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ABSTRACT

This study investigates the design, configuration, and optimization of a membrane bioreactor
(MBR) system for the amelioration of industrial effluent. The study focuses on mitigating membrane
fouling and reusing the treated wastewater. The MBR system is designed and configured with
different operating parameters, including nano-bubble technology and hydraulic retention time (HRT),
to optimize the removal efficiency of pollutants. The effect of HRT on the percentage elimination of
pollutants in the wastewater treated by MBR systems is investigated, and the dynamic relationship
between the mixed liquor suspended solids (MLSS) and HRT is studied to optimize the biological
treatment process. The relationship between permeate flux and temperature is also investigated
to optimize the operational conditions of MBR systems. Trans-membrane pressure monitoring and
cleaning techniques are employed to mitigate membrane fouling in MBR systems. It is assessed
if it is feasible to reuse the treated wastewater for commercial purposes. According to the data,
the MBR system with nano-bubble technology and a 12-h HRT had the best pollution removal
effectiveness (97.5%). It was discovered that the dynamic link between MLSS and HRT was crucial
for optimising the biological treatment procedure, and that 25°C was the ideal temperature for MBR
operation. The treated wastewater was found to be suitable for reuse in industrial applications, and the
trans-membrane pressure monitoring and cleaning approaches were successful in reducing
membrane fouling. With the potential to improve both the environment and the economy, the study's
findings offer important insights into the design of long-term, sustainable MBR systems for the
treatment of industrial wastewater.
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INTRODUCTION million tons in 2019, Its wastewater, characterized

by substances like lignin and cellulose, presents

The pulp and paper industry, a major player  challenges due to its unique composition. If

in the global economy, produced an estimated 419 untreated, this wastewater poses environmental
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risks. Despite the industry's significant contribution,
its wastewater contains high levels of organic
matter and pollutants, causing environmental
pollution?. Efficient wastewater treatment is crucial
for regulatory compliance, environmental protection,
and the sustainable future of pulp and paper
production. Membrane bioreactor (MBR) technology
is increasingly recognized as a promising solution,
offering high treatment efficiency, compactness, and
low sludge production?.

Fouling of the membrane is a common
issue in MBR systems, which can significantly
reduce their performance and increase operational
costs*. Furthermore, the selection of appropriate
membrane materials, operational parameters, and
system configurations can affect the treatment
efficiency and economic feasibility of MBR systems?.
Polyethersulfone (PES) membranes had the best
performance in terms of fouling resistance and
organic matter removal efficiency studied the
treatment effectiveness of MBR systems utilizing
various types of membranese. In a further study, the
impact of hydraulic retention time (HRT) and solids
retention time (SRT) on the efficacy of MBR systems
was examined. It was discovered that longer HRT
and SRT could increase the effectiveness of pollutant
removal’. Despite these studies, there is still a
research gap in the design and optimization of MBR
systems for pulp and paper industry wastewater
treatment. Future research is needed to investigate
the optimization of MBR system configurations,
the selection of appropriate membrane materials,
and the impact of operational parameters such as
aeration rate and pH on treatment efficiency and
economic feasibility. The development of efficient
and cost-effective MBR systems for pulp and paper
industry wastewater treatment will not only contribute
to environmental sustainability but also benefit the
economic growth of the industry.

Due to its high efficiency and low sludge
formation, the treatment of industrial wastewater
using membrane bioreactor (MBR) technology
has gained recognition as a promising alternative.
Though, fouling of the membrane remains a significant
challenge, which can reduce the performance of MBR
systems and increase operational costs. To address
these challenges, this study aims to investigate the
design, configuration, and optimization of MBR
systems for the treatment of industrial wastewater,
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with a focus on mitigating membrane fouling and
reusing the treated wastewater.

Specifically, this study aims to

. Design and configure a membrane bioreactor
with different operating parameters, including
nano-bubble technology and hydraulic
retention time (HRT), to optimize the removal
efficiency of pollutants.

. Investigate the effect of HRT on the percentage
removal of pollutants in the wastewater
treated by MBR systems.

J Study the dynamic relationship between the
mixed liquor suspended solids (MLSS) and
HRT to optimize the biological treatment
process.

. Investigate the relationship between
permeate flux and temperature to optimize
the operational conditions of MBR systems.

. Mitigate membrane fouling in MBR systems
through trans-membrane pressure monitoring
and cleaning techniques.

. Evaluate the feasibility of reusing the treated
wastewater for industrial applications.

The outcome of the present study will
contribute to the development of efficient and
sustainable MBR systems for the treatment of
industrial wastewater. Furthermore, the reuse
of treated wastewater can provide economic
and environmental benefits by reducing water
consumption and wastewater discharge.

Material methodology
Experimental configuration

Experiment was conducted at the
Bioremediation Laboratory of the Department of
Environmental Science at MD University-Rohtak,
Haryana, India. An advanced membrane bioreactor
(MBR) was designed for treating pulp and paper
(P&P) industry wastewater using an integrated
chemical, biological, and membrane filtration
unit. The operating conditions of the MBR are
presented in Table 1. The MBR consisted of four
tank units: A physicochemical treatment tank (10L),
an equalization tank (10L), an aerobic tank (10L),
a membrane filtration tank (20L). The flat sheet
membrane, composed of Polyvinylidene difluoride
(PVDF) from Mitsubishi Rayon, Japan, with a flux
rate of 10L/m?/hr and a pore size of 0.04-0.05
microns, was submerged in the membrane filtration
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tank. The total surface area of the membrane
was 0.32 m2. Nano air bubble diffusers (Model
no. ACO-003, 45W) from M/s Shenzhen Solarmy
Technology Co. Ltd were used to supply oxygen
and maintain high mixed liquor suspended solids
(MLSS) in the membrane and aeration tank to treat
the Paper & Pulp industry wastewater. A peristaltic
pump was used to make sure a steady feed flow
of wastewater into the inlet tank, while a suction
pump was employed to regulate the permeate flow
rate. A pressure gauge was utilised to measure the
transmembrane pressure (TMP), and the level switch
was employed to keep the MBR's volume constant.
Fig. 1 shows the arrangement of the created model.
Scanning electron microscopy (SEM) using a Zeiss
EVOA40 at magnifications of 10mm and 100mm was
used to analyse the membrane surface area, as
indicated in Figure 2.

Table 1: Operational condition of Designed Model

Parameter Operating condition
Hydraulic Retention Time, Hours 12h,8h,6h
Sludge Retention Time, days 21

Mixed Liquor Suspended Solid, g/L 7.4-10.8

Dissolved Oxygen, mg/L 3-5

Temperature, 22-25

Flux, L/m?h 10.5

Trans Membrane Pressure, kPa 2-30

Diffuser type Nano bubble

Paper & Pulp wastewater and their operating
conditions

The P & P industry wastewater samples
were collected from the equalization tank of a factory
located in Yamunanagar, Haryana, India, at the
coordinates of 30°8'14.8812"N and 77°16'22.2312'E.
The samples were collected as grab samples, with
a total volume of 40L, and stored at 4°C to maintain
sample integrity. The wastewater samples did not
meet the permissible limits of the World Health
Organization and Indian Standards, as outlined in
Table 2. The advanced membrane bioreactor was
operated once a week for a duration of one month,
with dissolved oxygen levels ranging between
2-4mgL and Mixed Liquor Suspended Solids (MLSS)
concentrations of 9.4 g/L. The feed of inlet flux
started at a rate of 15 L/m?h with a transmembrane
pressure (TMP) of 2 kPa. The initial permeate flux
started at 9 L/m?h with a permeate production rate
of 2 min off and 5 min on for intermediate suction.
Hydraulic retention time (HRT) and solid retention
time (SRT) were controlled at 6 h and 14 days,
respectively. The permeate flux was maintained
through physical and chemical cleaning. Physical
cleaning involved the use of tap and distilled water,
while chemical cleaning was performed using
NaOCI, 0.5% and 0.1% oxalic acid. The critical
parameters of the membrane treatment system,
such as Trans Membrane Pressure (TMP), flux and
Specific Aeration Demand (SAD).

Fig. 1. Systematic diagram of lab scale laboratory module
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Fig. 2. SEM images of PDVF

Determination of TMP of membrane bioreactor

Trans-membrane pressure (TMP) is an
essential parameter in MBR operation and refers to
the pressure difference between the feed side and
permeate side of the membrane. TMP is a critical
factor because it directly affects the flux, or rate of
water permeation, through the membrane.

A high TMP can lead to fouling or clogging of
the membrane, reducing the flux and overall efficiency
of the MBR system. Therefore, itis essential to monitor
and control the TMP within a certain range to ensure
optimal performance of the MBR. The formula for the
trans-membrane pressure (TMP) of a membrane
bioreactor can be expressed as:

TMP = (Pfeed-Ppermeate)-G

Where P__, is the pressure of the feed
solution (kPa), Ppermeate is the pressure of the
permeate (kPa), and is the osmotic pressure (kPa).

Determination of Flux of membrane bioreactor

Flux in a membrane bioreactor (MBR) is
the rate of permeate flow through the membrane
per unit of membrane area. ltis influenced by factors
such as membrane material, feed characteristics,
trans-membrane pressure, and hydrodynamics.
To optimize flux, it is important to maintain a
suitable trans-membrane pressure, control feed
concentration, and prevent membrane fouling
through proper mixing, aeration, and cleaning. A
high and sustainable flux is critical for successful
MBR operation. The formula for flux of a membrane
bioreactor can be expressed as:

Flux (J): J = Q/A

Where J is the flux (L/m2.h), Q is the
permeate flow rate (L/h), and A is the effective
membrane area (m?).
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Determination of Specific aeration demand
(SAD) of membrane bioreactor Specific aeration
demand (SAD) is a parameter that is commonly used
in the field of wastewater treatment to determine
the amount of oxygen required to treat a specific
quantity of wastewater. SAD is defined as the amount
of oxygen required to remove 1 kg of biochemical
oxygen demand (BOD) from 1 m3 of wastewater
during aeration.

The formula for calculating SAD is:

SAD=(Total oxygen required for aeration/
Volume of wastewater)/BOD

Where the total oxygen required for aeration
is the total amount of oxygen required to treat
the wastewater during aeration, and BOD is the
biochemical oxygen demand of the wastewater.

Determination of HRT (Hydraulic Retention Time)

The amount of time wastewater remains in
a treatment system is known as hydraulic retention
time (HRT). It is frequently used to optimize the
design and operation of wastewater treatment plants
and is a crucial aspect in determining the efficacy of
a treatment system.

The formula for calculating HRT is:
HRT=V/Q

Where: HRT=Hydraulic Retention Time
(in hours) V=Volume of the treatment system (in cubic
meters or gallons) Q=Flow rate of the wastewater (in
cubic meters per hour or gallons per minute).

The HRT is important because it affects the
performance of various treatment processes such as
sedimentation, biological treatment, and disinfection.
If the HRT is too short, the treatment processes may
not be able to remove pollutants effectively, resulting
in poor water quality. On the other hand, if the HRT
is too long, it can result in excessive treatment time
and higher costs.

Determination of percentage of removal of
pollutants
The effectiveness of the system in removing
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contaminants from wastewater is gauged by the
percentage of removal rate in a Membrane Bioreactor
(MBR). The concentration of a certain contaminant
in the influent (incoming wastewater) and effluent
(treated wastewater) are compared to calculate it.

The following equation can be used to
determine an MBR's percentage removal rate:

%Removal Rate = (C-C_)/C, x 100
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Where: C,= Pollutant Concentration in Input
(inmg/L or ppm) C_ is the contaminant concentration
in the effluent (in mg/L or ppm).

The percentage of removal rate is a crucial
performance measure for MBR systems since it
aids in determining how effectively contaminants
are removed from wastewater throughout the
treatment process. Additionally, it helps to operate
and construct MBR systems more efficiently.

Table 2: Physico-chemical characterization of Paper & Pulp industry wastewater

Parameters WHOStandard IndianStandard Inlet permeate
Color P.C.U (Platinum Cobalt Units) <25 <100 924 15.2
pH 6.0-9.0 5.5-9.0 6.8 6.5
Total Dissolved Solids, (mg/L) <2100 <2100 1792 10.66
COD, (mg/L) <200 <250 958.33 6.8
BOD at 27°C for 3 Days, (mg/L) <30 <30 491.2 2.8
Magnesium Hardness (as Mg), (mg/L) <150 <150 689 8
Iron (as Fe), (mg/L) <10 <5 28 0.054
Chloride (as Cl) (mg/L) <600 <600 2892 108
Total Suspended Solids, mg/L <50 <100 1822 6
Total Chromium as (Cr), (mg/L) <2 <2 0.21 0.02
Ammonical Nitrogen (as NH,-N), (mg/L) <50 <50 98 6.2
Nitrate (as NO,), (mg/L) <10 <10 0.68 0.02
Total Nitrogen (as N), (mg/L) <100 <100 128 4.9
Phenolic Compounds (as C,H,OH), (mg/L) <1 <1 0.58 0.0009
Sodium (as Na)., (mg/L) <1000 <1000 2365 12.2
Phosphorous (as P), (mg/L) <10 <10 30.2 8.2
Potassium (as K), (mg/L) <50 <50 302 21
Cobbalt, (mg/L) <0.05 <0.05 8.4 0.08
Arsenic (as As), (mg/L) <0.1 <0.2 0.009 0.0002
Lead (as Pb), (mg/L) <01 <0.1 8.4 0.33
Manganese (as Mn), mg/L <0.2 <0.2 0.08 0.002
Electrical Conductivity, (umhos/cm) <4000 <4000 1860 1012

RESULT AND DISCUSSION

Impact of HRT and Permeate Flux on
Membrane Filtration System Performance over
Time Membrane filtration systems are widely
used in wastewater treatment plants to remove
contaminants and pollutants from water. Two key
parameters that affect the performance of these
systems are the hydraulic retention time (HRT)
and the permeate flux. The HRT and permeate
flux have a significant impact on the efficiency
and effectiveness of membrane filtration systems.
Studies have shown that changes in HRT and
permeate flux over time can have a noteworthy
impact on the generally treatment performance. The
decrease in HRT or increase in permeate flux can
result in reduced removal rates of contaminants,
while an increase in HRT or decrease in permeate

flux can improve treatment efficiency and reduce
the likelihood of fouling.

Figure 3 displays the outcomes of the
permeate flux and HRT for the advanced MBR
system at various time intervals. Even though the
suction pressure remained constant, each region's
flow rate and permeate flux reduced during the
course of its 15-day operation, which led to higher
HRT values. As a result, each operating region's
average HRT value over the 15-day span was
reported. Membrane fouling, which results from the
buildup of sludge cake on the membrane sheet's
surface, is what is thought to be responsible for the
fluctuation in permeate flux and HRT. As the suction
pressure was increased, the difference between the
permeate flow at the start-up and end-up points grew
from 6.4 L/m?.h at HRT of 12 h t0 9.3 L/m2.h at HRT
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of 8 h to 12.4 L/m2.h at HRT of 6 hours. The largest
(12.1 h) and minimum (6.8 h) differences between
the start-up and end-up values of HRT over the
15-day operation were also shown in the first and
last regions, respectively, with average HRT values
of 12 and 6 hours. Low permeate flux, on the other
hand, may be a sign of membrane fouling brought on
by the accumulation of particles and other pollutants
on the membrane surface. This might make it harder
for water to flow, which would reduce the permeate
flux. Several studies have investigated the impact
of HRT and permeate flux over time in membrane
filtration systems. For example, a study by Deng
et al., found that a longer HRT and lower permeate
flux were effective in reducing fouling and improving
treatment efficiency over time. In contrast, a study by
Kozak et al.,® found that a shorter HRT and higher
permeate flux were more effective in removing
contaminants and achieving higher removal rates.
In conclusion, the impact of HRT and permeate flux
over time is an important consideration in the design
and operation of membrane filtration systems. The
optimal combination of HRT and permeate flux will
depend on the specific requirements of the treatment
plant and the characteristics of the wastewater being
treated. Understanding the relationship between
these parameters and their impact on treatment
performance is critical for achieving effective and
efficient wastewater treatment.

Fig. 3. Performance Analysis of Permeate flux and
HRT in Membrane Filtration System over Time
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Dynamic relationship between MLSS and HRT
The Fig. 4 presented in this study depicts
the dynamic relationship between the mixed liquor
suspended solids (MLSS) and hydraulic retention time
(HRT) over a 45-day period in a advanced membrane
bioreactor. The MLSS concentration is an important
parameter that reflects the active microorganism
population in the bioreactor, while HRT represents
the time that wastewater stays in the bioreactor.
Initially, the MLSS concentration was 6.9 g/L, and the
HRT was 12 hours. Over the first 15 days, the MLSS
concentration decreased gradually to a minimum of
4.5 g/L.This was attributed to an inappropriate feeding
condition, resulting in the deflocculation of active
microorganisms. The bioreactor achieved equilibrium
between the quantity of active bacteria and the supply
of nutrients during this time. In Stage I, from day 20 to
day 35, there was an increase in MLSS concentration,
and this was accompanied by a decrease in HRT from
8 to 6 hours. The increase in MLSS concentration
indicated that the number of active microorganisms
was increasing. The decrease in HRT resulted in
a higher nutrient-to-microorganism ratio, positively
impacting the sustenance, proliferation, and growth
of active cells. Stage Ill, covering the period from day
40 to day 45, revealed that the MLSS concentration
remained relatively constant despite a significant
decrease in HRT from 6 hours. This suggests that
higher concentrations of particulate organic matter
(POM) in the bioreactor can increase toxicity,
hindering microorganism growth and activity. Overall,
the data indicates that maintaining an appropriate
nutrient-to-microorganism ratio is essential for the
sustained growth and activity of microorganisms in the
bioreactor. To optimize the bioreactor performance,
it is crucial to maintain a balance between POM
concentration, HRT, and MLSS concentration.

Fig. 4. Dynamic relationship between MLSS and
HRT over the time
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Synergistic effect of HRT and nano air bubbles
on wastewater treatment

The presented data in Fig. 5 shows the
results of a study on the performance of a wastewater
treatment plant over a 45-day period. The study
measured the percentage of TDS, BOD, COD, and
TSS removal in addition to the hydraulic retention
time (HRT), or the period of time wastewater is held
in the treatment facility.

The results indicate that the wastewater
treatment plant was effective in removing pollutants,
as evidenced by the high percentage removal rates
of BOD, COD, TDS, and TSS. At the start of the studly,
the percentage removal of COD and BOD was high, at
95% and 96%, respectively. As the study progressed,
there was a slight decrease in the percentage removal
of COD and BOD, with the lowest values observed
at day 45. This decrease in performance may be
attributed to an accumulation of pollutants in the
wastewater or a reduction in the number of active
microorganisms in the treatment plant.

The study also measured the percentage
removal of TDS and TSS, which are indicators of
the total dissolved and suspended solids in the
wastewater, respectively. The percentage removal
of TDS remained relatively constant throughout the
study, with values ranging from 96% to 98%. The
percentage removal of TSS, on the other hand,
showed a slight decrease over time, with the lowest
value of 92.6% observed at day 40.

The use of nano air bubble diffusers in
wastewater treatment has been shown to be an
effective method for dropping the hydraulic retention
time (HRT) and improving the removal efficiency
of contaminants such as total suspended solids
(TSS), total dissolved solids (TDS), biological oxygen
demand (BOD), and chemical oxygen demand
(COD). The results of a study conducted over a
period of 45 days showed that the use of nano air
bubble diffusers reduced the HRT to 6 h, 8 h, and
12 h, resulting in higher removal percentages of
COD, BOD, TDS, and TSS.

The shorter HRTs led to more efficient
removal of contaminants because the nano air
bubbles provided a larger surface area for the
transfer of oxygen to the wastewater. The oxygen-rich
environment created by the diffusers supported the
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growth of aerobic microorganisms, which are capable
of breaking down organic matter and reducing the
concentration of contaminants in the wastewater.
Additionally, the nano air bubbles created turbulence
and agitation in the wastewater, facilitating the
movement of the microorganisms and increasing
the contact time between the microorganisms and
the contaminants.

The results presented in Fig. 6 indicate
that the nano air bubble technology can effectively
remove both chemical oxygen demand (COD) and
biological oxygen demand (BOD) from wastewater.
Specifically, the technology achieved a COD removal
rate of 93.75% and a BOD removal rate of 95.65%
at an HRT of 12 hours. At an HRT of 8 h, the COD
removal rate was 91.2% and the BOD removal rate
was 94%, while at an HRT of 6 h, the COD removal
rate was 91% and the BOD removal rate was 93.8%.

Several studies have investigated the
combined effect of air bubble diffusers and HRT
on the removal of COD, BOD, TSS, and TDS from
wastewater. A study by Li et al.,'° found that a
combination of air bubble diffusers and a HRT of
6 h resulted in the highest removal efficiency of
COD and BOD from wastewater. Similarly, Adetunji
et al.,"" reported that a combination of air bubble
diffusers and a HRT of 8 h resulted in the highest
removal efficiency of TSS and TDS from wastewater.
Another study by Lian et al.,'? reported that the use
of nano air bubble diffusers in a sequencing batch
reactor led to more efficient removal of COD and
ammonia nitrogen.

Effect of Wastewater Temperature on the
Performance of a Designed MBR Module

The results of this study shown in Fig. 7 that
there is a positive correlation between wastewater
temperature and membrane permeate flux in the
designed MBR module. The permeate flux increased
from 3.8 L/m2.h to 9.6 L/m2.h when the temperature
rose from 22°C to 37°C. This is explained by the fact
that when temperature rises, the viscosity of the feed
decreases and the diffusivity of the solute increases.
These findings are consistent with previous
studies that have shown the positive influence
of temperature on membrane filtration in various
types of MBR systems, such as submerged MBRs
and anaerobic MBRs (AnMBRs)'®'4. In addition, it
has been reported that higher temperatures can
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enhance the biodegradation of organic matter
and improve the removal of pollutants, which may
further contribute to the increase in membrane
permeate flux's. Overall, the result suggested that
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controlling the temperature of the wastewater in
MBR systems can be an valuable approach to
optimize membrane performance and improve
treatment efficiency.

Fig. 5. Percentage removal of COD, BOD, TSS, and TDS on different HRT

Fig. 6. Synergistic effect of HRT and nano air bubbles on
percentage removal of COD BOD

Fig. 7. Effect of Wastewater Temperature on
the Performance of a Designed MBR Module
Mitigating Membrane Fouling in a Membrane
Bioreactor through Trans-Membrane Pressure
Monitoring and Cleaning Techniques
The present study investigates the
membrane fouling in a membrane bioreactor (MBR)
by measuring the trans-membrane pressure (TMP)
during operation. The TMP measurements revealed
an increase during the operational period, which is
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consistent with previous studies'®'”. These studies
have reported that membrane fouling can lead to
a decline in permeate flux or an increase in TMP,
depending on the operational mode’®.

The TMP was recorded at regular intervals
during MBR operation and was found to be a
significant criterion for characterizing membrane
fouling. The high sludge biomass concentration
in the feed handled by MBR systems can cause
membrane fouling, ensuing in a decrease in flux
and an increment in TMP. After continuous operation
for 25 days, the TMP reached a maximum (Fig. 8),
indicating severe membrane fouling. To address this
issue, a thorough cleaning process was carried out
on the fouled membrane, which involved physical
and chemical methods such as sponge, water flush,
and the use of NaOCI, 0.5% and 0.1% oxalic acid.
During the nearly 24-h cleaning period, feed flow was
halted while the air supply in the aeration tank was
maintained, and the microbial population was not
expected to change significantly during membrane
removal and cleaning.

Fig. 8. Cleaning of membrane fouling Reuse of treated water

The study demonstrated that the application
of membrane bioreactor (MBR) technology was
effective in treating wastewater generated from the
pulp and paper industry. The filtrate obtained from
the MBR process met the wastewater reutilization
standards for makeup water of cooling towers and
plant irrigations, as indicated in Table 2. This finding
suggests that MBR technology can be a sustainable
solution for reducing freshwater consumption and
mitigating the environmental impact of the industry.
However, the effectiveness of MBR technology is
subject to various factors, such as the quality of the
influent wastewater, system design, and operational
conditions. Therefore, the successful implementation
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of MBR systems requires meticulous planning and
design to optimize treatment performance.

CONCLUSION

In this study, an advanced membrane
bioreactor (MBR) was designed and operated to treat
pulp and paper (P&P) industry wastewater using
an integrated chemical, biological, and membrane
filtration unit. The MBR consisted of four tank units,
and a flat sheet membrane made of Polyvinylidene
difluoride (PVDF) was used for membrane filtration.
The P&P wastewater samples did not meet the
permissible limits of the World Health Organization
and Indian Standards, and the MBR was operated for
one month with dissolved oxygen levels and Mixed
Liquor Suspended Solids (MLSS) concentrations
maintained at 2-4 mg/L and 9.4 g/L, respectively. The
solid retention time (SRT) and hydraulic retention
time (HRT) were controlled at 14 days, and 6 h
respectively, and physical and chemical cleaning
were performed to maintain the permeate flux.

The study investigated the impact of
HRT and permeate flux on the performance of the
membrane filtration system over time. The results
showed that changes in HRT and permeate flux
can have a significant impact on the efficiency and
effectiveness of membrane filtration systems. A
decrease in HRT or increase in permeate flux can
result in reduced removal rates of contaminants,
while an increase in HRT or decrease in permeate
flux can improve treatment efficiency and reduce the
likelihood of fouling.

Membrane fouling, which results from the
buildup of sludge cake on the membrane sheet's
surface, is what is thought to be responsible for the
fluctuation in permeate flux and HRT. Low permeate
flux may be a sign of membrane fouling brought on by
the accumulation of particles and other pollutants on the
membrane surface. The study highlights the importance
of controlling HRT and permeate flux in membrane
filtration systems to optimize treatment performance.

Overall, the results of this study demonstrate
the feasibility of using an advanced MBR system for
treating P&P industry wastewater. The findings could
provide useful insights for the design and operation
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of membrane filtration systems for the treatment of
other types of wastewater as well.
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