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Effect of Pyrolysis Temperature on Adsorption Performance and
Mechanism of Cotton Stalk Biochar for Polystyrene Nanoplastics

Guo Mei'?  Duan Hongwei'” Zhao Sijie'” Zhang Ruoyu'’  Chen Xuegeng'~
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China
2. Shihezi Field Scientific Observation and Research Station for Soil Quality, Ministry of Agriculture and Rural Affairs,
Shihezi 832003, China
3. Key Laboratory of Northwest Agricultural Equipment, Minisiry of Agriculture and Rural Affairs, Shihezi 832003, China)

Abstract: Aiming at the pollution problem of agricultural non-point source microplastics, a series of
biochar were prepared from cotton stalk at 350 ~ 750°C. The effects of pyrolysis temperature on the
physical and chemical properties of biochar and the adsorption performance of polystyrene nanoplastics
(PSNPs) were systematically investigated. Batch adsorption experiments, including kinetics, isotherms
and pH effect were conducted to evaluate the adsorption behaviors. Moreover, the adsorption mechanism
was elucidated by SEM, BET, FTIR and XPS characterizations. The results showed that with the increase
of pyrolysis temperature, the yield of biochar was decreased from 36.65% to 26.34% , the degree of
aromatization was increased ( H/C decreased from 0. 752 to 0. 197 ), the pore structure developed first
and then declined, and the content of surface polarity and oxygen-containing functional groups was
decreased. At 650°C, the biochar ( CS650) exhibited the best performance, with a specific surface area
of 202. 03 m*/g, micropores accounting for 96. 1% , aromatic carbon accounting for 75.99% , and the
maximum equilibrium adsorption capacity of 12.68 mg/g. The adsorption kinetics conformed to the
Elovich model (R* =0.989 9), and the isotherm fitted the Sips model (R®> =0.990 6), with a

theoretical maximum adsorption capacity of 39.3 mg/g. The adsorption process was mainly achieved
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through surface adhesion and orifice interception, synergistically promoted by 7 — 1 interaction and

hydrogen bonding. Additionally, solution pH values significantly affected the adsorption, with acidic

conditions being more favorable due to weakened electrostatic repulsion. The research result can provide

technical support for accurate and efficient utilization of agricultural waste and microplastic pollution

control.

Key words: cotton stalk biochar; pyrolysis temperature ; polystyrene nanoplastics; adsorption
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Pyrolysis characteristics and biochar yield of cotton stalk

®1 AEHRFEERFRELER
Tab.1 Physical and chemical properties of cotton

stem charcoal at different pyrolysis temperatures

S8 (S350  (€S450  (S550  €S650  CS750
PR/ % 36.65  30.56  27.61  26.65 26.34
TRy &/ % 2.857 4.249 6.284 5.198  6.767
CHE/% 72.61  77.09  78.43  84.16  82.77
N & 8/% 1.11 1.17 1.12 0. 83 1.15
H&8/% 4.552  3.600 2.586 1.764  1.357
S &R/ % 0 0.175 0.177 0.119  0.132
0 &/ % 18.871 13.716 11.403  7.929  7.824
0/C 0.195 0.133 0.109 0.070  0.071
H/C 0.752  0.560 0.396 0.252  0.197
(N+0)/C 0.208 0.145 0.120 0.079  0.083
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Fig.2 Pore structure characteristics of biochar at different pyrolysis temperatures
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Tab.2 Pore structure parameters of cotton stem

biochar at different pyrolysis temperatures

T WEMBY  BALABY  BALEEY FELR
Bl i) (g ) (g ) o
CS350 1. 00 0. 000 4 0.0053 21.19
CS450 2.50 0.0010 0.004 3 6. 89
CS550 118. 47 0.0435 0.049 8 1. 68
CS650 202. 03 0.078 4 0.0816 1.62
CS750 61.58 0.0237 0.026 8 1.74
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Fig.3 SEM images of biochar at different pyrolysis temperatures
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Fig.4 FTIR spectra of cotton stalk biochar at different

pyrolysis temperatures
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Tab.3 Composition of surface elements of cotton stalk

biochar at different pyrolysis temperatures
( XPS full spectrum)

HE CHER/% OFHR/% SigH/% C/OJTIL
S350 80. 70 18.65 0.65 4.33
CS$450 83.00 15.74 1.25 5.27
CS550 86. 48 12.11 1.41 7.14
CS650 85. 64 11.87 2.49 7.22
CS750 85.30 13.17 1.53 6.48
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Fig.5 XPS spectra of cotton stalk biochar at different pyrolysis temperatures
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Tab.4 Kinetic model parameters for adsorption of PSNPs by cotton stalk biochar
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