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Abstract: In this study, Cu/Fe bimetallic biochar composites (BC@Cu/Fe-X, X=3, 5, 10) and Fe biochar composites
(BC@Fe) were prepared by one-step pyrolysis. The effect of Cu doping amount on the BC@Cu/Fe-X adsorption of
Pb** was investigated and the optimum doping ratio was determined. The results showed that BC@Cu/Fe-5 had the
best adsorption performance for Pb**. The effects of adsorption time, Pb** concentration, pH, coexisting ions, aging
in air, and other experimental conditions on the adsorption of Pb** by BC@Cu/Fe-5 were studied. The adsorption
behavior of BC@Cu/Fe-5 on Pb* was analyzed by fitting the kinetic and thermodynamic data. X-ray powder diffrac-
tion (XRD), X-ray photoelectron spectroscopy (XPS), Fourier transform infrared spectroscopy (FTIR), and other char-
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acterization techniques were used to analyze the changes of the characteristic peaks before and after the BC@Cu/Fe-5
adsorption of Pb**. The adsorption mechanism of BC@Cu/Fe-5 on Pb* is that about 42% of Pbh** is reduced to Ph°,
33% of Pb** forms PbO/Ph(OH),, and 25% of Pb** forms complexes with functional groups such as O—H, C—O,
C=0, COO0, and Fe—0. Cu doping can improve the ability of Fe to reduce Ph*.

Keywords: bimetallic; biochar; Ph*; adsorption mechanism
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Table 1 Fitting parameters of adsorption kinetic models by BC@ Cu/Fe-5 and BC@Fe
Pseudo-first-order model Pseudo-second-order model
Sample
Ge,ca ! (mgg™) ky / min™! R Ge,ca/ (mgg™) ky/ (g-mg™'*min™) R
BC@Fe 93.12 3.11x1073 0.9749 112.30 3.08x10™* 0.991 6
BC@Cu/Fe-5 107.43 5.48x1073 0.9532 136.92 3.57x10™* 0.989 2
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Table 2 Adsorption isotherm fitting parameters for Pb*" adsorption onto BC@ Cu/Fe-5 and BC@Fe

Langmuir Freundlich
Sample
G ! (mg-g’l) K,/ (ll-mg’l) n K./ (mgl’”" . L””-g’l) R?
BC@Fe 1881.7 0.004 9 0.967 1 1.956 4 59.76 0.927 4
BC@Cu/Fe-5 21124 0.005 6 0.965 3 1.8167 59.19 0.9351




5

Az A — D PR Cu/Fe XUE Ji AR 0 S 6 BRE B e A o P21 i 847

®3  BFERIIRE Ph>ERE LB

Table 3 Comparison of adsorption properties of various materials for Pb*

Adsorbent pH Concentration range / (mg-L™") ¢,/ (mg-g™) Ref.
Pectin/poly(m-phenylenediamine) microsphere 5 20-600 390.9 [34]
N-methylene phosphonic chitosan aerogels 5 30-1 300 645.26 [35]
Sulfhydryl modifed chitosan beads 4 50-600 273.7 [36]
Geopolymer-based zeolite microspheres 5 100-600 529.7 [30]
GO/SA/PDA 5.4 50-150 189.25 [37]
Functionalized magnetic graphene oxide 4 — 425.83 [38]
CMC-nZV1 6 100-1 000 1237.32 [8]
Vermicompost biochar 5 100-1 000 230.95 [39]
BC@Cu/Fe-5 5 300-1 000 2112.4 This work
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Fig.6  XRD pattern of BC@Cu/Fe-5-Ph

2.6.2 FTIR /T
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Fig.7 FTIR spectra of BC@Cu/Fe-5 before and after
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2.6.3  XPS/MT
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