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Effects of aged straw biochar on the adsorption characteristics of norfloxacin

CHEN Tianya"?, YUAN Muzi"?, ZHANG Shuyu"?, MA Xiulan"*, HAN Xing"?*, WANG Yujun"? WANG Bo*

(1. College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China; 2. Key Laboratory of Sustainable
Utilization of Soil Resources in Commercial Grain Bases in Jilin Province, Changchun 130118, China; 3.College of Information Technology,
Jilin Agricultural University, Changchun 130118, China)

Abstract: This study investigated the properties of aged straw biochar and its effect on the adsorption of norfloxacin in water and provided a
theoretical basis for the removal of norfloxacin from water using biochar. The original biochar was subjected to natural aging, freeze—thaw
cycle aging, and high—temperature aging. The changes in the composition and structural properties of the original and aged biochars were

analyzed using elemental analysis, SEM, and FT-IR to study the adsorption mechanism of aged biochar on norfloxacin and the effects of
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pH, ion type, and ion concentration on the adsorption effect. All the different aging methods decreased the C content of biochar, significantly

increased the O content, increased the polarity, and decreased the aromaticity. In addition, high—temperature aging significantly reduced
the —OH and C=C on the surface of the biochar, and freeze—thaw cyclic aging increased the amount of —OH. Naturally aged biochar had
little effect on the functional groups on the surface of the biochar. Aging damaged the surface of the biochar and collapsed the pore channels,
blocking the adsorption sites on the biochar and inhibiting the adsorption of norfloxacin. The adsorption of norfloxacin on the original and
aged biochars was more consistent with the quasi—secondary kinetic model, and isothermal adsorption fitting revealed that the Langmuir
model could better fit the adsorption process of norfloxacin on biochar. Natural aging, freeze—thaw cycling aging, and high—temperature
aging decreased the adsorption of biochar by 5.50%, 7.70%, and 14.80%, respectively. Under the pH range (3.0~11.0) of the background
liquid, the adsorption of norfloxacin on biochar before and after aging increased and then decreased with pH, and the adsorption reached a
maximum at pH 7.0. The higher the cation valence and the ion concentration, the smaller the adsorption of norfloxacin by biochar before and
after aging. Furthermore, there were differences in the adsorption of norfloxacin by biochar with different aging methods, and aging caused
changes in elemental content, surface morphology, and functional groups of biochar, which were not favorable for the adsorption of
norfloxacin. Research has shown that aging has an effect on both the physicochemical properties and the ability of biochar to adsorb

norfloxacin. Therefore, the influence of environmental factors needs to be considered when using biochar to remove target contaminants.

Keywords : maize stover; biochar; aging; characterization; adsorption; norfloxacin
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Figure 1 FT-IR spectra of original and aged biochar
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Table 1 Basic physical and chemical properties of original and aged biochar

L K5y LRI Tl JUR P fit Element content/% JEE /K L Atomic ration
Biochar b Ash/%  Specific surface area/(m’+g”')  Mean pore size/nm () N C H S H/C 0/C (0+N)/C
CBC 11.16 18.71 236.46 0.72 456 0.99 70.87 0.71 0.09 0.12 0.05 0.06
CBCy 9.58 17.56 235.89 0.65 5.64 0.84 6521 098 0.10 0.18 0.07 0.08
CBCy 9.43 15.89 233.57 0.59 5.87 0.81 61.32 1.12 0.14 0.22 0.07 0.08
CBCy 9.21 14.37 224.23 0.56 594 075 5678 1.15 0.16 0.24 0.09 0.09

1% WHART]
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Figure 3 Adsorption kinetic curves of original and aged biochar

T2 BUEIEEWROEME(ng-g")

Table 2 Adsorption capacities of original and aged biochar(mg-g™)

A=) ¢ Biochar 10 min 30 min 60 min 120 min 240 min 480 min 720 min 1 440 min
CBC 28.96+0.39a  30.57+#0.73a  31.57+0.81a  31.80+0.87a  32.1120.30a  33.87+0.85a  34.96+0.72a  35.210.66a
CBCy 27.85+0.88ab  29.25+0.66ab  30.28+0.84ab  30.93+0.93a  31.27+131la  32.45+0.96ab  33.21+0.88a  33.27+0.66ab
CBCy 26.1440.65bc  28.56+0.90h  29.41+0.85b  30.25+0.88a  30.56x1.05a  32.26+0.86bc  32.40+1.35a  32.50+0.45b
CBCy 24.56+1.47c  25.25+1.17c  26.65+1.4lc  27.88+1.21b  28.23%0.57b  29.65+1.25¢  29.98+1.82b  30.00+1.78c

T B PR A B LR v 22 18] 90 B I AN ) 7 R R A ) Ak B ) 22 55 2.2 (P<0.05)

Note: Data in the table are represented with mean+SD, and different letters after the data in the same column indicate significant differences among

treatments( P<0.05).
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Table 3 Kinetic model parameters of biochar adsorption of norfloxacin

MW e Q. WE—Z% 3l J1 274578 Quasi—first—order kinetic model WE 5 J124 158 Quasi—second—order kinetic model
Biochar (mg-g™) Q./(mg-g™) ki/min™ R Q./(mg-g™) ko (g-mg ™' +min™") R
CBC 35.21 32.381 6.94 0.961%* 33.56 0.016 0.987#*
CBCy 33.27 31.062 6.66 0.967%* 32.17 0.017 0.992%:
CBC; 32.50 30.154 6.51 0.957%: 31.45 0.014 0.994#:
CBCy 30.00 27.782 6.05 0.950%* 28.99 0.015 0.986%:
T #* R7R P<0.01, T,
Note: ** indicates P<0.01. The same below.
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Figure 4 Isotherm adsorption curves of original and aged biochar
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Table 4 Fitting parameters of Langmuir and Freundlich models

H W " Langmuir Freundlich
Biochar Qu./(mg-g™) Ki/(L-mg™) R Ki/(mg' ™" L g™") n R
CBC 15 54.44 0.217 0.936%* 12.333 2.192 0.850%*
25 56.13 0.232 0.953%* 12.862 2.127 0.880%*
35 56.45 0.394 0.861%* 17.371 2.382 0.744%*
CBCy 15 40.04 0.608 0.995%* 15.901 3.384 0.931%%*
25 40.12 1.171 0.970%* 19.211 3.953 0.860%*
35 42.25 1.283 0.951%* 20.567 3.738 0.854%*
CBCr 15 27.03 0.210 0.980%* 8.603 3.635 0.869%*
25 30.19 0.279 0.986%* 10.405 3.726 0.861%*
35 39.15 0.342 0.991%* 12.917 3.155 0.903**
CBCy 15 22.61 0.079 0.974%* 4.500 2.869 0.892%*
25 31.27 0.081 0.953#* 5.441 2.539 0.865%*
35 43.69 0.091 0.956%** 6.760 2.204 0.8747+%*
RS EMRITERDENRHANFSH 401
Table 5 Thermodynamic parameters of norfloxacin adsorption
351
by biochar
B e AG/ AH/ AS/ o 30}
Biochar (kJ-mol™)  (kJ:mol™) (kJ+mol™-K™) Ec
CBC 15 -14.13 11.27 0.09 I By
_ -+ CBC
25 15.03 20l O CBC,
35 -15.90 5 CBCe
-~ CBCy
CBCy 15 -28.63 30.15 0.15 15 . , . . . . . . . )
2 3 4 5 6 7 8 9 10 11 12
25 -55.48
pH
35 -61.13
3] g BI IR TiEaE > =7
CBC: 15 —9.87 29.80 032 B 5 A pH X ZLETE £ % RHHE R 2RI
25 1323 Figure 5 Effects of different pH values on the adsorption of
35 ~13.31 norfloxacin by original and aged biochar
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35 -4.32

B 43 591 Sk 37.75.35.86.33.87 mg - g Fl 27.96 mg -
g, kA AR e R SR D A A W S e T S R
%, VRGP 240K 2, B SR 22 Ak 558 i A ) o W B
TSR RIS BN RRI TP 5T, A5t
R IRME R VR AL WA . pH SR e RV B AE
IR AEAETE A | R BEAE I 2k 300t 18 1 it i 11%)
IRBE AT T X145 G0 AL W, 3 5 A SO g 25 A
—E

R B 2 TR 2R AL (pKa=6.10, pK.o=
8.70)24 My pH Ny 3.0 F1 5.0 IF, i 5L 10 2 (A7 AE
WA VIBHE 0 3 H 5 Hsw W A7 A5, S B i

W o T AR e A T ) R M Y R AT e e G
B P 55 AR 5 G, (1 1 B i 0 19 588 5 495 WK pH
9.0 F 1108, I R MAAETR S+ E, 5
OH ZZ [H] A L HE R 738 5 ) 5 W e R4
2.2.4 BTN ES U BE XA 4 e W A S VD L
Al

AN [R) B 7270 Ak IS A W e W o5 R T
IFEMR AN 6 iz o MR AT DL K Mg AP X &1k
TS 2 90 o W B 5 S v B2 359 B S A 4l T, e
HIRE SR B AP SM>K . S5U I KA WA HE , U
i Mg i) 8 5% L ff I3 W ff CBC . CBCy . CBCr . CBCy
B 2 B RS T 14.58% .23.21% .26.74% . 29.63% , 1
T AL 5 5 i 5 W fS CBC L CBCy . CBCr, CBCy

WWW.Qes.019.CN




m@g 1054

URETRR Rt Y F 4155 5H

PR R AR T 23.77% . 32.65% .34.71% .39.68% , ]
D841 2850 188 e AN A1) A ) e R D B I
PR AT B8 A v A5 BB - PO AIA 25 B B i
ff S22, A T, Vo T P B E FRAr B, 5 b
S A B 22 110 07 R g IR B 0, DTS2 ) 1 A= 0 e L
T A 4 T SO0 T R VD B R A T WY, e AR Sk B
SRS BH S A AR R, e D B E S L
P2 1 1A I B AN ) ) 245 SR AR ]

AN TR) 8 7 5 %o b i T 2 9 e WO o5 R T
B R P 7 BT o MR RT L, 24 KR B 0.01
mol - L™ 7} % 1 0.20 mol - L' I, CBC . CBCx . CBCy HI
CBCa XT3 980 U0 B 04 W% BT o 2 ) B AR T 11.45%
28.53%.32.00% F 54.55%; Fifi & Mg ¥R & 19 386 K,
CBC . CBCx. CBCy il CBCy 1 W B 2 B A T 28.00%
28.72% . 35.00% 1 56.67%; Fifi & A1 ¥k i (1) 3% K,
CBC . CBCy. CBCy il CBCy ) W B 5 B A T 72.10%
73.33% .77.78% 1 80.12% ., Fifi% BH & T FE (T
LAV A2 0 5 U ST AL 1) W o 2 T R
HEFA T DAL Sy W R ey, EG o 4 1 2R W o I A7
SRR 22 o R R R T e TS AR B F A
o B VAR R B g, R R 0 - R B ST R A S i)

351 (a)CBC
28 ]
£
=~ = N ]
w21t ]
o0
Gl
S 147
7
T 2 %
7 %7 7
% % % %
0 0.01 0.05 0.10 0.15 0.20
BT Ton concentration/(mol - L")
281 (¢)CBCr
-
21 ]
TEE
éﬂ 14 ?y
>
7 -
7
7 7
Z Z 2
0 7 7 7 >
0.01 0.05 0.10 0.15 0.20

BT Ton concentration/(mol - L")

R . E RGP 5T 3R I, B 08 B X A Ay S
U 7 i W BT AR 2R 52 e R I R B A 2R I
et il R R B I RAAR , H 28— % W B ot B HL A
TR XA A R S A SRR A5 RARI 5 o
2.3 ERBRALEE

A ) R TR B 1 R R AL o 2 A5 L B
Fo RS SRR RS KA AR (R 8) o A
SEM BRI AL, A=W i i) e A R s ALB, FLBUER 2 | 42
HERTE TS RO B 2 . IR BN 3l 7 2= aT 0,
TRV L I I e R A 1 B LB TR A | i B
IS 0] 49 398 01, PR A7 557 0% 328 34 o i, BEL D 186K, W o
TIFFUAREAR . 5 S50 pH O 3 S0V B R o 79 352 i 3k
Y 25 SR D B AN AR W) e R AT B - TE A TR PR ik
FREET I AR A HE Y mvb 2 S AEY eR
AT 577 A i HE R A T, W B 1 B, it v
5 A W e B T S T R AR A AV PR R R 3 R
Wl B ER S IVER . MeAh  WEE IR A R o+
HAHKYE , gKAE s D B E T4
SR, MRS FT-IR B RTH, AW i R A 5 1Y
TEPERE A G AL (LA ) ROy A48 JF A
[Fi] 1) A= 0y Jo e, 5 1) 5 AT et AN () T it M R A o

28

(b)CBCy
=
20 ]
o —E—
‘?ﬁ —E—
£ ouaf %
N %
7 -
0
0.01 0.05 0.10 0.15 0.20
B T4 £ Ton concentration/(mol - L")
281 (d)CBCy
21
~ -
'sn
0
£ 14r
=4
| |_L’$L\
0
0.01 0.05 0.10 0.15 0.20

B F- 4 £ Ton concentration/(mol - L")

Ok Owmg* @ AP
Eo BFEENEZUNREYRBHERD ERNZMN

Figure 6 Effects of ion type on the adsorption of norfloxacin by original and aged biochar
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Figure 7 Adsorption capacities of norfloxacin on original and aged biochar under different ion concentrations
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Figure 8 The mechanism of norfloxacin adsorption by biochar
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