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Effect of Biochar from Rice Straw on Adsorption of Cd( 1I ) by Variable Charge Soils
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(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2.College of Resource and Environment, Nanjing Agriculture University, Nanjing 210095, China )

Abstract: Three variable charge soils collected from Hainan and Guangxi Provinces were incubated with biochar from rice straw for 30 days,
and then the batch method was used to investigate the effect of the biochar on adsorption of Cd ( II ) by these soils as related to soil surface
electrochemical properties to elucidate the mechanisms for the enhancements of adsorption and fixation of Cd( I ) by the biochar. Results
showed that the biochar induced a remarkable increase in soil CEC and pH and shift of soil Zeta potential to negative direction. The adsorp—
tion of Cd( II ) was increased with increasing biochar added. Freundlich and Langmuir equations can be used to fit the adsorption isotherms
for Cd( II ), but Freundlich equation fitted the adsorption isotherms better. The parameter k in Freundlich equation, which was related to ad—
sorption capacity, also increased with increasing biochar added. The adsorption of Cd( II ) by the soils was increased by the incorporation of
the biochar in the pH ranged from 3.0 to 5.0. The addition of biochar increased the soil pH and the adsorption of Cd( II ) consequently. Re—
sults obtained from desorption experiment showed that the amount of Cd( Il ) desorbed for the treatments with biochar added was greater than
that for control, suggesting that the biochar increased the electrostatic adsorption of Cd( II ) by the soils.
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Table 1 Basic properties of test soils

i o cd ?a?ﬁia/ ﬁﬁ{—glﬁ/ ?ﬁm}jﬁ%ﬁ/ B ASE /g kg T E g kg CEC/ )
pg kg g-kg g-kg Fe,0; ALO; Fe,0; ALO; cmol -kg
WEBITEEIE 474 4.46 740 79 145.9 237 29 52 5.6
T PEAII AT 5.15 3.13 619 35 104.7 253 0.3 2.4 4.5
BRI 4.84 0.69 550 8.4 33.8 12.4 0.7 3.3 5.1
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Figure 1 Effect of rice straw biochar on soil pH and cation exchange capacity(CEC)
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Figure 2 Effect of rice straw biochar on Zeta potential of Oxisol from
Hainan(A ), Ultisol from Guangxi(B) ,and Ultisol from Hainan(C)
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Figure 3 Adsorption and desorption isotherms of Cd( I ) on Oxisol
from Hainan(A ), Ultisol from Guangxi(B),and Ultisol from

Hainan(C) with and without biochar incorporated
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Table 2 Parameters of Freundlich and Langmuir equations for Cd( II ) adsorption on different soils
ph Freundlich 572 Langmuir 572
k n R’ k R 0

T8 IERE LT 3% R 21.54 227 1.00 10.53 0.86 20.57
ViR L) FAR: ST R 26.31 2.08 0.96 10.52 0.86 23.48
VBB RE 41 -5 % FE B 54.05 4.76 0.98 20.12 0.86 26.86
MIJHET - 31.19 2.32 0.92 18.73 0.89 2031
W21 -3 %RE i 36.60 2.08 0.96 8.08 0.93 28.02
W LT3 -5 %R 2L 5% 38.47 2.12 0.96 18.14 0.86 28.53
B E-x R 14.59 1.88 0.98 7.49 0.82 11.70
B -3%FE8 5% 19.89 1.96 0.96 9.10 0.91 18.00
B -5%REE 5 26.31 2.81 0.91 34.59 0.67 20.89

P A K E3E N, JiBA X CA( D) IR A =
B, BN S%ALFRAY k(B R TEIN 3% Ak
580 Cd( 11 )W & s34 R —3
2.3 pH xf CA( I )R Bt B =20

pH F 55 T B0RT A2 Ha faf 38 3% 1) £ F A 3 0
PNiE = w30 M O (@ T 3::8 3 e = P e . 7
GEIRFH, WIMFEE RGN T 3 FET AR e A R
pH, I BRAE B e A B3 hn 38 xd Cd (11 )W ff A
HITTRRS S , A= 0 5 iR AT DASE i 48 7 38 pH 3+

B
[«
1

X Cd( 1T ) By fff 2

Fl 4 25 RFBHLEFTPISE ) pH3.0~5.0 JEFEI N, iF
INRE R R IAIE R T L X Cd( 1) R i &2, B BERS
FHRAINAKF 3 I, CAC I )W B & 934 s hn . 4o
pH4.0 B}, 3% RS BL i (G R v . | PU MM Al e B
EEHEECd () ATREERX SRS T 244,
4.40.1.90 mmol - kg™ ; 5%F5 KL s Ab F i + HEXT CA( 1T )
FRIVR B B 3841 T 4.40.,9.40.4.00 mmol - kg™ . pH5.0 B,
3%RFER KGR EE . NN AERE R C 1%

40
T (4) - (B)
2 <
£ 30r £ %0
g e
=20} =
= g 20}
b =
g E
2107 = o}
= =
3 . ] 3
3.0 5.5 0%
20
T (€
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g 15F ~o- XA
b -+ 3%p-" it
= ol A 5%t
g - X} IR
= -0 3% 5%
=57 A SRR
=
o
O 1 1 1 1 1 1
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B 4 pH 3t Cd( I )FEMEEREAIR(A) T B4R (B) FiEre 40458 (C ) 3= T R Bt/ A IR B = i
Figure 4 Effect of pH on adsorption and desorption of Cd( I )on Oxisol from Hainan(A ), Ultisol from Guangxi(B),

and Ultisol from Hainan(C) with and without biochar added
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CA(IU ) Ay Wi ot 2 5 ot BB 43 Il 4R 85 T 4.69..3.35.,2.68
mmol - kg™, 5%FEEL i +-3EXF Cd( I ) Ao Wiz B =348 o
78.29.5.88.6.93 mmol kg™, P, %5 pH T REE R
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Mk F XA B> b, HARF pH F Cd( 11 )ik &
B T S 7K S48 v T 8, S50 FF S 1 e 2 e 34 o
T AN CA( D) A s IR B
2.4 Y BUR R AT T T H R Cd( 1) BIFLEH

3 AT An e ff R RE IR RN E LR
Cd( I ) iy e Bt B AN A i B 356 T 3t o F IR ] LA
ERMREE T CA( I ) AR B IR B 2, TR DA R
J5 R A PR P R A R AR TR U, B L SR
b X ] AR E 48, P T A7 5 AU A KU T A
e, T ERERER, DL, H CEC &, Xt
Cd( I )% E 48 M B BB F1 551, VA= 490 5 e 26 Jin
T HHER) CEC, {ff T3 w7 B far FaE 3 hn , - 4%
Cd( I ) o s IR B B3 0 . 3 — D D, A ke R 5
AFEERENMZEE S A ERA, EE pH A EX
S RE A A S R R N, R A WL B R E
Xof % T 1 HRL A A SRR I N , S B R X CA( 1)
F0 e L TR B B . AR R Rk RS R BB
A 5 CPE RS A, e ik £ 3Ex Cd( ) ALk
M. BEE pH FHiE, A=W o 22 1 B B F B0 e,
X Cd( 1) B9 254 e 13858 , o 385 M08 B i) 41
YRRt n . DR, 1) ] A8 B o - 358 AN i A= 9 R
AT (R B 4 R Cd (10 ) %) mi 2 o R e O o, 344
+3Ext Cd( 1) REERE S - A9 T P AN T3 RR
PR T 13 pH, AIHE— DR - SR A E e
J& CA(I)RIRE S -

24 3 Fh -4 FL AT, BT AR AN I A PR ot g R
BALIER I Cd( 1) R #EE AR T X Rk 4145
MV, XEEAEEEC AT THKS , HAS
RO ALY & B IR T A 2 A 3, iz +
X RR RS CA(ID ) W eI ot 2 Fp 13, 7
AEBLA I B B ) X 3 IR BE T, AR B e Vg e B
LR CA( I )R JEVE R R AR STk R R . XU
B, Xof AR o 25 MR X 45 /0 G AT 2 Bl ef 8, S

BN R E LI EE R WA R EE,
3 #ig

] 3 Ff A AR B A7 - AN RS B e B AR v
pH F1 CEC, {# +-3EHE{AK Zeta HLAL 0] T J7 [ 55,
UERARE R A H IR RIS 2, Y R R &
BREMMZEESSAERA, TUE CRAELS
BN o BRI, B8 AR B AR R % Cd( 1Ay
B TR SR, 3 T CA( D) B& M b, M3
ntgexs Cd( DM EEEM . BmAY RSB+
8 pH FHE I 8 CA( I ) A o I B &
W% i %) 4 A 2 — 25 38 i . Freundlich J5 72 #
Langmuir 75 24 7] i T400& 3 CACID) iy b <5
IRER , HoH Freundlich LG ROR B4,
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