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Adsorption of tetracycline hydrochloride by KOH modified peanut shell biochar and its mechanism

ZHONG Laiyuan, LIAO Rongjun, LIU Fuyujie, LUO Zhangyi

(College of Chemistry and Environment, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: In this study, peanut shell was used as raw material and KOH as a modifier to investigate the effects of parameters in the process
of alkali modification, such as pyrolysis temperature, alkali—carbon ratio, and the alkali treatment procedure, on the adsorption properties of
modified biochar to tetracycline hydrochloride (TCH). The adsorption experiments were carried out using pristine biochar (BC600) as a
control, and the effect of parameter changes in the process of modification on adsorption performance was studied. The biochar was
characterized by SEM, EDS, specific surface area and pore size analysis, FTIR, and pH,.. to unravel the adsorption mechanism of TCH by
biochar. The results showed that modified biochar (Post-MBC ) prepared by alkali post—treating—melting method at 600 °C with alkali—
carbon ratio of 2: 1 exhibited excellent TCH removal capacity. The removal rate of TCH in 40 mL solution of 0.06 mg-mL™" reached 99.07%
using 0.1 g Post—-MBC at 25 °C and pH of 4. The theoretical maximum adsorption capacity of Post-MBC to TCH reached 240.94 mg- ¢
(45 °C). The specific surface area and total micropore volume of Post—-MBC reached 863.56 m”+ g™ and 0.26 cm’- g ™', respectively. The
hydrophilicity of biochar modified by KOH was reduced, and the biochar carried negative charges on its surface. Consequently, its

adsorption capacity was improved for hydrophobic and positively charged pollutants. The kinetic model of biochar accords with the McKay
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equation, and the fitting results of Langmuir, Freundlich, and Temkin isotherm models showed that all three models had high correlation

coefficients. Chemisorption was the primary adsorption mode of modified biochar removing TCH, and the adsorption process was

endothermic and spontaneous. The adsorption mechanism of modified biochar included pore filling, m—m interaction, hydrogen bonding,

electrostatic interaction, and hydrophobic interaction.

Keywords : peanut shell; biochar; alkali treatment; tetracycline hydrochloride; adsorption mechanism
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Figure 3 (a)N;adsorption—desorption BET model and (b) Pore
size distribution of BC600 and Post—-MBC

32 BC600F Post-MBC K REE RS
Table 2 Surface properties of BC600 and Post-MBC

HeR AR SALATR WAL PR
E2X7/)/3 )
Bioche Surface area/ Total pore volume/ ~ Micropore Mean pore
rochar (m?*+g™) (em’-g™") volume/(c¢m®+g™)  size/nm
BC600  108.984 3 0.088 4 0.0324 3.1012
Post-MBC  863.565 9 0.567 8 0.267 7 2.6303

T 691, ALIARE & T 7.26 6%, PR FRE T
0.5 nm A
2.2.3 FEHM S Zeta AL HT

4 BC600 Fil Post-MBC LA 2.0 A —E it
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Figure 4 The changes of Zeta potential of BC600 and Post—MBC
with pH value
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Figure 5 FTIR spectra of BC600 and Post—-MBC after
adsorption of TCH
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Figure 6 Fitting curves of TCH adsorption kinetics by
BC600 and Post—-MBC
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Table 3 Kinetic model parameters of biochar adsorption TCH
I Langergren McKay Elovich
Biochar R ki/min” g./(mg-g) R k2/[gs (mg-min)"]  ¢/(mg-g™) R a B
BC600 0.827 6 0.108 7 5.0820 09127 27.670 4 5.3199 0.793 8 58.007 3 1.943 4
Post-MBC 0.9349 0.243 7 22.548 6 0.956 7 62.010 5 23.066 7 0.647 4 86.2559 0.9303
351 (@) Langmuir model BN O I e el 5] R < I S (B 5 E
307 Freundlich £ B {5 77 78 22 )22 | FRAR U BT, W 56 7% b
~ B RE 7 A FE AN S AR X B3R i b X EE BC60O Al
;,Z 207 Post—MBC /1 Langmuir £ %I 4 5 22 50 Fil Freundlich £5
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10} X TCH AW B - MR . 2 I AE W) e X TCH#) Wi o
TP T BLE B 5 i 2 A 4 2 B 22 R
0—5 - m = % Wy 53Xk TCH A W B 52 31) Z2 b R B BT B A A [) 52 =1
W FE Concentration/(mg+1.”) Temkin A7) 22 PR 8 W82 Bk 55 5 1% BRY 5710 =2 1] ) i
31 (b) Freundlich model A FAE L e £ M. BC600 Fil Post—MBC 14
30 ii Temkin 151 8 (5 4 3¢ 2§42 5 , % W1 BC600 & Post -
- [ PR Sl MBC IS TCH e 7 e A2 38 5 L P
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Figure 7 Adsorption isotherms of TCH of BC600 and Post-MBC
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Table 4 Isothermal equation parameters of TCH onto BC600 and Post—-MBC
B » Langmuir Freundlich Temkin

Biochar R qu/(mg-g™)  Ki/(Lemg™) R I/n Ke/[(mg-g')(mg-L")™ R b Ki/(Log™)

BC600 298 0.873 1 26.6121 0.003 9 0.874 4 1.2373 0.186 7 0.8713 622.0679 0.0615

308 0.967 0 125.704 7 0.004 8 0.967 3 1.068 4 0.2316 0.9526 2303834 0.0508

318 0.989 1 201.007 3 0.005 3 0.988 5 1.041 3 0.326 3 0.9900 199.1032 0.0519

Post—-MBC 298 0.979 8 99.355 4 0.020 8 0.9777 1.356 4 0.560 2 0.9863 127.9790 0.0534

308 0.989 0 186.305 5 0.0339 0.983 1 1.2330 0.791 5 0.9965 149.6880  0.068 3

318 0.989 2 240.947 3 0.067 8 0.989 8 1.1150 0.918 4 0.9841 129.4939  0.060 8
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Table 5 Thermodynamic parameters of TCH onto
BC600 and Post-MBC

He Wy AHY ASY/ AGY/(kJ-mol™)

Biochar  (kJ-mol™) [J:(mol-K)"'] 298.15K 308.15K 318.15K
BC600 13.76 10.10 299  -3.09  -3.19
Post-MBC  50.42 136.11 -40.51 -41.87 -43.23
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