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Application of biochar derived from kiwi pruning branches for Cd** and Pb** adsorption in aqueous solutions
REN Chun-yan, GUO Di, LIU Xiang—yu, LI Rong—hua, DU Juan, ZHANG Zeng—qiang"

(College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: This research aims to investigate the effect of biochar derived from kiwi pruning branches on Cd** and Pb** in aqueous solutions.
The affecting factors including initial concentration, adsorption time, initial pH, and sorbent dosage were investigated in batch experiments.
The adsorption capacity of biochar for Cd* and Pb* from aquaculture wastewater and landfill leachate was tested. The biochar before and
after adsorption was characterized using scanning electron microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR). The re-
sults indicated that kiwi pruning branches biochar had high porous structure and abundant surface functional groups. The optimal condi-
tions for Cd** and Pb* adsorption were pH 4~6 with 120 min contact time (reached equilibrium). The optimal sorbent dosages were 4.0 g+
L™ for Cd* and 3.0 g+ L' for Pb*, and the maximal adsorption capacity was recorded at 9.35 and 65.9 mg- g™, respectively. Additionally,
Cd* and Pb** adsorption onto biochar followed a pseudo second order model. The adsorption characteristics of Cd** were well described by
the Langmuir equation with a theoretical maximum adsorption capacity of 13.1 mg- g™, whereas the Freundlich equation was more appropri-
ate for Pb** adsorption. Overall, the kiwi pruning branches biochar shows higher adsorption performance and potential application in Cd*"
and Pb* removal from wastewater.
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Table 1 Properties of biochar
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Pro e:;ics pH Specific surface area/ Pore volume/ Alkaline groups/ Acid groups/ Total groups/
P m’eg”! cm’eg”! mmol - g™’ mmol - g™’ mmol - g™’
BRIRBEA LIS 11.4 15.7 0.125 5.36 4.85 10.2

Kiwi pruning branches biochar
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Figure 2 FTIR spectra of biochar before and after Cd* and
Pb* adsorption
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Figure 3 Adsorption effect of biochar on Cd** and Pb**(a, b) at different initial concentration and Langmuir(c, d),
Freundlich(e, f) isotherm models
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Table 2 Adsorption isotherm parameters of biochar on Cd** and Pb*
ELIRET SHEC Langmuir 24X Langmuir parameters Freundlich Z%{ Freundlich parameters
Heavy metal ions Temperature Qu/mg-g”! K. /L+mg" R Ki/mg'™ g+ 17" 1/n R
Cd™ 55 13.1 0.324 0.957 1 11.1 0.03 0.951 4
Ph* 122.0 0.029 0.881 6 54.8 0.12 09811

5T TR A AL G SR B, T B e R A AL B 01 W R o Freundlich 25 W B A b, 1/n J2 R WK B 5
JEWR X Ph™ AW B, Freundlich &8 W B AL 29240, 249 1/n<l A F) T W BT AR 0 5 7 1 fA
AU R*(0.981 1) BH i =5 F Langmuir 55 i W% 5L 7Y 11 P IFZH01/n(0.12) 4 F 0.1~ 1, 2 B A= 4 J5T 2% %f Ph?*
R (0.881 6) , & B A= W) J5i e X Ph™ i) W B B 4% & AWK B RE T AR, W OEE B ) i A T

Freundlich %5 i W fIAE AL | R B AFTEE 200 112 2.2.2 WERMES TR Cd™ \Ph> M B 14 52 e



(R A7, 5 SRR DR AR W IR XA D Cd™ \Ph™ 9 W B KR BRI 1987

Kl 4(a) 8 4(b) Ry A= 9 5T e XF Cd™  Ph™ I ff
Bt ESF ] B A8 A6 DG 2R o P ETATRL, A= ) BT e %o Cd™  Ph™
F4) 57 o R 2 53 53R 47 I 6 Sk ] f0) A T 4 A, 24
BB 11 A7 90 min Fisf, MRz o 0 2 o3k 3 ) 1 4 o e 45y 4
PV GRS s WL FFFS T] 24y 120 min B, B B AS TR 31
15, AP TN Cd* (P I B 5t 53971 R 9.40.65.7 mg -
o, EBRFIEE 37.6% .98.5%. %S T KT 4R %
R A F2 A 5 A W o 3R 1T R 4 )R B AR Bl 1R
K, 4 JE B0 e W B A 0 5 e UKL Y 2R 1HT, 1%
b PR AR, R AR O B 5 o R Y
17 A L2l I AW/ | 24 A ) 5 e 3R T 7D PR o
ST 42 R B IR B B 0K 9 ) L B 4
Ty v, A ) 5T Jo 3 TRT %) VR A7 i 5 4 iR S - 4 fi
[ S, T DAl AR A X A R 12 . X S AR A
K FRZ MR 75 K < W B 175 W v P> i Cu™ B AF 9 485
— 30, 347 1 IR G Bk R R 3 3 I R v T O 22 12
IR EPA

SR Y SV b S B B B O Ak B R — 23
JI2ERERY ME SR By ) SRR RN RURE P 4 IR R A
B RRBREA A W 55X Cd>  Ph> B W 50 125 7
PLALGE RT3, h R Pl LUE i — G sh Iy
TRUFNASURL 3 9 HIOBE A5 7 R 34 A1, 156 BH 3 7 ol
BERUASE FHF A W) e %) Cd> (P> B I B T v —

G 8y 1 2R RE S AR I Mo 0L G 2 9 o e X Cd™  Ph>
W B, e R ¥R T 0.98, H L4 B 15t 1 1 i
W R 35910 89 9.51 .65.9 mg- g, IR G AT A5 58 20 1)
9.35.65.9 mg- g, “H ARG, U WA W) 5
XF Cd>  Ph> B B A A e — G sh J 2R, E— 2
Bl 7 2E AR FUE Bl R R B ) 46 B BE (4 8 ) 2
TE G 8y ) 2 AT B A AR G b il AR R o 4l 7,
i8INS YRR L 2 T R B A ASORL PN 4 RS L 12 B
of TR A A PR Bt A AE A2 W B, I HL A i o
Sy VR A 4 o A B BL AN 2 5 R B S Y, TR
HE 2 By ) 2 AR BE A% TN L S b i AR ) S e o)
Cd™ . Pb> WK B 3l J1 24 B o Sk A S A S 2R
P I 1 %o P A I Bt 45 A RLRR 285 2R

2.2.3 pH X} Cd* . Ph> W B i 52 i)

MW pH > 7.0 B, %W Cd7 L PhT R £ DU
Cd(OH),.Pb(OH ) TILIEIEAAAE , AT R T4 FI A4
JB R (R SR B %, 3 ELIRE pH 2 =7, /K VR R I
SRR S R T WA, R AR 36 H o pHL B
IR 7 2.0~6.0. &1 5 A 25 W Jo3 e AV W AN [R) pHLAE
ST R CA™ P> A R B K PR A e B
VSR pH B P&, AR BT X Cd™ T Ph* fry I -3t
FBRREIIE A MU pH M 2 TH s E 6 1, Cd> i
B 2.14 mg- o' B R e R(E 7.34 mg g™, BERFEM

127 150 80T 7100
"o (a) . o (b) )
;én S gn 1 1 1 1 7 1198 <
o 3 I g =
= — ] u &) = - ="
= 9 e o+—1lo ol 140 be Z 60 =
I 8 o Y I S 9 % &
=% 6 30 2 gim-‘:( KE
=5 33 £ 3 %3
£ E 2 E
2 3 4120 E 2 201 2
E < =} 92 <
< = 3 =
< <
0 10 0 90
30 60 90 120 240 720 1440 30 60 90 120 240 720 1440
108 [fe st 1) Adsorbing time/min 108G 9fF EF 1] Adsorbing time/min
1 Wi Adsorbing capacity -0 Z:BR% Removal efficiency
B4 TR B BB Cd™  Ph MR B USR B 2400
Figure 4 Effect of contact time on the adsorption of Cd* and Ph*
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Table 3 Adsorption kinetics parameters of hiochar on Cd** and Ph*
e HE— 2R 5} )y~ T e G ah J1 E A UL T
HERET Pseudo—first order model Pseudo-second order model Intraparticle diffusion model
Heavy metal ions
ke /min™' R QJmg-g”! k2/mg+g™ +min™' R Q/mg-g”! k/mg- g™ +min™’ R
Cd* 0.0152 0.936 8 9.51 0.070 0.987 1 9.22 0.842 0.843
Ph* 0.005 8 0.881 4 65.9 0.046 0.999 9 64.5 5.888 0.875
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