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Adsorption Characteristics of Norfloxacin by Biochars Derived from Reed Straw

and Municipal Sludge
ZHANG Han-yu, WANG Zhao-wei, GAO Jun-hong, ZHU Jun-min, XIE Chao-ran, XIE Xiao-yun "

(Key Laboratory for Environment Pollution Prediction and Control of Gansu Province, College of Earth and Environmental Sciences,
Lanzhou University, Lanzhou 730000, China)

Abstract: Two types of biochars were prepared by pyrolyzing reed straw and municipal sludge at the temperature of 500°C. The
structure and properties of biochars were characterized by BET, scanning electron microscope (SEM) , energy dispersive spectroscopy
(EDS) and fourier transform infrared spectroscopy ( FTIR). The effects of pH value, adsorption time, temperature and initial
concentration of norfloxacin (NOR) on the adsorption behaviors were determined by single factor experiments, which were used to
preliminarily discuss adsorption mechanism. The results showed that the adsorption of NOR onto biochars derived from reed straw and
municipal sludge could reach 70% and 60% of the total adsorption within 12 h, respectively; the maximum adsorption capacities of the
two biochars were 2. 13 mg-g™" (biochar derived from reed straw) and 2. 09 mg-g~" (biochar derived from municipal sludge). The
quantities of both absorptions increased with the decreasing solution pH. The two adsorption kinetics of NOR onto biochars followed the
pseudo second order kinetic equations, and adsorption isotherms fitted well with the Langmuir equations. Adsorption thermodynamics
parameters such as Gibbs free energy (AG), enthalpy (AH) and entropy (AS) indicated that the two adsorptions were endothermic
reactions. Infrared spectroscopy analysis indicated that oxygen-containing functional groups on biochars provided NOR molecules with
adsorptive sites, which facilitated the formation of hydrogen bonds between NOR and the biochars.

Key words :norfloxacin; biochars; adsorption; oxygen-containing functional groups; hydrogen bonds
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1 MRl5RE

1.1 FEGAH S5

WD AR EA I B A R R A PR R (4
J#99.5% ) ,NOR P£JiT W3 1. NaOH, HCI, CaCl, ,
NaN; 314732k,

FRIL 0.01 g NOR #r i i i i T & A 0.01
mol-L™" CaCl, (4% i W W} 3 i 5 72 ) A1 200.0
mg-L™" NaN, (# I AW WEME), pH =7 B
1000 mLAYH S, 7595 10.0 mg-L™" Y NOR
it 2 UK.

%1 NOR HIHR
Table 1  Characteristics of NOR

. . . N - BIK AR &R % .
SR CAS FE 5 WA R WA s k(ﬁ %‘iﬂfw Lhp
te)
0] 0
.
OH

CsH g FN; 05 70458-96-7 319.33 pK, =6.34, pK,, =8.75 0.46 |

N N

1.2 PR R TG U A W i i 4

P TR R AE A 22N T B B R, 4K vk
WG, FIAR 0 8 R ALK RS AT R A JE 2 60 H i &
FH. T5URR A 22 M- B 22 5 K A B A K
158, BT U6 B HET R AR IRRE, i 100 H
. AR — 2 Joi a7 11403 0 R 2 G AR A 4 )
AN —EAR RIS Inas, B 3k e
20°C - min " T R T 1K 5] 500°C , I E UL I
T T ORHE 6 h, FRR N B IR G BG4 4 i
FEAYpANE T AP LTS 100 H 5 LR A
TR AR AR ] Bl 2 AT T A 15 .
1.3 I5IRAYBA A Y A A BT

I A W e 1 2% T ARG I E SR O BET %
(Tristar 1T 3020, Micromeritics Instrument, 35 ) ; #]
JH} SEM (JSM-5600LV , JEOL, H 7 ) M%< Ak ¥y 7% b4
HIAN R IE S, R H EDS BE 1% 43 #F (1E250, Oxford

Instrument , 9% [ ) X A= e T 2 S & B EAT 1 40815
# it FTIR Y6 3% 1% ( NEXUS 670, Thermo Fisher
Nicolet, ZE[H ) 5347 T PARN A=) i SR 11 E e 4]

AR B o JFORE B T 5 5
L S00°C IR L B A= W ¢, 77 AR AR ik BR R
Je 5 EARLE LR AE Y B 7 AR K 4
WS K FE S AE AT EAE T TSR lbe,
PR SE AR HAR B PR S S RS A )
BH e LCAZ AR R IR A S Y A e pH
JE PRI 2.5 g AW AE T 50mL 8 Ak v % ]
A ZFIE W 5 min, W8, FERIVEWR 5 mL, pH
T E A H G AT
1.4 NOR ARSI J5 ik

KAy 66 8 1 (UNICAM UV300, Thermo
Spectronic , 5% [E ) £l NOR A9 . HL NOR fiff %
W, VAT BLIR N 25 11, 16 200 ~ 400 nm % K N
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1,15 3] NOR s KM 273 nm. 3 5K %%
U & 2.5, 5.0, 10.0, 15.0, 20.0, 25.0,
30.0,35.0,40.0,45.0,50.0 mL % 50.0 mL &4
R T SRR BERL 0.5 ~10. 0 mg- L™ brifEd
W VAT SRR 2E (AL FE 273 nm ARG
FEIt e hibnEf 2. FEAIA T D NOR BN 2 i, 4
FERAE B O 2% T L4 000 min ™' B0, 3T 0. 45 pum
MY S G SRR AN A A | DR - 728 By s
I, 7E 273 nm AR

1.5 WERFacs:
1.5.1 ¥ pH 5200

Beil 5.0 mg-L~" A NOR ¥ WK , #Ef 2 BL 25. 0
mL AT A 0.1 g P 2B R ANG IR 54 ) ik 1Y
BODE T VW pH SR 0.1 mol-L™" Y NaOH Al
HCL 7, R0 pH MR EIEFIZE 2.0 ~11.0 Z
B, M08 E THRRG &P, T 25C, 190
r-min "' S0 R RDEIRY 24 h. BUBIRGRER O i
UE M SE T NOR R
1.5.2  FhJieemfff

Bt e N 5.0 mg- L' 5 10.0 mg-L~!
i) NOR ¥, % 0.10 mol-L~" ) NaOH H1 HCl
VAT A5 pH. 2 VERA AL B 25. 0 mL PRI A
WEEHUAE RIEWANAG B 0.1 g FEE RTS8
FAEYR B E LA R ARG 48, 7 25C
190 remin "' YA T RECHR G IF R AR THES. #E 10
min, 30 min, 1 h,2h . 4h 8h, 12h. 24 h, 36h,
48 h HUFE B0 b U8 I E NOR W B, MO AT FE
TTXFEE.
1.5.3 SRR RRTER

el W o 0.5, 1.0, 2.0, 3.0, 5.0,
6.0,8.0, 10.0 mg-L ™' NOR ¥, EMFLHL25. 0
mL A NOR IR ZE 5% 0.1 g 7353 A

VSR B AE MBS O . FE 15, 25, 35°C TR JE
FEREECIR Y 24 h BT, B0, o ug,
iE MCEATRESEA T XS L.

2 HFREHMW

2.1 ABYHRFEAREAM: BT R

PR LR W e RS YR A ) o ) A B o LR
2. AT, WA AE Y R EEEH CL 0, Si, Ca 55JT
RN, R LEW & A HLRTTCHLEL 3 A B, Horh
CHEY R FEEEITER M Si 5 Ca W LLE AL
YICSAEAET A Y. JEA R DT, 7225 A W) i
BB N R | LY 72 KI5 By BT 3%
ARBE . BEE IR T &, Y s kR B A
BREEH fLIE £, 7E 500°C B, A= ¥ e FLIE N O AT
ML B, PEFLAR B . DA 3509 SEM 4 K]
(B 1(a) JATE P B A ne 3R EA W R K 2%
oS R, FLEERS I, IR FL &5 4, X ] BE &
TR AE Y b (C =0) B REFIIE iy 2. i
i 1 (b) ATLANRER R, V5 e A 1) o S B FLAR 2544 LA
MAEE ARG, 15R&H KBRS, MY,
FH VIS R . AR A v V5 e 3%
MK AKARIK | 567K DL K 5 ¥5 % 58 A AR ) o %
BB TSR ALY B R A R R N T
ALY A FEA G i, Ry AL —
RN, FEm R A AR, LAY
3R K BRAEAS 15 e A= 4 o 3R 10 L BRALIR BEhn Tk
TAFURIFLBRSR. A% 2 WIN, P5 =E R F15 Je 26 41
[ RAG SR Uk B2 T T A5 09 A ) e A B BT AR TR 25
SO HEMEH B TAC. PERA A KR
WREREE , BT A=) LA Bk b e 5 b ah T 25 G
FFEB AR R A ML AR, mii5 e — M & A
IRV , SR AP A= ) e W T ZR BT o T i A BN [+

F2 HEYREXFBLER
Table 2 Basic physico-chemical property of biochars
\ BET LR RALKRL  Piflie EECR I %
e /0 ANy H
Fedh % K% p /m? g Jem® g ! /nm C 0 Si Ca K
P 29.96 19. 30 9.10 125.04 0. 020 00 2.43 77.95 14.6 3.61 0.48 1.56
151 66. 46 88.07 7.59 7.14 0. 000 09 10. 67 28.41 40. 81 11. 63 5.53 1.75

2.2 pH XFPIRNA )% e i NOR B 50

HERFEEL 25.0 mL, pH BUEJEFIZE 2.0 ~11.0
f) NOR ¥ (5.0 mg-L™") /0 W Z24 0.1 g PiFp
B (LW A WN) B0 T 7RI R 25°C 1)
BRSPS 18] oA 24 b BF, pH X 19 b A 49 5 1) TR 5
Ml 2 Frs. AT, pH XS A= 9 7 W B NOR

AW RS W B RE pHL A R T 0N, 5 e AR
Yo MM =5 A W) iR AE AR pH Z5 74 7 %) NOR Ay
BERE 1 AR A SR ™ 25 4= M) 5 k) NOR FEAN ]
pH Z1F T B W B 24 R Fis Je A= Wy . pH 2
i, W B B f O, BB T AR R IR . pH 7E 6 ~9 2
(] o T AU 02, 24 pH > 9 2, W B o K i
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Fig. 2 Effects of pH value on NOR adsorption

[0

R4S NOR B AL £, NOR ELA P4 pK, E
(pK, =6.34,pK, =8.75). 7E pH<6.34 i, NOR
FEPIBHE T NOR* (WIESA77E, pH=6.34 Z )5,
NOR FZLAPIPER T NOR * 5 # itk NOR® JE 77
FEU 0 NI 2 T, pH AN, AT NOR B
B AT BT L NOR 5 A9 o b i B T Be A7 AE —
FE T BH S 28 # L e SUBEE . Bl pH B HE R,
FEWH Y NOR ™ BOR B 22 | Bdi ik 45 11 F B AR A 4
T4 NOR ~, B Rz B 2ot 7 v 11 B 5 7 3 5  FH A
LU R 55, W BT 50055 W 6 S5 1) DAY AR AR T | B
IKVEH , VR 3, W BRHRE o mcs >
2.3 VA IRDGTAE P s B NOR Y 52 e

FEE A RIS PE A ) e T NOR 1) I B 5 B
BF A AR AL WL IR 3. AP A s X 5.0 mg- L' Fi
10. 0 mg-L™"f NOR ¥ ¥ ( NORS5 il NOR10) i)

B Fa S AR, A% %t NOR B W Bt 32 2 0 B A iy
BL TERT 12 h N, PP A 4 5 XF NOR® 1) 1% i 3 3%
P, PEE AW R RS Ve AR W e X NOR () W B
A3 5T DAGR 3 S R 70% F160% DL L. Bl
i W A SR 23R 0k /1N, W A o 2% 1 0, & R T T
. WIRh A8 B AE 36 h e W B S FE I S
& 3 AL RS AR B X NOR b I J 2 Rl KT
VSIRA Y k. 8IS AT RN AR P e o) FRAL PR BT, RT
F 23 AW e E 3 T AR AL AR AR K TS e Ak
W, HB 4% B S L B 25 48, 5 AT ) T I B Y
7.

—— PR (NORS)
—a— P4 R (NOR10)
1.2 1 —a— R4S (NORS)
—o— {5k 4R (NORID)

"
=
=
] &
] v

0 10 20 30 40 50
th
B3 TR B 15 A il ot ARG B4 PR B S
Fig. 3 Effects of adsorption equilibrium time on NOR adsorption

2.4 G

I IF 3510 6T 37 T 1 A e — > 52 A= A Ao R R o
TR T LAY R 0 B LR AL 22 W B AR 5 43
WE—2 . WEZ N Elovich 75 F5 % A= 4 5 14 W% B 20
FEHEATING & OB R

HE—Bh 12 i
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lg(Q. - Q,) =1gQ. - k,/2.303 (1)
HE a1
/Q, = 1/(k,Q%) +1/Q, (2)
Elovich 7% .
Q, = (1/Bg)In(apBy) + (1/B;)In(z)  (3)
AP, Q, A1 Q, 73 BRI I ¢ B 2T B i) 2

Yoo Xk NOR 19 W Bif & (mge-g™" )5 ¢ Ay W ik Isf )
(min) 5 k, NHE—ZWHHEREE (min ") k, K
WE G i R R g+ (mgemin) ' ] o« HHIHR
MR P 328 3 K [ mg - (gemin) ~' 5 By by B R A
B(g-mg ). WELERWME 4 FrR, & T REIE T
BSHOTAELR R 3 Pk,

®3 AEEYRMTIRENRIT NOR HEINZFMESH

Table 3 Fitting parameters of three kinetic models for adsorption of NOR onto biochars

Bl J) AR 28 PSR (NORS) A EEEMR (NOR10) 15 IRAEY A (NORS)  T5iR44%: (NORIO)

ky/min 7! 0. 000 184 0. 000 161 0. 000 203 0.000 131

HE—2 R? 0.7819 0.667 8 0.8679 0.6973
Q./mg-g~! 2.30 1.18 1.96 1.21
k,/g+(mg+min) ~! 0. 044 669 0.029 122 0.039 541 0.028 528

e~ %% R? 0.999 8 0.9999 0.999 7 0.999 7
Q,/mg-g! 0.97 1.62 0.91 1.56
ap/mg+ (g-min) ~! 762 581 8584 188 093 98 241

Elovich By/gmg ! 25.773 11.933 26. 110 14. 164
R? 0.869 8 0.9289 0.8977 0.9289

WK 4(a) i, 7£ NOR HI4R ¥R M 5.0
mg-L ™" (NORS5) i1 10. 0 mg-L ™' (NOR10) i, W fff
B 5 B4 S 40 A 4 X UL — sl e
FE TG i Al i NOR 78 4= W ok b B9 W B AT A
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Table 4  Fitting parameters of isotherm fitting for NOR adsorption onto biochars

oy Langmuir J7 Freundlich 77 %
A R b/L-mg'l Qm/mg'g’l R2 Kf/mgl’w-g’l-L’N N
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Table 5 Thermodynamic parameters of NOR adsorption onto biochars at various temperatures

FE /K InK, AG/kJ-mol 7! AH/kJ -mol ~! AS/J-(mol-K) !
288.15 0.9321 -2.2333

FES AW 298.15 1.0526 -2.6095 11.663 0.048 1
308. 15 1.2471 -3.1954
288.15 0.2099 -0.5029

15 RAEY R 298.15 0.2154 -0.5340 5.3616 0.0202
308.15 0.353 6 -0.906 0
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