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Abstract

The Tigris River in Baghdad is increasingly polluted by industrial and agricultural activities and untreated sewage, posing serious
risks to public health and the environment. This pollution degrades water quality through various physical, chemical, and biological
contaminants. This research aims to use membrane filtration techniques to treat Tigris River water, improving water quality and
ensuring a clean, safe water supply. The study assesses the efficiency of polypropylene (P.P) 1um, ceramic 0.5pum microfiltration,
and polyvinylidene fluoride (PVDF) 500KD ultrafiltration membranes in removing turbidity, total suspended solids (TSS), and E.
coli, and their impact on permeate flux. Experiments were conducted at a temperature of 25°C and a flow rate of 20 L/h, with regular
intervals and an initial turbidity of 65 NTU. The results indicated that after 1.25 hours of operations, the permeate flux decreased by
23.12% for polypropylene membranes, 32.63% for ceramic membranes, and 38.48% for PVDF membranes. The PVDF membrane
demonstrated the best performance, removing 98.7% of turbidity, 88% of total suspended solids (TSS), and 100% of E. coli. This
makes it the most efficient membrane among the tested options. Hermia’s model was used to study fouling in crossflow ultrafiltration
(UF) and microfiltration (MF) membranes. Results showed that cake formation and standard pore-blocking models best predicted
flux behavior for the ceramic membrane, while complete and intermediate pore-blocking models were more effective for the PVDF
membrane. This study shows that membrane filtration improves Tigris River water quality by removing turbidity, suspended solids,
and bacteria, ensuring a safe water supply.
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1- Introduction

. . . such as temperature, turbidity, and hardness are valuable
Freshwater sources like rivers and lakes are crucial for  jngicators of pollution levels. Additionally, chemical

maintaining a healthy gociety. Unfort_unately, these parameters like electrical conductivity, pH, and
resources have been consistently contaminated globally  .oncentrations of ions (K*, Na*, CI, and NO%) play an
due to rapid development and flood hazard mitigation in  jmportant role in identifying river water contamination
recent decades [_l]. Rivers serve as a critical water source  17]. Microbiological contamination further influences
globally, supplying human needs but also accumulating  treatment requirements and the safe recycling of effluents
contamination from human sewage, oily and radioactive iy river waters [8].
materials, organic and inorganic compounds, ~and In general, raw water can be filtered using deep sand-
biological pollutants. Lifestyle changes and population  gpain heds, granular organic carbon, membrane filtration,
growth have intensely increased water demand and o 5 combination of methods [9]. When employing
diversified its uses, making water quality a significant  memprane filtration techniques such as microfiltration
concern [2, 3]. According to the recommendations of the  (\F), ultrafiltration (UF), nanofiltration (NF), and reverse
World Health Organization [4], regular monitoring and  5smosis (RO), the removal of bacteria, micro-organisms,
evaluation of water quality are essential. This needs particylate matter, small pollutants, and natural organic
frequent ecological, biological, and physicochemical  materials is effectively achieved [10, 11]. Microfiltration
assessments and examination of water supplies [S]. s typically utilized to remove bacteria, suspended
The Tigris River is one of the most important rivers in - paticles, and substances with sizes ranging from 0.1 to 10
the world, which originates in southeastern Turkey, where um. On the other hand, ultrafiltration can separate
its length is (1970 km) within the Iraqi borders, and the 5 ticles between 0.001 and 0.1 pm, macromolecules, and
area of the river basin within the lraqi borders is o) 0ids from water [12]. However, most of the dissolved
(2,166,155 km?) [6]. The river's physical characteristics—  j5nic species still pass through the membrane [13].
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In many applications, membrane processes compete
directly with the more conventional techniques. However,
compared to these conventional procedures membrane
processes are often more energy-efficient [14], simpler to
operate, and yield higher-quality products. Furthermore,
the environmental impact of all membrane processes is
relatively low [15]. There are no hazardous chemicals
used in the processes that have to be discharged and there
is no heat generation [16]. Despite their advantages,
membrane processes face some limitations, especially in
water and, wastewater treatment. One major issue is their
susceptibility to fouling due to chemical interaction with
water constituents, necessitating extensive pretreatment
[17].

The variety of membrane separation processes differs in
membrane type, configuration, transport mechanisms, and
pore sizes, as well as process-driving forces [18].
Pressure-driven processes also vary in membrane pore
size, allowing specific impurities to be selectively
removed [19]. MF typically operates at low
transmembrane pressures (1-2 bar) and serves as a
pretreatment step for desalination techniques such as RO,

NF, and electrodialysis [20], whereas UF requires
pressures of 2-10 bar [21].
Microfiltration and ultrafiltration membranes are

effective technologies for removing impurities and
suspended particles [22]. However, these membranes are
susceptible to fouling, which occurs when pollutants
accumulate on or within the membrane, forming a gel
layer that clogs the pores and reduces -efficiency.
Understanding the mechanisms of fouling and finding
ways to mitigate its impact is essential for optimizing the
performance of these filtration systems [23, 24].
Polymeric membranes, such as those made from
hydrophobic polymers like polypropylene (PP) and
polyvinylidene fluoride (PVDF), polyether sulfone (PES),
polysulfide (PS) and polyacrylonitrile (PAN), are
especially prone to fouling [25, 26] leading to decreased
performance and increased operational costs due to
required cleaning processes[27, 28]. Not all MF or UF
membranes foul at the same rate, as differences in
polymer composition and surface properties (e.g.,
hydrophobicity, roughness, pore size, geometry, and
charge density) can affect the rate of foulant attachment
[29]. Fouling mechanisms are driven mainly by the
electrostatic and van der Waals interactions between
colloidal particles and the membrane surface, as well as
between the particles themselves [29]. Common fouling
models include complete blocking, standard blocking,
intermediate blocking, and cake filtration models [30].
Periodic membrane cleaning is required to remove
pollutants and extend the membrane lifespan [31].

This study aims to treat Tigris River water in line with
Iragi drinking water standards, focusing on membrane
filtration as an alternative to conventional methods.
Specifically, ultrafiltration and microfiltration processes
were evaluated for their effectiveness in removing
turbidity, total suspended solids (TSS), and bacteria.
Different membranes including hollow fiber PVDF UF,
two MF membranes, P.P, and a ceramic were tested for
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their efficacy. Hermia’s model was applied to analyze
fouling mechanisms involved in cross-flow UF and MF
membranes treating Tigris River water.

2-  Hermia model

According to Darcy's law, the permeation flux of

particle-free water across a clean membrane is as follows
Eq. 1:

_ 4p
HURm

J D

Where J (m® m? s?) is the permeation flux, p (kg/m.
sec) is the absolute viscosity of the water, Ap (pa) is the
Transmembrane pressure (TMP), and Ry (m?) is the
clean membrane's hydraulic resistance.

In membrane filtration techniques, membrane fouling
refers to different processes that reduce the efficiency of
the membrane, leading to a decrease in permeation flux
(the rate of fluid flow across the membrane) [32].

As a result, the permeation flux of MF, and UF units
treating Tigris River water can be expressed, by
modifying Eq. 2, as follows [33]:

A

J= #(Rp"'Rz:n‘*'RE) @

The resistance arising from cake formation is
represented by Rc (m™), and the resistance due to pore
blocking is represented by R, (m™). In the beginning,
both R, and R, are zero, so the initial permeate flux Jo for
microfiltration and ultrafiltration at a fixed TMP will
mainly depend on Rm. Throughout the MF and UF
processes, there can be a shift from membrane resistance
to pore-blocking resistance or cake resistance. As the
microfiltration operation progresses, pore blocking and
cake formation will cause R, and R to increase, altering
the relative significance of Rm, Rp, and R in Eq 2. J, is
permeation flux at the beginning of filtration, so when t=
0, J= J, Based on this, four fouling mechanisms can be
summarized [34]:

1. Complete blocking model

The complete blocking model assumes that particles
arrive at the membrane and seal the membrane pores such
that the particles are not superimposed upon each other.
The blocked surface area is proportional to the permeate
volume, as represented in Eq. 3.

J =Joexp(—kyt) 3
The equation can be simplified to Eq. 4.
In() = In(Jo) = kyt 4)

2. Standard blocking model

In the standard blocking model, the particle diameter is
much less than the pore diameter, so, the particles can
enter most pores, and deposit on the pore walls, thus
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reducing the pore volume. The decrease of the pore
volume is also proportional to the permeate volume, as
represented in Eq. 5.

J=Jo (14 LksCago)ese) ()

At constant pressure, the term (AJ,) is constant and the
equation can be simplified to Eq. 6.

()= () + ke

3. Intermediate blocking model

Q)

In the intermediate blocking model, the number of
blocked pores or surfaces is also assumed to be
proportional to the permeate volume but, it is less
restrictive in such a way that not every particle
necessarily blocks the pores and particles may settle on
other particles, as represented in Eq. 7.
J=Jo(1 + kA )

At constant pressure, the term (AJ,) is constant and the
equation can be simplified to Eq. 8.

0)-()

4. The cake filtration model

®)

The cake filtration model is used to explain the case of
large particles, which cannot enter most pores, and hence,
the deposit forms a cake on the membrane surface, as
represented in Eq. 9.

] = ]0(1 + ch(Ajo)zt)_O‘s

©

The term (AJ,) is constant at constant pressure, and the
equation can be simplified to Eg. 10.

()= (2) ke

Where J, depends on the membrane resistance and

(10)

functions on the left side of each model must be plotted
against time. Specifically, plotting In(J) vs. t, (1/3°%) vs. t,
(1/9) vs. t, and (1/J%) vs. t must be a straight line with a
slope of ks, ks, ki, and k¢, for complete pore blocking,
standard pore blocking, intermediate pore blocking, and
cake filtration models, respectively. The y-intercepts of
these plots will be In(Jo), (1/ Jo°%), (1/0), and (1/ Jo?)
respectively. The effectiveness and suitability of different
fouling models can be evaluated by comparing the
correlation coefficient values (R? obtained from the linear
regression analysis of these plots [36].

The size of membrane pores plays a crucial role in the
fouling mechanism. When the size of the feed molecules
is similar to the membrane pore size, partial clogging may
occur. If the pores are larger than the feed molecules,
particles can settle into the pores, leading to irreversible
fouling. Conversely, if the pores are smaller than the
molecules, these molecules accumulate on the membrane
surface, potentially clogging the pores or forming a gel
layer [37].

3- Experimental work

Real water samples were collected from the Tigris River
at Adhamiya (Al-Masnaya) in mid-April 2024 to assess
the efficiency of microfiltration (P.P 1 um and ceramic
0.5 pm) and ultrafiltration (PVDF 500 KD) membranes
on actual river water. Before the MF process, the pH of
the raw water was measured using a pH meter
(STARTER 2000, Switzerland). Turbidity was assessed
with a turbidity meter (TB 300 IR), and temperature was
recorded with a thermometer (model TM-902C, China).
Total suspended solids were analyzed in the central
general environment laboratory, while total coliform and
E. coli levels were determined using the Most Probable
Number (MPN) method. Specifications for the Tigris
River feed water are presented in Table 1. The experiment
evaluated permeate flux, turbidity, and membrane
recovery for microfiltration and ultrafiltration membranes.
Membrane characteristics are provided in Table 2.

Table 1. Feed water characteristics of the Tigris River in
Baghdad during April month /2024

0, + 0,
transmembrane pressure, the viscosity of the permeate is ;ﬂmp E ?5851 <
expressed as follows: J,=AP/ uRm. E.C us/cm 628

The various K terms represent mass transfer coefficients TDS mg/l 310
for the associated filtration laws [35]. Where k,=  ISSmdl 39
05 _ _ 9 Turbidity NTU 65
1 / Z)ksA ki = kiA ke = 2kcA”. M.P.N of Total coli form /100 ml 2200
Specifically, to determine the most appropriate fouling M.P. N of E. coli /100 ml 1700
model and obtain mass transport parameters, the flow
Table 2. Specification of membranes used in this study
Specification P.P (MF) Ceramic (MF) PVDF (UF)
material Polypropylene Zr0,-TiO, Polyvinylidene fluoride
Pore size or MWCO lym 0.5um 500KD
Membrane dimension 6.3 X 25cm 50 x 180mm 61x 325mm
Reaction to water Hydrophobic Hydrophilic Hydrophobic
Working temperature <50°C 5°C-80°C 5°C-45°C
Way of filtration in-to-outside in-to-outside in-to-outside
Membrane area 0.051 m? 0.083 m? 0.78 m?
Working pressure 0-0.15 bar 0-0.15 bar 0-0.15 bar
PH range 0-12 0-12 2-13

25
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Permeation flux (J) is the volume of permeate (V)
collected per unit membrane area (A) per unit time (t),
which is represented in Eq.11:

(11)

The efficiency of removing turbidity can be calculated
according to the Eq.12:

Re% = (1 - i—’;’) x 100% (12)

Where Re % is the turbidity removal efficiency, C, is
the permeate concentration in the water outlet stream
(effluent) and C: is the feed water concentration in the
inlet water stream (influent).

The recovery represents the percentage of fee flow that
crosses the membrane and turns into a permeate stream. It
serves as a measure of the effectiveness of the membrane
system by determining the ratio of the permeate volume
to the feed, and can be calculated according to Eq.13:

R,% = >< 100% (13)
Mixer
Thermometelj l
| pressure gage
O =
Flowmeter }
0o\« = %@

feed tank pump

S | S— 5

Where Ry is the recovery percentage Qr is the permeate
flow rate (product flow rate), and Qe is the feed flow rate.
The experimental setup used in all the experiments is
shown in Fig. 1. The setup operated in cross-flow mode
and was designed to allow control of important operating
parameters such as temperature, operating pressure,
volumetric flow rate, and initial turbidity in the
microfiltration (MF) and ultrafiltration (UF) processes.
The initial turbidity of Tigris River water was 65 NTU.
The system consisted of a 40 L plastic vessel with a stirrer
(model 0OS20S, Shaanxi, China) to keep the feed
concentration. The solution was withdrawn from the feed
vessel via a diaphragm pump passed through a flowmeter
set at 20 L/h, then through a pressure gauge to measure
the operational pressure before being introduced to MF or
UF membranes to remove turbidity, suspended solids, and
certain types of bacteria. The permeate was collected
every 15 min and its volume was measured and recorded
using a digital balance. The concentrate was collected in
another container, and the turbidity in the feed and
permeate solutions were analyzed using a turbidity meter.

Fig. 1. Schematic diagram of the lab scale membrane system

4- Result and discussion

4.1. Permeation flux decline

Flux values and efficiency of the membranes can be
influenced by operating parameters such as flow rate,
temperature,  turbidity  concentration, = membrane
characteristics, and the materials they are made of [38].
The decline in MF and UF permeate flux for three
membranes (P.P 1um MF, ceramic 0.5um MF, and PVDF
500KD UF) with time is shown in Fig. 2 to Fig. 4. The
experiments were conducted under the same operating
conditions: flow rate of 20 I/h, initial concentration 65
NTU, and temperature of 25°C. The flux of the
polypropylene membrane decreased from 292.15 L/m?h
to 224.62 L/m?h, from 326.42 L/m?h to 219.89 L/m?h for
the ceramic membrane, and from 14.42 L/m?h to 8.87
L/m?h for PVDF membrane after 1.25 hours of operation.
These results represent a decrease of 23.11% for
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polypropylene  membranes, 32.63% for ceramic

membranes, and 38.48% for PVDF membranes.

The total suspended solids (TSS) and turbidity on the
membrane surface accumulation can gradually reduce
permeate flux. The extent of this impact depends on
membrane pore size and operational conditions. Over
time, particles build up on the surface, forming a cake
layer that can block pores and reduce flux. Variations in
permeate flux among different membranes are primarily
influenced by pore size, fouling sensitivity, and each
membrane’s  physical and chemical properties.
Membranes with smaller pores, such as PVDF and
ceramics, experience a greater reduction in flux, as Tigris
River water contains natural organic matter (NOM),
which tends to adhere to the surface of finer membranes.
Additionally, the surface properties of these membranes
contribute to attracting and fixing molecules more than
polypropylene membranes, which exhibit a smaller
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decrease in flux due to their larger pores and enhanced
resistance to fouling.

300 -
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Fig. 2. Permeate flux declined over time for MF
polypropylene membrane at Co=65 NTU, T=25°C, and
QF=20L/h
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Fig. 3. Permeate flux declined over time for MF ceramic
membrane at Co=65 NTU, T=25°C, and QF=20 L/h

16 A

0.25 0.5 0.75 1 1.25
t,h
Fig. 4. Permeate flux declined over time for UF PVDF

membrane at Co=65 NTU, T=25°C, and QF=20 L/h

4.2. Water turbidity

Even though the Tigris River water, is the primary
source of drinking water in Baghdad, which contains a
high concentration of TSS, the implementation of MF,
and UF processes effectively eliminates these solids.
Consequently, the water's turbidity is consistently below 1
NTU. As shown in Fig. 5 the turbidity values after 1.25
hours of treatment were 2.7 NTU for the P.P. MF
membrane, 0.86 NTU for the ceramic MF membrane, and
0.38 NTU for the PVDF UF membrane. Higher turbidity
levels contribute to an increased accumulation rate of
solids, pore-clogging, and hydraulic resistance, which in
turn lowers removal efficiency, and vice versa. The
highest removal efficiencies achieved were 98.7% for the
PVDF UF membrane, followed by 97.13% for the
ceramic MF membrane, and 91% for the P.P. MF
membrane, as shown in Fig. 6. These results align with
the findings of Islam et al, [39].

e=fll==P P MF e=gfe==Ceramic MF PVDF UF
6 A
5 4
4 4
D
E 3
z
2 4
1 4
0 1 1 1 1 J
0.25 0.5 0.75 1 1.25
t,h

Fig. 5. Effect of Removal turbidity with time for different
membranes at Co=65 NTU, T=25°C, QF=20 L/h

PP MF e Ceramic MF PVDF UF
100 -
96
92 4
S
[¢5)
X gg |
84
80 1 1 1 1 J
0.25 0.5 0.75 1 1.25
t, h

Fig. 6. Effect of time on turbidity removal efficiency for
different membranes at Co=65 NTU, T=25°C, QF=20 L/h
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4.3. Total suspended solid

Total Suspended Solids measure the concentration of
insoluble materials in water, including organic (detritus
and biosolids) and inorganic (sand and fine colloids)
constituents. Although the World Health Organization has
not set a limit for TSS, the European Union has
established a maximum level of 25 mg/L [7]. After
filtration, TSS values reached 10 mg/L for the P.P. MF
membrane, achieving a 75% removal efficiency; 7 mg/L
for the ceramic MF membrane, with 83% removal
efficiency; and 5 mg/L for the PVDF UF membrane, with
88% removal efficiency, as shown in Fig. 7. These levels
fall within permissible limits. These results are consistent
with Mansoor, and Al Hassany et al, [40, 41], with the
current study demonstrating significantly improved TSS
reductions compared to previous studies.

100
95
90

£ 85

& 80
75
70
65

A

P.P MF

Ceramic MF PVDF UF

Fig. 7. The total suspended solid TSS removal efficiency
for MF and UF membranes at Co=65 NTU, T=25°C,
flowrate QF=20 L/h

4.6. Bacteriological analyses

The World Health Organization recommends that the
permissible limit for Total Coliform in water should be
less than 1.8 MPN/100 ml. Additionally, acceptable levels
of E. coli are crucial for indicating good water quality. In
the Tigris River, E. coli and Total Coliform levels were
found to be 1700 MPN/100 mL and 2200 MPN/100 mL,
respectively. These high concentrations indicate
contamination of the river water with sewage, either
directly or indirectly, posing a threat to public health and

environmental quality due to the elevated bacterial load,
which negatively affects aquatic life.

After applying the membrane filtration process, the
results revealed that the Total Coliform count was
reduced to 23 MPN/100 mL, achieving an excellent
removal efficiency of 98.8% for the P.P. MF membrane
and 9.2 MPN/100 mL with an efficiency of 99.5% for the
ceramic MF membrane. The PVDF UF membrane
demonstrated an even greater efficacy, reducing Total
Coliform to 2.2 MPN/100 mL with a 99.9% removal
efficiency. While these percentages reflect significant
reductions, they remain slightly above the WHO's
permissible limit of zero MPN/100 mL, likely due to
leaks from sewage and solid waste disposal systems.
Therefore, additional treatment stages may be necessary
to achieve compliance with these limits.

In the case of E. Coli bacteria, after treatment with the
P.P MF membrane, the count was 23/100 ml with an
efficiency of 98.6%. For the ceramic MF and PVDF UF
membranes, the count was 0 MPN/100 ml with an
efficiency of 100%. These results fall within the
permissible limits set by the World Health Organization,
as shown in Fig. 8. This study agreed with Ghafil, et al
[42].

M Total coli/100 ml M E. coli/100 ml

100 99.9 100

99.58

98.95

97.5

P.P MF Ceramic MF  PVDF UF

Fig. 8. The removal efficiency of bacteria using micro
and ultrafiltration membranes at Co=65 NTU, T=25°C,
F=20 L/h

Table 3 summarizes the results of the Tigris River
water's physical, chemical, and biological properties in
Baghdad during April 2024.

Table 3. Physical, chemical, and biological characteristics of the Tigris River in Baghdad during April month /2024 at
Co=65 NTU, T=25°C, F=20 L/h

Parameter WHO standard Permeate of P.P  Permeate of Permeate of PVDF
[43] MF 1 ym ceramic MF 0.5 um  UF 500KD

Temperature °C - 25+1°C 25 +1°C 25#1°C

PH 6.5-8.5 7.88 7.9 7.85

E.C us/cm 1000 581 575 564

TDS mg/I 1000 280 277 271

TSS mg/l 25 10 7 5

Turbidity NTU 5 2.7 0.86 0.38

M.P.N of Total coliform /100 ml <1.8 23 9.2 2.2

M.P. N of E. coli /100 ml Zero 23 Zero Zero

28
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4.4, Theoretical results of filtration models

The Hermia model was used to analyze the filtration
process in crossflow membrane filtration for Tigris River
water. Hermia's models were applied to a ceramic
membrane with a pore size of 0.5 microns, selected to
represent the microfiltration technique. In contrast, a
polyvinylidene fluoride (PVDF) membrane with a
molecular weight cut-off of 500 kDa was chosen to
represent the ultrafiltration technique. In most cases, the
models show reasonable agreement with experimental
data, displaying linear correlations.

The estimated flux of ceramic MF membrane is as
follows: 346.71, 351.76, 358.20, and 378.42 I/m?h for the
complete pore blocking, standard pore blocking,
intermediate pore blocking, and cake filtration models,
respectively. These results show that the cake filtration
model was the most effective in describing the fouling of
the ceramic MF membrane, with a high R? value of 0.992.
Additionally, the intermediate pore-blocking model
closely matched the experimental permeation flux data,
with an R2 value of 0.98, except at the initial stages of
operation as shown in Fig. 9 to Fig. 12, therefore, it can
be concluded that the cake formation model, followed by
the intermediate pore-blocking model, provided the most
accurate predictions under the tested operational
conditions. This behavior is consistent with Poerio et al,
and Sadek et al, [44, 45].

5.9 -
5.8 -
5.7 -
5.6 -
5.5 -
5.4
5.3 -
5.2 -
5.1 ! ! ! ! '
0.25 0.5 0.75 1 1.25
t,h

Fig. 9. Complete pore-blocking model of ceramic MF
membrane at Co=30 NTU, T=25°C, QF=20 L/h

InJ =-0.097t + 5.8485

InJ

J:05=0.2983t + 5.3318
R2=0.9714

J05%100

0.25 0.5 0.75

t,h

1.25

Fig. 10. Standard pore blocking model of ceramic MF
membrane at Co=30 NTU, T=25°C, QF=20 L/h

29

H
1

1/3=0.368t+ 2.7917
R2=0.98

1/3*1000
w G

N~
(]
1

0.25 0.5 0.75

th

1 1.25

Fig. 11. Intermediate pore blocking model of ceramic MF
membrane at Co=30 NTU, T=25°C, QF=20 L/h

2.3 - J2=0.2823t+ 0.6983
R2=0.992
2 4
o, 1.7 1
Py
Q1.4 |
ey
1.1 -
0.8 -
0.5 ! 1 1 1 y
0.25 0.5 0.75 1 1.25
Time hr

Fig. 12. Cake filtration model of ceramic MF membrane
at Co=30 NTU, T=25°C, QF=20 L/h

On the other hand, the estimated flux values for the
PVDF ultrafiltration membrane are as follows: 16.56,
17.09, 17.86, and 21.27 L/mzh for the complete pore
blocking, standard pore blocking, intermediate pore
blocking, and cake filtration models, respectively. There
are no significant differences between the experimental
data and the model predictions. Among the fouling
models, the complete pore-blocking model provided the
best fit for the PVDF UF membranes, with an R value of
0.949, indicating a strong correlation with the
experimental data. These results suggest that the particles
are similar in size to the average pore size. As particles
clog individual pores, the flow is redirected to adjacent
pores, leading to their subsequent clogging. This
phenomenon reduces the available membrane area and
increases membrane resistance. Additionally, the standard
pore-blocking model also showed a good correlation with
the experimental permeation flux data, achieving an R2
value of 0.9326, as shown in Fig. 13 to Fig. 16. This
behavior is consistent with Zhang et al, and Garcia-
Castello et al, [46, 47].

In PVDF membranes, the dominant mechanism of
fouling is the complete pore-blocking model, primarily
due to their small pore size, which causes immediate
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clogging by fine particles. This is followed by the
standard pore-blocking model, where some particles are
partially deposited within the pores without completely
blocking them. This reflects how the membrane interacts
with fine particles through the physical barriers created by
the pores. In contrast, ceramic membranes mainly exhibit
the cake filtration model, where larger particles
accumulate on the surface, forming a dense layer that
restricts flow. This is followed by the intermediate pore-
blocking model, where some particles penetrate the pores
partially before causing complete clogging. The
differences in these fouling mechanisms are attributed to
variations in pore size and the nature of the contaminants.
PVDF membranes are designed to handle smaller
particles, while ceramic membranes are better suited for
larger particles, resulting in distinct mechanisms for how
contaminants interact with each type of membrane.
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InJ=-0.1146t + 2.807
R?=0.949
2.6 -
2 24 -
2.2
2 1 1 1 1 J
0.25 0.5 0.75 1 1.25
t,h

Fig. 13. Complete pore-blocking model of PVDF UF
membrane at Co=30 NTU, T=25°C, QF=20 L/h
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Fig. 14. Standard pore blocking model of PVDF UF
membrane at Co=30 NTU, T=25°C, QF=20 L/h

30

120

1/3 = 10.136t + 55.967
R?=10.9142

110 A

1/3*1000
g8 38 8

~
o
1

D
o
1

50 ! ! ! ! '
0.25 0.5 0.75 1 1.25
Time hr
Fig. 15. Intermediate pore blocking model of PVDF UF
membrane at Co=30 NTU, T=25°C, QF=20 L/h
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Fig. 16. Cake filtration model of PVDF UF membrane at
Co=30 NTU, T=25°C, QF=20 L/h
5-  Conclusion
The use of micro and ultra-membrane filtration
processes is an efficient technique for removing turbidity,
bacteria, and suspended particles from water, making it a
promising alternative to traditional water treatment
methods. The results indicated that permeate flux
decreases over time, with decreasing percentages of
23.11% for polypropylene membranes, 32.63% for
ceramic membranes, and 38.48% for PVDF membranes.
In terms of removal efficiency, the highest value was
achieved using the PVDF UF membrane at 98.7%,
followed by the ceramic MF membrane at 97.13%, and
the PP MF membrane at 91%. Regarding total suspended
solids, the PP MF membrane achieved a 75% removal
efficiency. The ceramic MF membrane showed a removal
efficiency of 83%, while the PVDF UF membrane
achieved the highest removal efficiency at 88%.
Additionally, the removal efficiency of E. coli was
notable, with the PP MF membrane achieving 98.8%, the
ceramic MF membrane reaching 99.5%, and the PVDF
UF membrane delivering the highest performance with a
99.9% removal efficiency. Hermia model provided an
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accurate prediction of fouling behavior over time for each
membrane, aiding in understanding the mechanisms of
membrane fouling and identifying the dominant fouling
type. The results revealed that the cake filtration model
was the most suitable for describing the fouling of the
ceramic MF membrane, with a high R? value of 0.992.
For the PVDF UF membrane, the complete pore-blocking
model was found to be the most effective, with an R?
value of 0.949. These findings highlight the importance of
selecting the appropriate fouling model for optimizing
membrane performance. These membranes can be relied
upon as one of the modern solutions that contribute to
achieving the required water quality standards more
effectively, making them an attractive option for entities
concerned with improving water quality.

Nomenclature

Symbol Description Units
n Viscosity kg/m.sec
A Area m2
Cr Feed Concentration mg/l
Cp Permeate Concentration mg/l
J Permeation Flux m3/m?.sec
Jo Initial Permeate Flux m3/m?.sec
K Mass Transfer Coefficient for m/sec
Complete Pore Blocking Model
K Mass Transfer Coefficient for m/sec
¢ Cake Filtration Model
K. Mass Transfer Coefficient for m/sec
! Intermediate Pore Blocking Model
K Mass Transfer Coefficient for m/sec
) Standard Pore Blocking Model
Ofeed Feed Flow Rate 1/h
Opermeate  Permeate (or Product) Flow Rate I/h
Re % Removal efficiency
R’ Correlation of Coefficient
R. Cake Resistance m-1
Ry Clean Membrane Resistance m-1
R, Pore Blocking Resistance m-1
t Time h
T Temperature °C
P Pressure Bar
Abbreviation

Symbol Description

MF Microfiltration

UF Ultrafiltration

PP Polypropylene membrane
PVDF  Polyvinyl dene fluoride
TDS Total dissolved solids

TSS Total suspended solids
E.C Electrical conductivity
TMP Transmembrane pressure
WHO  World health organizations
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