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Regulatlon and Mechanism’ 0f a Dregs Biochar Matrlx Comblned with Malfamte

o a Soil- -Ryegrass System y A

XIAO ngng—llang ;- DING Yuan~ =

(College’ of Environment and Chemical Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: An indoor pot experiment and isothermal adsorption experiment were used to examine the regulation of soil-ryegrass system
treatments. For the treatments, Banlangen dregs were selected as a raw material alongside two kinds of biochar ( BC300, BC500)
prepared by pyrolysis at 300°C and 500°C under anoxic conditions. Fe was modified by BC500 ( Fe-BC500) , which was then combined
with maifanite (MFS) as a passivating agent [ BC500: MFS (1:1) and Fe-BC500: MFS (1:1) ]. Surface pore distribution ( BET) ,
scanning electron microscopy (SEM) , X-ray diffraction (XRD) , and Fourier-transform infrared spectroscopy (FTIR) were used in the
analyses. The results showed that treatment with BC300, BC500, Fe-BC500, MFS, BC500: MFS (1:1), and Fe-BC500: MFS (1:1)
significantly reduced the Cu and Cd content (2% content in soil) of ryegrass (P <0.05) and significantly increased the biomass of
ryegrass. This effect could have resulted from the enhanced chlorophyll content and root activity of the ryegrass. The effect of BC300
was better than the other treatments, which reduced the content of Cu and Cd in the roots of ryegrass by 44.78% and 63.89% ,
respectively, and in the aboveground biomass by 76.34% and 53.40% , respectively. The biomass of roots was also increased by
327.22% , and the aboveground biomass increased by 504. 11% . The Langmuir equation produced the best fit for adsorption effects of
BC300, BC500, and Fe-BC500, for which the maximum adsorption capacity for Cu was 8. 02, 9.20, and 8. 82 mg-g~", respectively.
The maximum adsorption capacity for Cd was 7.97, 8. 51, and 7.70 mg-g~", respectively. The Freundlich equation gave a better fit
for the adsorption of MFS. In this case, the maximum adsorption capacity for Cu and Cd was 7.03 mg-g™' and 6.10 mg-g™",
respectively. BC300 and BC500 mainly passes through their surface hydroxyl, carboxyl, carbonyl, and ester groups; Fe-BC500 mainly
passes through its surface hydroxyl group and iron hydroxyl group; MFS mainly passes through its silicon hydroxyl group, hydroxyl
group, and carboxyl group on the surface of NaAlSi, O, and Al,Si,0,(OH), and then to repair passivated Cu and Cd contaminated soil
effect. Therefore, Banlangen dregs biochar, iron-modified Banlangen dregs biochar, maifanite, and the combination of these materials
can be used for the remediation of Cu and Cd contaminated soils, although the mechanism of remediation is different.

Key words: traditional Chinese medicine slag biochar; maifanite; soil; ryegrass; copper; cadmium;repair mechanism
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FER AR e RS R AR RN ) R Ak
A, HipgyE MgRESEHRESERAT Cu
i B Cd 2R FERAIE (P <0.05). flifk

FRU3E PR 3R Cu A Cd W] 2R 22 5 4 R
MR, BEACRCR AT LUE 1 B B A Y | i
ZRER AR R 06 T AL

x2 EXEERSESEEENIEREXKED
Table 2 Correlation between copper and cadmium content and physiological and biochemical indexes in ryegrass
3/ S/ 3L S/ Ao 3/

T e
R A W i 1 0.973 ** 0.753 0.587 -0.918* -0.619 -0.533 -0.734
Hb 15 A 1 0.785* 0. 629 -0.869* -0.504 -0.523 -0.757*
MER R B 1 0. 966 * -0.828" -0.711 -0.720 -0.936*
WA 1 -0. 687 -0.721 -0.802" -0.892*
R R4 i 1 0. 706 0.519 0.833*
Hb 1S A 1 0.812* 0.615
RS R A 1 0. 666
M 1o 1
Dn=7, # * FI/RTEE0. 01 K- (BUN) BFAI; = FRTE 0. 05 A (XU 5 2EH

2.2 BHAEFIXEWP Cu A1 Cd AR BRI
BC300, BC500, Fe-BC500 F11 MFS 3% 4 Fpfilifk
Hﬂﬁi%%iﬁ%%ﬂﬁﬁ%%ﬁ%ﬁ%.%
HE—B B HO Cu i Cd KU RBLL XA
[RGB A Cu AL Cd AT B | 7 L O B AL
il R B R A AL A 3 2 %m%-
g ) ﬁ%%*%?zﬁ%ﬁ%%?ﬁﬁm
Langmuir *E%ﬂsﬂ] Freundhch 7{‘}'\%”]& i[ﬂA ¥ :“.-»-‘-

Langmulr 7‘:7%? Z J

- 2 14"
- e | 1
A ¥\, b.Je. "o, 1w

A, ‘qgﬁgwﬂwi, mg-g; Q. ﬁﬂxﬁtﬁ)}wﬁ

B, omegs o BPHRERIKIE, mg- L' K, H
Langmuir 77 2% %4
Freundlich 7% .

lgQ. =1gKf+-l4ga, (2)
n

S, Q. JTHIERE, meeg 'y e, PRI
WeHE mg-L~"5 K, il n H Freundlich J7 % 4.

9r (a)Cu

T .
20 F
£ /
'] 1."
3t —=— BC300 Langmuirff&
|| —m— BC500  Langmuirdt|{y
r A~ Fe-BC500 Langmuirfil &
! —¥— MFS Freundlichitl&
1 =g
A J
L 'l 1 1 L 1 1 1
0 2 4 6 8 10 12 14 16

co/mg-L7!

Bl 4 2 4 BG4 AR BC300, BCS00 , Fe-
BCS00 Al MFS AL HE 2k , 283 el
me£ﬂ%%ET$AMﬂFﬂ£F£ %%%
WQﬁMMI%EkET@ﬁm%%%W WKE
U\%fﬂfﬁﬁﬁjﬂﬂim} ‘Langmuir *%}FUUAE/J fﬁﬁ%
1R B %ﬁf% L %ﬁﬁﬁﬁ%%%ﬁﬁ
A, ﬁ%mﬁfiﬁi}% %ﬁﬁ 1i1] Freundlich 1‘5&%”5"]
%rmEﬁﬁwwmﬁﬁm %% 3 Lk 4 WA
23 A ) SR LB P B B Langmuir 77 #2484 2001
It Freundlich 7 F2 314 )&%Eﬂ% 158 BH Langmuir p i
PR R A T Cu A1 Cd 7E 2 R 0 B
B, X F 2R A, Freundlich J5 BN GEW) & %F Cu
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Fig. 4 Isothermal adsorption lines of best fit for Cu and Cd adsorption by BC300, BC500, Fe-BC500, and MFS
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B 2R T X Cd A B KR i, AT RE 2R 4 F
BEALA R R ZE A2 Cu® AT Cd®* B T4k 2 W
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BC500, 156H I eh M S5 24 i A= ) i SR T 25 65 6 1
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fik. BC500 XF Cu Ml Cd B9 K W B 2 2 K F
BC300, — & FEAE b 156 I v il 45 1 il 48 1 2 0 A
Py 5 %ok T 4 e P R o 2k R A IR 2% i £ 1 24 0
AW G-
*3 BC300, BC500, Fe-BC500 #1 MFS 1% fft
CuM%BEMASH
Table 3 Isotherm fitting parameters for the adsorption

of Cu by BC300, BC500, Fe-BC500, and MFS

Langmuir & Freundlich 2
stpppy — e D feedid SR
BC300 802  0.53 0.9679 1.47.~ 1.89 7 0.9561
BCS00  9.20  1.26 0.9839 2.26 | 4.05 0.9568.
Fe-BCS00 882 70.43 09827 191 || 2.35 09578
MFS | 7.03 s0.64 09228 3.27 | /2,790,987 |
%4 BC300, BCS00, Fe-BCS00 71 MFS WM Cd fry
_:%iﬁﬁwﬁ%iﬁ ' BRS .
{ “u-';['able.'zl- Isolherrll';-fitting parameters of the adsorl_ptionf of Cd A )
U1 T by BE300, BES0O, Fe-BCS00, and MFS 1 T
%@’ﬂcM*‘HIl Langmuir TR Freundlich 5
g On K, R? n K, R?
BC300 7.97 0.71 0.9311 2.07 4.25 0.9071
BC500  8.51  0.98 0.9913 2.45 3.41 0.9776
Fe-BC500 7.70  0.38 0.9905 2.02  1.95 0.9449
MFS 6.10  0.60 0.9720 3.43  2.41 0.9982
2.3 WRBHA W Cu M1 Cd HTJE 4 FATRH RAE

2.3.1 4 FABHEZETET BET 204

4 FfobA i bb 2R AR S AL B A A 4 SR Nk 5,
Horp bR i Fe-BC500 > BC500 > BC300 > MFS,
¥JFL4E MFS > BC300 > BC500 > Fe-BC500, 4 Ffiflifh
MR LA AL >2 nm) JEZ2. A=y 35 i R
R BE A RS, HARMCE R AR e B
KGRI, 20 A LA 2%

R5 MRBRESHEHE

Table 5 Surface structure characteristics of the test materials

n] (4 e . A

W itffl /;‘jffl L
BC300 2.51 0. 005 58 8.90
BC500 9.45 0. 009 92 4.20
Fe-BC500 78.57 0.078 47 3.90
MFS 0. 68 0.004 81 24. 06

2.3.2 4 FPEPEHZERT SEM 5387

FHEBEE SEM 1] LOUER UL Y 4 Fhesfe 4k
B ETESARAE. R S B, Ao S A B i
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LA FLEE R, BCS00 3 BC300 75 B 4544 B8 & 1k
Fe-BC500 KT & il Fr 45 A8 4 Joa vl e A2 kA k&
Yy, MFS HA W W02 a5, BRI & A K
SEAYEURLIR W T, H G 3R T Y FL S5 A B AR ) T
A FLY BRI M /N X SR BET I 45 5
FH—ZL.
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Fig. 5 Scanning electron microscopy (SEM) images

of the passivating agent
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Fig. 6 Infrared spectra of BC300, BC500, Fe-BC500, and MFS before and after the adsorption of Cu and Cd
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Fig. 7 XRD patterns before and after the adsorption of Cu and Cd by BC300, BC500, Fe-BC500, and MFS
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