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Study on adsorption properties of biochar derived from spent Auricularia auricula substrate for cationic dyes. SU Long, ZHANG
Hai-bo, CHENG Hong-yan", ZHANG Guo-sheng, LUO Yuan, HE Xiao-fang, REN Yuan-sen, YAN Shuang-dui (College of Resources
and Environment, Shanxi Agricultural University, Taigu 030801, China). China Environmental Science, 2021,41(2): 693~703
Abstract: In order to effectively treat dyeing wastewater and develop an economic and efficient adsorbent, the biochar derived from
spent auricularia auricula substrate (AGBC) was prepared by oxygen limited pyrolysis method at 350°C, 550°C and 750°C to treat
colored wastewater containing malachite green (MG) and safranine T (ST) in this study. The effects of initial pH, adsorption time and
initial concentration on the adsorption of MG and ST by AGBC were investigated, and the adsorption kinetics and isothermal
adsorption characteristics were discussed. FTIR, XRD and SEM and other techniques were used to characterize the biochar derived
from spent auricularia auricula substrate before and after adsorption, and the adsorption mechanism was explored. The results
showed that with the increase of pyrolysis temperature, the number of oxygen functional groups on the adsorbent surface decreased,
while the specific surface area and aromatization degree increased gradually. The equilibrium adsorption capacity of MG increased
with the increase of pH value, while the equilibrium adsorption amount of ST showed the opposite trend. The adsorption of MG and
ST on AGBC reached equilibrium at 8h and 4h, respectively. The adsorption process of MG on AGBC followed the pseudo first
order kinetics model and the Freundlich model, which indicated that it is mainly physical adsorption. The adsorption process of ST
conformed to the pseudo second order kinetics model and the Freundlich model, which indicated that the adsorption process is
mainly chemical adsorption. Compared with AG350and AG550, AG750had higher adsorption capacity for MG and ST, and the
maximum adsorption capacity of AG750 on MG and ST were 10249.79mg/g and 3353.49mg/g, respectively, which were fitted by
Langmuir model. The adsorption mechanism showed that the adsorption of MG on AGBC is mainly electrostatic attraction and n-n
stacking interaction, while ST is mainly hydrogen bonding, n-m stacking interaction and electrostatic attraction. This showed that
AGBC has excellent adsorption potential for cationic dyes, therefore it can be an economical and efficient adsorption material.
Key words: spent mushroom substrate; biochar; cationic dyes; pyrolysis temperature; adsorption mechanism
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Table 1 The physical and chemical properties of AGBC

WSRhr AG350 AG550 AG750
FER (%) 51.70 44.13 30.10
Wy (%) 21.48 25.12 28.84
pH 1 9.25 10.74 11.41

zeta L7 (mV) —24.4 -25.3 -22.0
BET (m%/g) 9.12 10.05 326.87
THIFLE (nm) 1.5 8.65 2.62
LR (em’/g) 0.02 0.03 0.21
C (%) 52.10 53.23 54.01

H (%) 10.45 9.99 9.56

0 (%) 13.46 9.21 5.18

N (%) 2.51 245 2.41

o/C 0.26 0.17 0.10

H/C 0.20 0.19 0.18

7#:0=100 - (C+ N+ H + Ash).

Kl 1 AGBC HffiHELE (x4000)
Fig.1 SEM images of AGBC (x4000)
(a)~(i)7 AT AG350, AG550, AG750, AG350+MG, AG550+MG, AG750+MG, AG350+ST, AG550+ST Fl AG750+ST

2.1.3 XRD 48 A THiE AGBC &AL,
HHATT XRD 20#7, 45w 2 k. AGBC 1%
Si0, fil CaCO; A AL 1, Si0, 1) 6 /> 32 B )
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68.09°; 73 71 2 A = ZER G 53 73 7T 29.39°.39.48°,
L W A5 LAY () T i A BB CaCO5 AniEAT S Hdis . bl

TR P TR T v, S10, 17 S5 U F1 U {7 5 2 AR /0N T
CaCO; fIT 5 I Iy Ve F i 82 A P 388 ok, 3X 5 AR ) IR K
Gy BB PRI R T e i kg A — 5O R T
et AR AT A TR SR IR T 18, AR IR K 4y
PN WA K. BT CaCOs W55 T YkH
W BRI 2, DR b 33X T A2 3 8 v il A 0 7 TR O 28
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Fig.2 X-ray diffraction pattern of AGBC
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Fig.3 FTIR spectra of AGBC before and adsorption
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)k CaCO; f I, 669cm ' L 5 IR [-—=C—
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T 55 B T R, 3K T B Fh v e PR 1 A A o
KRN (3417em Yy 3 R R J5T 45 5 5 A 45 R
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5 S AL A R 35 2 (1045em ) T 3 B 1 28200,
874cm " Ab FR IR 18 58 50 W v U AT R TR R SR
B EE X XRD 20 #7453 — 804, AG550
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P B R Gl o3 S5 R A O
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221 WG pH XTI B R R A R,
TS pH AR B AR PR s R B T A A
FEELZ M AWFAE pH (HR 3~10 HIYEHE Py w5
X} AGBC WP BH 257 44k} MG ST #1521 A & 4(a)
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MG ¥R B i S B TE,BL AGT750 k45, 0% B 2 £
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¥I4h pH fH i 3 _LTHE] 6 I, AGBC [\ fff & Bl pH
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g AGBC (M1 1) WS B A7 0, DR It 3 8 1) PR e e i
AGBC W Fft MG 168 1 78855 ; Bl 9 pH R ¥4 0 H
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(i) Py 328 2108 R ~F- 18 A 1 [0 A BH 28 1 4Rk ST #1 5
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WEATGE pH AE 2 50 AGBC W B BH 25 1 44k MG A
ST 15 PR 25 T LA TE 5 SR (IR B 5T o, il 48 MG
HIST W)U pH (6537 5E A 10 F 6, DL K
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Fig.4 Effect of initial pH value on adsorption of MG/ST by
AGBC
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Fig.5 Pseudo first order and pseudo second order models
fitting of MG and ST

#2 MG K ST HYUE—R. EZRHHFEESHY

Table 2 Parameters of pseudo first order kinetics and pseudo second order models of MG and ST

MR A os B CIVIE s i T C 2
Oe R O k> R
AG350 6910.37 7031.65 0.0049 0.9915 8485.87 5.9538 0.9743
MG AGS50 8007.75 8191.70 0.0050 0.9907 9874.80 5.1836 0.9714
AG750 9168.37 9201.83 0.9922 10511.84 9.0054 0.9773
AG350 1314.29 1251.51 0.0595 0.9312 1317.89 7.1946 0.9828
ST AG550 1619.05 1552.67 0.0062 0.9326 1620.30 7.8578 0.9857
AG750 2285.71 2210.43 0.8701 2291.88 8.6473 0.9941
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Fig.6 Intra—particle diffusion models fitting of MG and ST
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Table 3 Parameters of intra—particle diffusion kinetics models

of MG and ST
8 ﬁw\h ey
Wjﬁ . RN L . .
Jit ko1 k> 4 (&) Ry Ry

AG350 426.24 25.82 -1535.29 597630 0.9844 0.7189
MG AG550 496.58 25.15 -1750.93 7108.92 09744 0.6164
AG750 576.02 6.28 -941.12 8946.18 0.9688 0.5435
AG350 100.59 4.46  390.08 1172.02 0.7323 0.6706
AG550 142890 390 45754 1484.84 0.9167 0.8307
AG750 131.66 2.73 1158.80 2196.08 0.8551 0.4941
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Fig.7 Adsorption isotherms and isotherm model fitting of MG
and ST
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Table 4 Parameters of adsorption isotherms models of MG and ST

W R I Langmuir . Freundlich .
Omax KL Ry R Kp 1/n R
AG350 6045.33 0.0479 0.0059 0.8519 1198.52 0.2574 0.9926
MG AG550 7492.22 0.0592 0.0048 0.8812 1622.46 0.2593 0.9944
AG750 10249.79 0.3195 0.0009 0.9498 2756.02 0.4206 0.9919
AG350 1861.07 0.0014 0.1695 0.9808 20.28 0.5682 0.9948
ST AG550 2335.19 0.0015 0.1600 0.9912 28.75 0.5561 0.9971
AG750 3353.49 0.0015 0.1600 0.9806 38.36 0.5718 0.9983
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Table 5 Maximum adsorption capacity of MG and ST by different adsorbents

W B i W Bt 5 Q. (mg/g) KUt
ARE IR R (AGT50) 10249.79 PNTIS
Zeolitie imidazolate framework (ZIF)-sponge 4093 [37]
MG ZIF composited with graphene oxide 3300 [38]
Fibrous cellulose sulfate 945 [39]
Nickel nanoparticles encapsulated in porous carbon and carbon nanotube hybrids 898 [40]
B ST (AW) 303.95 [41]
RE R R (AGT50) 3353.49 PNTIS
ST T AN KGR (starch nanoparticles,SNPs) 177 [42]
FKBLALIER 123.98 [43]
Spent substrate of Ganodorma lucidum 33.00 [18]
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Fig.8 Desorption and reabsorption experiments of AGBC
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