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Abstract: Nitrogen-alkali coupling modified biochar was obtained from KOH activation on nitrogen-
modified jujube wood-based biochar, which was prepared via urea modification of jujube wood chips. The
influence of activation temperature, activation time, and impregnation KOH mass fraction on the
comprehensive adsorption property of coupled modified biochar were analyzed via orthogonal experiments.
The nitrogen-alkali coupled modified biochar with the best comprehensive adsorption performance was
selected under a simulated power plant flue gas environment (CO, volume fraction 15%, adsorption
pressure 0.1 MPa, adsorption temperature 25 °C, inlet flow rate 2.1 m/min), and characterized by SEM,
XRD, FTIR and BET. Its CO, dynamic adsorption characteristic was studied under varying operating
conditions (flue gas temperature, inlet flow rate, and CO, volume fraction). The results indicated that the
nitrogen-alkali coupling modified biochar (SAC-1073-1.5-K3¢) prepared under the conditions of activation
temperature 1073 K, activation time 1.5 h and impregnated KOH mass fraction 30% exhibited the best
comprehensive adsorption property with the highest CO, dynamic adsorption capacity (4.17 mmol/g), good
regeneration characteristic (96.6%) and water resistance (95.4%). Furthermore, the CO, dynamic adsorption
capacity of SAC-1073-1.5-K3, was negatively correlated with adsorption temperature and inlet flow rate,
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and positively correlated with CO, volume fraction. Under the optimal adsorption conditions of adsorption

temperature 25 °C, inlet flow rate of 8.40 m/min, and CO, volume fraction of 15%, the CO, dynamic

adsorption capacity was 3.59 mmol/g, and the penetration time was 33.8 s.

Key words. coupling modification; biochar; dynamic adsorption; regenerative characteristic; water

resistance; functional materials
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Table 1 Orthogonal experimental design table
F5 WEREE/K TEBETE/A 205 KOH 414U %
1 1173 1.0 10
2 1173 1.5 20
3 1173 2.0 30
4 1073 1.0 20
5 1073 1.5 30
6 1073 2.0 10
7 973 1.0 30
8 973 1.5 10
9 973 2.0 20
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Fig. 2 Schematic diagram of a small-scale fixed bed variable
temperature CO, adsorption experimental system
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Table 2 Related information of main measurement instruments

A W K W5
1 R £1 mg 100~3000 mg
2 BT (N) +10 mL 560~1000 mL
3 B Et (Co,) +1 mL 33~100 mL
4 LLAMEA ST £0.3% 5%~15%
5 L +1 °C 25~60 °C
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Table 3 Orthogonal experimental results of dynamic adsorption

characteristics
T SEABIEE/K I ARIE]/ 95 KOH B 4U% g/(mmol/g)

1 1173 1.0 10 3.28
2 1173 1.5 20 2.86
3 1173 2.0 30 2.97
4 1073 1.0 20 1.82
5 1073 1.5 30 4.17
6 1073 2.0 10 1.19
7 973 1.0 30 1.60
8 973 1.5 10 1.87
9 973 2.0 20 1.44

K, 9.11 6.70 6.34

K 7.18 8.90 6.12

K; 491 5.60 8.74

ki 3.04 2.23 2.11

ky 2.40 2.97 2.04

ks 1.64 1.87 291

R 1.40 1.10 0.87

*4 AR SR AR

Table 4 Orthogonal experimental results of regeneration

characteristics
5 TBIRE/K IGERTE/h R KOH R AMEU% qi0/q0/%

1 1173 1.0 10 93.5
2 1173 1.5 20 95.6
3 1173 2.0 30 95.0
4 1073 1.0 20 95.3
5 1073 1.5 30 96.6
6 1073 2.0 10 99.0
7 973 1.0 30 99.0
8 973 1.5 10 95.7
9 973 2.0 20 98.0
K, 284.1 287.8 288.2

K 290.9 287.9 288.9
K; 292.7 292.0 290.6

ki 94.7 95.9 96.1

ka 97.0 96.0 96.3

ks 97.6 97.3 96.9

R 2.9 1.4 0.8
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Table 5 Orthogonal experimental results of water resistance

5 WALIRE/K WAL/ 125 KOH FEAEUY% qu/qd%

1 1173 1.0 10 101.0
2 1173 1.5 20 97.1
3 1173 2.0 30 99.0
4 1073 1.0 20 97.0
5 1073 1.5 30 95.4
6 1073 2.0 10 95.8
7 973 1.0 30 95.3
8 973 1.5 10 94.0
9 973 2.0 20 97.5
K, 297.1 293.3 290.8
K 288.2 286.5 291.6
K; 286.8 292.3 289.7

ky 99.0 97.8 96.9

5 96.1 95.5 97.2

ks 95.6 97.4 96.6

R 3.4 23 0.6

M S FTLUE 1, SR b i K 2 5 - o
AU R CO, Bl 75 W FFE 25 1 i B AR K,
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PEA Wk B B PR, KA FAE Yk R 2T
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PR A& 2 R IEARTRE 1173 K, 1G4kt
] 1.0 h, 295 KOH Jii i /- 40h 10%, Frifil % 1A -
TR A LR Y% SAC-1173-1.0-K 0o TEIEALIRE
1073 K, {6 AL E] 1.5 h, 295 KOH B 4340k 30%
SR HI4H SAC-1073-1.5-Ks30, i qu/qa=95.4%.
WX A R R, 15 345 PR 2 X K 1 1) 52 0
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Fig. 3 Properties of nitrogen-base coupling modified biochar
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Fig. 4 SEM images of sour jujube wood (a, b) and SAC-
1073-1.5-K3 (c, d) at different magnifications
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