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Abstract

In this study, graphene oxide (GO) was synthesized from commercial graphite flakes for the adsorptive removal of copper (Cu2+) and cadmium (Cd2+) from harmful tannery effluents. Various analytical

methods viz. X-ray diffraction, Field emission scanning electron microscopy, Zeta potential charge, and Fourier transform infrared spectroscopy were employed to evaluate the surface morphology and

chemical nature of prepared GO. The adsorption experiments were conducted through a batch process under a constant stirring condition (200 rpm). The operational parameters (OPs) were optimized to find

the maximum metal adsorption capacity. The plausible sorption mechanism, sorption nature, and randomness were interpreted in terms of isothermal, chemical kinetics models, and thermodynamic study. GO

is prone to adsorb metal as it is deprotonated and anionic nature at higher pH. The highest metal removal was observed at pH 6 for Cu(II) and 7 for Cd(II). The metal removal capacity for each metal was

positively correlated with the other OPs of the adsorption process. The sorption of the metal ions followed both Langmuir and Freundlich isotherms showing a complex (both monolayer and multilayer)

adhesion phenomenon and the maximum removal capacity (qm) of cadmium (231.48 mgg-1) was higher than that of copper (193.05 mgg-1). Moreover, the pseudo-second-order reaction model adequately

described the chemical kinetics of each metal demonstrating a chemisorption nature of the adsorbent. The adsorption process was spontaneous at ambient temperature and exothermic. Thus, the GO can be an

efficient and affordable adsorbent for the removal of these toxic heavy metals from tannery wastewater.

Introduction
Leather sector in Bangladesh is the most labour intensive export

earning sector which offers huge value addition and contribution to

the socio-economic development. However, Tanneries have been

recognized as a potential source of generating heavy metal load to

the environment [1]. During leather production, a substantial amount

of different heavy metals such as, Cr, Cu, Cd, Ni, Pb, As, Hg, Ba, Fe,

etc. are discharged with wastewater [2]. The effluent of chrome

tanning process contain 2,000-5,000 mg L-1 of Cr(III), while the

composite effluents of a tannery contain 100-250 mg L-1 of Cr(III)

[3]. The chromium (Cr) of tannery effluent is very much harmful to

human health, animals, and plants [4]. The general methods for

removal of heavy metals from the effluents are precipitation,

neutralization, membrane filtration, ion exchange, floatation,

adsorption, etc. Among them, adsorption is the most economic and

effective separation technique [5]. The prepared graphene based

adsorbent was used to remove heavy metals like Cd and Cu from

tannery wastewater

Preparation of Graphene Oxide

Fig. 1: Flow Chart of Graphene Oxide Preparation

Characterization of Graphene Oxide

Fig. 2: FTIR spectrum of GO

Fig. 3: FESEM image of graphene oxide

Fig. 4: XRD image of graphene oxide 

Zeta potential value at different pH
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Fig. 5: Zeta potential value at different pH 

Effect of Doses on Capacity & Removal %
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Fig. 6: Effect of doses on capacity and % 

of removal for Cu(II)

Fig.7: Effect of doses on capacity 

and % of removal for Cd(II)

Effect of Time and Concentration on Capacity
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Fig.8: Effect of time and concentration on capacity for Cu(II)

0 20 40 60 80 100 120
-20

0

20

40

60

80

100

120

140

Ca
pa

ci
ty

, q
t (

m
g/

g)

Time, t (min)

 103.82 ppm

 152.15 ppm

 201.40 ppm

 250.65 ppm

0 20 40 60 80 100 120
-20

0

20

40

60

80

100

120

140

Ca
pa

ci
ty

, q
t (

m
g/

g)

Time, t (min)

 103.82 ppm

 152.15 ppm

 201.40 ppm

 250.65 ppm

Fig.9: Effect of time and concentration on capacity for Cd(II)

Table. 1. Langmuir Isotherm

Parameters Cu(II) Cd(II)

Qm 193.05 mg/g 231.48 mg/g

B 0.1239 L/mg 0.023 L/mg

RL 0.032 0.148

R2 0.997 0.999

Table. 2. Freundlich Isotherm

Parameters Cu(II) Cd(II)

Kf 57.23 12.019

n 3.70 1.675

R2 0.991 0.996

Pseudo First-Order Kinetics
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Fig.10: Pseudo First-Order Kinetics for Cu(II) adsorption
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Fig.11: Pseudo First-Order Kinetics for Cd(II) adsorption
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Fig.12: Pseudo Second-Order Kinetics for Cu(II) adsorption

0 2 4 6 8 10 12 14 16 18 20 22
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35
 103.82 ppm

 152.15 ppm

 201.40 ppm

 250.65 ppm

t/q
t

Time, t (min)

0 2 4 6 8 10 12 14 16 18 20 22
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35
 103.82 ppm

 152.15 ppm

 201.40 ppm

 250.65 ppm

t/q
t

Time, t (min)

Fig.13: Pseudo Second-Order Kinetics for Cd(II) adsorption

Conclusion

The adsorption capacity of the prepared graphene oxide are

193.05 mg/g for Cu(II) at pH 6 and 231.48 mg/g for Cd(II) at

pH 7, which is quite significant. The pseudo-second order

kinetic model showed a better correlation for Cu and Cd

adsorption compared to the pseudo-first-order model. The

adsorption isotherm followed both the Langmuir and

Freundlich models, preferably the Langmuir model. The

value of Gibb’s free energy and enthalpy is negative at

different temperature, which reveals the adsorption

processes are spontaneous and physico-chemical in nature.

Therefore, the graphene oxide can be used as an efficient

adsorbent for the removal of heavy metals from water

media.
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