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Abstract. At present, the heavy metal pollution has become one of serious environmental problems
which has drawn the great attention to scientists. Biochar has great sorption capacity to heavy metals.
It has become one of hotspots research of soil science and environmental science because of its huge
application prospect in agriculture and environment. In this paper, biochars were derived from peanut
shells at different pyrolysis temperatures and limited-air condition. The elemental compositions of
biocharswere characterized. The results showed that the concentrations of C increased with increasing
temperature as a result of combustion and volatilization; while H, O decreased. The biochars showed
appreciable capability of adsorption for copper from aqueous solution. The experimental dataindicated
that the sorption capacity of Cu(l1) onthe biocharsincreased by the increment of charring temperature,
and decreased by the increment of charring time. It might be that biochar has aromatic ring structure
after being charred.

Introduction

Copper (Cu) is an essential micro-nutrient needed by human beings, animals and plants at low levels,
whileit istoxic beyond certain limits and can cause serious environmental and public health concerns.
Cu mining and smelting produces large amount of acid drainage in China and worldwide, and has lead
to pollution of river water by Cu and other heavy metalq1,2]. Irrigation using such water has resulted
in accumulation of heavy metals in soil and their transport from soils to food and hence to the
biosphere[3,4].

Biochar isafine-grained and porous substance, similar in appearance to charcoal that is produced by
pyrolysis of biomass under oxygen-limited conditions. In recent years, biochar has received
considerable interest as a large-scale soil amendment to improve soil fertility, crop production, and
nutrient retention and to serve as a recalcitrant carbon stock[5-7]. Biochar has a relatively structured
carbon matrix with high degree of porosity and extensive surface area, suggesting that it may act asa
surface sorbent which is similar in some aspects of activated carbon and thereby play an important role
in controlling contaminants in the environment. Much work has been done on plant-residue or
agricultural wastes derived biochar for sorbing organic pollutantg[8-10].

While biochars from wood/bark[11], dairy manure[12] and biochars prepared from hydrothermal
liquefaction of pinewood and rice husk[13] have been shown to sorb significant amounts of heavy
metals (such as As, Cd and Ni), there is very limited research on the effects of biochars derived from
peanut shells on Cu(ll) adsorption processes. Heavy metal pollutants such as Cu(l1) often coexist in
contaminated urban areas, and their mobility is of global concern[14]. The objective of this study was
to investigate the sorption ability of Cu(ll) by biochars derived from peanut shells at different pyrolysis
temperatures and limited-air condition in aqueous solution.

Experimental

Preparation of biochars. The straws of peanut were air-dried at room temperature and ground to pass
a0.154 mm sieve, which were as raw biomass material. The straws of peanut were heated at different
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pyrolysistemperature to obtain biochars under hypoxic conditions, respectively 200°C, 400°C, 700°C.
One biochar was made from a mix of peanut shells heated in a muffle furnace at three different
temperature for 2h and 4h (designated as M22, M42, M72, M24, M44, M74). The other biochar was
produced from peanut shells heated via microwave under the same temperature and while (Marked
W22, W42, W72, W24, W44, \W74). For the comparison, the original manure dried at the temperature
of 105°C (referred to as BO) was included.

Characterization of biochars. The biochars produced from the peanut shell samples were
characterized used elemental analyzer (Elementar MicroCube), thermogravimetry (TG), and Fourier
Transform Infrared Spectroscopy (Varian 640 - IR). The basic elements (C, H, O, N, S) analyses were
conducted on elemental analyser. Thermogravimetry was conducted using a computer-controlled
thermogravimetric analyser. The biochar samples were heated from 25 to 1000 °C at arate of 20 °C
per min. Weight loss attributed to mineral reactions that produced volatile reaction products (H0O,
CO,) at specified temperature ranges. Quantitative masslosswas used to determine organic matter loss
via combustion and calcite (CaCO3;) mass percent based on the stoichiometry of its decomposition
reaction. In addition, the samples scanned from 4000 to 400 cm * at aresolution of 8 cm ™ and mirror
velocity of 0.48 cm/s during the FTIR analysis.

Adsorption kinetics of copper to biochars. The purpose was to determine potential of biochars
for sorption of heavy metals for agueous solutions, Cu was chosen as model heavy metal contaminant,
respectively. In our study,the Cu(NOs), solution(concentrations of 5 mgL™) were selected as
adsorbates, and the solid-liquid ratio was 1: 4 mg / mL. The sorption experiment was conducted in
120mL brown bottle by mixing 30mg of biochars (M22, M42, M72, M24, M44, M74, W22, W42,
W72, W24, W44, W74 and BO) with 120 mL solution containing 25 mgL™ Cu(NO®)? and 1168.8
mgL ™ background liquid of NaCl, and the pH was 6.0. Then the mixture was shaken at a shaking table
at constant temperature (25°C), respectively being shaken for 0.25, 0.5, 1, 2, 3, 4, 6, 8, 9, 19, 27, 43h
and sampleswere removed at each time point smultaneoudly, solid and liquid phases were separated by
centrifugation at 2000 rpm for 5 min. Each biochar sample at different temperatures and different time
pointswastaken two parallel samples, 0.5 mL of the supernatant was extiracted at 4 mL vial eachtime.
The supernatant was analysed for Cu(l1) concentrations using atomic absorption spectrophotometer.
Calculation of sorption of Cu(ll) was based on the difference between initial and final solution
concentrations.

Results and discussion

Elemental analysis of biochars. 13 different kinds of biochars were analyzed by elemental analyzer,
theresultsare shownin Table 1. The measured elementsinclude C%, N%, H%, S%, O%. As presented
in Table 1, under the same pyrolysis method and the same charring time, The C, S contents of biochars
increased with increasing temperature, H, O contents decreased as temperature increased. However,
under different charring time, C content increased by the increment of charring time, on the contrary,
H, O, N contents were reduced. In addition, biochars were produced under the same temperature and
the same charring time by using different pyrolysis methods, C, H contents of biochars which were
heated by muffle furnace were dightly higher than that derived via microwave, conversely, O, N
contents were dightly lower.

(N+0O)/C,0O/CandH / C, respectively, reflected the polarity[15], hydrophobicity and chain
structure of matter. The polarity and hydrophobicity of biochars, which were derived from peanut
shells were reduced with increasing pyrolysistemperature, smilarly, H / C atomic ratio decreased with
pyrolysis temperature increased (Table 1). Other studies showed that biochars formed a highly tight
aromatic structure when H / C ratio was less than 0.3, while the H / C ratio was larger than 0.7
represents that aromatic ring structure of biochars was not tight enough or the aliphatic chain was as
the main structure[16]. In our study, H / C ratios of biochars was less than 0.3, this phenomenon
indicated that the formation of more aromatic ring structure resulted from carbonization, thereby
biochars became very compact[17].
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Table.1 Concentrations of the concerned elements of the original sample and peanut shells-derived biochar produced at
temperatures from 200 to 700 °C.

Sarrswple Time Temp:ratur Elemental compositions ( % ) Atomic ratio

(h) (°C) C H 0] N S (N+O)/C O/IC HIC

BO - — 44.98 5.53 40.50 1.26 0.07 0.93 090 0.12
M22 2 200 48.90 5.58 38.17 1.25 0.29 0.81 078 011
M42 2 400 62.76 3.13 14.63 1.69 0.31 0.26 0.23 0.05
M72 2 700 66.09 1.32 9.19 0.91 0.21 0.15 0.14 0.02
M24 4 200 49.37 5.00 35.97 1.13 0.11 0.75 0.73 0.10
M44 4 400 67.07 3.23 13.56 151 0.20 0.22 0.20 0.05
M74 4 700 63.12 1.27 9.91 0.93 0.27 0.17 0.16 0.02
W22 2 200 47.16 5.13 38.19 1.22 0.11 0.84 081 011
W42 2 400 59.12 3.08 22.86 1.94 0.22 0.42 0.39 0.05
W72 2 700 60.87 1.66 11.60 141 0.22 0.21 0.19 0.03
W24 4 200 48.05 5.04 37.46 1.22 0.11 0.80 0.78 0.10
w44 4 400 63.25 3.14 23.05 1.77 0.27 0.39 0.36 0.05
W74 4 700 81.17 145 8.42 121 0.19 0.12 0.10 0.02

TG analysis. This study was designed to investigate the mass loss with increasing temperature of
biochars, which derived from peanut shells and analyzed the composition and the reasons for the loss
by thermal gravimetric analysis. As presented in Fig. 1, the mass loss resulted from the combustion or
oxidation with increasing charring temperature. The mass and ash were remained stablely while the
sample ran out of fuel. Furthermore, mass loss at temperature up to 80 °C (Fig. 1) resulted possibly
from sorped water volatilization. The maximum mass loss for both original peanut shell sample and
M22 were between 250 and 500 °C, while between 300 and 500 °C for M42 and between 450 and 550
°C for M72. In generd, in all biochars, more than 90% mass loss of volatilization occurred between
250 and 500 °C.

Both origina peanut shell sample and M22 formed a large endothermic peak (Fig. 1), these two
peaks were contained in the range of 300°C to 500 °C, previous literatures pointed that the main mass
loss was organic matter in this process. While M42 and M 72 formed the other two endothermic peaks
at 400°C and 550 °C, respectively. At the same time, mass loss on ignition temperature of carbon
increased, this phenomenon probably due to the formation of organic mineral complex during the
pyrolysis process. However, when the temperature rised to above 500°C, carbon which in organic
mineral complex was eventually lost via pyrolysis.
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Fig. 1 TG and DTA analysis of the peanut shell (105°C) and biochar (M22-M72) prepared at temperatures from 200 °C to 700 °C.
FTIR analysis. Differencesin infrared spectrareflected water l0ss, organic matter combustion, and
the concentration of mineral components that resulted from those heat-induced mass losses. The
spectrum of original sample and biochars heated by muffle furnace for 2h and 4h were characterized by
the organic function groups, showing a band from —OH stretching (3436 cmi*)[18], CH2 (2851 and
2927 cm™)[19,20] in biopolymers, C=0 stretching of aromatic rings (1623 cm) (Fig. 2A and B).
These bands expectedly decreased with increasing pyrolysis temperature. The band of —OH stretching
(3436 cm™) significantly reduced in the range of 200°C to 400°C , and it almost disappeared when
temperature reached 400°C or 700°C. This phenomenon caused the dehydration and dehydroxylation
of biochars in the carbonization process, hence occurring a substantial loss of hydroxyl and the
absorption peak reduced significantly. Furthermore, The band of CH2 stretching (2851 cm™ and 2927
cm™) weakened with the increase of temperature, which means that the contents of methyl and
methylene groups of biochars decreased as the preparation increasing temperature.
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Fig. 2 FT-IR spectra of biochars prepared at different temperatures (A for 2h, B for 4h) by muffle furnace.

Copper sorption by biochar. Experimental results showed that sorption capacity of both two
biocharsto copper ions, which produced by using amuffle furnace or amicrowave-fired increased with
increasing pyrolysis temperature at the same concentration of Cu (I1) solution and the same charring
time. Aswe known, there are many oxygen and nitrogen functional groups on the surface of biochar,
all these functional groups readily complexed with metal ions, thus metal ions adsorbed on biochar by
surface complexation. Previous studies showed that the atomic ratio H / C content of biochar reduced
with the pyrolysis temperature (Table 1), which means that those biochars formed a greater amount of
aromatic rings, which were multi-electron aromatic ring structure, cation -r action ensued between the
aromatic rings and the metal iong17], thereby enhancing the adsorption of Cu (I1) by biochars.
Besides, the Cu (I1) adsorption amount of biochars which were heated at 200°C and 400°C was less
than raw peanut shells. Studies have shown that components of peanut shells were complex, which
contained catechins, gallic acid, phloroglucinol and other polyphenol and minerals, fats and lots of
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cellulose-based substances. Hence, in the pyrolysis process, the carbonization of biomass was largely
dependent on the degree of temperature. However, in both 200°C and 400°C such low temperature,
carbonization of biomass was not completed, comparing to the original biomass of peanut shells, O, H
and N contents were both reduced (Table 1). Correspondingly, the oxygen and nitrogen functional
groups would reduce, thus decreasing the adsorption of metal ions on the biochar. That’s why the
adsorption amount of Cu(ll) on the biochars heated in both degree of temperature was less than the
original biomass of peanut shells.

In addition, under the same pyrolysistemperature, the Cu(l1) adsorption dosage of al these biochars
decreased by the increment of charring time. The case was caused by the specific factor that -OH,
-COOH, C =0, C-O-C and other surface oxygen functional groups of biochars reacted with Cu(ll) to
combine into -O-Cu-. According to FTIR analysis (Fig. 3), the absorption peak intensity of the oxygen
functional groups of biocharswas reduced after being heated for 4h, which affected -O-Cu- generation,
thus reducing the amount of metal ions adsorbed on the biochar.
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Fig.3 Adsorption kinetics curves of concentration of 5mg/L Cu(ll) to biochars at different temperature

Concluding remarks and environmental significance

This study investigated that peanut shells can be efficiently converted into a biochar material with
potential to serve asan amendment for remediation or agronomic purposes and the sorption capacity of
biochar which derived from peanut shells to Cu(l1) from aqueous solution was strong. Furthermore,
the conversion temperature affects biochar properties, which affects biochar application. Heating at
>200 °C in presence of air resulted in partial combustion of peanut shells, producing alarge amount of
mass loss and the Cu(ll) adsorption amount of biochar increased with increasing preparation
temperature and decreased by the increment of charring time. With the increasing pyrolysis
temperature, forming a substantial amount of aromatic rings, cation - action ensued between the
aromatic rings and the metal ions, thereby enhancing the adsorption of Cu (I1) by biochars. Besides,
heating for >4h reduced the contents of surface oxygen functional groups, which affected -O-Cu-
generation and reduced the amount of metal ions adsorbed on the biochar. Thus, biochar derived from
peanut shells has potential to be an effective adsorbent for application in environmental remediation.
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To sum up, turning crop into biochar for remediation application shows promise as a means to solve
disposal problem while creating new markets for crop.
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