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Characteristics and mechanism of cadmium adsorption by Solidago canadensis—derived biochar

TANG Jia—wen', CHEN Jin—huan', WANG Kai—nan', ZHANG Qiu-zhuo"*

(1.Shanghai Key Lab for Urban Ecological Processes and Eco—Restoration, School of Ecological and Environmental Sciences, East China
Normal University, Shanghai 200241, China; 2.Institute of Eco—Chongming(IEC ), Shanghai 200062, China)

Abstract: Solidago canadensis (Canadian goldenrod) is a herbaceous worldwide invasive plant, which spreads rapidly and poses a serious
threat to ecological environments in China. In order to improve the management of this highly problematic alien invasive species and en-
hance resource utilization efficiency, Solidago canadensis—derived biochar was prepared in the present study. The basic properties of bio-
char produced at various pyrolysis temperatures were investigated. The optimum conditions for cadmium adsorption by biochar in aqueous
solution were studied systematically through batch adsorption experiments. In addition, the adsorption mechanism was explored. The re-
sults showed that the SCBC450, which was the Solidago canadensis—derived biochar pyrolyzed at 450 °C by stem—leaf mixture as the raw
material, out—performed the other prepared biochar. Three factors were selected for orthogonal experiments, and their influence on the ad-
sorption of Cd* by biochar were as follows: initial concentration of adsorbate > pH > temperature. The highest adsorption efficiency Cd*
could achieve was(95.6+0.38)% when the initial concentration of adsorbate was 50 mg+L™" at 35 °C with pH 6. Under these optimal condi-
tions, the adsorption process was better fitted using Langmuir isotherm and pseudo second—order model, which demonstrated that chemical
adsorption dominated. The maximum theoretical adsorption capacity could reach 107.03 mg-g™". The analysis of biochar by XPS, FTIR, and
SEM-EDS analyses showed that ion exchange, complexation, precipitation, and physical adsorption were the main mechanisms of Cd** ad-
sorption by SCBC450. Therefore, the study showed that Solidago canadensis—derived biochar has a great potential for cadmium adsorption
in water treatment.
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M Zn, Zhang SFFFE K B AR Bl K 7 A5 A9
AWy xt Cd™ HA I 25 i W R T, e I i 5 6 ]
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pH it (ALALIS PH400, [ ) il 22 7% ¥ pH ; 1 1 {8 BL
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Table 1 Orthogonal experimental design
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C CA* ¥ ¥ /mg- L 50 100 150

1.2.3 A2 A e X Cd™ oy W B 50 g 2 258
W BRI
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TorE BIIREEH o
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2.2.1 Wi SRl il 2% 2 1

K] 2 R ASTRL i 25 250 R AR B 2R 9 e Xt Cd™ 1)
W FFF A5 SR o S ) A 0 3 o G A R o o R AR, 7 e
I HY9 60 min N, A= 4 5 K Cd> A W FFHE B 28 i, 300
min J5 FEAS Tk B0 B . 24 h 5, 6 A 45 i
KNI 9 : SCBC450>SCBC550>SCBC500>SBC550>
SBC450>SBC500, SCBCA50 (1) W i 2 S Fe 4 , Wit ot
Al 35 42.39 mg- g, SCBC550 K Z , 4132 mg- g™,
SCBC 1 SBC Wi il 2 K —BL B AL A= W) o X Cd™ I
R 23R A7 AR B R 22 57, 3 0 I B T B e I A5 1
SCBC % Cd™ % Wz fff 2 34 B f2 K T SBC, iX 7] BE Kt
T SCBCHN.O & &4, HReM & T 5, Rk
KU TR Z A AT 5 Cd> &AW B s b, BRI
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Table 2 Basic properties of prepared biochar

W B s 5T % UL Elemental composition/% P
Adsorbent  Temperature/C Productivity/% C H 0 N S e He ore Ash content/% pH
SBC450 450 31.68 63.54 3.76 31.65 095 0.10  0.015 0.059  0.498 31.85 11.74
SBC500 500 29.81 70.87 3.22 2493 0.86 0.12 0.012 0.045  0.352 17.39 11.40
SBC550 550 29.01 65.99 2.89 30.19 0.83  0.11 0.013 0.044  0.457 30.85 12.08
SCBC450 450 34.81 56.14 3.89 37.72 190 0.35 0.034  0.069 0.672 33.80 11.91
SCBC500 500 32.37 58.59 3.69 35.68 1.89  0.15 0.032 0.063  0.609 32.64 11.94
SCBC550 550 30.92 55.45 3.26 39.08 1.92  0.29 0.035 0.059  0.705 39.06 12.47
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Figure 1 FTIR and XRD analysis of Solidago canadensis—

derived biochar
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Figure 2 Adsorption of Cd** by biochar at different

preparation conditions

ERBE ALY R BN, AR T RAcEE
Py W B SR L 5 L 53— TR B T 7 1 iR — A
WAL AL Pl 7 B AG 4%
2.2.2 B SR T S

B R R, 7 pH TR AR 5 5 1
W S8 5% A 0 e W o 4 e R A AE —E R i), DLt
TERRIX 3 AR 2% CA™ W B RICR 2R 7 1E 22 52 5, 45 21
K3 PR, HFRATH, B pH A FH R, SCBC450 Xf

Cd> 1A I BR324 N o pHL 38 % 0T 3 ek el 7 A=
73 AT ) F i 25 185 0 4 R 8 T I AR X, 2 T 52
W B A O, 35 T T B F SCBCA50 1 FfF € iy 1% i
RSN B35 (P=0.885>0.05) . % T W Bt J5 e A
WeRE T 5, Bl HAE 0, SCBCA50 X Cd> ity Wiz Jff - 1
i, B SUR B2 (P=0.011<0.05) ., #F5% &, i
T Vi ()38 R ARG I T B AR N AR W e TN 4 8
I R S B TR R TR EE 4 i ) T o
SR T B A R o e J3E A WO A8 A8 0 8 T AR 3
5 Pellera £ i 57 25 AR o

R F0 R o 2k R A T B A T2 AL i e m A r e
3F R 2 X SCBC4AS0 WK Bt Cd il fE ML B i R/ Ny
9] g W2 o e e B >p HSTRLEE , CAP MR B e A 12041
A0 pH6 il JE 35 °C W B B BR VA BB 50 mg - L', it
B Cd™ P-4 B8 AT K (95.640.38) % .
2.2.3 WL RN I A A TR R B

SRy TR MY R O ST 114 4 kA R R W BRI
A3 F ] — G 5h 125 M g 5 F1 25 % SCBC450 7 fie
eI B T2 40 T B CA> il 4 S A TS a2
Bk 4 s, A, SCBCA50 RER I #7454 —
o)y I 2NN 2 2 ) AR b 28l )2 05
LA R B (R*=0.999 9) , HAG 5 Y . B #3752
S RCE . SRR, ISR R AE Y X Cd>

®3 CRMMRAIZEMH
Table 3 Optimal process for Cd** adsorption

o T N REY GRS . ”liﬁﬁ@'lﬁl%
Number pH Temperature/ Initial concentration/  Adsorption
C mg- L™ efficiency/%
1 4 15 50 91.18+1.43
2 4 25 100 77.77£0.36
3 4 35 150 73.11x0.01
4 5 15 100 79.34£1.60
5 5 25 150 81.46+0.57
6 5 35 50 94.66+0.11
7 6 15 150 85.33+0.56
8 6 25 50 95.18+0.48
9 6 35 100 90.03+0.05
K, 80.69 85.28 93.67
K, 85.15 84.80 82.38
Ks 90.18 85.93 79.97
W2 9.49 1.13 13.71
FUIGF A YR > p H> I 2
RIBAS pH 36,0 35 °C UG 50 mg- L™

T KFOR A5 R R 7 —ACE TP IME.

Note : K represented the mean value of each factor at the same level.
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K", Ca® & 4 B T 38 e fft Cd** o Chen 5238 1o X 3%
T LR e W I AP R JE A T R AE 2 B, A ke P KOG
F 15341 B Cd JC R 50 A A TERR IR I AH DG G 3R,
FRY C/K B FacHAe T4 FRARIN, HKCl
W95 Bh T Cd B9 B AN CACOs B9 FE RERY . anfal 4b
JiR L X Cd BRE 43 2 B & B, Cd 3d A 7E P A
AL 200 FS L 404.4 eV FT405 eV 4b R Cd 3dss )
FRAEIE ,411.7 eV AEXT R A Cd 3dsn FARAEIE . Cd 3ds»
A S UE R4 A VR A S 2% 1B BB AP A Cd-R
F 2L Cd(OH), Fll CdO M JE AFLER, 4545 %7 C.0
JCE T BIZ5A 43T, 8 00 A 4 e 3% 1R 4l 72
B BRIL Cd> A Ak RN T 5 B B
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Figure 3 Adsorption isotherms for Cd** by SCBC450
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Table 4 Kinetic parameters for the adsorption of Cd* on SCBC450
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Figure 4 Characterization of Solidago canadensis—derived biochar before and after Cd** adsorption
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Table 6 Adsorption capacities of Cd* by different agricultural wastes derived—adsorbents
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Figure 5 SCBC450 adsorption mechanism for Cd*
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