 0.8075
=50+ ® 308K k,x10° 1. 17 1.27 1.44
A 318K o
a0l — % e 28 Gesp 68. 82 78.60  84.73
=g AR @r.cal 68.22 78. 56 84. 46
30k v R 0.9545 0.9506 0.9519
a 34.28 70.98  135.95
20— 2 00 30 o Py Elovich f§%! B 0.1055 0.0993 0.0995
t/min R 0.9645 0.959 1 0.9537
Hs5 E2RGEAFHERAEH PFX 8 k, 5.4827  5.9993  6.1410
A FHEA S E A C, 13.93 20.66  26.54
Fig. 5 Regression curves for the adsorption of R, 0.9942  0.9999 0.9935
PFX on activated carbon . ky 0.946 5 1.0017 1.0263
WL C 49.88  59.96  66.01
% b : ' ' '
R, 0.9980  0.9860 0.966 0
80 kg 0.3560 0.3658 0.4152
gl c, 60. 21 70.56  75.72
5 R, 0.9410 0.9990 0.9930
i 60 -
£ ol P HOAS S ME— 1 1R 45 1 20 R PEX 1 Bh 52 JURE 1
(=
PR B [F 52, AR 6 WAL AE A — IR BE
401
T,3 A B B i W R R R BB D D (k> k>
301
k) TR EREAIEIN(C,<C,<Cy) , BEHIEY HL
205 5 10 15 20 25 1o A A WA o S R g B, R T fe /N, 2 PRX I R

2/(min"?)
o6 ERGIREERAM
PFX #9847 #oBEA
Fig. 6 The intraparticle diffusion model for PFX

adsorption on activated carbon
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B, UKL N B B 5 5 = B B PFX W B - £y
BB, MeAb, B — 2k HAHERA 25 S5, U B ORI

[ea) UL A ER 4RI, 7 B3BEL 0 3 K, 7 R AR AT
W i R AR 02 A ] — By B v, R B 3 e FORn i
S H RS Bt o W R ) R TR O SR R R
T e o Rz o sk e 2 A A A, R RS B M e X
PEX YW B2 M A 2
2.5 LRSS

FFHIRALER R kX PEX T Kt 5L 376 M ok
W BfF PEX HI S BIZLAMGIE AT A, 25 R an 181 7 e
No M PEX BIZLAMGIEEIFT AL, 1 484,72 em ™ AbHY
W WS I i T AR IR RRIE I WA 04 5 1 626. 77 em ™' b
BB S I & T PRX 43 o 95 & 38 I C=C 1Y
AR PR BN ;1 736. 89 em™ ALFYRFIEIEIH 8 T HRIEH
C=0 Mh45PR3NI%;1 195.05 em™" ALAYSRI G )T )E T
PFX 431 C—N HE R4 iR 5105 974, 81 em™ AL
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Fig. 7 FT-IR spectra of PFX, activated carbon,
and PFX adsorbed on activated carbon
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Response surface methodology for optimization of pefloxacin
adsorption using activated carbon prepared from corncob
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Abstract ; Activated carbon prepared from agricultural wastes corncob by steam activation was investigated for the
removal of pefloxacin (PFX) from aqueous solution. The results showed that the activated carbon prepared from
corncob had well-developed microporous structure. The Box-Behnken design model of response surface methodology
was used to optimize the optimal adsorption conditions: the amount of corncob-based activated carbon was 0. 6 g/L.,
the adsorption time was 382 min, and the pH of the PFX solution was 3. 76. The results showed that the Langmuir
and Koble-Corrigan isothermal adsorption models could properly describe the adsorption behavior of PFX on activa-
ted carbon. The adsorption of PFX on activated carbon was a spontaneous, endothermic and increasing entropy
process. The adsorption process of PFX on activated carbon was in accord with pseudo-second-order model. At
298 K, the maximum adsorption capacity of PFX on activated carbon was 70. 42 mg/g, indicating that the corncob-
based activated carbon was a promising candidate for the treatment of pefloxacin wastewater.

Key words : pefloxacin ; activated carbon ;response surface methodology ; adsorption ; corncob
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