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Enhanced adsorption activity of manganese oxide-modified biochar for the removal of tetracycline from

aqueous solution

ZHAO Zhi-wei, CHEN Chen, LIANG Zhi-jie", CUI Fu-yi

(College of Environment and Ecology, Chongqing University, Chongqing 400044, China)

Abstract: In this study, manganese oxide modified biochar (MBC) was synthesized using MnCl, as a modifier to enhance the adsorption
capacity of biochar for tetracycline in water. The specific surface area method (BET), X—Ray diffraction (XRD), and Fourier transform
infrared spectroscopy (FTIR) were used to characterize the microstructure of the modified and pristine biochar. The influencing factors and
adsorption behavior of biochar were investigated using the batch technique. The results showed that the maximum adsorption capacity of
MBC calculated by the Langmuir model was 736 mg- ™', which was 15 times higher than the adsorption by the raw biochar. In this study,
the adsorption process was a spontaneous and endothermic reaction, which fit the pseudo—second—order kinetic model and was controlled
by both physical and chemical processes. pH value and divalent cations in solution were both important factors for the adsorption of MBC,
whereas the monovalent cation and humic acid had only a slight effect. The hydrogen bonding, electrostatic interaction, and complexation
between manganese ion and tetracycline were the main mechanisms for the removal of tetracycline through MBC adsorption. All the results
showed that compared with the pristine biochar, the adsorption capacity of MBC was significantly improved, which indicated that MBC had
a wider range of application and a good application prospect for the removal of antibiotics in water.
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Figure 1 The character of the MBC and BC

- BRTR BA I9 ES  R1 Ay MR o 50 3 T T ke 17
AN R R o ke TP U A A 3 T 2, R T
PR AN, 4310 NFRIERS , W B i % W B T
FasE . MEIRTE LA H MBC X TC F - 1 J-5e:
37 mgrg',imE F BC(8 mg-g™") , ik J& A 4f E AL
YRR T ARG LB 25 K4 R 22 T R el 3 1 A I
B 25

N AR BREMIL TR, R PR v — 2 8l 1 4 e — 2 5
TR BT IS, SBI AR R,

407 (a)ifk—2 I 903 1A

T?Q 301
g ® BC
3 20f — B
I - = - kB A
{51;1
= 10 °
O 1
0 3 6 9 12
0] /b

TS I 2E R O T W Rl A= ) i (MBC I BC) X TC
W2 AT A LA B (R?) 4351 2R 0.987 0 F110.892 0, 3
o T AR A T WE— 208 14 LA A5G (0.945 0
F10.800 4) , 0 1E =94 51y 77 2745 Y 015 5 4 i el Ve
Je B A % TC IR AT R o 8, WE g8l T
AT DAl AR RS I 2% T B A ok AR i fL AR SR g 3
M (C 258 T B, HL 28 30 S8 W 3L 2 AR L vT L
A= 1 R VR SR 3 A A2 4 T A A A I R

SR FASORE 9 3 BORS R F— 256 DU BR 2 76 BC Al

407 (b) Uk Py 47k 50
%, 30r
S0
B
3 20f
i
g
= .,./H"/‘/./-/'
0 L L L L J
0 0.8 1.6 24 3.2 4

Eﬂ‘ "Ej tO S/hO 5

2 TC7EMBC 1 BC _EHIIR B 3 1%
Figure 2 Kinetics of TC adsorption onto MBC and BC
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Figure 3 Isotherms of TC adsorption on the BC and MBC
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Figure 4 Effects of temperature on TC adsorption on MBC

3 1 MBC A BC R TC BB BH 30 1 F 54
Table 1 Kinetics parameters for TC adsorption on MBC and BC

Bk #—2% 21 1A The pseudo-first-order model =% 2y 245 The pseudo-second-order model

Materials q./(mg-g™") ku/h™! g/(mgg™") kof(gemg™ +h™") R’
MBC 35 1.294 0.945 0 38 0.051 0.987 0
BC 6 1.034 0.800 4 7 0.209 0.892 0
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32 MBC#1BCIRH TC KR %R S5
Table 2 Isotherm parameters for TC adsorption on MBC and BC

Wk Langmuir f % Langmuir model Freundlich #7 Freundlich model

Materials qu/(mg g™ Ki/(L'mg™) R R Ki/(mg! -1 o) n R
MBC 736 0.009 0.172~0.912 0.953 28 1.893 0.879
BC 45 0.005 0.270~0.949 0.957 1 1.936 0.958

R 3 MBCRH TC R A FSE
Table 3 Thermodynamic parameters for TC adsorption on MBC

T/K q..,/(mg'g") K/(L-g™) AG/ (kJ-mol™) AH/ (kJmol™) AS/ (J-mol™"-K™)
288.15 465 1.12 -0.279 34.96 122.06
298.15 736 1.67 -1.277
308.15 876 2.90 -2.731
4 1S B R R B AE A A MBC W fff TC RE 7 T B, MBC X TC B fff 32 pH

Table 4 Thermodynamic parameters for adsorption types
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