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Introduction

Nowadays, membrane separation processes have
gained much attention in different industries and
human life due to low energy consumption and high
separation efficiency as well as their environmental
advantages. Nanofiltration membranes with special
properties and performance have particular role for
producing clean water, water treatment and recycling.
Earlier reports provide useful methods for providing
membranes with high efficiency, productivity, and
optimal performance [1]. The main problem faced
during the process is the polarization and fouling
phenomenon [2, 3]|. Different techniques are used
to increase in membrane permeation, reducing of
fouling and preventing contaminant deposition to
enhance the separation efficiency. Among these,
surface modification by plasma treatment has been
recognized as a new and effective way to change the
surface properties of materials in various industries
[4]. As recent studies shown, surface modification
of membranes by plasma treatment generally caused
an increase in water flux, whereas the selectivity
decreased. Therefore, providing high water permeable
membrane in addition to acceptable selectivity was
the main goal of the current study. For the purpose,
surface modification of thin-film NF membranes was
carried out by Air-Ar plasma treatment through a

Accepted: October/18/2021

cleaner plasma device. It is tried to find the optimum
condition to promote permeability and selectivity
simultaneously. The effect of various combinations of
Air-Ar, with different percentages was also studied.
This would enhance the surface charge density along
with surface hydrophilicity.

Combination of these two gases would provide
unexpected characteristics based on synergism effects
between physical and chemical actions.

Materials and Methods

A commercial three layers PA thin-film composite
nanofiltration membrane was used in this study. This
type of plasma device requires much less gas, which it
is an advantage for expensive gases. First, the existing
air in the plasma chamber is discharged by a vacuum
pump up to reach a pressure lower than 50 mtorr. Then,
the selected gas enters the chamber to reach a steady-
state gas $tream. A high voltage with 13.56 MHz
radio frequency is connected to the electrodes, and
plasma is formed between the electrodes for a certain
period of time. During this period, the membrane
is placed in the desired location and affected by the
produced plasma. Finally, the voltage is terminated,
and chamber pressure increased up to atmospheric
level. Afterwards, the modified sample can be
removed from the device chamber. Modifications



were done in three levels (Table 1). The water contact
angle measurement, SEM and FTIR analysis and
separation performance experiment were carried out
in membranes’ characterization.

Table 1 Power, time and pressure of used plasma.

Experiment(Level) f\;\;ver Time (s) | Pressure (mtorr)
35 180 50

2 25 120 50
15 60 50

Results and Discussion

SEM images (Fig. 1) obtained from membranes sur-
face show that surface morphology was changed due
to plasma treatment.

' .
A0 0 08 20 IO S ' ‘ NAS Sod

Modified membrane (50%Ar-50%Air)

Fig. 1 SEM images of membranes

Also, the results exhibit more hydrophilic surface for
the plasma treated membranes compared to virgin
ones. A significant decrease in water contact angle is
obtained (Table 2).

Table 2 Water contact angle for the membranes.

20% 30%

Level | 100% | 100% | ¢, | 80% Ar- | Ar-
Ar Air Ad ° 120%Air | 50%

ir .

Air
1 26.3 23.5 22.6 25.8 19.3

2 12.1 10.1 10 13.5 6.5
3 354 299 28.6 33.8 23.7

Pristine membrane: 80.4

The modified membranes at level one showed very
low separation efficiency that may be due to defect
formation at this state. All other modified membranes
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(levels 2 and 3) showed higher flux compared to vir-
gin membrane relatively (Fig. 2). Also, the high water
flux for sample 5 may be assigned to more hydrophilic
surface and formation of abundant functional groups
on this sample.

Olevel 2 BAlLevel 3
12 4

Flux (li/m2.h)
o N D o [ o

o "1 "2 "3

.=

Sample

Fig. 2 The water flux for the membranes

Conclusions

Thin film nanofiltration membranes were modified
by using Ar-Air plasma. The effect of plasma time,
power and the composition of plasma on properties
and separation performance of membranes were
investigated. The plasma treatment caused to increase
in surface hydrophilicity and water flux considerably.
The salt rejection was also changed broadly compared
to unmodified membrane. The salt rejection for
modified membranes at 35 W and 180 s, 25 W and
120 s, and 15 W and 60 s plasma treatment measured
~30%, 76%-92% and 77%-89% respectively whereas
as that was ~90% for virgin membrane.
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