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Effects and Mechanisms of Methyl Orange Removal from Aqueous Solutions by

Modified Rice Shell Biochar

SHI Yue-yue'***, SHAN Riu'*?, YUAN Hao-ran' "

(1. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China; 2. Key Laboratory of
Renewable Energy, Chinese Academy of Sciences, Guangzhou 510640, China; 3. Guangdong Provincial Key Laboratory of New and
Renewable Energy Research and Development, Guangzhou 510640, China; 4. Nano Science and Technology Institute, University of
Science and Technology of China, Suzhou 215123, China)

Abstract: Waste rice shell (RS) was used for modified biochar preparation via different activation methods. The types of modifiers,
impregnation ratio, and pyrolysis temperature have significant effects on the characteristics of biochar and the adsorption capacity of
methyl orange (MO). The physical and chemical properties of modified biochar and MO adsorption mechanisms were analyzed by N, -
adsorption, X-ray diffraction (XRD) , Fourier infrared spectroscopy (FT-IR), field emission scanning electron microscopy ( SEM) ,
thermogravimetric analyzer (TG ), transmission electron microscopy ( TEM ), and X-ray photoelectron spectroscopy ( XPS)
techniques. The results showed that the modified biochar ( named Z2RT400) prepared at 400°C with a mass ratio of 2: 1 (ZnCl,: rice
shell) had the highest adsorption capacity for MO. Under the following conditions with a solution pH value of 4, adsorbent dosage of 10
mg, initial MO concentration of 2000 mg-L™", and reaction time of 420 min, the maximum adsorption capacity of Z2RT400 was
1967.72 mg-g~'. When the adsorbent dosage was 80 mg, the maximum removal rate reached 99.52% . The adsorption data fitted
well with the pseudo-second order kinetic model and Freundlich isotherm model, which indicates that chemical adsorption is the main
adsorption mechanism and physical adsorption is the auxiliary adsorption mechanism. Therefore, the waste rice shell derived biochar
can be used as a highly efficient dye adsorbent in applications such as sewage treatment.

Key words : modified ; zinc chloride; rice husk biochar; methyl orange (MO) ; adsorption
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Table 1 Specific surface area and elemental analysis of biochar

HiH N/% C/% H/% S/% 0/% K5y % m%@ﬁ E%ﬂﬁ PR

/m” g /em’ .g /nm
Z2RT300  0.1400 20.85 2.850 0.1300 50.81 25.22 1.652 0. 004 591 7. 640
ZORT400  0.5500 50.47 2.680 0.440 0 29.33 25.33 6.824 0.016 85 9.870
Z2RT400  0.0500 34.84 2.270 0.8800 35.55 26.41 3.947 0.007 541 5.560
Z2RT800  0.3300 53.24 0.8500  0.4100 10.97 34.20 996. 4 0.6812 1.370
Z2RT1100  0.1700 56.99 0.5000  0.4500 5.010 36. 88 1356 0.893 1 1.320
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Fig. 1 N, adsorption-desorption curves and BJH pore size distribution diagrams of modified biochar prepared by pyrolysis at different temperatures

(a)Z2RT300; (b)Z2RT400; (c¢)Z2RT800; (d)Z2RT1100
B2 HiEExpAdEER

Fig. 2 Scanning electron microscopy images of modified biochar

N5 Bt PR FE B TS (800°C) , AHLKArFif RBIEJR Zn,Si0,, BEETAYAED b 3 Sio, AYAT ST
— o, RETCTY Sio, BT BB 2, AL 16 (20 S 20.6°, 21.8°, 26.4°, 36.4°, 39.2°,
Zn,Si0, K (20 2 12.6°, 21.8°, 25.4°  31.3°,  42.2°, 45.6°, 49.9°, 54.6°, 59.8°. 63.8° fi
38.7°, 44.8° 48.8° 56°, 60.8°, 65.6°, 68.5°F1  67.8°). LEEIAERE IR XF W B ) 0K BRI BE AR
70. 1°) 5 YPGB TR R 100°CHE, FIRT C Al 400°C R BV A 10 A 1 5 X6 FR LA 1 8% A8 R e



6 3 S H AR SRR TS AR5 KR R T R A IR B SCR5 HIL 2787

4, WIRE ZnCl, AR S IR P AT HL -
gL ZnOHCL, 5 PR #4505 1E .

& ZnSi0y % Al:Si;0s(OH),
¥ S5i0; A KCl % ZnOHCI

M.

v
TYYvy , v Y, "@R‘ruo

.
*

e

S > X *x X Z2RT400

\H___I_.*,‘___,,;A_v___r_ﬁ_ﬁ_f Z2RT300

10 20 30 40 50 60 70 80
20/(° )

B3 E¥Rl X HEITHERE
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Fig. 5 Transmission electron microscopy images of modified biochar
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with different modifiers on MO
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Fig. 12 Influence of the adsorbent dose on MO removal
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Table 2 Fitting parameters of the adsorption isotherm and adsorption kinetics models

R e WE B3 )2 28
Freundlich #% Langmuir 5% /mbg‘ 1 A— LB 3h 2% W= W B3 2
ky/mgeg™t  ng R aw/mgrg™t kLT R q/mgg”t k R q/mgst ok R
2.863 1. 885 0.9850 1.248 x10%  2.989 x10°° 0. 8412 991. 1 990. 8 1. 196 0.8188 991.0 0.07040 0.9938
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