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Adsorption mechanism of Pb* in water by biochar derived from spent Agaricus bisporus substrate and its
environmental application potential

ZHANG Guo-sheng, CHENG Hong-yan", ZHANG Hai-bo, SU Long, HE Xiao—fang, TIAN Xin, NING Rui-yan

(College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China)

Abstract: To utilize the biochars from spent mushroom substrate for adsorbing Pb* in aqueous solutions effectively, they were prepared
using spent Agaricus bisporus substrate (MS) as raw materials by limited oxygen pyrolysis under 350, 550 °C, and 750 C (MS350, MS550,
and MS750). The original and lead—loaded biochars were characterized using XRD and FTIR. The adsorption characteristics and removal
mechanisms of Pb* on biochars were investigated by batch adsorption and sequential metal extraction tests. Results indicated that the
biochar yield decreased while the pH and aromaticity increased with an increase in pyrolysis temperature. The adsorption kinetics of
biochars were well—fit to the pseudo—second order model. The isothermal adsorption of MS350 and MS550 was better described using the
Freundlich isotherm model, whereas MS750 was better described using the Langmuir model. Among the biochars, MS750 was the most
effective adsorption biochar, and the maximum adsorption capacity reached 266.23 mg - g”'. The solution pH affected the adsorption
performance of biochars, and the adsorption capacity increased with an increase in solution pH in the range of 2.0~7.0. The possible

mechanisms of Pb** adsorption on the biochars included precipitation with minerals, ion exchange, complexation with surface oxygen—
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containing functional groups, and coordination with 7 electrons. Mineral precipitation(CO3", SO;") was the primary adsorption process, and

its contribution rate increased with the increase of pyrolysis temperature. The results of sequential lead extractions showed that the Pb of

biochars was mainly acid—soluble and non—available fractions, indicating that the majority of Pb immobilized by the biochars was stable.

The order of total acid—soluble and non—available fractions of Pb in the total adsorption capacity was as follows : MS750(98.65% ) > MS550
(95.91%) > MS350(86.51%). MS750 had a higher pH and adsorption capacity of Pb** and better stability after Pb** adsorption than those

of other biochars. Therefore, it has great potential in environmental applications.

Keywords : Agaricus bisporus substrate; biochar; lead pollution; pyrolysis temperature; adsorption mechanism; application potential
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Figure 1 Adsorption kinetics and isotherm for Pb** by spent

mushroom substrate biochar

R EEREVRNELMER

Table 1 Basic properties of spent mushroom substrate biochar

= FEER KA JUE & it Element content/% R R BET/
e pH C/H C/0 P
Samples  Yield/% Ash/% C H 0 N Ca Mg K Na (m?+g™)
MS350 78.96 8.83 66.50 17.53 1.32 13.49 1.48 6.45 1.84 0.64 0.39 13.27 1.30 36.20
MS550 70.98 9.51 74.08 15.22 0.54 9.87 1.06 7.30 2.11 0.69 0.43 28.16 1.54 64.19
MS750 64.60 11.82 82.12 12.17 0.26 4.65 0.85 7.77 241 0.76 0.45 47.47 2.62 37.08

1% WHART]
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Table 2 Kinetic and isotherm parameters of Ph** adsorption by spent mushroom substrate biochar

W B 51 122280 Adsorption kinetic parameters

W B4R 28 280 Adsorption isotherm parameters

E— 2R3y )1~ B )

Langmuir SRR Freundlich 25 R A5

v 01
gﬁmf Pseudo—first order model Pseudo-second order model Langmuir isotherm model Freundlich isotherm model
Samples
Q./ L ) Q./ Ky ) Qua K/ ) Ki/ )

(mg-g™) Ki/min R (mg-g") (10*g-mg "' +min™") R (mg-g")  (L-mg™") R (mg"-g"-L™) " R
MS350 89.94 0.012 0.933 108.62 1.110 0.986 115.83 0.150 0.927 41.34 5.046  0.993
MS550 136.40 0.020 0.901 143.99 1.756 0.956 153.67 0.599 0.960 90.58 9.059  0.994
MS750 237.53 0.009 0.948 249.43 0.529 0.989 266.23 0.261 0.975 114.23 6.004 0.853
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Figure 4 Changes in solution pH after adsorption
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Figure 5 FTIR diagrams before and after Pb** adsorption
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HIZ K Si0,, 1E MS350 Al MS550 | 46 21| b 41 B
(CaS0,-0.5H,0) Fl 1 25 A1 [CaMg(COs)], 24 Hhfift 15 B
| TFE 750 CHEL KGN 2] CaCOs I, 5 W B AT AR L,
W B J DA B 807 A T e, 8 B AE R B ) A8
JRAE . TR, E MS350 MS550 A1 MS750 F4351
LT PbSO4.Pbs(CO;5),(SO,s) (OH), F1 Pb; (CO5),(OH),
B . E MS350 M Bt 2 A rh 5 W 9 P> SO 2
AR ITTE , T B A AL T, CaS 04+ 0.5H.0 IF
TR VT P IR 2 P> T IR 5 COT 45 & AR Ak
DUUE , I, 76 MS550 F2E A% Pha(CO5)2(S04) (OH)»;
X F MS750, 5= iL# CaS0.-0.5H,0 Wi 43 i , e 244
BT Pbs(CO5)2(OH ) ULTEY) o WEERH5ILIE AR TE XRD
R TR R i A ) b B A
W5 T TR TP G PO, & BR B 35 W0 4R vk B ) 38
Jin, MS350 F1 MS550 il £ 7 W PO 43l B 1.35,
0.59 mg - ¢ ' Z W FFEAK , T 28 MS750 H1 J1JC POT Y B¢
i, X E R #E POTE 5 T MS350 Al MS550 Ay W B
R DA RS SR UL DIVEVE Y R A AE 3R AL Y
W o3 A IRV R LA SO ULEE R 3, Wil R LA cos

R3 TEEREYRMERILE

Table 3 Comparison of biochar properties of different feedstocks

. vE [ . - 133 1 [t [ 7/‘
ekt BRI g g g BIIREO RS bR
Production . pH . Initial concentration/ Q! Literature
Feedstocks Yield/% C content/% Initial pH o o
temperature/°C (mg L") (mg-g™) sources
XA AT 550 70.98 9.51 15.22 5.0 100~500 153.67 EN T
FEERE 500 24.95 9.75 65.80 5.5 5~60 25.55 [30]
B N TS 600 26.07 10.99 57.13 5.5 10~300 49.71 [31]
AKF5E 650 34.51 8.90 68.22 5.0 20~120 165.62 [32]
438 700 29.94 9.76 — 5.0 100~1 000 139.47 (3]
LA 2 T e 750 64.60 11.82 12.17 5.0 100~600 266.23 ENTIE
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Figure 6 XRD images before and after adsorption
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Figure 7 Contribution and contribution rate of each adsorption
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