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ABSTRACT

In this study, the adsorption of Cu?" from aqueous solution by the biochar derived from woody biomass at different
pyrolysis temperatures has been investigated. The woody biomass wastes used in this study were branch of willow (Salix
koreensis Andersson) and bark of chestnut (Castanea crenata var. dulcis). Three biochar samples prepared by heating each
biomass at temperature of 300°C, 500°C, and 700°C were tested for the adsorption capacity of Cu. Also the
physicochemical properties of the developed biochars were studied using different characterization techniques such as FT-
IR, SEM, BET surface area, and cation exchange capacity (CEC). The adsorption of Cu could be well described by
Langmuir model for both willow and chestnut biochars wiith R?>0.98. The maximum adsorption capacities of the
biochar produced at 700°C from the Langmuir equation were found to be 12.5mg g™ and 16.9 mg g™ for willow and
chestnut, respectively. Chestnut biochar was found to interact more effectively with the active sites available for Cu,
resulting higher removal of Cu(Il) than wiloow biochar. Ion exchange and surface complexation found to be the main
mechanisms involved in the adsorption process. This study demonstrated the feasibility of the biochars derived from
woody biomass to be as a low-cost potential adsorbent for heavy metals as Cu(Il) removal in aquatic system.
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Table 1. Chemical analysis of the biochars derived at pyrolysis temperatures 300°C, 500°C and 700°C

CEC Exchangeable base cations (cmol/kg) Yield
Biomass °C pH
(cmol/kg) Ca K Na Mg (W/w%)
RAW 5.37 16.3 2.10 2.65 3.84 0.28 100
Chestrut 300 7.80 9.73 1.43 2.59 455 0.16 61.2
estnd 500 9.30 295 1.82 461 3.96 0.13 38.0
700 9.28 30.0 1.48 441 5.06 0.11 28.3
RAW 5.18 372 1.09 24.0 5.63 0.37 100
. 300 8.14 23.1 0.67 13.4 5.64 0.21 478
Willow
500 10.4 69.8 1.43 432 5.88 0.25 40.4
700 10.2 85.8 1.03 54.9 5.55 0.25 39.6

Table 2. Surface structure properties of the biochars derived at pyrolysis temperatures 300°C, 500°C and 700°C

Willow Chestnut
Parameters

300°C 500°C 700°C 300°C 500°C 700°C
BET surface area (m?¥g) 1.01 76.6 307.1 1.32 5.83 5.90
Langmuir surface area (m%g) 1.13 89.2 342.8 1.87 8.20 8.22
Micropore area (m%/g) 0.45 61.4 295.0 0.12 2.64 0.61
External surface area(m?/g) 0.56 15.1 12.1 1.19 3.18 5.28
Micropore volume (v/v%) 1.38 40.1 79.4 0.01 3.18 5.28
Average pore diameter (A) 297.9 32.1 19.0 160.1 366.7 217.3
Maximum pore volume (cm’/g) 0.0075 0.0615 0.1461 0.0053 0.0535 0.0320
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Fig. 1. Scanning electron microscopy (SEM) images of willow
biochars produced at temperatures (a) 300°C, (b) 500°C and (c)
700°C.
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Fig. 2. Scanning electron microscopy (SEM) images of chestnut
biochars produced at temperatures (a) 300°C, (b) 500°C and (c)
700°C.
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Fig. 3. FT-IR Spectrum of willow biochars produced at
temperatures (a) 300°C, (b) 500°C and (c) 700°C.
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Fig. 4. FT-IR Spectrum of chestnut biochars produced at
temperatures (a) 300°C, (b) 500°C and (c) 700°C.
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Fig. 6. Langmuir isotherm model for Cu(Il) adsorption onto
willow biochar (WBC), chestnut biochar (CBC) and activated
carbon
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Table 3. Isotherm constants for adsorption of Cu(Il) onto biochar

WAkt - IR - A - AT

=z -

Langmuir isotherm

Freundlich isotherm

a b (mg/g) r’ n k ?

AC 3.22 7.576 0.976 243 5.09 0.691

BC300 Willow 1.066 3.247 0.969 2.404 1.387 0.913
Chestnut 2.158 4.587 0.973 2.584 2.371 0.878

BC500 Willow 2.858 8.850 0.988 2.725 5.224 0.666
Chestnut 3.526 14.925 0.972 2.809 10.471 0.510

BC700 Willow 2.162 12.500 0.947 2.506 7.464 0.491
Chestnut 3.278 16.949 0.958 0.241 12.246 0.575
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Fig. 7. Freundlich isotherm model for Cu(Il) adsorption
onto willow biochar (WBC), chestnut biochar (CBC) and
activated carbon.
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