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Biochar derived from waste newspapers for removing copper ions from

aqueous solution
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(School of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, Anhui, China)

Abstract: [Objective] A series kinds of biochar were produced from waste newspapers by pyrolysis at different
temperatures (400, 500 and 600 °C). The ability of removing copper ions from an aqueous solution of these
biochar will be testified and the corresponding adsorbing mechanism also will be discussed. [ Method ] The fol-
lowing techniques have been utilized to characterize the structure and properties of biochar, which are elemen-
tal analysis, Brunauer-Emmett-Teller method (BET), Fourier transform-infrared spectroscopy (FTIR), X-ray
photoelectron spectrometry  (XPS), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), X-ray diffraction (XRD), and atomic absorption spectroscopy (AAS). [Result] The fabricated biochar
(WBC-600) exhibits a typical porous structure and its specific surface area is high as 211 m?-g™". This struc-
ture will be beneficial for removing Cu** from aqueous solution. Furthermore, physical and chemical properties
of biochar varied significantly based on the pyrolysis temperatures. It is revealed that the aromaticity, specific
surface area, pH, and ash content of the biochar increased gradually with the increasing pyrolysis temperature,

while the hydrogen, nitrogen and oxygen contents decreased. Batch adsorption experiments were performed to
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examine the effects of initial pH, contact time, Cu** concentration, and temperature on the adsorption capacity
of Cu*. The maximum adsorption capacities of waste newspapers hiochar, WBC-400, WBC-500, and WBC-600
were 107, 115 and 138 mg-g™ at 30 °C (pH 5.0), respectively. The pseudo-second-order kinetics model and
Langmuir adsorption isotherm model were suitable for describing the adsorption process, indicating that chemi-
cal sorption was a rate-limiting step and adsorption took place at specific homogeneous sites within the adsor-
bent (monolayer adsorption). The calculated AH® values indicated that the adsorption process was endothermic.
Furthermore, the adsorption mechanism for WBC was attributed to precipitation, ion exchange, m— interac-
tions, and complexation. [Conclusion ] The biochar fabricated from waste newspapers by the process suggested
in our study meets the criterion of being an effective adsorbent for removing Cu®* from an aqueous solution.
Moreover, since the original material, waste newspaper, is a typical solid waste disposal, the manufacturing of
the biochar will have benefits both to reduce cost and protect environment. [Ch, 6 fig. 1 tab. 34 ref. ]
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Figure 1 SEM-EDS images of biochars derived from waste newspaper pyrolyzed at different temperatures
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Table 1 Physicochemical characteristics of the three biochars

BV pH C/(mg-g™) N/(mg-g™) H/(mg-g™) 0/(mg-g™) H/C
WBC-600 10.01 = 0.02 638.4 + 1.7 1.8 £ 0.1 209 = 0.1 87.7+0.2 0.03 = 0.06
WBC-500 9.66 + 0.01 625.8 + 0.8 23+04 28.6 = 0.1 114.0 £ 1.1 0.05 + 0.01
WBC-400 8.30 + 0.02 588.5 £ 0.3 24 +0.2 35.0 £ 0.2 166.3 + 0.5 0.06 + 0.01
HE W5 e 0/C (N+0)/C Ca/(mg-g™) Mg /(mg-g™) Fe/(mg-g™)

WBC-600 0.14 = 0.09 0.14 = 0.12 30.05 + 3.05 3.09 £ 1.22 229 £ 0.03

WBC-500 0.18 = 0.01 0.18 = 0.07 22.46 = 0.06 2.80 £ 0.07 2.28 + 0.09

WBC-400 0.28 = 0.05 0.28 + 0.05 17.63 + 0.09 1.32 £ 0.93 2.75 = 0.01

H: Wy R Cu/(mg-g™) Mn/(mg-g™) Zn/(mg-g™) JK5Y(mg-g™)  SBET/(m’g”)

WBC-600 0.76 = 0.44 0.61 = 0.06 1.99 + 0.20 251.1 £ 2.0 211.34 + 27.66

WBC-500 0.75 = 0.13 0.60 = 0.21 1.43 £ 0.02 2293 £5.8 28.72 £ 12.35

WBC-400 0.75 + 0.03 0.59 + 0.01 1.06 + 0.06 2079 = 4.5 8.25 + 2.67
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Figure 2 FTIR spectra of biochars derived from waste Figure 3 XRD spectra of biochars derived from waste

newspaper pyrolyzed at different temperatures newspaper pyrolyzed at different temperatures
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Figure 4  Adsorption experiments on the WBC adsorption of Cu*
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