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Preparation of Xanthoceras sorbifolia Bunge shell biochar activated

by phosphoric acid and its adsorption performance for methylene blue
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Abstract: Objective: The adsorption performance and mechanism
of Xanthoceras sorbifolia shell biochar activated by phosphoric

acid for methylene blue was investigated in this study. Methods:
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With phosphoric acid as activator, the Box-Behnken center

combination design was used to optimize the preparation
conditions of biochar from Xanthoceras sorbifolia shell. The
biochar obtained under the optimal preparation conditions was
used to adsorb methylene blue in water. Through investigating
the adsorption influencing factors, the adsorption characteristics
of biochar on methylene blue were determined, and combined
with the analysis of kinetic, the adsorption mechanism was
discussed. Results: The optimum technological conditions for
preparing biochar from Xanthoceras sorbifolia pericarp by
phosphoric acid activation were as follows: impregnation ratio
(M pericarp powder * M Phosphoric acid solution ) 1 # 21+ pyrolysis temperature
530 C and pyrolysis time 75 min. The optimal conditions for
adsorption of methylene blue in water by sorbent biochar from
Xanthoceras sorbifolia shell are as follows: initial pH of solution
12.6, dosage of biochar 1.0 g/L, initial mass concentration of
methylene blue 200 mg/L, and adsorption equilibrium time
120 min. The adsorption of Xanthoceras sorbifolia shell biochar
on methylene blue in water obeys the quasi second order reaction
kinetics. The adsorption process consists of three stages: liquid
film diffusion control, pore diffusion control and adsorption
desorption equilibrium. Conclusion: Phosphoric acid activation can
significantly increase the specific surface area and pore volume of
sorbent biochar from Xanthoceras sorbifolia sheell, thereby
significantly improving its adsorption capacity for methylene blue.
Keywords: biochar; Xanthoceras sorbifolia; shell; phosphoric

acid activated; preparation process; adsorption performance
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Figure 1 Effects of impregnation ratio, pyrolysis temperature and pyrolysis time on adsorption properties of biochar
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Table 1 Response surface test factors and code level
X, 2% X $Afift 1 Xy # St 1ef
ST PR
Om gaem * mummmn) E/C [] / min
—1 1:15 450 60
0 1:20 500 90
1 1:25 550 120

R 2 BoxBehnkeni®it FREEHER

Table 2 Box-Behnken test scheme and results

W R it Y/ (mg » g7 D)

Fo o X X2 X3

SR E B E
1 —1 0 1 78.33 78.58
2 —1 1 0 71.22 71.30
3 0 0 0 86.25 86.29
4 0 0 0 86.55 86.29
5 1 0 1 80.03 79.76
6 0 0 0 86.00 86.29
7 —1 0 —1 77.77 78.04
8 1 —1 0 71.88 71.80
9 0 0 0 86.89 86.29
10 —1 —1 0 72.66 72.06
11 0 —1 1 74.55 74.90
12 0 1 —1 79.75 79.40
13 0 1 1 78.00 77.67
14 1 0 —1 83.81 83.56
15 1 1 0 77.67 78.27
16 0 0 0 85.77 86.29
17 0 —1 —1 76.11 76.44
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Table 3 Analysis of variance of model
P - J5 1 BB ¥J7 F i P {H i E
H 7 467.29 9 51.92 160.90 <£0.000 1 * %
X 22.48 1 22.48 69.66 <20.000 1 * %
X3 16.36 1 16.36 50.70 0.000 2 * %
X3 5.33 1 5.33 16.52 0.004 8 * %
X1 Xs 13.07 1 13.07 40.50 0.000 4 * %
X1 X3 4.71 1 4.71 14.59 0.006 5 * %
X X3 9.00X10 % 1 9.00X10 % 0.03 0.871 9
X3 106.36 1 106.36 329.62 <20.000 1 * %
X3 263.34 1 263.34 816.12 <20.000 1 * %
X3 6.91 1 6.91 21.41 0.002 4 * %
wE 2.26 7 032
S A 1.48 3 0.49 2.51 0.197 6
2R 72 0.78 4 0.20
S 469.55 16
Tox FoR P<<0.05. 8.3 ; * x £R P<<0.01. M B3,
F4 EEWEESWN
Table 4 Model credibility analysis
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The interaction effects of impregnation ratio and pyrolysis temperature on biochar adsorption
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Figure 3 The interaction effects of impregnation ratio and pyrolysis time on biochar adsorption
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Figure 4 The interaction effects of pyrolysis temperature and pyrolysis time on biochar adsorption
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Table 5

Specific surface area and pore structure

characteristics of almond shell biochar

teF A/ LA/ LR/
1 Y -
(m? g 1) (em? g™ 1) nm
W R T L 16.810 0.146 24 7.191 7
R L 27.757 0.092 94 4.265 1
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Table 6 Quasi first order kinetic parameters for methylene blue adsorption on

Xanthoceras sorbifolia Bunge shell biochar

W R/ C q./(mg-g 1) Ki/min™! R? M
200 273.144 2 0.055 63 0.808 8 y=—0.055 63x+5.61
300 200.336 8 0.076 33 0.963 7 y=—0.076 332x+5.30
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Table 7 Quasi second order kinetic parameters for methylene blue adsorption on

Xanthoceras sorbifolia Bunge shell biochar

% il g/ C g/(mg+g ) K;/(g+-mg ! min D R? A
200 99.01 0.000 655 0.998 0 y=0.010 12 +0.155 7
300 93.46 0.002 357 0.999 3  y=0.010 72 +0.048 57
WORL N O #2 - ®8 BHUAYBEREFESH
q. = kat"? 4, (5) Table 8 Equation parameters of intra particle

K

qo~qe—t B 20 F0F- 47 W Fff & . mg/ g5
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KL 5 ) B R BE Co DA 200 mg/L 39 K F 300 mg/L,
HoWg Bt % # M 0.000 655 g/(mg -+ min) ¥ K &
0.002 357 g/(mg « min) , i} B W H 3 % 76 1 0 19 %
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diffusion model

W W 3 ka/ ci/

B/ bt (mgeg ' emin 2) (mge-g ) ke

200 1 5.17 35.30 0.937 6
2 3.02X10% 90.91 1.000 0

300 1 3.96 54.65 0.940 3
2 —1.49X10" M 91.05 1.000 0

Box-Behnken 1 {15 b A it il 4 2% 1 - S A0 ) 4 25 44 T BT 4%
SCeE R 7 A W e 0 SIE. F A R T % 83,02 mg/g.
W B 2o R Rl S T A A AL B R A A R
B P85 3 A~ B B 20 B - 1 — G gly Jy 2 B R R B I A U
W i o

R TR 5 A P gt i) 45 SCOE R A W o 8 I Y
W W R 3 B8 TIE S LA SR SRR SR AT A W i ) A JSURHA
TE W9 R A {EL . D E— 25 WY 0 108 2 175 AL A i ol 4 SO 2R
SR TE W W BB B AR 6 BT 5 R R AR A Ty o IR R
IS i B b R T T 2R 4R ERE P DL H R TR L AL
A ALAR S WP B R R E R R
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