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Abstract

The removal of heavy metals and acidic dyes from aqueous solutions using a natural clay
mineral and modified bentonites was investigated. The natural bentonite (N-bentonite) samples were
modified by ion exchange with sodium (Na) chloride, cetyltrimethyl ammonium (CTA) bromide and
octadecylamine (ODA) to obtain Na-bentonite, CTA-bentonite and ODA-bentonite, respectively. The
bentonite modiﬁéation was confirmed by examination of their surface ’rnorphology and functional
groups using scanning electron microscope and Fourier transform infrared spectroscopy, respectively.
The cation exchange capacity (CEC) of the bentonite samples was also examined. It was found that
the CEC values of N-bentonite, Na-bentonite, CTA-bentonite and ODA-bentonite were 44.3, 37.4,

14.7 and 9.5 meq/100g, respectively.

The adsorption capacity of the bentonite samples for two heavy metals including lead (Pb) and
zinc (Zn), and two acidic dyes including Black MLD and Congo Red was investigated using batch
experiments. The effects of the contact time, solution pH, adsorbent amount and initial concentrations
of each metal and dye solution on the adsorption by each bentonite sample were studied at ambient
temperature (29.0+£1.0°C). The results revealed that the adsorption of Zn by N-bentonite, Na-bentonite
or ODA-bentonite was higher than that for Pb. The adsorption for each metal occurred rapidly and
reached an equilibrium status within 2 hours of contact time at the solution pH of 5.0. The optimum
concentrations of the adsorbents were observed to be 5, 4 and 4 g/L. for N-bentonite, Na-bentonite and
ODA-bentonite, respectively. In addition, the metal adsorption capacity of the bentonite samples
increased with an increase in metal concentrations within a range of 10-40 mg/L. The equilibrium data
fit well to both the Langmuir and Freundlich adsorption isotherms. The maximum adsorption capacity
values of N-bentonite, Na-bentonite and CTA-bentonite for Pb were found to be 5.76, 8.86 and 0.83
mg/g, respectively, while those for Zn were 9.47, 16.00 and 5.30 mg/g, respectively.

For the two acidic ldyes, the adsorption capacity of the N-bentonite, Na-bentonite and CTA-
bentonite for Congo Red was found to be higher than that for Black MLD. The adsorption of Congo
Red occurred readily and reached equilibrium within 1 hour (Na-bentonite) and 3 hours (N-bentonite
and CTA-bentonite) at a solution pH range of 5-8. While that of Black MLD was found to be 1 hour
for Na-bentonitc and CTA-bentonite and 2 hours for N-bentonitc at pH 4.0. The optimum
concentrations of the N-bentonite. Na-bentonite and CTA-bentonite for Black MLD adsorption were 1,
4 and 2 g/L, whereas those for Congo Red were 2 ¢/L. The dye adsorption capacity of the bentonite

samples increased with an increase in dye concentrations over a different range of 20-100 mg/L. of




‘Black MLD, 30-120 mg/LL of Congo Red for N-bentonite and Na-bentonite and 300-500 mg/L of
Congo Red for CTA-bentonite. The dye sorption data for N-bentonite and Na-bentonite followed the
Freundlich isotherm while those for CTA-bentonite fit well to both the Langmuir and Freundlich
adsorption isotherms. The maximum adsorption capacity values of Na-bentonite and CTA-bentonite
for Black MLD were 23.04, and 58.82 mg/g, respectively, while those of N-bentonite, Na-bentonite
and CTA-bentonite for Congo Red were 104.17, 163.93 and 175.44 mg/g, respectively. These
research findings suggest that the moditied bentonites including Na-bentonite and CTA-bentonite
exhibit a high potential for adsorption of heavy metals and acidic dyes and could be utilized to remove

these toxic pollutants in natural waters and industrial effluents.





