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Removing cadmium from water with spinel bimetal modified biochar
BAI Ma, CHAI Youzheng, CHEN Anwei’, YUAN Jiayi, PENG Cheng, WANG Xueqin
(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: To realize resource utilization of agricultural and forestry waste biomass, non—precious bimetal biochar with oxygen—containing

functional groups was prepared by the impregnation—sol—gel method with discarded rice and soybean straw as the base. The modified biochar

with a high ability to remove cadmium from water was screened by controlling the pyrolysis temperature, biomass raw material, modifier

proportion, and egg white liquid dosage. The results showed that when the pyrolysis temperature was 450 °C and the dosage of egg white was

10 mL, compared with unmodified biochar and soy—based biochar, spinel type Fe—Mn rice—based modified biochar(MF-BCS) showed better

adsorption capacity for cadmium, with a maximum adsorption capacity of 109.2 mg-g™ and adsorption equilibrium time of 100 min. Research

has shown that the synergistic modification of bimetal with hydroxyl and carboxyl functional groups significantly increased the specific

surface area and adsorption sites of biochar. Adsorption process of cadmium by modified biochar was more consistent with the quasi—first—

order kinetic equation, which indicates that the adsorption was mainly physical and supplemented by chemical complexation adsorption.

Keywords : straw recycling; spinel bimetal; functional groups; cadmium pollution
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Table 1 Orthogonal experiment on preparation of bimetallic modified biochar

J¥5 Number FEFF Straw(A) 8 Temperature(B)/°C 2iti:5%1] Modifier(C) WEL Addition ratio(D) R & @/ (mg-g™")
1 Oryza sativa L. 300 ZnFex0, 1:1 62.61
2 Oryza sativa L. 300 ZnFex0, 1:2 47.81
3 Oryza sativa L. 300 MnFe04 1:1 100.47
4 Oryza sativa L. 300 MnFe0, 1:2 51.28
5 Oryza sativa L. 450 ZnFex0, 1:1 103.30
6 Oryza sativa L. 450 ZnFe,0,4 1:2 52.44
7 Oryza sativa L. 450 MnFe,0, 1:1 91.71
8 Oryza sativa L. 450 MnFe,0. 1:2 72.63
9 Oryza sativa L. 600 ZnFex0, 1:1 73.16
10 Oryza sativa L. 600 ZnFe,0,4 1:2 54.93
11 Oryza sativa L. 600 MnFex04 1:1 60.03
12 Oryza sativa L. 600 MnFe,0. 1:2 28.16
13 Glycine max L. 300 ZnFe 04 1:1 33.47
14 Glycine max L. 300 ZnFe 04 1:2 72.51
15 Glycine max L. 300 MnFe,0s 1:1 66.47
16 Glycine max L. 300 MnFe;0. 1:2 68.96
17 Glycine max L. 450 ZnFe 04 1:1 37.59
18 Glycine max L. 450 ZnFe 04 1:2 61.01
19 Glycine max L. 450 MnFe;0. 1:1 72.89
20 Glycine max L. 450 MnFe;0. 1:2 45.97
21 Glycine max L. 600 ZnFex0, 1:1 35.36
22 Glycine max L. 600 ZnFe;0y4 1:2 36.57
23 Glycine max L. 600 MnFe04 1:1 59.17
24 Glycine max L. 600 MnFe04 1:2 37.24
25 Oryza sativa L. 450 — — 28.42
26 Glycine max L. 450 — — 35.49
ESIN5E D>A>C>B
oK Oryza sativa L. 450 MnFe,0, 1:1

1207 O MF-BCS 1:1
~ O ZF-BCS 1:1 . a
2 1001 71 MF-BCD 1:1 a a & _11;
& g0 ZF-BCD 111 4P = .
= r a b
g 2 a b % % d
{@1 g 60 F ;} ¢ i
=5 ;-
b
£ 40f b Z
‘é‘ )
:2 20+ 3 Z
0 3 Z
15 30 60 120

I5F [8] Time/min
AN /INE TR IR AN [ e P A 24 ) 2 57 W 2 (P<0.05)

Different lowercase letters indicate significant differences among different
modified treatments( P<0.05)

1 N8 0 & 8 B 14 2 00 o ok $i IR Bt T B 1) 22 4 B0 2 i
Figure 1 Time—course of cadmium adsorption by different

bimetallic modified biochars
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Table 2 Effects of egg white dosage on cadmium adsorption

SR I

Fs EE7/P/3 iy gy
Number Biochar Addition chontent of 0/(mg-g)
egg white/mL
1 450MF-BCS 1:1 0 91.71
2 450MF-BCS 1:1 10 109.20
3 450MF-BCS 1:1 20 97.80
4 450MF-BCS 1:2 0 72.63
5 450MF-BCS 1:2 10 96.40
6 450MF-BCS 1:2 20 90.27
7 450ZF-BCS 1:1 0 103.30
8 450ZF-BCS 1:1 10 96.60
9 450ZF-BCS 1:1 20 87.50
10 300ZF-BCD 1:2 0 72.51
11 300ZF-BCD 1:2 10 61.48
12 300ZF-BCD 1:2 20 68.96
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Table 3 Specific surface area and pore size distribution of spinel

bimetallic modified biochar

HREMR  BALAB RELEM

M2 AA] 4A

Wk Specific Total pore Micropore :}; L
Biochar surface area/  volume/ volume/ Ve

(") (em®g) (em*og) aperture/nm

BCS 2.1376 0.010 1 0.003 8 7.094 4
450ZF-BCS 1:1  4.8702 0.022 6 0.009 0 7.4170
450MF-BCS 1:1 39.844 2 0.088 5 0.059 8 6.007 0
450EWL-BCS 2.287 8 0.020 5 0.005 7 10.064 1
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Figure 2 Effects egg white on the adsorption capacity of bimetallic modified biochar
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Figure 3 SEM—-EDS patterns(x10 000 times, X2 000 times )
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Table 4 Parameters of Cd**adsorption kinetic model of spinel modified biochar
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