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Effects of nano—Fe;0, loaded acid—modified biochar on Pb** and Cd* adsorption in water

LI Jing', SHAO Xiao—hou"*", LIN Kai'?, MAO Xin—yu', QIN Heng—ji'

(1.College of Agricultural Engineering, Hohai University, Nanjing 210098, China; 2.Nantong Marine and Offshore Engineering Institute,
Hohai University, Nantong 226300, China)

Abstract: To better understand the adsorption characteristics of Ph** and Cd* in their single and binary solutions by nano—Fe;0, loaded ac-
id—modified biochar, influencing factors such as adsorbent surface properties, additive dosage, initial solution pH, adsorption time, and ini-
tial metal concentration were studied via static adsorption. Moreover, models of isothermal adsorption and dynamic adsorption were applied
to analyze the relevant adsorption kinetics and mechanisms. The obtained results indicated that the specific surface area of nano—Fe;0,
loaded acid modified biochar was higher than that of unmodified coconut shell biochar by 221.03 m*+g™". In addition, the amount of surface
functional groups such as O—H, C=0, C-0-C as well as the aromaticity were higher, while the isoelectric point of the biochar increased to
5.68. The applied biochar dosage of 5 g+ L™ was considered to be optimal in consideration of cost—effectiveness. The adsorption efficiency
was preferable when ionic solution pH was 5.0 and adsorption equilibrium was achieved at around 4 h. The adsorption process was more

aligned with the pseudo—second—order kinetic model, which suggested that chemisorption consisted of rapid out—diffusion and intra—parti-
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cle diffusion were mainly accounted for the adsorption of Ph** and Cd**. Furthermore, Pb** and Cd** adsorption were found to be well fitted to

the Langmuir and Freundlich isothermal adsorption models, respectively. The maximum adsorption capacities (Q.) of Pb*" and Cd*" in sin-

ele solution by nano—Fe;04—loaded acid modified biochar were 42.54 mg+ ¢ and 25.79 mg- g™, respectively, which were 1.87 and 2.23

times higher than those by unmodified biochar. The maximum adsorption capacities of Ph** and Cd* in composite solution were 65.16%

and 54.21% of those in single solution, revealing that the phenomenon of adsorption competitiveness took place in the presence of both

ions. The results indicated that a nano—Fe;0, loaded modification combined with acid modification enhanced the Pb** and Cd** adsorption

capacities of coconut biochar. Moreover, the adsorption capacity and competitiveness for Pb** were higher than for Cd*".

Keywords : nano—Fe;04; HNOs; modified biochar;adsorption; Pb; Cd
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Table 1 The physic—chemical properties of unmodified and modified coconut shell biochar

Mt){jjdl Pbimg-kg™  Cdimg-kg™ o o Eﬁf jia/m%g* Pore min%j/cm}-gf‘ Apjt[fi/nm Isueiiioim
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Figure 1 pH-Zeta potential relation curves of unmodified and

modified coconut shell biochar
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Figure 2 FTIR spectra images of unmodified and modified

coconut shell biochar
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Table 2 Boehm titration results of unmodified and modified coconut shell biochar(mmol-g™)

R TPEE AR ivyés B A TR s i3 ¥
Material Basic functional group Acidic functional group Carboxyl Lactone Phenolic hydroxyl
HB5E 5 0.416 0.358 0.121 0.112 0.087
PR A ¢ 0.408 0.534 0.241 0.128 0.102
Fes 0. 85 0.421 0.354 0.143 0.101 0.095
YK Fes0u B BRI ¢ 0.545 0.522 0.235 0.143 0.113
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Figure 3 XRD patterns of unmodified and modified coconut

shell biochar
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Yt 5 2 Modification methods
ARV TR R b B ) 22 5 1B 35 (P<0.05)

The different lowercase letters indicate significant differences among
treatments at <0.05 level

B4 REBHEFRIF Ph CA* KRR
Figure 4 Effect of different modification methods on removal rate

of Pb** and Cd*
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Figure 5 Effect of nano—Fe;04 loaded acid—modified biochar dose

on removal rate of Pb*" and Cd*
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Figure 7 Effect of initial concentration on removal rate
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Figure 8 Changes of removal rate of Pb* and Cd* with the
contact time
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Table 3 Adsorption kinetic parameters of Ph** and Cd* on nano—Fe;0. loaded acid—modified biochar

W2 {42 11274575 Adsorption kinetic model — Z:%{ Parameter Ph* Ph* (Ph*-Cd*) Cd> Cd*(Ph*-Cd*)
HE— 20 B g A Q./mg-g"! 29.72 12.13 22.81 7.28
ky 1.426 2.956 1.381 2.956
R 0.983 0.875 0.982 0.875
it EIPAE 2 BT Q./mg-g”! 32.58 12.87 24.99 7.72
ks 0.062 0.391 0.079 0.652
g 0.985 0.965 0.986 0.965
Elovich 8fj J) 244557 20.542 10.151 15.657 6.090
-5.265 -1.302 -4.062 -0.781
R 0.874 0.805 0.880 0.805
UKL N 4IRS 78 H—FB ky 25.518 6.608 17.818 3.965
CyJmg-g" -2.636 4.076 -0.058 0.445
R 0.989 0.980 0.950 0.980
W B ki 6.320 1.053 5.085 0.632
Cy/mg-g" 17.415 10.422 13.035 6.253
R 0.997 0.881 0.899 0.881
BB ki 0.028 0.228 0.062 0.137
Cy/mg-g* 30.087 11.734 22.897 7.041
R -0.937 0.952 -0.822 0.952
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Figure 10 Elovich dynamics model of Ph** and Cd* on

nano—Fe;0, loaded acid—modified biochar
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Table 4 Adsorption isotherm parameters of Pb** and Cd** on unmodified and modified coconut shell biochar

3.0

SR BFAF T Tsothermal adsorption model Z K Parameter Ph* Ph* (Ph**~Cd*) Cd> Cd*(Ph*-Cd*)
Langmuir—4k Fe;0, 7 2882 2k ¢ Qu/mg-g! 42.54 27.72 25.79 13.98
K, 0.019 0.009 0.005 0.012
R 0.997 0.987 0.982 0.964
Langmuir—H5¢ 5 Qu/mg-g"! 22.79 — 11.54 —
K, 0.011 — 0.011 —
R 0.977 — 0.966 —
Freundlich—24 K Fe;0. 57 2R R MCE i Ke 2.281 0.786 0.436 0.639
n 1.873 1.698 1.555 1.942
R 0.961 0.984 0.993 0.976
Freundlich—Hp5¢ 5¢ Kr 0.869 — 0.524 —
n 1.828 — 1.965 —
R 0.921 — 0.976 —
" R BT s
Note: “—"indicates no data.
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Figure 12 Isotherm adsorption models of nano—Fe;0. loaded acid—modified biochar for single—metal and binary—metal of Pb** and Cd™
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