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A study on the adsorption of quinclorac in water using TiO,—SiO; modified banana peel biochar

QING Zhaoxia"? FU Jing', YUAN Lin', ZENG Xinyan', WEI Weike"?, YANG Lihua"*

(1. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. Institute of Agricultural
Environmental Protection, Hunan Agricultural University, Changsha 410128, China)

Abstract: To find an effective method of removing quinclorac (QNC) from polluted water, Ti0,—SiO, modified banana peel biochar (Ti—Si—
BC) was prepared from banana peel (agricultural waste) and modified using phosphoric acid, TiO2, and SiO,. Scanning electron microscopy
(SEM), X —ray diffraction (XRD), fourier—transform infrared spectroscopy (FTIR), specific surface area method (BET), and elemental
analysis (EDS) were used to characterize the physical and chemical properties of the modified and pristine biochar. The adsorption
mechanism of Ti—Si—BC on QNC and the effects of contact time, initial concentration of QNC, temperature, and amount of adsorbent on the
adsorption effect were studied. The results showed that the synergistic modification of phosphoric acid, TiO,, and SiO, significantly
increased the specific surface area and adsorption sites of biochar. When the initial concentration of QNC was 60 mg- L™, the adsorption
rate of Ti—Si—BC on QNC was 2.5 times that of natural banana peel biochar(BC). The adsorption kinetics of QNC on Ti-Si—BC was more
in line with the quasi-second—order kinetic adsorption model, which included physical adsorption on the surface and internal chemical
diffusion. The isothermal adsorption process was more consistent with Freundlich model, which is a heterogeneous multilayer adsorption.

Thermodynamic results showed that the adsorption of QNC on Ti-Si-BC was a spontaneous and endothermic reaction. Void filling,
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electrostatics, and hydrogen bonding were the main mechanisms for the removal of QNC through Ti—Si-BC adsorption. The adsorption

capacity of Ti-Si-BC was significantly improved compared with that of BC, indicating that Ti—Si—BC had a good application prospect for

the removal of QNC in water.

Keywords : banana peel biochar; TiO,; Si0O,; modification; adsorption; quinclorac
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Figure 1 SEM images of BC(a,b) and Ti-Si-BC(c,d)
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Table 2 Specific surface area and pore volume of the samples
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Figure 2 XRD(a) and FTIR(b) patterns of BC and Ti-Si-BC
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Figure 3 Adsorption effect of natural biochar and different
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Figure 5 Adsorption kinetic models of QNC on Ti—-Si-BC
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Table 3 Fitting parameters of adsorption kinetics
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Uk N HIB A Intraparticle diffusion model

Quasi—first—order kinetic model Quasi—second—-order kinetic model

25— B First stage

55 B B Second stage 25 By Bt Third stage

(]p/ k|/ RZ

(mg-g") min (mg-g") (g-mg"-min'l)

q(-/ kof R kal
(mg_g-l Sh0s)

kaf R k!

2 2
¢ R C (mgegoeho) © R

4.34 1.79  0.859%*%  4.61 0.54

0.940%* 3.13

(mg-g'+h™)
0.28 0.877%* 0.61 2.51 0.988#* 0.04 4.66 0.469

1 ORI IR BB KT (=11, R>0.553, P<0.05) , *# /8 A Stk ikl i 2 /K F- (n=11, R=0.664, P<0.01) .

Note: * indicates that the correlation reaches the significant level (n=11, R=0.553, P<0.05) , ** indicates that the correlation reaches the extremely

significant level (n=11,R=0.664, P<0.01).
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Table 4 Adsorption isotherm fitting parameters

W Langmuir Freundlich
Temperature / K/ K/
G L 2 ¥ 2
/K (mg-g™") (Lemg™) (L-mg™) Un R
288 5.958 1.174  0.954#*% 2,614 0.322 0.982%*
298 5.542 8.008 0.915%* 4.690 0.300 0.970%*
308 5.622 11.984 0.954** 6.073 0.392 0.976%*

B #R R A IK 25 KT (n=6, R20.707, P<0.05) , **3FK R Afl
MM KT (n=6, R0.834, P<0.01)

Note: * indicates that the correlation reaches the significant level (n=
6, R=0.707, P<0.05) , ** indicates that the correlation reaches the
extremely significant level (n=6,R>0.834,P<0.01).
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Table 5 Adsorption thermodynamic parameters of QNC on

Ti-Si-BC
TRz AG/ AH/ AS/
Temperature/K (kJ-mol™) (kJ-mol™) (kJ-mol"-K™)
288 -0.284
298 -2.551 2.211 2.438
308 =-5.159
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