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Abstract: Aiming to explore the feasibility of using cotton stalk biochar for purifying kitchen waste biogas
slurry and recovering nitrogen and phosphorus nutrients, and clarify the regulatory role of pyrolysis
temperature on the adsorption performance of biochar, it prepared cotton stalk biochar at different
pyrolysis temperatures (300°C , 400°C , 500°C , 600°C , and 700°C ). The physicochemical structures of
the biochar were systematically characterized, and its adsorption performance for ammonia nitrogen,
nitrate nitrogen, total nitrogen, total phosphorus, and chemical oxygen demand ( COD specifically
referred to the amount of reducing substances determined by chemical oxidation) in simulated biogas
slurry was investigated. The biochar with optimal comprehensive performance was selected for dosage
gradient experiments to explore its removal efficiency of pollutants from actual biogas slurry and determine
the optimal dosage threshold. The results indicated that pyrolysis temperature significantly regulated the
physicochemical properties and adsorption behavior of the biochar. Biochar prepared at 600°C exhibited
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the highest adsorption capacity for ammonia nitrogen and COD, with values of 8.65 mg/g and
181.02 mg/g, respectively. Biochar prepared at 500°C demonstrated the best removal performance for
nitrate nitrogen and total nitrogen, with adsorption capacities of 27.0 mg/g and 68.66 mg/g,
respectively. Biochar prepared at 700°C showed the highest adsorption capacity for total phosphorus,
reaching 3. 36 mg/g. Although biochar prepared at 500°C was not the optimal adsorbent for any single
pollutant, it possessed the most balanced comprehensive adsorption performance, characterized by well-
developed pore structure and suitable oxygen-containing functional groups, making it a promising
candidate for the treatment of actual biogas slurry. Kinetic analysis revealed that the removal of ammonia
nitrogen, nitrate nitrogen, total nitrogen, and COD was dominated by physical adsorption, consistent with
the pseudo-first-order kinetic model, whereas the removal of total phosphorus was primarily governed by
chemical precipitation and complexation, fitting better with the pseudo-second-order kinetic model. In the
application to actual biogas slurry, as the dosage of the optimal biochar increased from 1 g to 2 g, the
removal rates of all pollutants continued to increase, while the adsorption capacity per unit mass
decreased. When the dosage reached 1.5 g, the increase in removal rates slowed significantly, indicating
that the optimal dosage threshold for this system was 1.5 g. Considering both adsorption performance and

material economy, the biochar prepared at 500°C demonstrated good engineering application potential for

the adsorptive treatment of biogas slurry at a dosage of 1.5 g.

Key words: cotton stalk biochar;

simulated wastewater;

kitchen waste biogas slurry; adsorption

performance ; pollutant removal; adsorption kinetics
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Tab.1 Physical and chemical properties of cotton stalk
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il Jo 15t 43 B 44,41 0. 92
ENRngi 5.40 0. 11
E2WDi e 48.85 0. 83
FUT L2 B 1.11 0. 04
T I3 i 53 %L 0.23 £0.01
TR 53 Jo k53 B 0.70 0. 03
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[ 5 e O 3 B 21.70 £1.17
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Tab.2 Characterization of digestate
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Tab.3 Characterization of the simulated digestate
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Fig.1 Characterization of cotton stalk and its
derived biochar
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Tab.4 Pore structure of biochar produced at different

pyrolysis temperatures

o H R A/ BALE/ LR
(m’-g7") (em’-g™") nm
CSB300 4.88 0.007 1 8.87
CSB400 5.93 0.009 7 6.67
CSB500 8.35 0.013 1 3.56
CSB600 7.67 0.0150 4.83
CSB700 6.03 0.0112 6.15

A= W) 1 OO T S50 45 A 4N /&1 2 BT, 7E 300 ~
400 °C #Rfige DX 1], A= 4 ¢ B A Ok B T L %5 A 1) A IR &1
AeLhply , R AE NG P8, fLEE R H IO W B 55
B, AL 25 00 B 158 , R 3 B W) 40 ok A B B o
Y PR T B 2 S00°C i, AR W) e 2 TDHLRE
R ALRE AR SFL B S B T R
Y 5 45 ot 2 W4 A o0 K 1 R T e e i SR W0 A0 EHE
#E— 25 THE & 600 ~ 700°C , 3% T KL B 35 3 %
ALFR S 2 Hoor A #a T 52 2%, 450 T 4 10 3 )= &6
P sl A, 52 P RE T RO EE Ao
2.2 FEEIREE YR R EHEILE RS R YRR
2.2.1 NH, -N Z[BZHR

AN TR B B TR AT A W) R BALLVE W NH-N
(14 2 B3 258 K B A7 W Bt ik AR Ak R A AN 1] 3a TR, S ]
INE RIS AL A 25 5 B3 (p <0.05) o B & A
Fif T E T, A2 W e %F NHL N W B i 5 B R
T 5 U 55 e B, o CSB600 W B BE R AL, B

5]

=3

=
T

BN /(g g7
W
LRI %
NH;-NJT /(g - 1)

T o s 7% i
o1 it it 2 20
* BHE b [4] i

*
@
d g L
L H * * | 120 AR 1 o S
* SO 2
120+ !

(d) CSB600-1000 () CSB700-1000

2 A [a] RA l E A ) 2 R ML 45
Fig.2  Microstructure of biochar at different pyrolysis
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Fig.3 Adsorption performance of cotton stalk biochar on NH, -N at different pyrolysis temperatures
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Fig.4  Adsorption performance of cotton stalk biochar on NO; -N at different pyrolysis temperatures
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