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Abstract

Refinery wastewater is generated from the process of refining large amounts of oil. Oil refined wastewater contains micron-scaled 

emulsion droplets, and sub-micron droplets that are difficult to remove from water, which poses problems for researchers. Membrane 

technology is widely used in water treatment because it is very selective and effective in the filtration process. This research focuses 

on oil refinery water treatment using polysulfone (PSF) membrane ZnO nano composites modified with ultraviolet (UV) irradiation 

and polyvinyl alcohol. This membrane was prepared using the dry / wet phase inversion method. Then-the membrane was modified 

using UV irradiation and coated with polyvinyl alcohol (PVA). PSF-nano ZnO modifications have an impact on membrane performance; 

UV irradiation showed an increase in the value of membrane pure water flux from 4.5 Lm–2h–1 to 5.7 Lm–2h–1. However, after UV irradiation, 

the rejection value decreased after UV irradiation, whereas the presence of PVA as a coating agent increased the rejection value to 

77.2 % for Total Dissolve Solid (TDS) rejection, 76 % for Chemical Oxyugen Demand COD rejection, and 65.3 % for ammonia rejection. 

This value was higher than that obtained for membranes without PVA coating, namely only 47.3 % for TDS, 51.1 % for (COD), and 29.4 % 

for ammonia rejection. Modifications with UV and PVA irradiation provide interrelated effects to improve membrane performance.
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1 Introduction
Oil companies use large quantities of water during the 
process of refining crude oil. Refineries use toxic organic 
compounds, such as oils and fats, which contaminate the 
water [1]. Therefore, oil companies must have water treat-
ment management processes, such as optimizing usage 
of water, water recycling, water reuse, and maximizing 
water treatment system effectiveness [2]. Other research 
related to the purification of oil refined water waste by 
torma Treating refinery water with traditional methods such 
as adsorption and absorption cannot eliminate droplets, 
micro-droplets and sub-micro droplets emulsions effec-
tively [3]. Separating the contaminants via gravity settling 
is time-consuming, even after adding chemicals to break 
the emulsion system were reported Munirasu et al. [4]. 

Membrane technology is a rapidly-developing method of 
water treatment today. Membrane technology can help in 
better separation, purification, and water-soluble and dis-
persible materials can be retained [5]. Thus, membrane 
technology is the best way to eliminate the micro and sub 
micro sized oil droplets in wastewater [6]. Kiss et al. [7] 
has used cross flow membrane filtration system in refinery 
water treatment. In a series of experiments, they demon-
strated that ultrafiltration polyvinyl alcohol (PVA) mem-
branes had superior permeate flux. Safari et al. also reported 
on [8] conducted a cross-flow microfiltration filtration pro-
cess for oil refinery wastewater using a ceramic membrane 
material (Al2O3) with a pore size of 50 nm. Oily waste-
water treatment goes through a  urification process using 
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flocculation and microfiltration [9]. However, foulant depo-
sition on the membrane, called fouling, blocks the pores of 
the membrane and results in a substantial reduction of the 
permeable flux over the operating time function. It conse-
quently limits the membrane's full application in wastewa-
ter treatment [10]. Many studies have investigated modifi-
cations to reduce membrane fouling and increase flux values 
such as modification of hydrophilicity, pore size, porosity, 
and surface charge [11]. Kemal et al. [12] have modified 
the PSF membrane with nano graphene oxide (nano-go). 
These modifications resulted in 97 % pollutant rejection 
and a 219.1 Lm–2h–1 flux. Furthermore, Anand et al. [13] 
modified PSF using nano ZnO. Such modifications increase 
the hydrophilicity and permeability of the PSF membrane. 
Membrane permeability values increased from 2.83 to 
5.11 Lm–2h–1bar–1. Chung et al. [14] also have modified 
the PSF membrane using nano ZnO and ethylene glycol as 
additives. The modification results showed that nano ZnO 
increases the membrane porosity as well as the permeabil-
ity from 1 Lm–2h–1bar–1 to 5 Lm–2h–1bar–1. Therefore, this 
research is focused on nano ZnO incorporation into the PSF 
membrane matrix. However, problems often occur when 
the incorporation of nanoparticles in the membrane matrix 
causes the aggregation and formation of unselective micro-
voids in the membrane. 

Kusworo et al. [15] has modified the polyetersulfone 
nano silica membrane by ultraviolet irradiation and ther-
mal annealing. The modification results show that ultravi-
olet irradiation can increase the polymer chain density and 
the hydrophilic properties of the membrane. These mod-
ifications cause the formation of hydroxyl and carbonyl 
groups, to reduce the formation of microvoids. Ultraviolet 
irradiation is a type of membrane modification that offers 
simplicity, usefulness, versatility, and low cost, which 
makes it is widely utilized [5]. Ultraviolet irradiation can 
change the surface properties of the membrane without 
affecting the bulk properties [16]. Another method is to 
increase membrane hydrophilicity and reduce aggregation 
by adding hydrophilic material such as pva. Park et al. [17] 
have used PVA on the PVDF membrane by dip-coating. 
This modification increases the hydrophilic nature of the 
membrane, with flux values of 33 Lm–2h–1.

Refinery wastewater treatment using psf-nano ZnO 
with modification by uv irradiation and pva has not been 
reported yet in the literature. The focus of this research 
is modification of the psf nano ZnO composite membrane 
with Ultraviolet and PVA irradiation through a dip-coat-
ing technique. The modification is expected to produce 

a membrane with higher separation performance for 
refinery processing compared to that of an unmodified 
PSF-ZnO membrane.

2 Materials and methods
2.1 Materials
Polysulfone (PSF) (UDEL®PSU) as membrane material 
was obtained from Solvay Advanced Materials, USA. 
N-methyl-2-pyrrolidone or NMP was purchased from 
Merck, USA as a membrane polymer solvent. Polyvinyl 
alcohol (PVA) as a surface modifier additive and poly-
ethylene-glycol 6000 Da and 4000 Da as a potogen agent 
were obtained from Merck, USA. ZnO nanoparticle as 
an inorganic nano-filling on the membrane Obtained 
from Nano Center Indonesia with specifications in Table 
1. To remove water vapor absorbed, nano zno is dehy-
drated at 300 °C for 3 hours before use. waste oil from PT 
Pertamina Oil & Gas Company Ltd. as bait. While pure 
water as a non-solvent from the Integrated Laboratory of 
Diponegoro University Semarang, Indonesia.

2.2 Membrane preparation
The first step in this study was the fabrication of PSF-nano 
ZnO membranes. PSF-nano ZnO was made by mixing nano 
ZnO with the psf polymer. Following this, the PEG additive 
was added to the psf-nano zno membrane matrix to improve 
membrane performance. The PSF-nano ZnO composite 
membrane was prepared by means of dry phase inversion. 
N-Methyl-2-pyrrolidone as solvent, and water for coagula-
tion [18]. First, the PSF-nano ZnO solution was prepared 
by mixing nano ZnO (0.1; 0.5; 1 % by weight) into 19 wt% 
PSF. The solution was stirred until it became homogeneous 
and then ultrasound was applied to the solution for 1 hour. 
Sulaiman et al. [19]. Have used a nano ZnO composite 
membrane PSF that has been left for 1 day to remove air 

Table 1 Specifications of nano particles in the polysulfone membrane

Test item Unit Test result nano ZnO

1 pH - 6–7

2 Structure - Crystalline

3 Assay % >99

4 Oil Absorption g/100 g 32

5 Density g/cm3 2.90

6 Size nm 341.7

7 Color

L* - 94.810

a* - 1.890

 b* - 4.110
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bubbles trapped in the solution due to stirring. The solu-
tion was cast on a glass plate with a membrane thickness of 
0.1 mm, and then the polymer is immersed into the coagu-
lation site. In this study, a thin layer of the membrane was 
then soaked with water for 24 hours to separate the solvent 
trapped in the membrane matrix [19]. Membrane sheets 
were dried at room temperature for 24 hours [20]. The effect 
of using UV irradiation causes degradation of the polymer 
chains resulting in larger pores [21]. In addition, the effects 
of PEG and UV irradiation can create surface creases that 
extend, such as fingers, into the sub-layers, and large holes 
in the lower surface, as seen in Fig. 1(c). In Fig. 1(d), many 
white spots indicate spread of pva on the membrane sheet. 
Furthermore, the pores in Fig. 1(d) are less good when com-
pared to Fig. 1(b) because the surface of the membrane is 
coated by PVA, resulting in cross-linking between PVA and 
the PSF-nano ZnO membrane 

2.3 Modification of the membrane
Modification of the PSF-nano ZnO membrane was carried 
out in two steps in series. The first modification is uv irra-
diation on the pre-coagulated membrane. A UV lamp type 
C with wavelength of 254 nm was used in this work [8]. 
The dope solution was made with 19 wt% PSF, the optimal 
nano ZnO concentration, and the optimal PEG molecular 
weight based on membrane performance (flux and rejec-
tion) evaluation in the previous procedure. The solution 
was poured on the glass holder and then exposed to UV 
with a variable time of 1, 3, or 5 minutes. Subsequently, 
the glass plate was put in a coagulation bath for 1 hour, 
and the membrane sheet was soaked for 24 hours. The next 
step followed the previous method of membrane fabrica-
tion. UV-treated PSF-nano ZnO membrane sheet was eval-
uated for its performance in filtering refinery wastewater. 
The uv irradiated membrane that possessed the best per-
formance was then modified using a pva coating [22]. PVA 
solutions were prepared at concentrations of 1, 3, and 5 % 
by weight. PVA was dissolved in distilled water at a tem-
perature of 90 °C with stirring for 120 minutes. After that, 
the PVA-coated membrane sheet was allowed to stand for 
8 hours, and dried at room temperature.

2.4 Characterization and performance of psf-nano zno 
membranes
2.4.1 PSF-nano zno membrane performance 
The membrane was made by pouring on the surface of 
the glass using PSF-ZnO hubcap solution which was made 
from mixing 19 % PSF, 1 % nano zno, and 5 % PEG plus 

NMP solvent. The solution is stirred for half a day so that 
the solution is stable and homogeneous. Then the solution 
is left to stand for 1 day to get a perfect membrane such 
as the loss of air bubbles that are dissolved. then pouring 
using dry-wet phase inversion technique. After that the 
membrane was immersed in the coagulation place. After 
that the PSF-nano ZnO membrane was dried in an oven at 
room temperature. The membrane was prepared to obtain 
flux and rejection products. after that the hubcap solution 
was poured on a glass plate, and exposed to UV. The UV 
lamp used was type C with a wave of 254 nm and a power 
of 10 watts. The duration is 2 minutes. Then the membrane 
film is immersed into the coagulation bath. Furthermore, 
PVA was added to the PES-nano ZnO membrane solution 
by dip-coating method, by dissolving 1,3.5 wt% PVA into 
an air distillate at 90 °C. The membrane was prepared in 
a performance test based on the results of flux and rejec-
tion. The permeate flux, rejection and flux reduction ration 
were evaluated using Eqs. (1), (2), and (3), respectively.

J V
A tw = ×

, (1)

where Jw is the flux (Lm–2h–1), V is the permeate volume (L), 
A is the active membrane area (12.57 cm2), and t is the 
operating time interval (hour).
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f

= −








×1 100% , (2)

where Cp (mg/l) and Cf (mg/l) are concentrations in perme-
ate and feed, respectively. Rejection is calculated based on 
the reduction of contaminants in the permeate which then 
is evaluated. In this study, the studied wastewater param-
eter Total Dissolve Solid (TDS) is analyzed using a TDS 
KIT (HM original), and ammonia is analyzed using a 
UV spectrophotometer (Shimadzu Bio spec-mini UV-Vis 
Spectrophotometer).
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where J0 (Lm–2h–1) is the pure water flux, and J1 (Lm–2h–1) is 
the flux of wastewater during filtration at 150 minutes [23].

2.5 Fabrication of membrane psf-nano zno
Surface morphology and cross-sectional the structure/
shape of the PSF-nano zno membrane was analyzed 
by SEM (JEOL series JSM6510LA, Japan). The mem-
brane sample was placed in liquid nitrogen and divided 
with a clamp. The membrane was placed in a gold-plated 



46|Hidayah et al.
Period. Polytech. Chem. Eng., 66(1), pp. 43–53, 2022

sample case, with tape added. Furthermore, the mem-
brane morphology test was carried out with a magnifi-
cation of 1000 times and an enlargement of 5000 times 
with a voltage of 20 kV. for functional group membranes 
using FTIR. The wavelength FTIR spectra were used to 
observe the PSF-nano ZnO membrane in the wavenumber 
range 4000–400 cm–1. Furthermore, the analysis of mem-
brane surface hydrophilicity was determined by the water 
contact angle of the membrane and was calculated using 
the sessile droplet method at constant temperature (room 
temperature). When the water droplets stabilized after 
30 seconds, observations were made during a 4-min-
ute observation duration. As reported by [24] membrane 
porosity using a gravimetric method. The membrane was 
immersed in de-ionized water for 1 day, then cleaned and 
weighed and dried at 60 °C and then weighed again to get 
the dry weight of the membrane [25]. To get membrane 
porosity then use Eq. (4).

ε
ρ

=
−
× ×

wt wt
A l
i

water

0 , (4)

where ɛ is the porosity of the membrane, and wti and 
wt0 are the weights of the wet and dry membranes (g),  
respectively. ρwater is the density of pure water at 25 °C 
(0.997 g cm−3), A is the active area of the membrane (cm2), 
and l is the membrane thickness (cm).

3 Results and discussion
3.1 Effect of PVA modification and UV on membrane 
morphological structure
SEM analysis is used for the study of membrane morphol-
ogy, surface condition, and sublayer membrane relations. 
SEM test results can determine the effect of PVA coating 
on the matrix membrane PSF-nano ZnO composites. The 
results of the membrane characterization are shown in Fig. 1.

Fig. 1(a) shows the surface of the membrane PSF-nano 
ZnO composite with modification. The surface looks 
cleaner, and the pores are not clearly visible compared 
to Fig. 1(b). Fig. 1(b) shows a membrane surface that 
has been changed by adding PEG 6000 Da additives and 
1 minute of UV irradiation. PEG is used as a pore-form-
ing agent in polymers, which causes more pores. High 
molecular weight PEG formed voids with PEG 4000 on 
the membrane matrix [26], as did the Ultraviolet irradia-
tion on the membrane matrix. UV irradiation on the mem-
brane matrix is used in Fig. 1(a) because it causes degrada-
tion in the polymer chain. Degradation forms radicals that 
function for polymerization [27]. At longer UV irradiation 
times, the influence of polymer chain degradation results 
in increasingly larger pores [28]. The effect of PEG and 
uv irradiation also creates surface hollows which extend, 
fingerlike, into the sublayers, and large holes in the lower 
surface, as seen in Fig. 1(c). In Fig. 1(d), many white spots 
show PVA spread on the membrane surface. 

Fig. 1 Morphology of the PSF-nano ZnO membrane; (a) The surface of the membrane PSF-nano ZnO composites; (b) surface of the PSF-nano ZnO 
membrane treated with 6000 Da PEG and 1 min UV (before filtration); (c) cross section of the PSF-nano ZnO membrane treated with 6000 Da PEG and 

1 min UV; (d) surface of the PSF-nano ZnO membrane with 3 wt% PVA addition (before filtration); and (e) cross section of the PSF-nano ZnO membrane 
with PVA addition
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Furthermore, the pores in Fig. 1(d) are less clear than in 
Fig. 1(b) because the membrane surface is coated by PVA, 
resulting in cross-linking between PVA and the PSF-nano 
composite ZnO membrane [29]. Fig. 1(e) is a cross-section 
image of the PSF-nano ZnO membrane coated with PVA. 
The cross-section structure is neater and tighter compared 
to Fig. 1(c). Fig. 1(e) shows the presence of PVA in the 
membrane, improving the membrane structure and form-
ing a thin layer so that the membrane surface is denser 
than the membrane without PVA. Then, the PSF-nano 
ZnO membrane after filtration was characterized by SEM. 
The SEM results explain a condition that occurs between 
refinery impurities and membrane surfaces. The results of 
the characterization after filtration are presented in Fig. 2.

Fig. 2(a) shows the PSF-nano ZnO membrane with 
6000 Da PEG and 1 minute UV treatment after filtration. 
Cake foulant can be seen on the membrane surface due 
to contaminants in wastewater accumulating on the mem-
brane surface. Fig. 2(b) is a SEM image of a psf-nano zno 

membrane surface that has been coated with PVA, which 
shows less accumulation of pollutants on the membrane 
surface. In the picture the membrane forms a layer of cake, 
as in Fig. 2(a); only the number of different cakes differs 
between processes. Fig. 2(b) shows the slight accumu-
lation of pollutants on the surface which does not form 
a cake layer as in Fig. 2(a).

3.2 Effect of PVA modification on contact angle values
The stability and selectivity of the membranes often 
depend on the properties of the membrane used in the 
filtration process. The membrane properties can be seen 
based on the membrane contact angle values; the PSF-nano 
ZnO membrane contact angle values are shown in Table 2.

Table 2 shows that the contact angle value of the PSF-
nano ZnO membrane reaches 72.33° when 0.1 wt% of nano 
ZnO was added. This result explains nano ZnO is added to 
the matrix of the membrane that has been mixed so smoother 
membrane surface with nano ZnO 0.5 wt%. This phenome-
non is caused by the low water solubility of PEG 4000 Da and 
water solubility, so that the membrane's surface is rougher than 
the membrane without PEG [30]. A rough membrane surface 
and hydrophilic PEG properties can increase the hydrophilic-
ity of the PSF-nano ZnO membrane. Furthermore, prolonged 
exposure of the PSF-nano ZnO membrane matrix to UV light 
causes the contact angle to decrease down to 55.17 %. This 
result shows that more exposure to UV irradiation for the 
PSF-nano ZnO membrane causes matrix bonds to degrade 
and form radicals, as described by Sarihan et al. [31]. These 
values indicate that the PSF-nano ZnO membrane modified 
by UV irradiation can increase membrane hydrophilicity.

Table 2 PSF-nano ZnO contact angle membrane values with various 
modifications

Membrane 
name Membrane composition Contact 

angle (°)

PS1 PSF 19 % 70.75 ± 0.1

PS2 19PSF + 0.1ZnO 72.33 ± 0.01

PS3 19PSF + 0.5ZnO 71.83 ± 0.02

PS4 19PSF + 1ZnO 72.00 ± 0.01

PS5 19PSF + 1ZnO + 6000PEG 70.00 ± 0.01

PS6 19PSF + 1ZnO + 4000PEG 73.08 ± 0.01

PS7 19PSF + 1ZnO + 6000PEG + 1UV 66.33 ± 0.02

PS8 19PSF + 1ZnO + 6000PEG + 3UV 71.42 ± 0.01

PS9 19PSF + 1ZnO + 6000PEG + 5UV 55.17 ± 0

PS10 19PSF + 1ZnO + 6000PEG + 1UV + 1PVA 36.42 ± 0.01

PS11 19PSF + 1ZnO + 6000PEG + 1UV + 2PVA 39.92 ± 0.01

PS12 19PSF + 1ZnO + 6000PEG + 1UV + 3PVA 41.50 ± 0

(a)

Fig. 2 Morphology of the PSF-nano ZnO membrane; (a) The surface of 
the PSF-nano ZnO membrane treated with 6000 Da PEG and 1 min UV 

after filtration; (b) The surface of the PSF-nano ZnO membrane with 
PVA coating after filtration

(b)
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Furthermore, the response in contact angle to the 
presence of a PVA coating on the PSF-nano ZnO mem-
brane's top layer as the final modification is similar to 
the response to UV irradiation. The contact angle value 
of the membrane reaches 36.42 %, lower than that of the 
uncoated membrane. A similar result was also reported 
by Zangeneh et al. [32], showing that low PVA concentra-
tions can penetrate into the matrix, making the substrate 
even bigger [33]. With a higher concentration, the PVA can 
form a thin layer on the surface which results in decreased 
membrane hydrophilicity.

3.3 FTIR characterization of the modified membrane: 
UV irradiation and PVA coating
FTIR is used to measure the membrane spectrum so that 
the functional groups on the membrane can be determined. 
The FTIR spectra of the prepared membranes are shown 
in Fig. 3.

Fig. 3 shows the spectra of the PSF-nano ZnO mem-
brane with multiple modifications. Intense absorption 
occurs in one of the membrane samples at wavenumbers 
of 1290 and 1325 cm–1, representing symmetrical stretch 
vibrations O = S = O coming from pure PSF as the main 
chain in the membrane matrix. The two peaks at wavenum-
bers of 1365 and 1488 cm–1 correspond to the symmetrical 
deformation vibrations and the asymmetrical deformation 
vibrations respectively. The rotation of the C = C conju-
gate mechanism of the benzene ring leads to the observed 
absorption rate at 1585 cm–1. Meanwhile, the wavenumber 
of 3000 cm–1 shows asymmetrical stretching vibration of 
–CH [34]. Furthermore, the 1756 cm–1 region's wavelength 
changed after adding 1 wt% nano. The absorption shows 

strong water adsorption due to the presence of a hydroxyl 
group in the PVA chain [35]. Nevertheless, the modifica-
tion of the psf-nano zno membrane did not change the main 
membrane matrix chain. This phenomenon shows that the 
membrane produced is stable and that this modification 
method does not cause backbone damage to the membrane.

3.4 The effect of PVA modification on the porosity of 
the PSF-nano ZnO membrane
Membrane porosity is defined as the ratio of the membrane 
pore volume to the total volume. Porosity can affect the 
efficacy of membrane performance (flux and rejection). 
The porosity values of the PSF-nano ZnO membrane with 
different modifications are shown in Fig. 4.

Fig. 4 shows that addition of nano ZnO to the psf mem-
brane increased its porosity to 64 % at nano ZnO 1 wt%. 
The increase in porosity due to the presence of nano ZnO 
resulted in the formation of microvoids between the PSF-
nano ZnO membrane matrices [36]. However, an increase 
in nano ZnO concentration resulted in a decrease in 
porosity of up to 62 % at 1 wt% nano ZnO. As reported 
by Kuvarega et al. [37], this phenomenon suggests that 
the high concentrations of nano ZnO cause the distance 
between pores to be smaller compared to low nano ZnO 
concentrations, meaning that membrane density increases. 
The distance between the pores occurs because nano ZnO 
is scattered around the matrix of the PSF membrane. PEG 
modification and UV irradiation have the same effect on 
the PSF-nano ZnO membrane matrix by increasing the 
porosity value. The porosity value reaches 86 % after the 
addition of PEG, and porosity in membranes exposed to 
UV light is higher than in the membrane without UV irra-
diation exposure. These results are consistent with the 
SEM report in Fig. 1, where the pores on the treated mem-
brane surface are visible. Before the coagulation process, 

Fig. 3 The FTIR spectrum of the PSF-nano ZnO membrane with 
various modifications Fig. 4 Porosity values of various PSF-nano ZnO membranes
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UV irradiation allows the demixing process to be delayed, 
which causes the formation of voids. The molecular 
weight of PEG causes the membrane matrix to allow water 
to pass through the membrane efficiently and leaves pore 
traces on the membrane. Large numbers of pores improve 
the performance (flux and rejection) of the membrane. 
The last modification, PVA, when attached to the surface, 
can decrease the porosity value to 65 %. This phenome-
non occurs because solutions with low concentrations of 
PVA (1 %, 2 % and 3 %) can enter the membrane matrix 
to reduce the volume of the pore. High levels of PVA can 
form a coating on the membrane surface that affects the 
rejection of the PSF-nano ZnO membrane [38].

3.5 The effect of PVA modification on the performance 
of the PSF-nano ZnO membrane
3.5.1 PSF-nano ZnO membrane performance
The flux characteristic of membrane performance can 
be seen from the results of permeability and selectivity. 
Permeability (flux) is determined by the amount of per-
meate volume that passes through the membrane per unit 
area per time. The amount of permeate produced depends 
on the porosity and hydrophilicity of the membrane. The 
selectivity (rejection) is defined by the ability of the mem-
brane to retain pollutant. The flux and rejection values of 
the PSF-nano ZnO membrane can be seen in Fig. 5.

The ZnO-embedded membranes have higher flux val-
ues than that of the membrane without nano ZnO. The flux 
value was 1.85 Lm–2h–1, higher than that for the pristine PSF 
membrane which reaches only 1.6 Lm–2h–1. This effect is 
correlated with increasing porosity in the presence of nano 
ZnO. The nano ZnO has a higher reacting surface area 
and is well dispersed in the structure [39]. The flux value 
decreases with an increasing concentration of nano ZnO 
according to the decreasing porosity value. PEG molecu-
lar weight (PDI) affects the flux value. The higher molec-
ular weight of PEG (PEG 6000 Da) causes a higher flux 
value of PEG 6000 Da. PSF-nano ZnO rejection value is 
higher, especially at 1 wt% nano ZnO PEG 6000 Da com-
pared to PSF membranes without nano ZnO. This phenome-
non is due to the decreased porosity value after the addition 
of 1 wt% nano ZnO so that the density increases. However, 
the presence of PEG decreased the rejection value in the 
membrane to 48.4 % for TDS, 52.4 % for Chemical Oxygen 
Demand (COD) and 29 % for ammonia when PEG 6000 
was added during membrane preparation. This phenome-
non is caused by an increase in porosity, pore size, and the 
hydrophilic nature of the membrane due to the addition of 

PEG, so that contaminants may not be retained. Based on 
the research results, the concentration of nano ZnO mem-
brane with the best performance was 1 %, while the best 
molecular weight of polyethylene glycol (PEG) in this study 
was 6000 Da which its use increased the flux value signifi-
cantly compared to its decrease in the rejection value [40]. 

3.5.2 Performance of the PSF-nano ZnO membrane 
with PVA modification
The modification of the PSF-nano ZnO membrane is 
intended to improve the membrane flux and rejection. Based 
on the results of membrane characterization, the modifica-
tions made to the membrane affect the porosity level and 
hydrophilicity of the PSF-nano ZnO membrane. The per-
formance of the UV irradiated and PVA-coated PSF-nano 
ZnO membranes are shown in Fig. 6. Fig. 6 shows that 

(a)

(b)
Fig. 5 (a) Flux values of PSF-nano ZnO (modified) membranes; 

(b) Rejection values of PSF-nano ZnO modified membranes
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UV-irradiated membranes have significant enhancements 
in flux values. The flux value of UV irradiated PSF-nano 
ZnO membrane with PEG 6000 is 5.7 Lm–2h–1, higher than 
that of an unirradiated membrane with the same ZnO and 
PEG 6000 treatment, which only reaches 4.5 Lm–2h–1. This 
effect is related to the porosity value that increases with 
the presence of UV radiation. Nevertheless, PVA modifi-
cation has a different impact on membrane separation per-
formance: PVA lowers the flux value to 3.3 Lm–2h–1 with 
the addition of 1 wt% of PVA. The flux value decreases to 
2.9 Lm–2h–1 with increasing PVA concentration of 3 wt% 
PVA. The flux of a PVA coated membrane is lower than 
that of an uncoated membrane. However, the effect of PVA 
on the membrane flux value is more stable from the begin-
ning of the filtration to the end of the filtration compared to 
that of uncoated membranes. Such results indicate that the 
presence of PVA decreases the fouling of the membrane, 
considering the results of the SEM characterization of PSF-
nano ZnO membranes after filtration in Fig. 6.

The rejection value decreases with increased UV irra-
diation time. Such results are due to the more extended UV 
irradiation contributing to the degradation of the polymer 
membrane chain. Degradation of the membrane matrix 
causes an increase in the porosity of the membrane, caus-
ing waste pollutants to pass through the membrane matrix. 
PSF-nano ZnO membrane rejection after UV irradiation 
decreased to 46.6 % rejection of TDS, 48.8 % rejection 
of COD, and 15 % rejection of ammonia, lower than for 
the membrane without UV irradiation. The rejection value 
of the PVA-coated PSF-nano ZnO membrane is enhanced 
significantly compared to those of unmodified PSF-nano 
ZnO membrane and UV irradiated PSF-nano ZnO mem-
brane. Rejection values were 77.2 % higher for TDS, 
76 % for COD rejection and 65.3 % for ammonia rejec-
tion. This is because PVA increases the hydrophilicity of 
the membrane corresponding to the contact angle results. 
The hydrophilicity of the membrane is essential during 
the refinery water filtration process because the hydropho-
bic pollutants in the refinery water are retained and do not 
pass through the hydrophilic membrane. In particular, the 
hydrophilic nature is essential to reduce TDS and COD, as 
stated by Meng et al. [41]. The best UV irradiation time for 
this analysis is 1 minute, because the flux increases sig-
nificantly compared to the decrease in the rejection value. 
The significant PVA concentration in this experiment was 
3 % because at this concentration the rejection value was 
higher than the decrease in flux value.

3.6 The effect of PVA modification on anti-fouling 
properties of PSF-nano ZnO membranes 
The anti-fouling analysis results can be explained based 
on the results of SEM of the PSF-nano ZnO membrane 
before and after filtration in Figs. 1 and 2. The FTIR char-
acterizations of the PSF-nano ZnO membrane before and 
after filtration are shown in Fig. 7. Fig. 7 shows the FTIR 
spectra of the PSF-nano ZnO membrane with the addi-
tion of uv irradiation and PVA (before and after filtration). 
Based on these images, after filtration, changes occur in 
the FTIR spectrum. The spectrum changed in the range of 
3300 cm–1, which represents the stretching of O-H after 2.5 
hours of titration. These changes indicate that there is an 
interaction between the surface of the membrane and the 
contaminants in the waste refinery. Nonetheless, there was 
no change in wavenumbers of 1290 and 1325 cm–1, which 
represented symmetrical stretch vibrations O = S = O from 
pure PSF as the main chain.

(a)

(b)
Fig. 6 (a) Flux value of PSF-nano ZnO (modified) membranes; 

(b) Rejection value of PSF-nano ZnO modified membranes 
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3.7 Effect of PVA modification on PSF-nano ZnO 
membrane stability
The stability of the membrane against the presence of 
fouling on the surface can be analyzed based on the flux 
reduction ratio. The flux reduction ratio is calculated 
based on the percentage of the membrane's decrease ratio. 
These results are confirmed by the ratio of membrane flux 
decrease as shown in Fig. 8.

Fig. 8 indicates that the application of UV irradia-
tion and PVA has a significant influence on the value 
of the flux. Membrane flux values without modification 
decreased to 39 % at 0.5 hours of filtration. Flux values 
are unstable and will continue to decline for up to 2.5 hours 
of filtration. However, UV irradiation of the membrane 
increases the flux value and its stability during the filtration 
process for 2.5 h. The reduction ratio of the PSF-nano ZnO 
membrane flux with uv irradiation is lower at 1.97 % than 
that of a similar membrane without uv irradiation. This 
effect shows that the fouling of membranes treated with UV 
irradiation occurs more slowly [42]. The last modification 
of the PSF-nano ZnO membrane was the PVA coating. This 
modification causes the flux reduction ratio to be only 1 % 
lower than the PSF-nano ZnO membrane with uv irradiation. 
These results suggest that the presence of PVA increases the 

antifouling capability of the membrane. The flux reduction 
ratio in the graph is more stable from the beginning of filtra-
tion to the end of filtration. This effect implies that there is no 
accumulation on the surface of the membrane.

4 Conclusion
Modifications of the PSF-nano ZnO membrane by UV 
irradiation and PVA coating allow the membrane to be 
affected. UV irradiation increases the membrane flux but 
reduces the rejection value, while PVA decreases the flux 
value and increases the rejection value.

The refinery water treatment with the PSF-nano ZnO 
membrane is 2.9 L m–2h–1 at 6 bar for 2.5 hours, with values 
for rejection of 77.2 % for TDS rejection, 76 % for COD 
rejection, and 65.3 % for ammonia rejection. The results 
suggest that a membrane composition with 19 wt% PSF, 
1 % nano ZnO, 6000 Da PEG, 1 minute UV and 3 wt% 
PVA performs the best out of the investigated variations 
for refinery water filtration.
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