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Charactemstlcs of Modlfied Blochars and Their Immoblllza’uon Effect on Cu and
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(1. Academy of. A‘.grlcultural Planning and Engmeerlng, Mlmstry of Agriculture and Rural Affairs, Beijing 100125, China; 2. Key
Laboratory; of Technology and Model for Cyclic Utilization from Agricultural Resources, Ministry of Agriculture and Rural Affairs,
Beijing 100125, China)
Abstract: Heavy metals in farmland soil are one of the most hazardous pollutants in the environment, owing to their universality and
irreversibility. Modified biochar has been widely used in the adsorption and immobilization of heavy metals in soil, and its applicability
is mainly determined by the types of heavy metals, pollution levels, and soil environmental conditions. Soil pollution is gradually
becoming more complex and diversified, and heavy metal pollutants mostly occur in the form of compound pollution. However, most
studies have focused on single heavy metal pollutant or the addition of heavy metal to soil. This study used rice straw as a raw material
to prepare biochar, and modified it with K;PO,, KMnO,, and NaOH. The physicochemical and structural characteristics of the
modified biochars were detected using a BET accelerated surface area and porosimetry system, scanning electron microscopy (SEM) ,
Fourier transform infrared spectroscopy (FT-IR), and the biochars were then analyzed for the availability and forms of Cd and Cu in
soils contaminated with heavy metals in the mining area. The results showed that the surface roughness of the modified biochar
increased to different degrees with increases in specific surface area and pore volume, with the NaOH modified biochar showing the
most significant increases from 4.96 m*+g™" t0 60.79 m’-g~", and from 0.02 cm’+g™" to 0. 12 em’-g~", respectively. The pore
diameter changed in the opposite direction. The absorption peaks of the functional groups of the modified biochar were all changed,
with K, PO, modified biochar exhibiting the greatest degree of change. The addition of biochar significantly improved the soil pH value
(P <0.05), and the pH value of the soil treated with K,PO, modified biochar exhibited the largest increase. With an application of
20.5% K,PO, modified biochar, the availability of Cu and Cd in the soil was significantly reduced, by 75.44% and 67.70%,
respectively. The immobilization efficiency of Cu was much higher than that of Cd. The best immobilization efficiency of Cu and Cd in
soil was achieved with K, PO, modified biochar. With an addition of 2% K,PO, modified biochar, the immobilization efficiency of Cu
and Cd was 61.06% and 4. 12%, respectively. In summary, K,;PO, modified biochar had a better immobilization effect on both Cu and
Cd in compound contaminated soil.

Key words : modified biochar; siructural characteristics; heavy metals in farmland soil; availability ; form distribute
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Table 1  Basic physical and chemical properties of soil as well as copper and cadmium content
CEC w/g kg™ AL @(Cu) w(Cd)
i H ,,
EARILIER P /emol +kg ™! EX) B gl % /mgkg ! /mg-kg ™!
R 5.10 3.70 1.82 0.12 5. 88 2.19 864.77 0.83

HEWIIR/100 g +)F12% (2 g W /100 g 1), 3t
9 MAbHE(FR2), 3 WRER KL RS LR A
157 45 25°C | 65% WY H EREK 4 N E#£ 90 d,
SrHIFESE 30 d, 90 d BFECEFE. IR T IS BF
BRI 1 mm 0545 .
1.3 E vk
1.3.1 A 3EE b i

135 pH (ER B L (7K =1:2.5) T
FE, CEC R LR B A4 1 %, 4= R B IG &
RIEME , AW AP R FH IS T 5 € , A Pl
JR A A R P e ke ‘

F2 TEEFARME 1.8

iy
Table 2 Soil culture experiment treatments
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Table 4 BET specific surface area and pore characteristics

of different modified biochars
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WBC 4.96 8.47 0.02
PBC 7.12 7.56 0.03
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Table 5 Element content and pH of different modified biochars
HE WA i pH C/% H/% 0/% N/% S/% H/C 0/C
WBC 10. 21 51.90 1. 96 13.76 8.65 0.02 0.45 0.27
PBC 10. 45 49.53 2.83 14.23 9.90 0.05 0.69 0.29
MBC 10. 14 50. 29 2.17 16. 18 8.62 0.07 0.52 0.32
NBC 10.57 49.24 2.03 14.76 8.49 0.01 0.49 0.30
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Fig. 3  Effect of different modified biochars on soil pH
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Table 6  Characteristic changes of modified biochar and its remediation effect on heavy metal contaminated soil
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Table 7 Correlation coefficient of biochar physicochemical properties, soil pH, and heavy metal Cu species
wams T xR o0 we b Goeo ks s P BE B e
p HES HEa G
A 1 -0.960* 0.998* -0.109 0.435 -0.294 0.358 -0.235 0.191 0.176  0.355 -0.540 0.454 -0.322
THALE 1 -0.953*  0.181 -0.663  0.150 -0.353  0.308 -0.144 -0.084 -0.198  0.367 -0.560  0.256
L 1 -0.040 -0.434 -0.245 0.4200 -0.293 0.126  0.117  0.309 -0.504 0.394 -0.261
¥ pH 1 -0.091  0.698 0.376 -0.548 -0.236 -0.381 -0.453  0.372 0.429  0.214
0/C 1 0.455 0.844 -0.780 -0.912 -0.832 -0.649  0.526 -0.909  0.871
H/C 1 0.686 -0.839 -0.929 -0.973* -0.996*  0.951*-0.567  0.954*
+4 pH 1 -0.959°-0.844 -0.821 -0.622  0.425 -0.543  0.757
CaCl,-Cu 1 0.896  0.916 0.792 -0.628 0.479  -0.839
KA 1 0.986* 0.899 -0.802 0.776 -0.989*
LIRS/ 1 0.951* -0.862 0.669 —0.983*
NS 1 -0.972* 0.540  -0.937
ST 1 -0.501 0.872
AIEET 1 -0.780
Bt |
1) " F1 ™ AR BIZRAE 0. 05 F10. 01 ASF | B HI%, T - o~ f' =
8 MRBLME. L pH 5ESR Cd HENEE RS A /L
Table 8  Correlation coefficient of biochar physicochemical properties, soil pH,“-a.n.d heavy metal Cd species . -
- . | Ty -"“ / |
WETE PG 1L *:ﬁ’f‘ 0, we Bk 6oL ki s Yoo k(& i
i I #0:960* 0.998* 0,109, 0.435 4 -0,294- 0.358 -0.711 ,‘0. 261 0.157 1 0.095 -0.015 0106 _~0.220
FHAL 10 0,953 0181 #0.663 250,450 -0.353  0.698/ +0.351 _.40. 208 Z007  -0.142  0.228 " 10,016 ‘
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0/C AR ‘ if 3 00455 0.84 -0, 978"“—(}:.{14 061 -0l635  0.493 0628 0,025
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e T 'F/fF I ~0.957740.455 " -0.540 -0.546  0.382  0.585  0.104
cac12-'§d “ Py 1 0.424  0.555 0632 -0.59 -0.52 -0.357
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AR 1 0.966* -0.690 -0.965 " ~0.550
PREERAS RS 1 -0.852 -0.871 -0.730
Pamaia s 1 0.485  0.958
AEAS 1 0.312
PRt A 1
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