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Biosorption Isotherms (Cont.)
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v Biosorption Isotherms (Cont.)
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ab Energy range of adsorption reactions, 
8-16 kJ/mole
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in

g 
–

Su 8 16 kJ/mole
ion-exchange mechanism.
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E for naphthalene was found to be 9.05
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a o ap t a e e as ou d to be 9 05
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Adsorption of Linear Isotherms 
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Parameters
M d l P t Bl k l i t I bili d l l ll

Su
lta

n 
Q

ab Sorbate Model Parameter Blank alginate 
beads

Immobilized algal cells

Naphthalene Freundlich K(l/mg)1/n 1 19 2 2

er
in

g 
–

Su (mg/g) 1.19 2.2

n 1.29 1.67
R2 0 99 0 98

al
 E
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in

ee R2 0.99 0.98
Langmuir Qm (mg/g) 17.98 11.87

b (l/mg) 0 061 0 13

C
he

m
ic

a b (l/mg) 0.061 0.13
R2 0.97 0.96

D-R Q (mmol/g) 2 37 2 33
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 D-R QD(mmol/g) 2.37 2.33
BD (l/J2.mol2) 6.1*10-9 6.0*10-9

E (kJ/mole) 9.12 9.05
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e E (kJ/mole)

R2
9.12
0.99

9.05
0.96
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Effect of Impurities on Biosorption of 
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Phenol and Naphthalene
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Conclusions
ab
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v Conclusions

Thi t d d th ti l f ibilit f i

Su
lta

n 
Q

ab This study proved the practical feasibility of using 
immobilized inactive algal cells for the removal of zinc, 
and naphthalene from refinery wastewaters.
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Su

p y

Sorption efficiency of immobilized biosorbents are 

al
 E

ng
in

ee

p y
greater than that of the suspension biosorbents.

O i H l 0 f i d 4 0 f

C
he

m
ic

a Optimum pH values were: 5.0 for zinc, and 4.0 for 
naphthalene.
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Biosorption kinetics was found to follow pseudo-second 
order kinetics.  
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Conclusions (Cont.)
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v Conclusions (Cont.)

L i F dli h d D R i th d l

Su
lta

n 
Q

ab Langmuir, Freundlich, and D-R isotherm models 
have been found to describe the biosorption of 
zinc and naphthalene on alginate beads and

er
in

g 
–

Su zinc, and naphthalene on alginate beads and 
immobilized Chlorella vulgaris.
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The biosorption of the three pollutants  on 
immobilized algal cells and blank alginate beads

C
he

m
ic

a immobilized algal cells and blank alginate beads 
are expected to be a result of combination of:

Zinc: ion exchange electrostatic interactions and
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 Zinc: ion exchange, electrostatic interactions, and 
surface complexation mechanisms. 
Naphthalene: ion exchange.
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Main Recommendations
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v Main Recommendations

D i t di d t b d t d

Su
lta

n 
Q

ab • Dynamic studies need to be conducted.

er
in

g 
–

Su • The interference in a mixture of the three 
species is recommended. 
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• Experimental equilibrium isotherms for binary 

C
he

m
ic

a and ternary mixtures are recommended.
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• Biosorption study on real refinery wastewater 
after primary treatment is recommended.
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