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Abstract: This research is based on the deposition of ceramic membranes made from Algerian
clays within tubular supports. The major objective is to compare the mechanical strength and water
permeability of the developed supports. The membranes made from the same clays are then examined
in terms of their application areas and efficacy in treating a local-cheese effluent. The study of these
clays demonstrates that the tubular supports made from Aomar clay are more robust than those
obtained from kaolin and bentonite. This was due to the higher calcination temperature, which was
1000 ◦C for Aomar and kaolin clays and 800 ◦C for bentonite. However, the tubular support based on
kaolin has the maximum water permeability (1460.09 L/m2.h.bar). In addition, the permeability tests
performed on the membranes deposited on these clays indicate that those of bentonite and Aomar
clay are ultrafiltration membranes, whereas the membrane obtained from kaolin is a microfiltration
membrane. We demonstrated that the three membranes show high efficiency for the clarification and
retention of multiple-pollutant loads of a local-cheese effluent.

Keywords: Algerian clays; ceramic membranes; microfiltration and ultrafiltration membranes;
industrial-effluent treatment

1. Introduction

Water is a vital resource for human existence and progress in a variety of industries,
such as agriculture and manufacturing. Therefore, it must be maintained clean and func-
tional. Nonetheless, the most technologically advanced human activities have led to its
contamination, and unfortunately it is discharged into the environment as effluents without
any prior treatment [1,2]. According to their composition, these effluents are poisonous,
and their use is hazardous to ordinary living. While certain effluents (pickling bath, surface
treatment, etc.), pose major pollution concerns, others, such as those from the agrifood
industry, are highly polluting yet readily biodegradable and profitable (dairies, sugar facto-
ries, starch processing, fruit and vegetable conversion, etc.) [3]. The color of other effluents,
such as those from the paper and/or textile industries, has a considerable aesthetic influ-
ence on the aquatic environment. Consequently, it is essential to treat them prior to their
release into the natural environment.

In the dairy industry, rejected waters are contaminated by cleaning, washing, and
disinfecting chemicals, sterilizers, and other dairy products [4,5]; all of this pollution
demonstrates that dairy effluents are substantially polluted with both mineral and organic
pollutants, posing a significant threat to the environment when discharged untreated into
aquatic receiving media [4,6].

The purification of wastewaters entails enhancing their physicochemical and biological
properties so that the treated water fulfills the needed criteria [7,8]. In this regard, a number
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of procedures have been used for the treatment of wastewater, including physicochemical
processes such as adsorption [9–12], coagulation–flocculation [13–16], and advanced oxi-
dation processes [17]; microorganism-based biological treatment was also used to reduce
carbon, nitrogen, and phosphate contamination, notably in dairy effluents [18], methods
of membrane separation using the osmosis phenomena [19], and membrane-filtration
processes, such as nanofiltration, ultrafiltration and microfiltration membranes [20].

Membrane filtration is an increasingly popular technology for treating wastewater,
due to its high efficiency and versatility in removing various contaminants. This technology
involves the use of semi-permeable membranes to separate solids and dissolved substances
from wastewater. Over the past few decades, significant progress has been made in the
development and application of membrane-filtration systems, making it a viable alterna-
tive to traditional treatment methods such as sedimentation and chemical precipitation.
According to recent studies [21,22], membrane filtration has shown promising results in
terms of water-quality improvement and cost effectiveness.

The separation mechanism in membrane filtration is based on the size-exclusion prin-
ciple, where the pores in the membrane act as a physical barrier to separate contaminants
from the wastewater. The pore size of the membrane can be adjusted to target specific
contaminants, such as bacteria, viruses, and organic matter. The separation mechanism
can be further enhanced by combining membrane filtration with other treatment processes,
such as coagulation and flocculation [23]. The efficiency of the separation process is also
influenced by various factors, including the pressure difference across the membrane, the
temperature and pH of the wastewater, and the type of membrane material used [24].

Studies have shown that the use of membrane filtration in wastewater treatment can
result in high removal rates for various contaminants, including pathogens (e.g., Escherichia
coli and coliphages) [22], nutrients (e.g., nitrogen and phosphorus) [25], and emerging
contaminants (e.g., pharmaceuticals and personal-care products) [26]. The separation
mechanism in membrane filtration provides a sustainable and cost-effective solution for
addressing the growing challenges in wastewater treatment. The increasing demand for
clean water and the stringent regulations for water quality have driven the need for further
research and development in the field of membrane filtration.

Microfiltration (MF) and ultrafiltration (UF) are two commonly used membrane-
filtration processes for wastewater treatment. MF is a low-pressure filtration process that
uses membranes with pore sizes ranging from 0.1 to 10 µm. The main goal of MF is to
remove suspended solids and colloidal particles from the wastewater, resulting in the
improvement of water clarity and turbidity [27]. UF, on the other hand, uses membranes
with pore sizes ranging from 0.01 to 0.1 µm and operates at higher pressures than MF. The
objective of UF is to remove dissolved substances, including proteins, organic molecules,
and pathogens, from the wastewater [28].

Both MF and UF have been widely applied in various wastewater-treatment appli-
cations, such as municipal-wastewater treatment, industrial-wastewater treatment, and
desalination. MF and UF are also compatible with other treatment processes, such as
adsorption and oxidation, which can further improve the removal efficiency of contami-
nants [29]. The use of MF and UF in wastewater treatment has been shown to result in high
removal rates for various contaminants, such as bacteria, organic matter, and nutrients. The
combination of MF and UF provides a flexible and cost-effective solution for addressing
the complex challenges in wastewater treatment.

Ceramic membranes are a type of membrane-filtration technology that is gaining
increasing attention for its potential in wastewater treatment. Ceramic membranes are
made from inorganic materials, such as alumina, zirconia, and titania, and are known
for their high mechanical strength and chemical stability [30]. Compared to polymeric
membranes, ceramic membranes offer several advantages, such as higher temperature and
pH tolerance, better resistance to fouling, and longer membrane life [31]. However, ceramic
membranes also have some disadvantages, such as high cost, low flexibility, and limited
availability of pore sizes [32]. Furthermore, ceramic membranes have a relatively high
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permeation resistance, which can result in lower permeate flux compared to polymeric
membranes [33]. Despite these limitations, ceramic membranes have shown promising
results in wastewater-treatment applications, particularly in the removal of challenging
contaminants, such as heavy metals, organics, and pathogens [30]. In comparison to
polymeric membranes, ceramic membranes have been shown to provide higher removal
efficiency and long-term stability in various wastewater-treatment processes. Overall,
ceramic membranes are a promising technology for wastewater treatment, offering high
performance and durability, while also addressing some of the challenges associated with
polymeric membranes.

Recently, the use of clay as a raw material for synthesizing ceramic membranes has
gained attention as a sustainable and low-cost alternative to traditional ceramic materials.
Clay is abundant and widely available, making it an attractive option for large-scale pro-
duction of ceramic membranes. Additionally, clay has good plasticity and can be molded
into various shapes and sizes, providing flexibility in the design of ceramic membranes [34].
Studies have shown that clay-based ceramic membranes can provide high performance in
various wastewater-treatment applications, including the removal of pathogens, organic
pollutants, and heavy metals [35]. Furthermore, clay-based ceramic membranes have
demonstrated good mechanical strength and chemical stability, making them a promising
alternative to traditional ceramic membranes. The use of clay as a raw material for syn-
thesizing ceramic membranes has the potential to make this technology more accessible
and cost-effective, while also providing high performance and durability in wastewater-
treatment applications. Further research is needed to optimize the synthesis process and
enhance the performance of clay-based ceramic membranes, making them a viable option
for wider implementation in wastewater treatment.

The aim of this work is to evaluate the effectiveness of three synthetized clay-based
ceramic membranes in purifying cheese effluent, based on their performance compared to
the standards set by the World Health Organization (WHO), as referenced in the official
journal of the Algerian Republic. For this purpose, three Algerian clays, namely, bentonite
from northwestern Algeria, kaolin from northeastern Algeria, and clay from Aomar (in the
central north of the country) were selected for the study; to our knowledge, such work has
never been undertaken before.

2. Materials and Methods
2.1. Raw Materials

Local clays (Algerian) from various regions are used to develop tubular supports,
including bentonite from Maghnia (located in northwestern Algeria), kaolin from Tamazert
(located in northeastern Algeria), and clay from Aomar (in the central north of the country),
which is used in the production of red brick.

An X-ray-fluorescence-spectroscopy study using a spectrometer (S8 TIGER, Bruker,
Germany) was undertaken, to identify the chemical composition of each kind of clay.

2.2. Preparation of Ceramic Paste

The optimal formulation of ceramic pastes, using various types of clay, has been
developed to possess the requisite rheological characteristics, including homogeneity, cohe-
sion, porosity, and extrusion-deformation capacity, ensuring their suitability for intended
applications [36].

Each type of clay is sieved through a 75 µm sieve, mixed with water and organic
additives (starch with the chemical formula (C6H10O5)n—from FlukaBiochemika, methocel
which is a cellulosic derivative with the chemical name hydroxypropyl methylcellulose,
and from The Dow Chemical Company, amijel, which is a derivative product consisting
of pre-gelled starch Cplus12,072, cerestar. These organic additives play a vital role in
tubular-support shaping and providing acceptable physical and mechanical qualities after
sintering [37].
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2.3. Extrusion of Ceramic Paste

Extrusion of the previously produced ceramic paste is used to construct tubular
supports. It is based on the idea of compressing the paste in a cylinder which is put
on another cylindrical molded component to produce single-channel tubular supports
with well-defined diameters [38,39]. Following extrusion, the supports are air dried for
6 days before being heat treated in a furnace (Nabertherm GmbH, Lilienthal, Germany),
using a two-stage thermal program. Figure 1a–c show the experimental procedures for
this preparation, including all of the tubular supports produced for each kind of clay,
the thermal program used for sintering them, and a schematic depiction of the thermal
program used for sintering the tubular supports.
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Figure 1. Representative figures of the (a) flowchart of the main procedures followed for the elabora-
tion of tubular ceramic supports, (b) tubular supports obtained for each type of clay, (c) schematic
representation of the thermal program followed for the sintering of the tubular supports and
(d) schematic representation of used filtration pilot.
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2.4. Mechanical and Physical Properties of Tubular Supports before and after Sintering

The outer and inner diameters, lengths, and thicknesses of the elaborated tubular
supports were measured with a caliper before, during, and after drying and sintering, to
determine their physical properties.

To regulate the resistance of the tubular supports, the mechanical properties of the
supports produced after sintering were determined by measuring their mechanical resis-
tance using the three-point bending technique with a TLS-Techlab-system instrument (Lezo,
Spain). The objective of this measurement is to position a sample of a solid material on two
simple supports and apply a force to the sample’s center until it fractures, and then read
the breaking-strength data.

2.5. Test of Water Permeability for Tubular Supports

Following sintering, the tubular supports were cut to 15 cm and tested for permeability
using a closed-circuit filtering pilot (see Figure 1d). This pilot consists of a feed tank, a water
pump, a filter module including the support, two pressure regulators, and a compressor
used to apply varying pressures.

2.6. Membrane Preparation and Deposition

Our membranes were manufactured by preparing a slip consisting of a mass percent-
age (W%) combination of 30 W% polyvinyl alcohol gel (12 W% PVA in water), 65 W%
water, and 5 W% clay powder sieved through 40 µm [39].

Slip-casting is the technique used for the deposition of membranes of each type
of clay. It consists of placing the tubular supports, which are blocked at one end, in a
vertical position and then filling them with the slip during a specific time of engobing,
then allowing them to air dry for 24 h, to allow the excess slip to drip off. The membranes
placed on the inner surface of the tubular supports are consolidated using heat treatment,
at the optimal sintering temperature for each membrane, 750 ◦C for the bentonite-based
membrane and 900 ◦C for the kaolin- and Aomar-clay-based membranes. It is essential to
note that the optimal sintering temperature for each membrane was determined based on
their homogeneity and adhesion to the inner walls of the tubular supports.

2.7. Determination of the Field of Application of Each Membrane

Determining the area of application for ceramic membranes is a crucial stage in
the membrane-filtration process in order to determine the type of the effluent that will
be filtered on each membrane [37]. Figure 1d depicts a filtration pilot used to test the
permeability to pure water of our newly designed membranes. We were able to identify
the area of application for our membranes based on the findings obtained by comparing
the volume-flow-density order with that of different membrane techniques described in
the literature [37].

2.8. The Efficiency of Membranes for Filtration of a Cheese Effluent

Filtration of a cheese effluent from the TARTINO cheese situated in the Rouiba indus-
trial zone was used to evaluate the performance of our newly designed membranes (central
north of Algeria). The effluent was injected into the feed tank while the support containing
the ceramic membrane was installed within the module (Figure 1d) and exposed to varying
pressures of effluent circulation.

Following filtration, various physicochemical pollution characteristics were analyzed
for each permeate collected in Erlenmeyer flasks for each applied pressure, as well as the
unfiltered effluent returned to the feed tank. Table 1 depicts the pollutant metrics evaluated
and their limit levels regarding Algerian industrial discharges.
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Table 1. Limit values of some physicochemical parameters of pollution in industrial rejection in Algeria.

Parameters Temperature
T (◦C) pH SP

(mg/L)
Conductiviy

(µS/Cm)
Turbidity

(NTU)
Phosphates

(mg/L)
Nitrates
(mg/L)

Nitrite
(mg/L)

Ammonium
(mg/L)

BOD5
(mg/L)

COD
(mg/L)

Limit values 30◦C 6.5–8.5 35 2500 80 10 30 3 5 35 120

SP: Suspended particles. BOD5: Biological-oxygen demand. COD: Chemical-oxygen demand.
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3. Results and Discussions
3.1. Characterization of the Raw Materials

The findings produced by the X-ray-fluorescence analysis are stated in the oxide
equivalent for each atom present in each clay (see Table 2).

The X-ray-fluorescence analysis of the three clays showed that they are composed of
several metal oxides with different proportions. The silicates and alumina form the main
composition of each clay studied. This outcome aligns with the findings in the study of
natural zeolite-based clay ceramic membranes [40].

3.2. Physical and Mechanical Characteristics of Tubular Supports

Table 3 shows the physical and mechanical properties of tubular supports produced
(without membrane) from each kind of clay.

The table demonstrates that the fabricated tubular supports underwent volume shrink-
age during air drying, represented by VSd, and volume shrinkage during sintering, rep-
resented by VSs. The tubular supports prepared on the basis of bentonite have a higher
volume shrinkage compared to those based on the kaolin and Aomar clays. These two
phenomena, linked to VSd and VSs, have been explained in the literature by the disappear-
ance of the water used for the production of ceramic pastes during drying, in addition to
the removal of organic additives included in the paste during sintering [41]. Furthermore,
mechanical resistance to ceramic while drying, as well as the disappearance of bending,
reveal that tubular supports made of Aomar clay are more robust than those made of kaolin
and bentonite (21.02 Mpa, 18.6 Mpa and 13.84 Mpa, respectively). This finding is explained
by the difference in the rate of lime (CaO) in the three clays, which is larger in Aomar clay
(13.18%) compared to Kaolin (6.15%) and bentonite (2.37%). Indeed, recent studies have
demonstrated that increasing the quantity of lime in clays enhances thermal stability and
mechanical strength [42,43].

3.3. Determination of the Water Permeability of Tubular Supports

The permeability of the supports based on each clay was measured by applying the
well-known relationship (1) [44] to investigate the fluctuation of the permeation flux with
distilled water through the support until it reaches stability. Figure 2 shows the Study’s
findings for each kind of clay.

Jw =
V

S × t
(1)

where Jw is the water permeate flux, V the volume collected after each 10 min, S represents
the support surface (S = 2πrL) and t is the time required to collect the same volume of water
after every 10 min.

The data in Figure 2 clearly illustrate the fact that the permeate flow diminishes with
time in all examined tubular supports, and stabilizes after 40 min for each applied pressure.
This flux-stability finding is consistent with previous research, which reveals that the
permeation flux often stabilizes within 30 or 40 min [37,39,45].

Using the relation (2) [46], we were able to calculate the water permeability (Lp) for
the tubular supports that corresponded to each kind of clay via the graphical depiction of
the flux fluctuation as a function of applied pressure Jw = f(P).

Lp =
Jw
∆P

(2)

were ∆P is the effective transmembrane-pressure difference and Jw the steady flow of the
applied pressure.

The findings reveal that the flux variation as a function of pressure is linear for all of
the supports investigated. Furthermore, the permeability computed for each support (see
Figure 3a) shows that kaolin has a larger permeability than the Aomar and bentonite clays
(1460.09 L/m2 bar, 570.73 L/m2 h bar, and 83.11 L/m2 bar, respectively).
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Table 2. Chemical composition of the clays in mass percentage(W%).

Designation (%) SiO2 Al2O3 CaO Fe2O3 MgO TiO2 Na2O P2O5 K2O Mn2O3 SO3

Bentonite 63.29 19.90 2.37 1.97 2.92 0.15 2.38 0.04 1.91 0.05 0.01

Aomar clay 51.83 16.85 13.18 8.69 1.96 0.99 1.35 0.19 2.02 0.16 0.17

Kaolin 57.85 24.25 6.15 3.49 0.42 0.38 0.16 0.12 3.46 0.04 0.11

Table 3. Physical-mechanical characteristics of the tubular supports obtained from each type of clay.

Tubular Support

Length (L),
Outside Diameter (Dout)

and Inside (Dins)
Just after Extrusion

Length (L),
Outside Diameter (Dout)

and Inside (Dins)
after Drying

Better Sintering
Temperature

Length (L),
Outside Diameter (Dout)

and Inside (Dins)
after Sintering

Volumetric Shrinkage (%)
after Drying VSd and

after Sintering VSs

Mechanical Resistance
to Bending (MPa)

Bentonite-based support
L = 190 mm

Dout = 14 mm
Dins = 9 mm

L = 182 mm
Dout = 11 mm
Dins = 6.5 mm

800 ◦C
L = 172 mm

Dext = 10 mm
Dins = 6 mm

VSd = 24.7%
VSs = 14.1% 13.84

Aomar-Clay-Based support
L = 190 mm

Dout = 14 mm
Dins = 9 mm

L = 188 mm
Dout = 13 mm
Dins = 8 mm

1000 ◦C
L = 187 mm

Dout = 12.5 mm
Dins = 7.5 mm

VSd= 8.12%
VSs = 4.36% 21.02

Kaolin-Based support
L = 190 mm

Dout = 14 mm
Dins = 9mm

L = 185 mm
Dout = 12 mm
Dins = 7 mm

1000 ◦C
L = 183 mm

Dout = 11 mm
Dins = 6 mm

VSd =16.54%
VSs = 9.32% 18.6
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Figure 3. (a) Variation of the flux as a function of the applied pressure for the support based on
(1) bentonite, (2) Aomar clay, (3) kaolin, and for the membranes developed based on (b) (4) bentonite,
(5) Aomar clay and (6) kaolin.

3.4. The Water Permeability of Membranes Developed

The permeability of membranes produced from the investigated clays was calculated
using the same approach as the permeability of the previously indicated supports. The
acquired findings are shown in Figure 3b.

The various domains of application of membranes (ultrafiltration, microfiltration, and
nanofiltration) have been characterized in the literature based on permeability to distilled
water and applied-pressure-value intervals [37,47].

In this regard, the values obtained for the Lp permeability of different membranes in
Figure 3b indicate that the membranes based on bentonite and Aomar clays are ultrafiltra-
tion membranes with values of Lp = 71.69 and 151.2 L/m2.h.bar, respectively, and the mem-
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brane based on kaolin is a microfiltration membrane with a value of Lp = 547.37 L/m2.h.bar.
The comparison of our findings with prior studies on natural zeolite-based ceramic mem-
branes highlights the application of these membranes for ultrafiltration and nanofiltra-
tion [35,44,48]. These studies have demonstrated their efficacy in filtering saline water and
retaining monovalent and bivalent metals.

3.5. The Study of the Efficiency of Our Membranes in the Filtration of a Local Effluent

Our filtering membranes are specifically aimed at filtration of a local-cheese effluent.
This is because the effluent needs to undergo special treatment to reduce its organic and
inorganic contaminant levels, prior to being released into the environment [4,7,49].

Figure 4 shows the difference in appearance of the effluent before and after filtration,
with varying transmembrane pressures on the developed membranes, as well as the liquid
in the feed tank. The images reveal that before filtration, the effluent has a white tint
with high turbidity. However, after filtration through the microfiltration and ultrafiltration
membranes at various pressures, the resulting permeate is clear and transparent, indicating
the effectiveness of the membraned in clarifying the effluent. The dark color and high
turbidity of the liquid in the feed tank also supports this result.
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Figure 4. Representative image of the visual appearance of the effluent, (a) before filtration on the
developed membranes, (b) after filtration on the developed membrane based on bentonite, (c) after
filtration on the developed membrane based on Aomar clay, and (d) after filtration on the developed
membrane based on kaolin.

Tables 4–6 shows the results of physicochemical-pollutant-parameter analyses per-
formed on our samples before and after membrane filtration.



Minerals 2023, 13, 273 12 of 19

Table 4. Results of the physicochemical- pollution parameters measured on the studied effluent using membrane based on bentonite (UF).

Membrane Parameter of
Pollution Measured

Effluent
before Filtration

Permeate
Collected
at 1 bars

Permeate
Collected
at 2 bars

Permeate
Collected
at 3 bars

Permeate
Collected
at 4 bars

Effluent Retained
in the Feed Tank

Membrane
based on Bentonite

(UF)

Turbidity (NTU) 2400 1.08 1.05 1.02 1.22 2812
Conductivity (µS) 2170 773 762 753 758 632

Ammonium NH4
+ (mg/L) 59.2 3.05 1.91 1.38 2.32 47.24

Nitrites NO2
− (mg/L) 28.8 0.84 0.56 0.48 1.16 22.12

Nitrates NO3
− (mg/L) 76.8 9.75 7.8 5.49 1.05 48.15

Phosphates PO4
−3 (mg/L) 297 10.02 4.60 2.33 0.82 274.23

pH 6.80 6.90 7.05 7.08 7.12 6.38
Temperature (◦C) 21.7 20.8 21.5 21.7 23.5 23.4

COD (mg/L) 5920 665.51 640.12 540.32 476.8 1676.65
BOD5 (mg/L) 2400 812.28 757.23 671.45 575.78 830.35

RATIO COD/BOD 5 2.47 0.82 0.85 0.80 0.83 2.02

Table 5. Results of the physicochemical-pollution parameters measured on the studied effluent using membrane based on Aomar clay (UF).

Membrane Parameter of
Pollution Measured

Effluent
before Filtration

Permeate
Collected
at 1 bars

Permeate
Collected
at 2 bars

Permeate
Collected
at 3 bars

Permeate
Collected
at 4 bars

Effluent Retained
in the Feed Tank

Membrane
based on Aomar clay

(UF)

Turbidity (NTU) 2400 10.6 8.74 2.4 2.60 2700
Conductivity (µS) 2170 1668 1628 1613 1618 1347

Ammonium NH4
+ (mg/L) 59.2 5.2 4.02 2.81 4.58 39.85

Nitrites NO2
− (mg/L) 28.8 1.95 1.2 0.95 2.4 17.6

Nitrates NO3
− (mg/L) 76.8 21.7 15.2 12 2.2 23.8

Phosphates PO4
−3 (mg/L) 297 14.4 10.07 4.92 1.57 258.88

pH 6.80 6.92 7.03 7.05 7.07 6.35
Temperature (◦C) 21.7 21.5 22.3 22.9 23.7 23.9

COD (mg/L) 5920 1520 1476 1254 1123 3595.23
BOD5 (mg/L) 2400 1740 1650 1440 1254 1766.42

RATIO COD/BOD 5 3.96 0.87 0.89 0.87 0.89 2.04
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Table 6. Results of the physicochemical pollution parameters measured on the studied effluent using membrane based on kaolin (MF).

Membrane Parameter of
Pollution Measured

Effluent
before Filtration

Permeate
Collected
at 1 bars

Permeate
Collected
at 2 bars

Permeate
Collected
at 3 bars

Permeate
Collected
at 4 bars

Effluent Retained
in the Feed Tank

Membrane
based on Kaolin

(MF)

Turbidity (NTU) 2400 28 19 14 16 2650
Conductivity (µS) 2170 2023 2003 1985 1993 1499

Ammonium NH4
+ (mg/L) 59.2 18.8 12.85 9.65 10.95 5.46

Nitrites NO2
− (mg/L) 28.8 1.12 1.6 1.44 2.77 15.54

Nitrates NO3
− (mg/L) 76.8 26.72 18.4 14.32 8.5 6.4

Phosphates PO4
−3 (mg/L) 297 117.6 79 43.2 32.5 21.53

pH 6.80 6.90 6.95 7.00 7.3 6.32
Temperature (◦C) 21.4 21.7 21.5 21.6 22.5 21

COD (mg/L) 5920 1320 1020 950 798 3520.54
BOD5 (mg/L) 2400 1400 1379 1136 936 1550

RATIO COD/BOD 5 2.46 0.94 0.78 0.84 0.84 2.27
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The turbidity level of the examined effluent before filtering was 2400 NTU, which is
substantially higher than the recommended limit in Algeria (80 NTU). The rise in turbidity
might be attributed to the mobilization of organic and inorganic particles in suspension [50].

The turbidity in the permeate collected at different pressures was reduced to values
well below the required standard after filtration, in contrast to the highest turbidity ob-
served in the liquid retained in the feed tank; this result indicates that the suspended matter
was retained by the three membranes studied. These findings are consistent with previous
studies on the measuring of turbidity before and after membrane filtration [37,45,51]. A
reduction in turbidity has been observed with the rise of transmembrane pressure up to
3 bars, after which they progressively increase as indicated in Tables 4–6, which may be
explained by a partial fouling of the membranes caused by transmembrane pressures of
more than 3 bars [52].

3.5.1. Conductivity

The recorded electrical-conductivity values from both the effluent before filtration and
the permeates after filtration, at various transmembrane pressures between 1 and 4 bars,
are better than the Algerian standard cited in Table 2.

These findings explain why the samples studied had substantial salt even after mem-
brane filtration (less than 2500 µS/cm). This salinity is caused by salts, washing chemicals,
detergents, and disinfectants [53,54]. It is critical to note here that the values of electrical
conductivity steadily rise as the transmembrane pressure reaches 3 bars, which corresponds
to the turbidity values reached beyond 3 bars. These conductivity findings in Tables 4–6
suggest that ultrafiltration membranes are more effective than microfiltration membranes
for mineral-salt retention, as reported in the literature [51]. This result, of the successful
retention of mineral salts by our two ultrafiltration membranes, is in line with previous
research findings on the filtration of saline water using ceramic membranes based on
natural zeolites [35,44,48].

3.5.2. Ammonium NH4
+

Ammonia nitrogen is a reliable indication of urban-effluent contamination in water
systems. The findings in Tables 4–6 reveal that the quantity of NH4

+ ions in the unfiltered
effluent is excessively high, reaching 59.2 mg/L. After ultrafiltration and microfiltration by
the membrane at various pressures, a considerable drop in the quantity of these ions was
noticed, which was followed by an increase in the retained liquid, showing that these ions
were successfully retained by filtration on all three membranes. Indeed, better values for
NH4

+ ions were found.
After ultrafiltration with the bentonite and Aomar clay membranes, the result was

consistent with the necessary standard-limit value (≤5 mg/L), even when the applied
pressure was increased from 1 to 4 bars. However, the amount of NH4

+ produced via mem-
brane microfiltration based on kaolin is substantially greater than the Algerian standard.
This outcome is due to the excessively high permeability achieved by the kaolin-based
membrane at 547.37 L/m2.h.bar (see Figure 3b), which is approximately four times greater
than the permeability values of the bentonite- and Aomar-clay-based membranes. This
explains why the porosity of the kaolin-based membrane is significant, allowing a great
amount of ammonium ions to pass through its pores even at low transmembrane pressure
(refer to the results in Table 6 of the revised version of the manuscript).

3.5.3. Nitrates NO3
− and Nitrite NO2

−

Nitrates and nitrites are both oxidized forms of nitrogen pollution found in wastewa-
ter [55]. The presence of lactating proteins, mineral nitrogen in milk, the bacterial oxidation
of ammonia and/or organic-matter decomposition, and the usage of nitric acid during
washing all contribute to the high concentration of these ions that define nitrogen pollu-
tion [53]. Tables 4–6 shows that the measured nitrate and nitrite levels in the unfiltered
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effluent are much higher than the necessary requirements (30 mg/L for NO3
− ions and

03 mg/L for NO2
− ions).

Even at high transmembrane pressures, we detect a drop in these values after filtration
on our UF and MF membranes. Indeed, the amounts of NO3

− recovered after filtering
are less than the acceptable requirements, allowing us to conclude that these ions were
partly retained by the two filtration procedures in all membranes tested. Moreover, the
concentration of NO2

− ions obtained after filtering using the two procedures of UF and MF
is lower than the necessary standard. This conclusion is explained by the fact that NO2

−

is an intermediate molecule that is unstable in the presence of oxygen and has a lower
concentration than the two other forms, namely nitrate and ammonium ions [56].

3.5.4. Phosphates PO4
−3

The amount of ions in orthophosphates obtained in Tables 4–6 for the unfiltered efflu-
ent is higher than the Algerian standard (10 mg/L), which is most likely due to the usage
of H3PO4 for machine cleaning at the level of cheese manufacturers in general. Further-
more, phosphorus compounds such as soluble orthophosphates and organophosphorus
derivatives may be found in natural waters and wastewater [55].

The number of orthophosphate Ions Is lowered below the acceptable level after filtering
using ultrafiltration membranes based on bentonite and Aomar clays, regardless of the
applied transmembrane pressure (1–4 bars). However, the quantities of these ions following
filtration on kaolin-based microfiltration membranes remain too high at all pressures
employed. These findings suggest that a membrane-ultrafiltration method can achieve
orthophosphate retention, but not a microfiltration procedure.

3.5.5. pH and Temperature

pH is an effective indication of pollution; it fluctuates depending on whether the
effluent is basic or acidic. The biological pH range is 6.5 to 8.5 [57]. Indeed, the pH values
obtained before and after filtration for the three kinds of membranes demonstrate that all
of the samples studied had pH values between 6.8 and 7.3. These results are consistent
with those of the rejected effluents in Algeria, where the pH must be in the range (6.5–8.5).

Temperature changes have a significant impact on the formation of microorganism
colonies [58,59]. Indeed, increasing the temperature of industrial effluents promotes their
growth and hence the consumption of huge amounts of oxygen, while decreasing the
amount of dissolved oxygen in these effluents [60].

According to Tables 4–6, the observed temperatures for all ultrafiltration- and microfiltration-
membrane samples are almost consistent, and fall below the acceptable limit (30 ◦C). This result
indicates that the examined samples do not constitute a thermal-pollution concern to the receiving
natural environment. Values over 30 ◦C, on the other hand, contribute to the acceleration of
biological processes for the treatment of industrial effluents by increasing the kinetics of organic
degrading matter [61].

3.5.6. The Chemical Oxygen Demand COD

The COD data (Tables 4–6) demonstrate that the unfiltered effluent is highly con-
taminated with organic matter, with a value of 5928 mg/L, which is much more than the
necessary limit (120 mg/L). The COD value reported in this unfiltered effluent is three
times that found in study work on wastewater-COD analysis [62]. This conclusion may be
explained by the fact that cheese effluents include residues of milk and chemical products
used for machine cleaning at the cheese-factory level, resulting in an increase in the quantity
of organic matter responsible for the growth of aerobic bacteria [63].

After filtering at pressures ranging from 1 to 4 bars, the COD value drops to between
665.5 and 476.8 mg/L (approximately 90% of organic matter eliminated) for the bentonite
membrane, between 1520 and 1123 mg/L (approximately 81% of organic matter eliminated)
for the Aomar-clay membrane, and between 1320 and 798 mg/L (approximately 90% of
organic matter eliminated) for the kaolin membrane. These values remain high following
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filtering by the two UF and MF procedures, indicating that the organic components in
this cheese effluent were partly retained by all of the membranes tested. The results of
our investigation of the COD show improved outcomes compared to previous research on
the filtration of dairy effluent conducted over a one-month period at a sequencing-batch-
reactor station [6]. Our results are even more favorable in comparison to the treatment of
wastewater in a series of three microphyte-lagoon basins [63].

3.5.7. BOD5: Biological Oxygen Demand for 5 days

The findings in Tables 4–6 further demonstrate that the BOD5 value obtained for the
effluent before filtering is extremely high (2400 mg/L), which explains why this effluent is
so rich in biodegradable compounds. After filtering, the BOD5 in all permeates sampled at
each applied pressure from 1 to 4 bars falls progressively across all membranes examined.
This gradual drop when pressure is increased may be explained by the partial fouling of
our membranes over time. It is critical to note that all BOD5 readings measured before and
after filtering remain very high, and exceed the necessary level of 35 mg/L.

3.5.8. The Ratio of COD/BOD5

The COD/BOD5 ratio allows us to assess the biodegradability of contaminants and
determine the purification chain of a given effluent. Wastewater rejected directly into
receiving waters exhibits household-wastewater characteristics (COD/BOD5 < 3) [64].

This increasing ratio suggests an increase in non-biodegradable organic matter [57,59].
The COD/BOD5 ratio values obtained in Tables 4–6 for the permeate collected after filtering
of our effluent on the three membranes investigated at varying pressures are significantly
lower than 3 (between 0.74 and 0.94), indicating that these are readily biodegradable
effluents [61]. The COD/BOD5 ratios of the effluent before filtering and the liquid retained
in the feed tank, on the other hand, are between 2 and 3, indicating that they are moderately
biodegradable effluents [57–59,61]; indeed, as stated by Mesrouk et al. [60] and Litébé
et al. [65], an analysis of this ratio clearly highlights the biodegradability of wastewater.
These findings indicate that all of our samples, both before and after membrane filtration,
may be purified using biological treatment [58,61].

4. Conclusions

In the study conducted here, tubular supports were fabricated using three clays
sourced from various regions in Algeria, with the intention of utilizing them in ultrafiltra-
tion and microfiltration processes. Results showed that the kaolin-based support had the
highest water permeability. The developed membranes effectively clarified a local-cheese
effluent and retained suspended particles and organic compounds at transmembrane pres-
sures less than or equal to 3 bars. The ultrafiltration membranes based on bentonite and
Aomar clay retained NH4

+ ions, but this was not the case for the microfiltration based
on kaolin, unlike the NO2

− and NO3
− ions which all three membranes tested retained.

The study found that when the transmembrane pressure is greater than 3 bars, NH4
+ and

NO2
− ions begin to cross the membranes and their retention is facilitated by ultrafiltration

membranes based on bentonite and Aomar clay. The analysis showed that the permeates
collected at pressures between 1 and 4 bars are readily biodegradable, and require bio-
logical treatment. The study concluded that COD and BOD5 are important for reducing
organic matter and biodegradable-material loads, and that the permeates collected are
fairly biodegradable and need biological treatment.
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