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Biosorption of Rhodamine B onto Waste Activated Sludge:

Equilibrium and Kinetic Modelling
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The biosorption of dye, Rhodamine B(Rh-B), onto waste activated sludge was investigated. The biosorption
capacity and contact time were shown as a simulation of dye adsorption equilibrium and kinetics models.

We observed that biosorption of Rh-B occurred rapidly less than 4 hr. These experimental data could be
better fitted by a pseudo-second-order rate equation than a pseudo-first-order rate equation. The equilibrium
dependence between biosorption capacity and initial concentration of Rh-B was estimated and it was found that
the equilibrium data of biosorption were fitted by four kinds of model such as Langmuir, Freundlich, Redlich-
Peterson, and Koble-Corrigan model. The average percentage errors, £(%), observed between experimental and
predicted values by above each model were 21.19%, 9.97%, 10.10% and 11.76%, respectively, indicating that
Freundlich and Redlich-Peterson model could be fitted more accrately than other models.

Key Words: Waste activated sludge, Equilibrium, Kinetics, Dye, Rhodamine B, Biosorption.
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Fig. 1. Structure of Rhodamine B.
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Fig. 2. UV/VIS spectrum of Rhodamine B with wavelength.
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Fig. 3. Kinetics of Rh-B adsorption capacity by waste
activated slud Lines represent fitting using
pseudo-second equation model.
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Fig. 4. Pseudo-first order kinetics for Rh-B adsorption
to waste activated sludge.
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Fig. 5. Psedo-second order Kinetics ofr Rh-B adsorp-
tion to waste activated sludge.

LA} Jhsdtenh 4766% 84304 mg/Le] Rh-B
SR 539 FABE 15659 1129 e/l
2 o8 FAFo 1510mg/g? 11979 mg/g 2A
S8R s 1@%]4 FAFe A dNEU 2
Agel4 Rh-Bl AAFHe] fab 1 WgkE

Table 1. Comparison of the first- and second-order adsorption rate constants and calculated and experimental qe
values obtained at different initial Rh~B concentrations

Cﬂh? qe’exf’, kl.“’fi, o c(mgg ™) r lczad(gmg_lmin_l) o c(mgg ™) r
(mglL ™) (mgg ) (min )

4766 1565 6.194 1.179 0.938 2.024 1.570 0.999
9.594 3.256 7195 2615 0.890 0.037 3.273 0.999
20.774 4.870 71.337 4870 0.994 0.030 4.983 0.999
43.493 7.397 2.833 7.250 0.928 0.013 7.622 0.998
834.304 11.299 4.900 7.562 0.997 0.005 11.979 0.997
178.269 20.672 - - - 0.003 21.585 0.999
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Fig. 7. The Linearized Freundlich adsorption isotherm
of Rh-B adsorption to waste activated sludge.

Table 2. Equilibrium constants of Langmuir and Freundlich isotherm for Rh-B adsorption onto waste activated

sludge
Langmuir Freundlich
Qmax(mgg ™) b r e(%) 1/n Ke r (%)
24.127 0.025 0.845 21.1% 0.568 1171 0.983 9.996
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B adsorption to waste activated sludge.
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Fig. 9. The Linearized Koble-Corrigan model of Rh-B
adsorption to waste activated sludge.
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Fig. 10. The model fitting of the Langmuir, Freundlich,
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tions for Rh-B adsorption to waste activated
sludge.

Table 3. Equilibrium constants of Redlich-Peterson and Koble-Corrigan model for Rh-B adsorption onto waste

activated sludge

Redlich-Peterson

Koble-Corrigan

Kre arp b r e(%)

Qrax(mgg ) b 1/n (%)

4.156 2.687 0.480 0.970 10.102

74.710 0.018 0.600 0.945 11757

Table 4. A comparison of calculated value, Geca, by Langmuir, Freundlich, Redlich-Peterson and Koble-Corrigan
models and experimental value, Qeexp, Obtained at different Rh-B dye concentrations

Ce Qeexp Qecal (mgg_l)
(mgL™) (mgg ) Langmuir Freundlich Redlich-Peterson Koble-Corrigan

0.0 0.0 0.000 0.000 0.000 0.000
30 33 1.684 2.207 2.268 2.486
11.0 49 5.134 4572 4812 5164
28.6 74 9971 7.881 8.238 8.706
61.6 11.3 14.536 12182 12.538 12910
136.7 20.7 18.598 19.168 19.280 18.834
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