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= x 100% 3
T=7¢, ’ ®) 9 0.10 7 0.10 300
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Table 3 BCS and BCP yield analysis table

% AR B g )5 /g FER %
BCP300 18.90 11.32 59.93
BCP400 18.74 8.65 46.15
BCP500 19.34 7.52 38.87
BCS300 21.16 11.07 52.31
BCS400 21.02 8.57 40.74
BCS500 21.33 7.64 35.82
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Fig. 1 Thermogravimetric analysis of fallen leaves of Platanus orientalis L. and Salix babylonica L.
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A= IR B R RO R ., FLBRES AR R iR, SR I B G ok, s ifigmA



104 AN . P e 7K Hr Cd( T )R PR fE S LB 2861

S pm

5 pm

(d) BCS300 (e) BCS400 (f) BCS500
2 BCP F1 BCS £4J5% SEM Eli%
Fig.2 SEM images of BCP and BCS biochar
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3 5 BCP # BCS IRMizhhFME S HER
Table 5 Fitting parameters of BCP and BCS adsorption kinetics

e W—Rsh 1% e W 1% Elovich /7 12
s

OJ(mgg") k/hY) R QJmgg") k/(gmgh") R a(mggh?) blgmg!) R
BCP 481 013 096 6.13 0.02 0.97 1.08 060 098

BCS 8.67 1.49 0.58 9.20 0.26 0.76 146.76 0.81 0.96
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# 6 BCP #1 BCS £417% Webber-Morris $tHIA
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Table 6 Parameters of the Webber-Morris intraparticle
diffusion model for BCP and BCS biochar

B 2B
2 ko c/ , ky c/ ,
(mg-g*h*%) (mgg") (mg-g "h*) (mgg")
BCP 1.29 038  0.96 0.28 265  0.64
BCS 2.24 315 095 0.73 659  0.86
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Fig. 5 BCP and BCS adsorption isotherm fitting results
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263, HKT 1, WL BCP F1 BCS Xf 7K
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Table 7 BCP and BCS adsorption isotherm fitting parameters

. Langmuir Freundlich
LB - - -
On/(mg'g™) k(L'mg") R k/mgg") n R
BCP 5.57 1.64 0.98 3.39 4.35 0.90
BCS 10.18 1.59 0.95 5.85 2.63 0.96
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ﬁ%jﬁ@ﬂgﬁ%o AT, H: et Ak Cd2+E/‘Jﬁ%j(W Fig. 6 Relationship between R, and C,

B & 7E 2.87~85.80 mg-g™', 7K HF 5% HF BCP Ail
BCS Xt Cd™ i e KW B 52 3 51 5.57 mg-g ' il
10.18 mg-g™', UL =ERELAFIANE A
RH A A BRI B i JE T AT, AR

* 8 FEEMIRN Cd™ HIRAIRME
Table 8 Maximum adsorption amounts of Cd (II) by
different biochars

HRFF 5 h ORI L G (L HASOI R 26 IR Oul(meg’) PR
TRV A e, B = EREAS AR KERAE 17:40 [26]
FI B L T O BTRIK T Ca IR EAFFF 13.40 [27)
BT . AR AT LAIE I e A 72 A ) o ) FRA I e 2.87 [28]
B SRR RIS S A et T — e e Y, o T 2 85.80 [29]
R R RN, T R s Joss 1o
FEXTHAS YA, TS A S MR - 070 o)
7, AR KRR 2RI -,

3) W W U5 56 0 5 B8 12 £ . % BCP A BCP 357 o
BCS Wil CA>Hi/E i FTIR [ (8 7) 175007 Bes 1018 i

A, C—H(Q2922~2977 cm'), —OH(3 408~3 437 cm™"), C—O—C(1 028~1 092 cm ") IR SNERIFHE, N
CA> (WL FHH A T 45 BLRIEY, [FIRF, C=0(1 589~1 640 cm™). F5 & HZE C=C WIRShIE (1 402~1 467
em ), JFESH C—H iRaNE (852~882 ecm ™) SFUAETE, UEHH T Al A=Y BAT = BE D5 A AL AnZeMb
SERE, XA YRR 1 TS CETE IR ES . YRR PRI Ty, R AR R A
ETFREEE, C—H PRGNS, belRILH s, YR &R $E5; —OH, C—0—C,
C=0 M Ieidsm BERRAR,  WISREHAEY e & RIS, X PT RER AP ER PR TR /il S8, mibiE
TR AR B AR B AR

f&l 7 a5, BCP #1 BCS MG Cd* filfa B RERI URREIER & A T k. AV SHEEEIERT
i, — T E SR Tl LS R 0 —OH U A s 55— 5T, 7EMRBFHTG—OH AYldas & A=tk
g L R R R —OH Bk Ca> U, ST 3 INEEEVE R J10si/ )N, [R] Bt iE BH 7R A= 9 e i o
CAd R AR AR B sl RN 2 )5, C=0. & LK) C=C Ml C—H WISéisnm s &A= 7k
A5, X R PHE T-n B TERRAFEE T BCP Al BCS WM Cd* iy b, it L X BCS Al BCP W Fffi
J& B REHARAL 434, BCS A1 BCP WZM Ca* (R e s BHES Fn Fo FYEHTRNE FAC B E EEEAEH], X
S AR —EEY,
2.3 EHSIRMSCIG

1) FJT CaCl, e Wz fiH-E i 2, ANJRIMERE CaCl, % Cd> 2R FIME Rt it s2 i an &l 8 s, Fifi
# CaCl, RIREERIYE N, BCP Fl BCS X Cd™ A R A bR il 2 B I i) TR 3, BCP AR
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Fig. 7 FTIR spectra of BCP and BCS before and after Cd( Il ) adsorption
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Fig. 8 Effect of CaCl, electrolyte solution on removal rate and adsorption amount
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Fig. 9 Effect of biochar dosage on removal rate and adsorption amount
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Fig. 10  Effect of pH on removal rate and adsorption amount
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pH 9169.67 2 4584.84 419.72  <0.05 pH 12 182.14 2 6091.07 12848 <0.05
Ei'9) 1Ty 723.55 2 36178  33.12  <0.05 R 284.44 6 47.41
Pril = 1076.28 2 538.14 4926  <0.05
WE 21.85 2 10.92
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Table 10 Polar analysis of Cd* adsorption by BCP Table 12 Range analysis of Cd* adsorption by BCS
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k, 61.21 72.10 5433 53.98 k, 65.95 96.08 66.48 72.70
ky 66.03 90.99 52.34 74.94 ks 70.75 97.41 70.43 68.26
R 5.78 75.15  19.94 2493 R 9.55 7870  8.81 4.44
el 0.05 7 0.05 500 fefl 0 7 0.05 400
3 ZEig
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Adsorption characteristics and mechanisms of fallen leaves biochar towards
Cd(Il) in water
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Abstract Given the problems of heavy metal pollution in water and the difficulty in effectively utilizing the
fallen leaves, biochars were prepared with fallen leaves of Platanus orientalis L. and Salix babylonica L. in this
study. The microstructure and composition of biochars were analyzed by BET, SEM and FTIR. Their adsorption
characteristics and influence factors to Cd*" were studied through adsorption experiments. The results showed
that the removal rate of Cd*" was positively correlated with solution pH and biochar dosage, and negatively
correlated with electrolyte CaCl, concentration. The adsorption processes of both types of biochar conformed to
the Elovich equation and the quasi second-order kinetic equation and were dominated by heterogeneous
chemisorption. The adsorption processes of the Platanus orientalis L. fallen leaves biochar (BCP) and Salix
babylonica L. fallen leaves biochar (BCS) followed Langmuir and Freundlich adsorption isotherms, with
maximum adsorption amounts of 5.57 mg-g™' and 10.18 mg g™, respectively. According to the orthogonal
experiments, the optimal adsorption conditions for BCP and BCS were as follows: the concentration of CaCl,
solution was 0.05 mol-L™', pH=7, BCP dosage was 0.05 g, and the pyrolysis temperature was 500 °C; the
concentration of CaCl, solution was 0 mol-L™', pH=7, BCS dosage was 0.05 g, and the pyrolysis temperature
was 400 °C. This study provides a reference method and important scientific basis for the removal of Cd(Il) in
water and the effective utilization of fallen leaves.

Keywords biochar; fallen leaves; Cd( Il ); adsorption; heavy metal


https://doi.org/10.1021/jf3049142
https://doi.org/10.1016/j.biortech.2011.06.078
https://doi.org/10.1016/j.procbio.2005.02.004
https://doi.org/10.1016/j.jhazmat.2006.11.028
https://doi.org/10.1016/j.jhazmat.2006.11.028
https://doi.org/10.1016/j.desal.2007.01.206
https://doi.org/10.3969/j.issn.1671-3206.2022.02.021
https://doi.org/10.1016/j.biortech.2004.10.011
https://doi.org/10.1016/j.cej.2012.05.025
https://doi.org/10.1016/j.cej.2012.05.025
mailto:chenfangyq@163.com
mailto:chenfangyq@163.com

	1 材料与方法
	1.1 实验材料
	1.2 生物炭的制备及表征
	1.3 批式吸附实验
	1.4 数据处理

	2 结果与讨论
	2.1 生物炭表征
	2.2 吸附机理分析
	2.3 静态吸附实验
	2.4 最佳吸附条件

	3 结论
	参考文献

