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Adsorption Characteristics of Heavy Metals using Sesame Waste Biochar
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Little research has been conducted to explore the heavy metal removal potential of biochar. The adsorption
characteristics of heavy metals by sesame waste biochar (pyrolysis at 600 °C for 1 hour) as heavy metal
absorbent were investigated. The sesame waste biocharwas characterized by SEM-EDS and FT-IR, and heavy
metal removal was studied using Freundlich and Langmuir equations. The removal rates of heavy metals were
higher in the order of Pb > Cu > Cd > Zn, showing that the adsorption efficiency of Pb was higher than those
of any other heavy metals. Freundlich and Langmuir adsorption isotherms were used to model the equilibrium
adsorption data obtained for adsorption of heavy metals on biochar produced from sesame waste. Pb, Cu, Cd
and Zn equilibrium adsorption data were fitted well to the two models, but Pb gave a better fit to Langmuir
model. Heavy metals were observed on the biochar surface after adsorption by scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDS). Main functional groups were aromatic C= O ring
(at1160 cm'l, 1384 cm™ and 1621 cm'l) by FT-IR analysis. Thus, biochar produced from sesame waste could
be useful adsorbent for treating heavy metal wastewaters.
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Table 1. Characteristics of sesame waste biochar used.
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Fig. 1. Removal rates of heavy metals by sesame waste
biochar.
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Fig. 2. Freundlich isotherm equations of heavy metals using sesame waste biochar.
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Fig. 3. Langmuir isotherm equations of heavy metals using sesame waste biochar.
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Table 2. Determination of the parameters for the Freundlich and Langmuir adsorption isotherm using sesame waste biochar.

Langmuir isotherm Freundlich isotherm
Heavy metals > 2
Jm b r K I/n r
Pb 415.9 0.72 0.998** 294.2 0.08 0.971%*
Cu 70.6 0.95 0.998** 47.1 0.09 0.970%*
Cd 57.0 0.43 0.961** 49.7 0.02 0.174
Zn 43.6 0.23 0.962%* 35.6 0.03 0.079

dm : Amount of heavy metals adsorbed per unit weight of adsorbent, mg/g,
b : Constant related to the energy of net enthalpy of adsorption,

K: Indicator of sorption capacity,

1/n: Adsorption indensity.

**Denotes significance at 1.0% level.
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Fig. 4. Experimental and calculated values from the Freundlich and Langmuir adsormption isotherms using sesame waste
biochar.
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Fig. 5. Scanning electron microphotographs and X-ray energy dispersion spectra of biochar before and after heavy metals

adsorption.
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