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Fig. 2- Scanning electron microscopy (SEM) image of biochar from woody pruning residues
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Fig. 3- Effect of contact time on removal of Pb from Babol landfill leachate using biochars from woody pruning residues with
different particle sizes
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with different particle sizes
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Table 3. Kinetic parameters of Pb adsorption from Babol landfill leachate onto pruning residues biochars
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Table 4. Isotherm parameters of Pb adsorption from Babol landfill leachate onto pruning residues biochar

Temkin Freundlich Langmuir C
A
R Ar br R " K, R2 b . dsorbent

s gheo V=Y I3 o3lal byl
Biochar with particle size of 1-2 mm
ey ySas FY-YO O3 o3lail byl
Biochar with particle size of 63-75 pm

0.67 2.42 0.56 0.89 0.85 0.94 0.97 -0.14 -1.71

0.72 3.54 0.82 0.89 1.15 0.76 0.99 0.76 1.66

0
0 o =-0.0149x - 1.1759 J= -0.0129x - 1.8233

2 -, 2 e e

- Y o..

g P N S

= -4 e e.. -4 e o o

4 (<) -0 o ) 0.0 o
() e @ T

0 30 60 90 120 150 180 210 240 270 300
Biochar with particle size of 1-2 mm

0 30 60 90 120 150 180 210 240 270 300
Biochar with particle size of 63-75 um

900 900 .
y = 1.9693x + 58.225 y = 2.6331x + 47.619 o
600 o® 600 o
o® ..
& Y @
£ 300 e 300 -
(Q)’....,.-. (C).'.-...
o (d) o (0

0 30 60 90 120 150 180 210 240 270 300
Biochar with particle size of 1-2 mm

0 30 60 90 120150 180210240270 300
Biochar with particle size of 63-75 um
(a3,80) oyl
Time (min)
1095 GgS S o3l by s (sLad Sl jfodd g (sl Lz ge dawgs il (s ped ladilony 85 o il pnd 51 P Gl S -0 JS2
P93 4siye 4 10) 9 () Jyl 4550 e (@) 9 (&)
Fig. 5- Kinetics for Pb adsorption from Babol landfill leachate onto pruning residues biochars with different particle sizes; a)
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Fig. 6- Isotherms for Pb adsorption from Babol landfill leachate onto

pruning residues biochars with different particle sizes; a)
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Introduction: Landfill leachate is a highly toxic and hazardous form of wastewater due to its complex
composition characteristics. Effective removal of heavy metals from landfill leachate is of great concern due
to the fact that toxic metals can seriously threaten the food chain, and therefore the human health. The main
objective of this work was to study the utilizing of low-cost pruning residues in the production of biochar and
its application in removal of lead (Pb) from landfill leachate.

Material and methods: Leachate produced in Babol municipal solid waste landfill was used as an adsorbent
solution. Pruning residues were collected and used for biochar preparation. Biochar produced under the
pyrolytic temperature of 700°C with a 1-hour retention time. The adsorption mechanism of pruning waste
biochar to Pb was analyzed through BET surface area and scanning electron microscope (SEM) tests. Batch
experiments were performed to study the effects of adsorption parameters on Pb removal. The influence of
contact time (30-300 min), adsorbent dosage (1-50 g/L), as well as particle size (1-2 mm and 63-75 um) was
investigated. Moreover, the kinetic and isotherm models were applied to the experimental data to predict the
adsorption parameters.

Results and discussion: The results obtained from the analysis of the untreated Babol landfill leachate was
revealed that the Pb concentration was about 4.94 mg L. The surface area of the produced biochar was
determined to be 292.44 m? g'X. SEM microstructure of the biochar showed the developed surface area with
visible pores. All of these data seem to suggest a great potential for pruning residues biochar to Pb removal.
The adsorption of Pb was mainly affected by contact time, adsorbent dose, and biochar particle size. Higher
contact time and adsorbent dosage showed higher uptake of Pb. Whereas, the uptake of Pb ions onto pruning
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residues biochar was substantially reduced with increase the biochar particle size. Maximum Pb percentage
removal was observed at a contact time of 90 min and with an optimum biochar dosage of 20 g L (89.06%
removal) for biochar with 1-2 mm particle size. While, biochar with particle size of 64-75 pm can removed Pb
to almost 100% at a contact time of 120 min and with an optimum biochar dosage of 20 g L™%. The kinetic study
showed that adsorption can be well described by the pseudo-second order kinetic model. This supports the
chemisorption theory behind the pseudo-second order kinetic model for the adsorption system. The results of
isotherm models implied that the behaviors of the isotherms are more appropriate for the Langmuir model,
showing a monolayer adsorption capacity for Pb.

Conclusion: Based on the results, it can be stated that the removal method used in the present research can be
studied and compared along with other methods of landfill leachate treatment and pruning waste management.
Also, further studies are recommended to investigate the possibility of removing other heavy metals with this
method.

Keywords: Biochar, Adsorption, Heavy metals, Municipal waste, Leachate.
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