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Abstract: This study is a review of knowledge and understanding of organic fiber
membrane behavior in wastewater ultrafiltration processes. Current research is increasingly
focusing on the use of state-of-the-art technologies for the elimination of pollutants in water
and the use of membranes. This study focuses on testing hollow fiber organic membranes
for the ultrafiltration process as a precursor to osmosis processes. The major advantages of
ultrafiltration are the elimination of many small organic and inorganic compounds from the
water, which cannot be eliminated in microfiltration processes, offering superior quality
water. This review highlights the effectiveness of organic membranes from hollow fibers in
relation to the dependence between filtering parameters and those related to the membrane
type structure, respectively the membrane structure of the polyacrylonitrile. The results of
the study on the testing of such membranes have shown that filtration efficiency increases
inversely with the degree of fouling on the surface of the membrane; the permeate quality
being superior in the early stages of the membrane lifecycle, decreasing with increasing use
time. In other words, the aging of the membrane decreases the volume of the permeate and
at the same time changes the dependence of the parameters: pressure, temperature, flow if it
is desired to obtain the same amount of permeate. Finding the best solutions for
streamlining the membrane structure and running under the best conditions will be
presented in the current paper.
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1. INTRODUCTION

Water pollution as a result of natural and anthropogenic activities limits the presence in large quantities of water
sources for consumption. Another cause of this limitation is the inefficient use of water in different activities. A
solution that helps to reduce the consumption water crisis is the use of membrane technologies for water
filtration that are thought to be more and more effective [1-6].

Wastewater filtration membranes are of several types but research shows that the polymeric ones have the
greatest advantages, namely: low acquisition and maintenance costs, ease of operation but also very flexible and
easy assembling [7].
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Polymeric membranes are usually constructed in flat or tubular form with hollow fibers. The latter have the
advantage of achieving greater water productivity per unit volume and the procedure for manufacturing the
membrane module is simpler [8].

To be as efficient as possible, a membrane used in ultrafiltration processes should have the following features: as
much as possible rejection of the concentrated portion of the feed water, high resistance to the chemical agents
used, high mechanical strength, allowing the passage of a large stream of water through the surface of the
membrane, anti-fouling properties, respectively hydrophobicity [9].

Over the years, in recent years, ultrafiltration membranes with different shapes and structures have been
developed to further retard the phenomenon of clogging of the filtering surface but also to increase mechanical
strength during operation with this type of membrane [10-12]. The most handy solution for removing the
material from the membrane pores in both ultrafiltration and microfiltration remains countercurrent flushing,
altered by the modification of the membrane structure phase [13-16].

Another problem that can be at least improved through hollow fiber membranes is that of pesticide use in
agriculture. More specifically, nowadays, in order to obtain large quantities of food, we use in excess all sorts of
harmful solutions, especially human health [16].

In the case of citrus, pesticides accumulate the most in the shell, which leads to their mixing with oils that can be
extracted for different uses, so a clear poisoning [16].

Hollow fiber membranes can also be used successfully in separating citrus pesticide oils. The increasing use of
these types of membranes is more and more developed because they can be easily obtained from homogeneous
materials, polymeric solutions and oligosaccharides such as cyclodextrin, and their cleaning can be done easily
with alkaline solutions [16]. Another advantage of these membranes is given by the filter surface which can be
extended on the unit of volume and at the same time the lack of additional material to support the membrane [17,
18].

For the manufacture of this tipe of membranes, the most suitable polymers are polyimidize, polybenzimidazole
and polyacrylonitrile, which are also most effective in the field of ultrafiltration and nanofiltration processes [19-
21].

Selectivity and permeability are essential elements in determining the efficiency of a membrane because these
parameters describe one of the most important features: the pore size dimension. As their size increases, water
permeability increases but decreases selectivity and material retention [22, 23].

Hermia [22] proposed two models of membrane pores filling (Figurel), respectively when the particles are
smaller than the size of the pores and while they are deposited on the membrane channels and the second model
when the particles subjected to the filtration are larger in diameter and thus favored effective pore blocking.
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Fig. 1. Membrane fouling patterns [22]:
a) blocking pores; b) Strangulation of the active filter diameter.
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Separation performances can be obtained by several methods for the modification of hollow fibers, among
which: application of additives [24, 25], operation with thermal treatments [26-31], grafting [30], mixing [31]
and crosslinking [32].

2. APPLYING ORGANIC MEMBRANES TO HOLLOW FIBERS IN ULTRAFILTRATION
PROCESSES

The hollow fiber ultrafiltration membranes present in this paper focus on reducing or, as far as possible,
eliminating organic and inorganic compounds in the filtration waters. Their efficiency depends on the results
obtained as a dependency relation both between the parameters of the installations present in the study and the
parameters of the membranes [34].

Regardless of the field of use, the membranes used are polyacrylonitrile. Polyacrylonitrile (PAN) fibers were
obtained by phase inversion technique [34, 35], having an inner and outer diameter different depending on the
volume and the filter area. The module is provided with a glass tube that incorporates the membrane and the
fluid flow respectively. The membrane under study has different surface and length (effective filtration area)
[36].

In the following, various directions for using this type of membrane in ultrafiltration will be presented.

2.1. Retention of pesticides in citrus oils

The plant (Figure 2) is provided with a supply tank containing pesticide-mixed oils, a coil cooler for controlling
the temperature of the liquid supply, a membrane module, a pump feeding the membrane of the module, two
manometers for recording the pressure at the inlet or exit of the module, the permeate reservoir and a pressure
regulating valve.
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Fig. 2. Waste water filtration plant from hollow fiber membrane [33].

Repeated tests have been carried out with permeate recycling and recirculation of the concentrated phase in the
supply tank under already established operating conditions, respectively a 1.4 bar trans-membrane pressure at a
temperature of about 25 °C. It has been established from the beginning, the permeate collection time, then
measured in the unit of time, expressed in L/m%h [36].

2.1.1. Efficiency of organic hollow fiber membranes in terms of pore permeability

C. Cao, et al. [37] developed a model of water permeability through the membrane pores, and the results of the
model concluded that a higher molecular weight implies a decrease in permeate because the material passing
through the pore opening can be stored more easily (Figure 3).
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In Figure 3.a. it is observed that with the increase in the absorption of the filtration liquid, both the permeability
and the molecular weight decrease. In part, b of the figure the distribution of the pore size narrows as the
absorption speed increases. This increase in velocity proves that the polymer chains have a better alignment [37].
The decrease in membrane permeability is due to fiber stretching as a result of long-term heating and cross-
linking. In other words, there is a heat-induced densification at the fiber level [38-40].
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Fig. 3. Membrane permeability by molecular weight [37].

In Figure 4, sections a), b), and c) show the pore size distribution at the highest level. In other words, fiber
crosslinking showed the highest performance after 18 hours, which means excellent mechanical strength in the
membrane [42-45].
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Fig. 4. Water permeability and pore size distribution PAN membrane after 8, 14, 18 hours [41].

After a period of about 18 hours, the fibers can reduce their volume by up to 10%, which means that the pore
size is also reduced, thus a decrease in membrane permeability [39].
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2.1.2. Controlling the fouling process of hollow fiber membranes
K. Parameshwaran et al. [46] have successfully confirmed that the method of countercurrent washing of the
membranes remains a solution that requires increased attention even if the matter deposited at the level of pores

cannot be completely eliminated.

A very good solution for membrane cleaning after filtering is the backwash method, respectively countercurrent
washing with the resultant permeate. In the work done by these authors [46], washing was done every 20
minutes, in a flow of 70 L/m?/h permeate, with aeration for two minutes before resuming each filtration process.

The results showed that no matter how effective this membrane cleaning method is, the particles cannot be
eliminated because they have been deposited on the surface or on the surface of the membrane. This has shown
an increase in transmembrane pressure (Figure 5) after each wash cycle [46].
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Fig. 5. Trans-membrane pressure [46]:
a) The pressure variation in the time unit of countercurrent washing, followed by aeration for two minutes at a
flow rate of 70 L/ m?/ h; b) Change of trans-membrane pressure at each backwash cycle relative to permeate
flow.

After experiments with the main purpose of extracting pesticides from citrus oils, it was also demonstrated that

the flow of permeate was somewhat constant although the weight of the oil was reduced up to five times as much

under the operating conditions of the set installation, respectively: trans-membrane pressure of 1.4 bar, 20 °C

and axial feed flow (Figure 6) [47].
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Fig. 6. Weight-reducing factor in citrus oil filtration using organic hollow fiber-membranes [47].

The results of the study showed that the permeate flow was different for the filtration of mandarin and lemon oil
(Figure 7), the permeate obtained in the case of mandarin oil was twice as much as lemon oil and almost 30
L/m?/h respectively. The increase in permeate flow was mainly due to the increase in axial flow in the feed,
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which implies that polarization of the concentration can be diminished by the shear effect from the surface of the

membrane [47].
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Fig. 7. Permeate flow time for the filtration of mandarin and lemon oil through a cyclodextrin-loaded hollow
fiber membrane under established operating conditions [47].

2.2. Use of hollow fiber membranes in the juice industry
Mohammad et al. [49] tested hollow fiber organic membranes to see the effectiveness of removal of pollutants
from juices, such as yeasts, colloids, certain microorganisms but also molds (Figure 8).
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Fig. 8. Filtration of juices through hollow fiber membrane [52].

To increase filtration efficiency, the authors used certain pectinase-based mixtures and thus managed to increase
permeate flow and concentrate recovery. Although proteins and fibers had the highest degree of fouling on the
surface of the membrane in juice filtration, researchers achieved a yield of nearly 95 % with product recovery
(Figure 9) due to decreased viscosity [53].

To reduce blocking membrane pores, they used the ultrasonic vibration method [50] and pulse wash [51].
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2.3. Behavior of hollow fiber membranes in the separation of photocatalysts
Guoliang Zhang et al. [54] 4 types of hollow fiber membranes were used (Figure 10): one of polyacrylonitrile
and 3 polyether sulfone with a pore size of 0.2 and 0.4 um, in a process for separating TiO, photocatalysts, and
attempted to determine the time required for membrane fouling as a result of the deposition of these particles in
membrane pores. The tested membranes had a molecular weight of 600,000 Da.
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Fig. 10. The photocatalytic separation process of TiO2 through hollow fiber membranes [54].
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After the experiments, it was found that TiO, particles that were about the same size blocked the pores, favoring
arapid decline in permeate flux and increased transmembrane pressure. Backwash was not 100% efficient due to
strong adhesion to the surface of the membrane [54].

The working conditions were the same for all 4 membranes, but the normalized flow was completely different
(Figure 11), for the PAN membrane, this being almost constant but for the other three membranes, varying
significantly [54]. The reason for the flow varies clearly remains the blockage of the membrane pores due in
particular to the properties of each membrane used in the experiments [55].
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Fig. 11. Flow variation with in relation to the TiO, selection time [54].

3. RESULTS AND DISCUSSION

The ultra-filtration system MP 90 (Figure 12) is an ultrafiltration plant provided with an organic hollow fiber
membrane module with the following features [57]:

- membrane module;

- multicellular vertical feed pump;

- plastic flowmeters;
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- display of ASCON C1 temperature and pressure;

- permeate bowl;

- gauges;

- 3 pressure sensors ENDRESS + HAUSER Cerebar (PT1: 0-6 bar, PT2 and PT3: 0-4 bar);
- 3 BAUMER MEX 3 pressure gauges (0-2.5 bar);

- BURKERT electro-valve (solenoid) (temperature changer);

- Safety valve (stainless steel valve calibrated at 5 bar);

- Sample probe: 3 electrodes S8 CROUZET;

- pH probe HANNA INSTRUMENTS 1001 and pH indicator;

- speed variator SCHNEIDER ATV 12.

Fig. 12. Ultrafiltration of waste water with organic hollow fiber membrane module [57].

The membrane module of ultra-filtration system MP 90 comprises (Figure 13) [57]:
- organic fiber membrane made of polyacrylonitrile:
- initial flow into water under a membrane transverse pressure of 1 bar: 90 L/h;
- filtration area: 0.6 m;
- inner diameter of the fiber: 0.8 mm;
- external diameter of the fibers: 1.4 mm;
- module length: 552 mm;
- module outer diameter: 60 mm;
- maximum inlet pressure: 5 bar;
- maximum trans membrane pressure: 3 bar;
- maximum temperature: 500 C;
- pH range: 2-10.

Fig. 13. Organic memrane module of hollow fibers [57].
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This type of plant (Figure 12) serves the ultrafiltration process and one of the many directions is the recovery of
proteins in the food industry, respectively milk processing. At the same time, it can be tested on the extraction of
the various substances added to the wastewater supply, such as bentonite, humic acid, etc.

Following the many experiments, the following curves can be drawn:
- flow of permeate to transmembrane pressure: QP = f (PTM);
- flow of permeate to tangential velocity: QP = f (Vt);
- flow of the permeate to the concentration factor: QP = f (VCF);
- permeate flow according to time and concentration: QP = f (t, VCF) in "continuous" mode;
- permeate flow as a function of temperature: QP = f (T);
- permeate flow as a function of time: QP = f (t).

Cunyu Li et al. [12] have tested an organic fiber-like membrane similar to that of Figure 12 in an ultrafiltration
process. The operating surface of the membrane was 0.5 m? with adjustable pressure and flow.

First, the membrane was tested with deionized water, then a concentration of saponin solution of 10 mg/L
deionized water was made. Tests with low pressures and 0.01 were performed respectively; 0.05; 0.1; 0.15; 0.2;
0.25 MPa. Following the experiments, permeate samples were taken and analyzed on a chromatograph [12].
Then the retention rate was calculated according to the molecular weight.

The results showed that with the increase in molecular weight, the degree of retention of the material in the
filtered water decreases. In other words, particle deposition in membrane pores affects permeate flow and
increases membrane pressure [56].

Similar to dairy ultrafiltration, where whey casein retention was required, Mohammad et al. good results have
been obtained with regard to the efficiency of removing toxic substances from juices [49].

With regard to these results, it is estimated that the module shown in Figure 13 may have a yield at least similar
to that presented by the researchers presented in the above discussion, since the hollow fiber membrane of the
MP 90 ultrafiltration plant has no degree of aging [57].

4. CONCLUSIONS

Although fouling is the major disadvantage in membrane technology, the countercurrent wash method has shown
a high cleaning efficiency, especially when using oils that can increase this membrane dirt. However,
countercurrent washing may have a disadvantage because it can increase pores in the membrane, so it can
change the membrane structure that leads to a new dependence between the operating parameters [50]. In this
case, the operating conditions must be changed.

This type of membrane cleaning has demonstrated the removal of the material both from the pores and from
inside them that have accumulated during the filtration processes during the experiments.

Through hollow fiber membranes, very good results in water filtration with different compounds are obtained
when they are constantly cleaned by different processes: countercurrent washing or chemical solutions.

The experiments performed were related to the dependence of the plant parameters, the feed rate, the pressure of
the pump, the concentration of the permeate obtained, its volume and the parameters of the membrane:
membrane type, pore size, distribution, transmembrane pressure, etc.

Information on the dependence of parameters was collected in a set time, and then the results obtained were
compared by changing the working conditions after a certain period of experimentation.

Research to date has shown that membrane technology has a significant impact on the recovery of water sources
only if it is well understood; Fortunately, the many advantages over time have sparked a number of concerns that
emphasize both concern for water sources and the satisfaction of operating in this area of study, research and
profoundness. Another advantage of membranes is the possibility of recovering the concentrate for reuse.
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This review has successfully demonstrated several application directions for the hollow fiber membrane module
in the ultrafiltration field since most experiments have shown an increased efficiency in the degree of material
retention on the membrane surface and at the same time the operating time with the same membrane was
prolonged.
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