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Abstract —Biosorption is considered to be a promising alternative to replace the present methods for the
treatment of dye-containing wastewater. In this study, sewage sludge was used as a biosorbent which could be
one of the cheapest and most abundant biomaterials. The objective of this work is to develop a surface-modified
biosorbent with enhanced sorption capacity and binding affinity. The FT-IR and potentiometric titration studies
revealed that carboxyl, phosphateand amine groups played a role in binding of dye molecules. The binding sites
for reactive dye Reactive Red 4 (RR 4) were identified to be amine groups present in the biomass. In this work,
based on the biosorption mechanism, the performance of biosorbentcould be enhanced by the removal of
inhibitory carboxyl groups from the biomass for practical application of the biosorbents. As a result, the
maximum capacity of biomass was increased up to 130% and 210% of the increment of sorption capacity at pH
2 and 4, respectively. Therefore, chemically modified sewage sludge can be used as an effective and low-cost
biosorbent for the removal of dyes from industrial discharges.
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Table 1. General Characteristics of Reactive Red 4

Molar |Color index 2

Dyes Chemical formula
mass number
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C32H24CIN3N34014S4 93 13 18105 5 17 nm
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Figure 1. Chemical structure of Reactive Red 4.
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Figure 2. Potentiometric titration of the protonated
biomass and decarboxylated biomass. The line
is produced by the potentiometric titration
model.
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Table 2. Dissociation constants and the numbers of three types of functional groups in the
sewage sludge biomass *

Functional 1st groups 2nd groups 3rd groups
groups b Protonated Decarboxy-lated | Protonated | Decarboxy-lated | Protonated | Decarboxy-lated
Chatge — — +
pKy 2.68 2.53 5.87 6.39 8.24 9.06
[-]° (0.03) (0.04) (0.09) (0.07) (0.06) (0.08)
b 1.38 1.23 0.50 0.45 0.88 0.89
[mmol g ']¢ (0.03) 0.05) (0.03) 0.02) (0.03) 0.07)

a

parameters are given in parentheses.

The coefficient of determination was protonated: 0.999 and decarboxylated: 0.999. Standard errors of the estimated

The Ist functional group indicates the carboxyl site; the 2nd group possibly the phosphate or dicarboxylic site; and

the 3rd group the primary amine site.
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Figure 3. Fourier transform infrared absorption spectra
of the protonated sewage sludge.

The 4 values are the numbers of the functional groups.

The pKy values represent the dissociation constants of the functional groups.
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Table 3. Parameters of the Langmuir Model to Describe
Isotherm Curves.

Protonated Decarboxylated
biomass biomass

pH?2 pH 4 pH 2 pH 4

Parameters

q max [mg gil] 24.088 8.274 27.246 17.73
/K [L mg™'] 0.0943  0.39 1.237 0.82
R’ 0.84 0.79 0.89 0.78
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Figure 5. Isotherms for the biosorption of Reactive Red
4 onto the protonated (dark symbols) and
decarboxylated (open symbols) biomasses at
different solution pHs. The data points are
experimental values and the lines are produced
according to the Langmuir model using the
parameters shown in Table 3.
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K : Proton dissociation constant

b : Molar quantity of functional groups of biomass [mmol/g]
C. : Equilibrium dye concentration in the solution [mg/L]

Cy, Cf: initial and final concentrations of reactive dyes [mg/L]
Ky : Langmuir constant [L/g]

M : Weight of biomass [g]

Vo, V;: initial and final volumes [mL]

e : Sorbed dye at equilibrium [mg/g]

gmax : Monolayer biosorption capacity of the biosorbent [mg/g]

X : Biomass concentration [g/L]

[OH ], = Concentration of added hydroxide ions [mmol/L]

Subscripts

i: Negatively charged groups

j : Positively charged groups
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