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Abstract: Copper Oxide (CuQ) is a transition metal that has been use in wide applications. The nano size of CuQ
demonstrates a great of improvement on mechanical, optical, biological and structural properties. Hence, in this
research asymmetric Polysulfone (PSf) ultrafiltration membranes incorporated with different loadings of CuO
Nanoparticles (NPs) were prepared to mvestigate membrane characteristic and water permeation performance.
The flat sheet membranes were fabricated via phase inversion technique with polymer solution comprised of
18 wt.% PSE, 5 wt.% Polyvinylpyrrolidone (PVP) and 0.00-0.15 wt. % CuQ NPs in N-Methyl-2-Pyrrolidone (NMP).
The resulting membranes were characterized in terms of morphology through Scanning Electron Microscope
(SEM), surface hydrophilicity by contact angle analysis and Pure Water Flux (PWF). Results showed that with
increasing in loading of CuQ Nps, the water contact angle decreased from &1.9° of neat Psf to 73.1°
for 0.15 wt.% CuO. The high concentration of CuQ NPs in PSf dope solution lead to the formation of
macrovolds in the bottom region and skin layer at the top surface. Membranes with enhanced hydrophilicity
and porous structure govern to unprove the water flux performances. The highest PWF aclieved at
103.6 Lm~*h™" when the loading up to 0.15 wt% CuD NPs. This study is proved the hydrophilicity and

morphology of CuQ/PSf membranes were enhanced as the increase of CuQ loadings.
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INTRODUCTION

Ultrafiltration (UF) membrane for separation of high
molecular-weight materials such as protein has become a
demanding process, considering their benefits and
advantageous. The ability of UF process to operate at low
pressure, favors short usage of energy and power. The
surface pore sizes of UF between 1-100 nm are another
characteristic that aids in filtration process (Salim and
Ho, 2015). This technology is an alternative way for
treatment of wastewater from the industries. Membrane
technology serves as a very selective in separation,
produce higher water quality product and required low
space (Guo et al., 2012; Truttim and Sohsalam, 2016).
There are

several factors that contrel membrane

performance including the membrane morphology and

hydrophilicity. Hydrophilicity property 1s the tendency of
membrane surface to become wet or can attract and
absorb water better than other materials (Ahmad et af.,
2013; Roya ef al., 201 5; Panrare et al., 2016). Membrane
with hydrophilic surface able to allow the passage of
water through the membrane and repels the hydrophobic
particle such as protein. In addition, membrane having top
skin layer and porous structure 1s the most desirable
morphology which can assist in separating and purifying
the wastewater (Rana and Matsuura, 2010).

Phase inversion process has been generally studied
for preparation of asymmetric porous membrane. This
techmque mvolves the immersion precipitation step which
the dope solution from casting support is transformed to
polymer membrane m sohd state. The formation of
membrane occurred to the exchange of solvent and
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non-due solvent across the interface of dope solution and
coagulation bath (Urkiaga ef al., 2015). The precipitation
and exchange rate are majorly influenced the formation of
membrane. Rapid precipitation of dope results m the
formation of finger-like structure with macrovoid while
slow precipitation form sponge-like membrane structure
(Guillen et al., 2011).

There are abundant of polymers that have been use
in membrane technology. Polysulfone (PSf) is one of the
most widely chosen as the main polymer material in UF
membrane fabrication. This is due to the ability of PSf to
form a huge variation of porous asymmetric membrane
structure with water as a non-solvent during phase
inversion process (Guillen et al., 2011). It also possess a
high degree of chemical, mechanical and thermal resistant
properties (Sinha and Purkait, 2013). Although, PSf shows
a lot of advantages but it suffers some drawbacks which
are hydrophobic characteristic in nature and problem of
fouling. Therefore, some research had focused on
enhancing membrane hydrophilicity through membrane
modification procedure (Mavukkandy et al, 2016).
Blending of hydrophilic additive mto polymeric matrix
membrane is one of attractive and simple methods in
membrane modification without altering the maimn polymer
structure (Xu et al.,, 2015; Hisham et al., 2017). Usually,
hydrophilic polymers and Nanoparticles (NPs) were used
as additives to improve membrane hydrophilicity.

Emergence of nanotechnology m membranes had
received more attention, recently. Incorporating the NPs
mto polymer matrix helps improving the membranes
characteristic and performance. Various NPs have been
mtroduced to membrane technology for wastewater
treatment including Zinc Oxide (ZnQ), Titanium dioxide
(TiQy,), silver and iron oxide (Fe,O,). The addition of these
NPs 1s offered great possibilities to enhance membrane
hydrophilicity. Copper Oxide (CuO) NPs 15 a potential
nanomaterial in membrane separation as it have excellent
characteristic. A great mterest of these NPs is due to
their unique biological, chemical and physical property
(Dizay et al, 2014). It 18 reported that addition of Cu
NPs in Polyethersulfone (PES) had reduced the
hydrophoebicity due to the migration of hydrophilic NPs
to the membrane surface during phase inversion process
(Akar et al., 2013). Another, investigation found that
the maximum average pore size achieved when
using 2.0 weight percentage (wt.%) of CuQ nanoparticle
in PVDF membrane (Baghbanzadeh et al., 2015). Tt was
also found that mcorporation of 1.0 wt.% Cu NPs in PA
layer for reverse osmosis membrane allowed the pure
water flux and membrane permeability to increase
(Garcia et al., 2016).

Thus, the mam focus of this work was to mvestigate
the membrane hydrophilicity, morphology and pure

water flux performance by incorporating potential CuQ
nanoparticle m PSf membrane at different loadings. In
this study, N-Methyl-2-Pyrrolidone (NMP) and Polyvinyl
Pyrrolidone (PVP) were used as a solvent and pore former
agent, respectively during membrane fabrication.

MATERIALS AND METHODS

All materials and chemical products used are
analytical grade, without further purification. Polysulfone
(Udel-P1700) was purchased from solvay advanced
polymer in pallets form as mam polymer membrane
material. PVP-K15 by Fluka as a pore former and
NMP (99.5%, molecular weight = 99.13 g/mol) by QReC
used as a good solvent for PSf. CuQ size of <50 nm (Sigma
Aldrich) was used as metal oxide nanoparticles mn dope
formulation. Glycerol (molecular weight = 92.1 g/mol) was
obtained from merck for membrane post treatment.

Membrane preparation: PSf pallets were dried first in the
oven at 50°C overnight to remove water content in
polymer completely. The neat PSf membrane was prepared
by dissolving 5wt.% PVP in NMP solvent with stirring by
a magnetic stirrer. Then, amount of 18 wt% PSf was
added slowly to the solution at 50°C after 2 h and the
dope solution was left for 1 mght while in stir for getting
uniform solution.

As for dope solution containing CuO nanoparticle,
the NPs was dispersed in NMP using sonicator for 1 h to
form homogenous dispersion of CuO NPs. Followed by
addition of PVP and P5f as previously described. All the
dope solution prepared was degassed before preparing
the membrane for removing possible air bubbles.

Table 1 shows the prepared dope composition. All
flat sheet membranes were prepared by phase mversion
method to form asymmetric sttucture UF membrane.
During the casting step, ample amount of dope solution
was cast on a clean glass plate and then left it for 10 sec
for solvent evaporation at room temperature before
immersed the glass plate into the water bath for membrane
precipitation process. The formed membranes were then
treated for 4 days to get rid of residual solvent and to
preserve the membrane shelf-life. The post treatment
began by keeping the membrane in water for 48 h before
immersing it in 10% glycerol solution for another 24 h.
After that, proceed with 1 day for drying the membrane at
room temperature and the dried membrane was kept in a
sealed bag prior to firther actions.

Contact angle measurement: The hydrophilic or
hydrophobic characteristic of prepared membrane was
analyzed using contact angle. Declinations in contact
angle value indicate the improvement of membrane
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Table 1: Formulation of membranes (wit. %6)

Membrane PRf PVP Cul) NPs NMP
Neat PSf 18 5 - 77.00
0.01 CuQ/PST 18 5 0.01 76.99
0.05 CuO/PSf 18 5 0.05 76.95
0.15 CuQ/PST 18 5 0.15 76.85

Fig. 1: Prepared membrane with specific effective surface
area for water flux analysis

hydrophilicity. Contact angle measurement was carried
out by using gomometer (Kruss Gambult, Germany) with
0.5 uL of water were dropped with the help of a syringe on
the clean and dry for both (top and bottom) membrane
surface at 25°C. The angles were verified by the software
and were performed at eight different locations for each
sample to mmnimize the experimental error. Then, the
measurement was averagely reported. The angle between
a water droplet and flat sheet membranes was captured for
better observation.

Scanning Electron Microscopy (SEM) analysis: The
morphological properties of the membrane cross-section
was observed using SEM (HITACHI TableTop TM3000).
The sample preparation involves by fractured all the
membranes m liquid nitrogen to obtain clear and smooth
cross section. The fractured membranes were stick onto a
metal plate at lateral side using double-sided carbon tape
and then all the prepared samples were sputter-coated
with platinum/palladium before being examined. The
plctures of cross-sections for all membranes were
captured.

Pure water flux study: The membrane was first cut into
desired shape as shown in Fig. 1 with effective surface
area (23.76 cm”) before fitted in separation system.

The Pure Water Fhux (PWF) were measured by testing
the membrane using a dead-end ultrafiltration system
that passing through effective surface area at a
trans-membrane pressure of 0.981 bar. The PWF
measurement was calculated by using the following
Eq 1:

oY (1)
AxAt

Where:
J = Represents the PWF (Lm~h™")
V = Volume of permeate (L)

A = Effective surface area (m?) of membrane
At = Permeation time (h)

RESULTS AND DISCUSSION
Membrane hydrophilicity: Hydrophilicity of the

membrane is the key parameters in determining water
permeability to pass through the membranes. Water
contact angle measurement is an indicator describing the
surface hydrophilicity. Generally, a decrease m contact
angle value show improvement in the membrane
hydrophilic property (Phelane ef af., 2014). Table 2 shows
the contact engle of PSf membranes with different wt.% of
CuO NPs. As loading of NPs mncreases, the contact angle
value declined.

From Table 2, the contact angle measurement
decreased from neat PSf of 81.9-73.1° of 0.15 Cu/PSf
membrane. Tt can be clearly seen that, the contact angle
became smaller by the increment of Cu® NPs loading in
PSf membrane. The introductions of CuO NPs were
observed to lower down the contact angle and it could be
understood from reported data depicted by Fig. 2.
This trend is coherent with the research done by
Koseoglu-Imer et al. (2013) upon addition of NPs to the
polymeric membranes.

Increase of CuD Nps content in membranes known
to affect the correlation of water at membranes solid
surface. This could happen due to the rearrangement
of interfacial water molecules to the solid-liquid
interface (Al-Hobaib et al., 2015). The presence of NPs
reduced the surface tension of PSF membrane that
led to enhancement of the attraction of water on
membrane surfaces (Basri et al., 2011).

It should be noted that, the hydrophilic nature by the
NPs influenced the water contact with the membrane
surface (Homayoonfal et af, 2014). The interaction of
water was also mfluenced by the availability of polar
functional group such as hydroxyl group and oxygen
element from the surface of the metal oxide (Sotto ef al.,
2014).
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Fig. 2: Contact angle between water droplet with flat sheets membrane at top and bottom surface

Table 2: Contact angle value for top and bottom membrane surface

Membranes Contact angle-top (degrees) Contactangle-bottom (degrees)
Neat PSf 81.9 74.4
0.01 CuO/PSf 79.0 64.4
0.05 CuO/PSf 73.5 64.2
0.15 CuO/PSf 73.1 63.6

The data reported in Table 2 and Fig. 2 describes the
membrane hydrophilicity at top and bottom surface. The
contact angles of modified PSf membranes by CuO NPs at
bottom significant declnation
compared to the top surface and the lowest contact angle
value is 63.6°. This happen might be due to the
agglomeration phenomenon that caused CuQ NPs to sink

and located at the bottom region of the membranes
(Ng et al., 2013).

surface show more

Scanning Electron Microscopy (SEM) analysis: The
cross-sectional membrane morphology was confirmed by
visual analyses of SEM images (Fig. 3). A typical
asymmetric porous structure was presented in all
membranes. At the top region, the thin skin layer was
distinctly seen while bottom part of the membranes
consists of finger-like structure and also macrovoids. The
development of this structure is generally referred to the
mteraction of dope solution and non-solvent (water)
durng phase mversion (Lalia ef al, 2013). The
appearances of bigger macrovoids were depicted in
Fig. 3 as the loading of CuQ NPs increased. This could be

attributed to the instantaneous precipitation during phase
inversion ( Abdelrasoul et al., 2015). The red arrow lines
indicated the presence of NPs in the prepared
membranes.

Pure water flux analysis: Membrane capability and
performances were tested by using PWF study. The water
flux property 1s strongly depending on the membrane
characteristic and structure (Ahmad ef al., 2013). From the
graph presented in Fig. 4, the PWF for CuO NPs
incorporated in PSf membranes reported to have higher
water transport as compared to the neat PSf. The chart
shows clear trend of increasing PWF when higher amount
of NPs added to the PSf membrane. The PWF had
elevated up to 103.6 Lm”h" by 0.15 CuQ/PS{ membranes
as compared to 49.9 Lm”h™ for neat PSE.

The findings were in coherent with the results of
SEM and membrane hydrophilicity. Improvement of
membrane hydrophilicity has direct effect on the PWF.
The presence of hydrophilic CuO NPs prompted the
membrane swface to have better water permeation
crossing through the membrane. Similar results were
obtained by previous studies (Alam et al, 2013;
Homayoonfal et al., 2015; Kumar ef af., 2013) showed that
high loadings of NPs improved the water transport
properties.

Referring to the SEM result, the enhancement of PWF
was also mfluenced by the membrane structure. The
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Fig. 3: Cross-sectional view of SEMimage: a) neat PSf; b) 0.01Cu0/PSf; ¢) 0.05Cu0/PSf and d) 0.1 5 CuO/PSf (left to right:

whole cross-section, top region, bottom region)
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Fig. 4: Pure water flux measurement

addition of NPs and PVP in this study produced the
membrane with porous substructure. The development of
this void space in the prepared membrane aids the water
to pass through the membrane (Richards ef ol
2012).

CONCLUSION

In this research, flat sheet CuO/PSf membranes
were successfully fabricated through phase inversion
method. The effect of CuO NPs loading on the
membrane structural properties and performance
were mvestigated. The experimental results discovered
that these NPs influence on the
hydrophilicity PSf membrane and the performances. It
was found in this study that membranes contactangle
decreased as the Cu® NPs loading was increased. Tt
1s also revealed the formation of asymmetric structure
with thin skin layer from the prepared membranes and
the PWF 1mproved sigmficantly at high NPs loading. As
a conclusion, the loadings of Cu® Nps were proven
to enhance the membrane hydrophilicity, morphology
structure and
membranes.

have a great

water  transport  across  the
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