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Table 1. Selected chemical properties of used tire rubber.
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Figure 1. The effect of tire rubber size on Cu and Mn sorption in a competitive system.
(Means with the same letters are not significant at P<0.05)
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Figure 2. Competitive sorption of Cu and Mn on tire rubber with different size; 0.088-0.125 mm (a),
0.177-0.250 mm (b) and 0.353-0.500 mm (C).
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Table 2. Langmuir parameters for Cu and Mn sorption on tire rubber.

e ~
(Mn) (Cu) (mm) SxVos ;= o510
2 qm L SE KL-I R2 qm } SE KL_1 Tire rubber size (mm)
(mg Kg') (LK gD (mg Kg') (LKg)
0.99 750 35 0.07 0.86 2700 380 0.08 0.088-0.125
0.97 750 55 0.07 0.94 1860 175 0.07 0.170-0.250
0.96 690 65 0.08 0.89 1250 195 0.09 0.353-0.500
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Table 3. R, values for Cu and Mn sorption by different sizes of tire rubber in competitive system.

Mn Cu
ol clale
(mm) \_,<,::,,,,‘y°;j>' a)‘.ﬁ\ (mm) \_,<,::,,,,‘y°;j>' a)‘.ﬁ\
-1
Tire rubber size (mm) Tire rubber size (mm) (mg L)
0.353-0.500  0.170-0.250  0.088-0.125 0.353-0.500 0.170-0.250 0.088-0.125
0.56 0.59 0.59 0.53 0.59 0.56 10
0.38 0.42 0.42 0.36 0.42 0.38 20
0.29 0.32 0.32 0.27 0.32 0.29 30
0.26 0.26 0.26 0.22 0.26 0.23 40
0.20 0.22 0.22 0.18 0.22 0.20 50

1- Separation Parameter
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Table 4. Freundlich parameters for Cu and Mn sorption on tire rubber.

o
(Mn) (Cu) Sios 2 o1
(mm)
R’ n SE (mgﬁg_]) R’ n SE (mgﬁg_])
098 046 40 100 0.84  0.54 320 345 0.088-0.125
097 043 55 115 092 051 205 235 0.170-0.250
0.65 040 70 120 087 039 215 240 0.353-0.500
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Abstract

Background and Objectives: Some of heavy metals such as copper (Cu) and manganese (Mn)
are toxic and represent as hazardous pollutants due to their persistence in the environment.
Heavy metals can be introduced into soils and aqueous environments by natural processes or
anthropogenic activities. They are non-degradable in nature and highly toxic to plants, animals
and human beings. Various methods exist for the removal of heavy metal ions from solution,
such as filtration, chemical precipitation, ion exchange and sorption by activated carbon and
others. Discarded tires are an interesting and inexpensive medium for the sorption of heavy
metals. There has been little research on heavy metal sorption into tire rubber in competitive
systems. Therefore the present study was conducted to assess the sorption behavior of Cu and
Mn on different sizes of tire rubber in a competitive system.

Materials and Methods: The finely ground discarded tire rubber with three sizes including
0.088-0.125, 0.177-0.250 and 0.353-0.500 mm were prepared from Yazd Tire Company in Iran.
A batch experiment was conducted by adding of 200 mg of ground tire to 10 ml of Cu+Mn
aqueous solution of the desired concentration (10 to 50 mg L™). After 24h, supernatant was
separated by filtration and analyzed for remaining Cu and Mn by atomic absorption
spectroscopy technique.

Results: Sorption of Cu and Mn on tire rubber increased with increasing metal concentration
from 0 to 50 mg L. The greatest sorption of Cu (1088.9 mg Kg™') was found at the smallest tire
rubber size (0.088-0.125 mm) and decreased by 35% when the largest size (0.353-0.500 mm)
was used. At the highest concentration, sorption of Cu was restricted by Mn competition. In the
whole range of studied metal concentrations, Mn occupied the least sorption sites of tire rubber.
The sorption of Mn was not affected by tire rubber size and was restricted by Cu competition.
Based on average, the experimental data were fitted in Langmuire (R’=0.94) better than
Freundlich one (R>=0.87), showing monolayer sorption of Cu and Mn on discarded tire rubber.
The values of maximum sorption capacities calculated from the fitted Langmuir equation
showed that Cu sorption was higher than Mn. There was an increase in the g, values of Mn
when the tire rubber diameter decreased. In this study, separation factor (Ry) was used to predict
if an adsorption system is favorable or unfavorable. In all cases, the values of R; were between
0 and 1, pointing to the favorable sorption of Cu and Mn on three size of rubber.

Conclusion: Results clearly showed that ground discarded tire rubber (especially, the smallest
size) are an effective adsorbent for the removal of Cu and Mn in competitive system. The
equilibrium sorption isotherm of Cu and Mn onto discarded tire rubber is well described by the
Langmuir and Freundlich models, but the Langmuir model fits the experimental data better than
the Freundlich model.
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