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As depicted in fig. 2 (a), the adsorption of MB on to the 
fabricated membranes is favorable in basic pH mediums 
which can be attributed to the to the increase in surface 
ionization of carboxyl groups decorated on GO surfaces, 
whereas the converse is true for the adsorption of CR (fig. 2 
(b)). In low pH levels, the amide group undergoes protonation 
increasing the electrostatic attraction bonds with the anionic 
dye. Moreover, it can also be deduced from fig. 2 (c) and fig. 
2 (d) that a sufficient contact time is required to reach 
equilibrium and as per the results given in the graph, a duration 
of 48 hours was required to achieve equilibrium. 

Table 1 depicts the results of Langmuir and Freundlich models 
where the substrate 1 corresponds to the Ch-GO dip Coated 
PAN-EDA membrane and the substrate 2 refers to the Ch-GO 
electrosprayed PAN-EDA membrane. Based on the Langmuir 
isotherm plots shown in Fig. 2(e) to Fig. 2(f) and the data from 
Table 1, the high correlation coefficients of the Langmuir 
model for both MB and CR suggest monolayer homogeneous 
adsorption. The calculated maximum adsorption capacities 
(qmax) for MB and CR onto the dip-coated membranes are 
201 mg/g and 152 mg/g, respectively. A similar conclusion 
can be deduced for the electrosprayed membrane with 
maximum adsorption capacities of 219 mg/g for MB and 182 
mg/g for CR. The difference in the adsorption capacities can 
be attributed to the different coating methods adopted for the 
two membranes, with the electrospraying technique imparting 
a higher surface area for dye adsorption. 

This adsorption capacity of both membranes exceeds that of 
the recent adsorbent developed by Patel and Hota [3] for CR, 
the reason for which can be attributed to the attributed to the 
presence of the chitosan top coating which accommodates 
additional protonated amino sites for anionic dye removal. 
Moreover, both adsorbents exhibit superior adsorption 
capacity to other carbon-based nanomaterials which can be 
due to the enhancement in adsorption capacity imparted by the 
oxygen containing functional groups on GO distributed over 
a large surface area. The adsorption capacity for MB of the 
two membranes significantly exceeds that of raw chitosan and 
is only slightly lower than GO powder. 

Table I Results of Langmuir and Freundlich Isotherms 
 

  Langmuir 

Isotherm 

 Freundlich Isotherm 

 Dye qma

x 

(mg/
g) 

KL 

(L/mg) 
R2 KF n R2 

 MB 201.20 0.26967 0.999
78 

62.2 3.293 0.89948 

1 CR 151.75 0.00035 0.999
04 

19.4 3.084 0.98049 

 MB 219.3 0.27788 0.998
46 

74.3 3.588 0.94099 

2        

 CR 182.48 0.00025 0.999
15 

21.2 1.529 0.98317 

 

IV. CONCLUSION 

As per the results extracted from Langmuir isotherm 
modeling, the dip-coated nanocomposite membrane adsorbed 
201 mg/g of methylene blue and 152 mg/g of congo red, 
whereas the electrosprayed nanocomposite membrane 
exhibited even higher capacities: 219 mg/g for methylene blue 
and 182 mg/g for congo red, surpassing most reported 
adsorbents. This study's proposed adsorbent shows promise 
for advancing wastewater treatment. Future research can focus 
on improving the mechanical strength, reusability, 
regeneration, and durability of electrospun EPN membranes, 
thus enhancing scalability of the adsorbents. 
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Fig. 2. a) Adsorption capacity of MB as a function of pH b) Adsorption capacity of CR as a function of pH, c) Adsorption capacity of MB as a function of 
contact time, d) Adsorption capacity of CR as a function of contact time, e) Langmuir isotherm model for MB related to the dip coated membrane, f) 

Langmuir isotherm model for CR related to the dip coated membrane, g) Langmuir isotherm model for MB related to the electrosprayed membrane, h) 
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