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ABSTRACT

One of the common methods for removing heavy metals from aqueous solutions is the use of membranes.
In this study, a sorbent (polypyrrole) was used to enhance the efficiency of a polyether sulfone membrane in
removing nickel metal ions from water. It is worth mentioning that the synthesis method of the polyether sulfone
membrane was carried out through surface polymerization. This study was conducted under neutral pH
conditions and ambient temperature, with various contact times from zero to 180 minutes to investigate the
percentage of nickel adsorption in a batch system. The chemical structure of the membrane was characterized
using the water contact angle (WCA) test, and the surface morphology was examined using a field emission
scanning electron microscope (FESEM). The results indicate that polypyrrole formed on the pure membrane
and has the ability to remove nickel ions from the aqueous solution. In this study, it was observed that the
adsorption percentage initially increased with the contact time and then reached equilibrium.
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1. INTRODUCTION

Every year, millions of people lose their lives due to severe water-related diseases. This issue is particularly
acute in certain regions, and water scarcity is rapidly spreading to other parts of the world [1]. Water
pollutants include contaminants from household waste, food processing waste, pesticides, chemical waste, and
heavy metals. Heavy metals, as elements with high atomic weights, pose potential risks to human health and
the environment, which is concerning [2]. To reduce water pollution, the development of advanced, low-cost
water treatment technologies with high efficiency is essential. One effective method for removing heavy metals
from water is the membrane filtration process, which plays a crucial role in purifying contaminated water.
This method is considered a promising technology for pollutant removal due to its ease of operation and low
space requirements [3,4].

2.  METHOD AND MATERIALS

2.1 materials

Polypyrrole is purified by distillation to polymerization, polyethersulfone (PES), Ferric chloride (FeCl3),
The purity of n-hexane was about 99%, For nickle ion removal test, hexa nickel nitrate(Ni(No3)2.6H20),
dymethylacetamide (DMF), polyvinylpyrrolidone (PVP) all of them are used in Merck (Germany), Distillate
water, for preparation of PES support polyester was used.

2.2 Preparation of the polyethersulfone (PES) porous substrate

The substrate was prepared using the phase inversion technique (PIT) with a casting solution consisting of
14 wt% polyethersulfone (PES), along with dimethylformamide (DMF) and polyvinyl pyrrolidone (PVP) as
additives. Initially, PVP was added to DMF, followed by the gradual addition of PES to the solution while
stirring gently for 6 hours. Afterward, the mixture was allowed to rest for 2 hours to degas and remove air
bubbles. The polyester fabric was adhered to a glass surface, and the homogeneous solution was then poured
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onto the polyester using a casting knife. This mixture was then smoothly immersed in a water bath for phase
inversion for 24 hours at room temperature. Finally, two sheets of paper were used to dry the PES substrate
membrane at room temperature for an additional 24 hours. [5]

2.3 Preparation of PPy membranes

Initially, 1.21 gr of polypyrrole were mixed with 60 mL of hexane and then placed in an ultrasonic mixer.
Next, 3.41 gr of iron (11l) chloride (FeCls) were added to 60 mL of distilled water and mixed. The pure polyether
sulfone membrane was immersed in the FeCls solution for 10 minutes and then immediately placed in the
solution containing polypyrrole and hexane. After these steps, the membrane was washed three times with
water and ethanol. Finally, to dry, the membrane was placed in an oven at 60 °C. [6]

3. ADSORPTION EXPERIMENTS FOR THE REMOVAL OF NICKEL (11)

3.1 Batch adsorption experiments

The sorption test was conducted using a batch system in aqueous medium. A stock solution of nickel(ll)
ions was prepared, containing 500 mg L™ of nickel ions, by dissolving nickel nitrate in distilled water. In the
initial phase, 1 gr of the modified membrane, which contained 0.03 grams of polypyrrole sorbent, was crushed
and mixed with 15 mL of a nickel solution with an initial concentration of 50 ppm and neutral pH. This mixture
was allowed to stand for approximately 2 hours to facilitate separation. Sorption processes were carried out
at room temperature, with time intervals of 5, 15, 20, 30, 60, 90, 120, and 180 minutes, maintaining a pH of 7.
The experiments were executed in a batch shaker system operating at 200 rpm, after which the extent of
adsorption was measured using an Atomic Absorption Spectrometer. The percentage of nickel removal can be
calculated using the following formula: (1)

R%=""¢ x 100 )

Co

Where Co the initial concentration (mg/l) and C. is equilibrium concentration (mg/l) of Ni, V refers to the
solution volume (L) and m stands for the adsorbent mass (ppy)(gr) (35,36). The adsorbed amount of Ni (I1) per
unit is g: (mg/l) [7].

4. RESULTS AND DISCUSSION

4.1 Contact angle measurement

The effect of polarization on the permeability of polypyrrole (PPy) coated and neat membranes has been
investigated. The PPy coating reduced the wettability of the membranes, as illustrated in Fig. 1. The results
indicate that the modified membranes exhibit higher water contact angles (WCA). In the uncoated membrane,
the WCA was approximately 54°. Following the application of the coating, the WCA increased to about 61°
for the PPy membrane.

Fig. 1. Contact angle measurement: (A) neat membrane, (B) modified membrane
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2.4 FE-SEM

The images presented in Fig. 2 illustrate the surface and cross-sectional characteristics of both pristine
and modified membranes. Microscopic analysis reveals a dense formation of polypyrrole (PPy) particles on
the polyethersulfone layer, creating a noticeable surface layer. Both membrane types exhibit an asymmetric
structure due to phase inversion, characterized by a thin dense selective layer and a porous sub-layer with
finger-like pores. In Fig. 2(b), uniform and Cavity-like pores are evident on the surface of the modified
membrane, while Fig. 2(a) shows a smooth and homogeneous surface for the unmodified membrane. A
comparative analysis between the neat membrane (A) and the modified membrane (B) indicates the presence
of an additional dense layer at the cross-section of the latter. This observation suggests differences in structural

4.2 Effect of contact time

The contact time was depicted in Fig. 3, where the performance of nickel adsorption ions was evaluated as
a function of contact time varying from 5 min to 180 min by keeping the parameters constant in a batch
experiment. It was observed that the removal percentage and uptake efficiency increases significantly with
increasing contact time. As indicated in Fig. 3 the maximum level of efficiency was reached at 120 min and
approximately 75.6% of Ni2+ ions were removed. Moreover, after that there was no significant change and it
reached to equilibrium adsorption. The similar adsorption efficiency action was also reported [8]. This can be
clarified the fact that the availability of more number of adsorption sites at first it was high because of vacant
adsorbent sites. Consequently, the achievement of equilibrium adsorption may be due to the reduction of active
adsorption sites on the adsorbent [9].
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Fig. 3. the effect of time on removal percentage
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5.

CONCLUSION

In this study, it was observed that the adsorption percentage increased with prolonged contact time up to
a certain point and then stabilized. The results of the Water Contact Angle (WCA) analysis indicate the
formation of polypyrrole on the polyethersulfone. Additionally, the scanning electron microscope (FESEM)
images demonstrate the formation of a polypyrrole layer on the pure polyethersulfone membrane, confirming
the accuracy of the synthesis. The maximum adsorption efficiency was achieved at 120 minutes, during which
almost all Ni** ions were removed. After this time, no significant changes were observed, and the system
reached an equilibrium state. This phenomenon may indicate that in the initial stages, the availability of a
greater number of adsorption sites due to the presence of vacant sites contributed to the increased adsorption
efficiency. Furthermore, achieving equilibrium adsorption may be related to a decrease in the number of active
adsorption sites on the adsorbent.
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