GO /B v - A HE % | BMEMRBHEKFESRETOMRER (LY
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Dec. 25, 2024, 40(12): 4467-4479

DOI: 10.13345/j.cjb.240263 ©2024 Chin J Biotech, All rights reserved

MMEEMRKRMERPEERETHNARER

B REEL REE EIBEY YRA WAV

1 b TR Axdpfley SR TR RE, AL :IX 430068
2 WAL T K2 MRS b2 TR, Wb I 430068

3 A LM R B A TR T, Wt IR 430064

4 VA ERENREBRIMFET, T8 HH 336000

dhih, RI5, BIR%E, BER, ZRA, IME SerEA Y s WM BK s R B T RS HE R (], R TR, 2024,
40(12)‘ 4467-4479.
HONG Jing, DAI Yongyong, NIE Qijun, LIAO Zhiqiang, PENG Liangcai, SUN Dan. Research progress in the adsorption of heavy
metal ions from wastewater by modified biochar[J]. Chinese Journal of Biotechnology, 2024, 40(12): 4467-4479.

§ E: MANKTLGLRK, EEEBKFTEEAZTE, KA LSBT o AL RAM AR B
. M RAE A —FF G ARRAREGBI A, A EERBETH —ERMEE S, KT E LR
e RENER, SEARNAEYRER MEMAT T REA, KX ERT ARG &, T
IR . AW AAL S R B B ik e ER b, AT T A RaTE A B B TR A
N Rk, ST ARG IMNIE, At b, 388 T RRAMRELG T LY PG AR T
B, AEMFAELREASABRG LA RET E2AE,

KR AR, RM; BEK, €25

Research progress in the adsorption of heavy metal ions from
wastewater by modified biochar

HONG Jingl, DAI Yongyongz, NIE Qijun3, LIAO Zhiqiang4, PENG Liangcail, SUN Dan'?

1 School of Life and Health Sciences, Hubei University of Technology, Wuhan 430068, Hubei, China

2 School of Material Science and Chemical Engineering, Hubei University of Technology, Wuhan 430068, Hubei,
China

3 Economic Crop Research Institute, Hubei Academy of Agricultural Sciences, Wuhan 430064, Hubei, China

4 Grain and Oil Research Institute, Yichun Academy of Sciences, Yichun 336000, Jiangxi, China

Abstract: The rapid development of modern industries is accompanied with the aggravating

TNTH . B K A AR5 4:(32170268)

This work was supported by the National Natural Science Foundation of China (32170268).
*Corresponding author. E-mail: sundan0806@mail.hbut.edu.cn

Received: 2024-03-26; Accepted: 2024-07-08



4468 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

water heavy metal pollution, which poses a potential threat to the aquatic environment and the
health of local populations. As an efficient and economical adsorbent, biochar demonstrates the
adsorption capacity for heavy metal ions and its adsorption capacity is significantly enhanced
after modification. Therefore, biochar can effectively mitigate environmental pollution. By
reviewing the existing studies, we summarize the modification methods of biochar, compare the
advantages and disadvantages of physical, biological, and chemical modification methods,
analyze the effects of modification on the adsorption capacity of biochar for heavy metal ions,
and expound the modification mechanism of biochar. On this basis, this article puts forward the
future research directions of the application of biochar in treating coexisting pollutants, aiming
to provide a reference for the application of biochar in the purification of heavy
metal-containing wastewater.

Keywords: modified biochar; adsorption; wastewater; heavy metals
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Figure 2 Comparison of different chemical
modification of biochar.
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The methods and mechanisms of biochar modification

Modification methods Modification mechanisms References
Physical methods  Ball milling modification Grinding solid particles to the nanoscale and increasing specific ~ [23-24]
surface area by ball milling medium
Steam activation Selective removal of volatile substances formed within the [25-26]

modification

original biochar structure by water vapor, CO,, etc. to increase

surface area with temperature rising and reduce pore diameter

UV irradiation

Enhancement of the functional groups on the surface of biochar to [27]

modification improve its adsorption performance by UV irradiation

Ultrasonic modification Enlargement of the specific surface area and increasing the [28]
number of pores of biochar after ultrasonic modification

Microwave modification Changed the pore structure of biochar and provided more [29]

adsorption sites after microwave modification

Chemical methods Acids and alkalis
modification

of biochar

Organic solvents

modification

By increasing the surface acid-base functional groups of biochar

By using organic solvents to increase the oxygen-containing

[30-31]

to increase the porosity, and improve the adsorption performance

[32-33]

functional groups on the surface of the original biochar and

enhance its adsorption performance

Metal modification

Provide more active sites for biochar and increase its magnetism

[34-35]

to enhance its adsorption performance by combining metal oxides

or elemental substances with the original biochar

Biological method Bacillus subtilis

modification

Increase its specific surface area and pore capacity and improve  [36]

its adsorption performance after microbial treatment of biochar
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Table 2 Advantages and disadvantages of three biochar modification methods

Modification Advantages Disadvantages References

methods

Physical Simple and easy to operate, environmentally High cost and unsuitable for large-scale [39-42]

modification friendly industrial applications

Chemical A significant effect on the physical and Acids and alkalis are corrosive and not [43]

modification chemical properties of carbon materials, such environmentally friendly enough

as specific surface area and adsorption sites Further harmless treatment required, high costs  [44]

The adsorption effect is greatly affected by [45]
the environmental pH value, and the
adsorbent is difficult to recover

Biological Economical and environmentally friendly, High cost, slow speed, bad stability, and [46]

modification reducing the use of toxic and harmful chemicals  poor reusability

http://journals.im.ac.cn/cjben
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Table 3

Influence of biochar modification on adsorption capacity of heavy metal ions

Samples Modification methods

Factors of adsorption

Adsorbed

ions or removal rate

Adsorption capacity References

Apple branch Modification by
tetracthylenepentamine
Modification by
tetraethylenepentamine

pH value
Vine branch
pH value

Time, initial concentration and Zn(II)

Time, initial concentration and Zn(II)

13.2—52.2 mg/g [49]

24.6-459 mg/lg  [49]

Rice straw Modification by a mixture of Contact time, initial pH value  Cd(Il) 69.3—593.3 mg/g [50]
H,0, and HNO; and initial concentration
Rice straw Modification by KOH Cd ion concentration, the pH of Cd(II) 12.1-41.9 mg/g [51]
solution Cd solutions
Rice straw Loaded by hydroxyapatite Initial pH, contact time, initial Pb(Il), 561.8—1 000.0 mg/g [52]
heavy metal ion concentrations, Cu(Il),
NaCl concentration and Zn(II)
competing cations
Rice straw Fabricated by iron floc pH value Pb(II) 34352473 mg/g  [53]
generated from acid mine
drainage (AMD)
Coconut shell Modification by KMnO, Initial pH, biochar dosage Cd(D), 57.2 mg/g, [54]
Ni(II) 23.3 mg/g
Corn straw  Loaded by Bacillus subtilis pH value Cd(rn) 62.0% [55]
Corn straw ~ Modified by Fe-Mn pH, high concentrations of Cu(Il), 64.9 mg/g, [56]
humic acid Cd(II) 101.0 mg/g

“—” indicates adsorption capacity of biochar for heavy metal ions before and after modification.
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Figure 3 Inferred mechanism diagram of surface
physical adsorption capacity enhanced by biochar
modification.
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Figure 4 Inferred mechanism diagram of surface
chemisorption sites added by biochar modification.
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