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Abstract

Membrane bioreactor (MBR) technology, a combinatibtraditional activated sludge and membranesfiitm,
has been widely used for industrial wastewateitrimeat and reclamation. This paper highlights atgstmle MBR
system treating textile wastewater from a textdetéry in Taiwan. Over 7 months of continuous opena the
average MBR influent chemical oxygen demand (CQD332 mg/L, and the average effluent COD is 38 mg/L
which results in approximately 88% COD removal.earse osmosis (RO) module is installed after 2thsoof
MBR operation and uses the MBR permeate as itsienfl The RO produces pure water with average COD,
conductivity, and color of 7 mg/L, 16S/cm, and 7 Pt-Co, respectively. The RO permeaseaitable for reuse in
manufacturing processes, and the RO membrane stahle performance with TMP, which is less tharaural to
0.5 kg/cn? during the test. The study demonstrates the feaatbility of MBR combined with RO for treating @n

reclaiming textile wastewater.
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1. Introduction

The textile processing industry is considered awaitensive sector as it uses large quantitiegadér during production
processes including scouring, bleaching, dyeinmtipg, and finishing. It is reported that more nthk00,000 commercial

textile dyes are available in the market and apprately 700,00QL,000,000 tons of dyes are produced while 280,666 t

are discharged annually from the textile industrthie global environment [1]. The composition oftile wastewater is highly
complex and depends on various factors, includiregtype of fabric, dyeing method, and chemicalslusehe process [2].
Textile wastewater is often rich in color and ofrere pH with various toxic and recalcitrant orgacompounds [2]. Thus,
several countries have introduced more stringestthdirge limits for textile wastewat@tricter regulations are compelling
treatment plants to upgrade the existing wasteviegatment systems or adopt new treatment techieslogurthermore, the
reclamation of purified effluent will become incsiagly relevant due to water scarcity, raising watests, and the

preservation of natural water resources [3].

A membrane bioreactor (MBR) is a hybrid process lmioing activated sludge units and membrane filbratiThe
degradation of pollutants occurs inside the bick@aevhile the separation of the treated wastewiaden the activated sludge
is completed in a membrane module. The small pesecf the membrane can retain a high concentrationicroorganisms

in the bioreactor, and produce very high-qualityydable treated water [4-5].
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The advantages of MBR include high solid-liquid aegion efficiency, small footprint, high volumealding, high-
efficiency organic removal, low sludge productiand higher removal of nutrients, organic and p&rstsorganic pollutants
(POP) over conventional activated sludge procd§s8k However, membrane fouling, defined as thea# of materials on
the membrane surface with the possible existendegaowth of microorganisms on it, is the main chiadle of the MBR
process. It can lead to a decline in permeatedhan increase in transmembrane pressure (TMP)torer which results in

higher operational costs for membrane cleaningesetitually reduces the lifespan of the membrand9]9

Over the last two decades, MBRs have attracted gtmtion due to their ability to produce highatity ef uent. It is
currently considered one of the most promisingrietdyies to treat domestic and industrial wastemaatd is suitable for direct
recycling or further additional purification stgfi-11]. It was reported that 22.4% of the compoandual growth rate (CAGR)
was expected for the MBR market [12]. A recent Bass Communication Company (BCC) report revealatlttie market
size of MBR was 3.0 billion USD in 2019, and is egfed to reach 4.2 billion USD by 2024, with a CAGR % [13].

Several studies have demonstrated the effectiveridd8R in treating textile wastewater [11, 14-1Furthermore, the
combination of MBR with other membrane technologssh as nanofiltration (NF) and reverse osmd&¥)( is applied for
the treatment and reclamation of textile wastewdtethe research conducted by Li et al. [18], higiter recovery could be
achieved through the recirculation of nano Itratieoncentrate to the MBR in the MBR-NF hybrid pracdsr textile
wastewater treatment. In another study, a laboregocale MBR-RO unit was employed to treat textilstewater. The results
indicate that the MBR system can achieve 99%, 90a8%# 82.5% reduction of total suspended solid$SjTéhemical oxygen
demand (COD), and color, respectively. It is higéffective for pre-RO treatment [18]. However, mpractical experience

through eld trials in textile factories is stilleeded.

In this study, a pilot-scale submerged hollow BBR with a capacity of up to 400 L/d is appliedtteat the textile
wastewater from a textile factory for 7 monthsattdition, an RO module using the MBR permeatesasfiuent was installed
to produce pure water. This is one of the few ss&fte pilot MBR-RO tests conducted in Taiwan foxtiie wastewater
treatment and reclamation. This study examinesnaaiality parameters such as COD, color, oil, ambdactivity, as well as
operating parameters including TMP, permeate fund recovery rate. It provides a new concept foyaekng wastewater in

textile mills.

2. Materials and Methods

This section introduces the materials and methedd to investigate the efficiency of the integnaiid MBR and RO in
treating and reclaiming textile wastewater. Thetewater treatment processes implemented by thigetéxctory, including
physical-chemical and biological processes, areridesi. The wastewater source and characterigiiegilot-scale MBR and
RO plant, as well as operational conditions, as® @xplained. The section provides a comprehermieeview of the

experimental setup and procedures used to evahmerformance of MBR and RO in treating textilestewater.

2.1. Description of the wastewater treatment peses of the textile factory

Fig. 1 illustrates the schematic diagram of the texsater treatment processes implemented by thdetdactory.
Wastewater produced from various manufacturing ggses is collected, mixed in the equalization tank, passed through
a cooling tower to reduce the water temperature. fiéatment processes involve physical-chemicaiqages such as rapid
mix, slow mix, and dissolved air flotation (DAF)stgm. Aluminum sulfate (alum) was added as a caagih the rapid mix
tank, while polymer was added as a flocculant englow mix tank to bridge small flocs to largerco If necessary, sodium
hydroxide (NaOH) is used to maintain neutral pHe TPAF system can generate micron-sized bubblesati@th to the

suspended patrticles, causing them to float to thface where they can be skimmed off. The DAF d&cgvely remove
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suspended solids, as well as minor biological orydgmand (BOD) and COD. Subsequently, severalaetisludge systems
are employed as biological treatments to removen&pD and COD. Finally, the effluent from the di@r undergoes rapid

mixing, slow mixing, and DAF processes again befwring discharged.
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Fig. 1 The schematic diagram of the wastewatetrtreat processes of the textile factory

2.2. Wastewater source and characteristics

The daily wastewater quantity ranges approximabetyveen 2500 and 3200°tatay (CMD). The COD and pH of the
raw wastewater range from 600 to 800 mg/L and &,58spectively. In this study, the treated wastemfmom the first DAF
system was used as the influent of the pilot-st&R plant. The COD of the MBR influent ranged fr@@0 to 500 mg/L;
the color ranged from 300 to 400 Pt-Co. Duringtdst, the MBR influent was switched to the mixegplibir of the activated
sludge system to increase biomass concentratiahgaiuate membrane fouling under high biomassitond. The COD

of this stream ranged from 100 to 200 mg/L.
2.3. Pilot-scale MBR and RO plant
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Fig. 2 The pilot-scale MBR module

The picture of theilot-scale MBR module is shown in Fig. 2. The emtnodule has dimensions of 1 m wide, 2 m long,
and 1.8 m high, with a capacity of up to 400 L/deBystem consisted of an activated sludge tartkpoityvinylidene fluoride
(PVDF) hollow fiber membranes (SUEZ, ZeeWeed® 5Q0i)h a membrane length of 60 cm and a pore sizeG# m.
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The system also included a product water tankpgrammable logic controller (PLC) system, a watemp, and a blower.
The effluent from the first DAF system flowed irttee activated sludge tank with hollow fiber memlasrand the resulting

filtrate was collected in the product water tank.

The picture of theilot-scale RO module is shown in Fig. 3. The syst®onsisted of an influent tank, which stored the
MBR product water, a 90 cm RO membrane, a wateqpaPLC system, and a b filter installed before the RO membrane.
The RO membrane utilized in the system was a spioaind element with a polyamide thin-film compositgplied by SUEZ.

The purpose of the filter was to protect the RO fmeme from large particles that could potentialhygche membrane.

(back size of the RO plant)

Fig. 3 The picture of thpilot-scale RO module

2.4. Operational conditions

At the beginning of the test period, the MBR wasculated with 10 liters of activated sludge obtdifrem the activated
sludge system in the textile factory. The schediitee important working items is listed in TableThe initial MBR permeate
flux was 15 LMH and increased to 20 LMH on thd"8y. The initial backwash flux was 34 LMH and veasducted for 60
sec with a 9 min interval of producing water. As gystem achieved stability, the producing wat@riral was increased,
while the backwash time was decreased, as shoWwahle 1. During the first 20 days of RO operatidwe, permeate flow rate
ranged from 2.3 to 2.8 mL/min with a recovery ratd.3 to 17%. Subsequently, the RO brine with sftate ranging from

33 to 35 mL/min was recycled to increase the regoxate from 44 to 48%.

Table 1 The schedule of the important working itelagng the test period

Time (day) Working items
1. Inoculated with 10 L of activated sludge obtainemhf the activated sludge system in the
1 textile factory.
2. Started running the pilot MBR module.
16 Inoculated with 10 L of activated sludge obtdifrem another activated sludge system.
25 Increased filtration time (9 to 12 min) and @éesed backwash time (60 to 30 sec).
36 Increased permeate flux from 15 to 20 LMH.
40 1. Increased MBR filtration time from 12 to 15 min.
2. Started running the pilot RO module.
56 Recycled the RO brine to increase the recowasy r
83 Switched the MBR influent from the DAF to thexendl liquor of the activated sludge system.

97 Switched MBR influent back to the DAF
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3. Results and Discussion

In this section, the experimental tests of thetgltale MBR using different sources of wastewaterenconducted for 7
months. The temporal variations in COD and MLSSenabserved during the operation. Membrane foulmghe MBR
system was monitored and evaluated. In additiom,ofperation and performance of the RO module wise extensively
monitored and analyzed. These results provide Bé&uiasights into the potential applications of MBRd RO in textile

wastewater treatment and reclamation.

3.1. Pilot-scale MBR

The pilot-scale MBR has been operated for approtdimar months (198 days). Fig. 4Fig. 4 illustratee temporal
variations of COD in the MBR influent and efflueiihe COD of the DAF effluent ranged from 169 to 328/L (average:
332 84 mg/L) and the MBR effluent ranged from 5 to 88/im(average: 384 mg/L), resulting in an average removal

efficiency of 88%. The fluctuations in the influeB®D levels can be attributed to the variatiorhefinanufacturing processes,
in which different chemicals and additives are &uplIn addition, the variability in production qutdies and batch sizes in
the textile factory can also contribute to COD fluations. On the other hand, the COD of the aatyaludge mixed liquor
ranged from 107 to 200 mg/L (average: 18% mg/L), and the MBR effluent ranged from 50 t® Idg/L (average: 985
mg/L). The average removal efficiency was only 43%nificantly lower than the removal efficiencying the DAF effluent

as the MBR source wastewater.
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Fig. 4 MBR influent and effluent COD as a functiofitime. (AS: activated sludge)

The mixed liquor-suspended solids (MLSS) of the M&Ra function of time is presented in Fig. 5. Bgrihe first 80
days of operation, the MLSS in the MBR system gadigiiincreased due to the growth of the biomaghénsystemDuring

the 83 to 97" day, there was an MLSS spike when the activatedgsl mixed liquor was used as the MBR influent.
Theoretically, such high MLSS should result in ee€OD removal efficiency. However, the COD remadetreased from
83% to 43%. Two phenomena were observed: (1) tagspre during membrane backwash was significamtieased from
10 Kpa to 50 Kpa (data not shown); (2) the oil gnelase were observed in the MBR system. Therefiaesamples were
collected from the activated sludge system on tifferént dates, and the oil concentrations weresuesal. The results were

310 and 503 mg/L, respectively (Fig. 5), which wamificantly higher than the normal oil concentatthat MBR can treat.

Abass et al. [19] found that increasing oil andagee concentration in the MBR influent from 83 mgdL.260 mg/L
accelerated membrane fouling, despite the repgédigsical cleaning operation performed [20]. It iasnd that the oil could

be from the kitchen or manufacturing processesamedmulate in the activated sludge. The high ailcemtration can cover
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the microorganism biomass in the MBR and signifieaffect the ability to degrade the organicsha tvastewater [20]. The
oil could also cause membrane fouling for long-teperation, reducing the filtration efficiency, téing more frequent
chemical cleaning, and eventually increasing ojpegaiosts. Therefore, the MBR influent was switchbadk to DAF effluent
to prevent oil contamination. Meanwhile, part of #4LSS in the MBR was discharged to remove oilyniags, which made
the MLSS low during the 11Mto 147" day.

Fig. 5 MLSS and Oil concentration in MBR over time

Membrane fouling is a major drawback of the MBRgass, leading to a decline in permeate flux omarease in the
TMP over time. This subsequently results in highgerating costs, reduced treatment capacity, andatkly shortens the
life span of membranes [21-22]. To evaluate whethemwastewater from the textile factory severelyléd the hollow fiber
membrane, the TMP was monitored throughout thepessbdd. Fig. 6 shows the MBR TMP of the produceder as a function
of operation time.

Fig. 6 MBR TMP of producing water as a functionogleration time

The TMP started from -1.3 Kpa, gradually decredee8.3 Kpa on the #5day, and remained stable until the end of the
test. The final TMP was still significantly loweran the TMP requiring chemical cleaning (usuall§ K&Pa, but it varies by
different manufacturers). The membrane permealtility ratio of ux to TMP) during the test periodnged from 3.9 to 11.2
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LMH/KPa, similar to the permeability reported ilet MBR systems for industrial wastewater reuge, @ to 1000 LMH/KPa)

[23]. These results indicate that the hollow fibembrane used in this study performed extremely arel was suitable for

treating the wastewater produced by this factogweler, the MBR effluent did not meet the reusaeddards directly (COD
30 mg/L, and conductivity 1800 S/cm) [24-25]. Therefore, from a water reuse perpe, the implementation of other

advanced treatment technologies should be considerachieve reuse standards.

3.2. Pilot-scale RO

The pilot-scale RO module has been operated foerttan 4 months (135 days). During the test pe@faD, color,
and conductivity of the RO influent, effluent, amdne were monitored as shown in Fig. 7. It is dateat RO brine was not
recycled for the first 7 days of operation, whiekulted in a recovery rate of 13~17%. Afterward, iRi@e was recycled once
till the end of the test, and the average recovate was 50%. The average COD, color, and condtyctif’the RO permeate
was 7 mg/L, 7 Pt-Co, and 1&/cm, respectively, and the removal efficiency &L color, and conductivity were 92%, 98%,
and 99%, respectively. The RO permeate is qualifiedeuse in the manufacturing processes withia thxtile factory,

enabling a significant reduction in the quantityfrelshwater used in the production process.

(a) COD of the RO influent, effluent, and brine

(b) Color of the RO influent, effluent, and brine

(c) Conductivity of the RO influent, effluent, abdne

Fig. 7 COD, color, and conductivity of the RO irdht, effluent, and brine as a function of time

Similar to MBR systems, fouling is a primary issneRO applications. Generally, RO membrane fouimglassified
into inorganic fouling, organic fouling, biofoulingnd colloidal fouling [26]. Among them, biofoudjns a significant concern

for RO membranes because microorganisms are wiel$pn most waters. Bacteria can secrete extrdaelwlymeric
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substances (EPS) that facilitate their attachmemtémbrane surfaces. This can lead to the formatidnofilms. Biofilms
provide an environment for bacterial colonizationdacontinuous release of EPS and organic composndh as
polysaccharides and proteins. These substancesatate within the membrane [26]. Ismail et al. [RiJicate that biofouling

accounts for over 45% of all membrane fouling.

In this study, the TMP of the RO membrane remaineldw 0.5 kg/cr during the entire test (ranged from 0.1 to 0.4
kg/cn?, data not shown), which was still below the catipressure required for chemical cleaning (i.eg/tn¥). The results
obtained not only indicated that fouling or scalofghe RO membrane was not an issue when appthim®/IBR effluent as
its inlet water but also demonstrated the feasjbdf combining MBR and RO for the treatment andlamation of textile
wastewater. Furthermore, the average COD, colat,camductivity of the RO brine were 85 mg/L, 340, and 1730

S/cm, respectively. These values were below theéemader discharge standards [28], indicating thatRO brine is likely

suitable for direct discharge without additionalatment.

3.3. Summary and suggestions

The study demonstrated that MBR resembles a higfigctive system for treating DAF effluent. Cominigiwith the
RO module can produce high-quality permeate swtédn textile processes in the factory, indicatthg feasibility of the
MBR-RO system for wastewater treatment and reclamat full-scale treatment process@&he water characteristics of each

treatment stage and corresponding pictures of veat®ples are shown in Fig. 8.

Based on the test results, it is recommended lacephe current sludge in the activated sludg&esysvith new sludge
when constructing a full-scale treatment processeSthe current sludge contains high-concentratibaue to long-term
accumulation from the wastewater (i.e., kitchentexgater or manufacturing processes). Wastewatearsis containing oil
need to be pretreated to decrease the impact oslittige and membranes. High oil concentration coaicer the biomass
and significantly affect its ability to degrade thganics in the MBR, resulting in low COD removEhe oil accumulating in
the system can foul the membrane and cause sevam®mane clogging. Furthermore, part of the oil panetrate the

membrane and reach the RO module, and eventuallytfe RO membrane.

Fig. 8 Water characteristics of each treatmentestagl corresponding pictures of water samples

4. Conclusions

The pilot MBR system was continuously operated/fononths, and the pilot RO module was operatednfare than 4

months with a recovery rate of 50%. The experinaetults lead to the following conclusions:

(1) The average COD of MBR effluent is 28! mg/L when applying the DAF effluent as its inketer, which results in an

average removal efficiency of 88%.
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(2) The TMP of the MBR ranged from -3 to -5 Kpalw# permeate flux of approximately 20 LMH during tiest. The
results demonstrate that the hollow fiber memburesezl performed extremely well, hence it can appyé wastewater

produced from the factory.

(3) The average COD, color, and conductivity of R@ permeate are 7 mg/L, 7 Pt-Co, and 8cm, respectively. The

removal efficiency of COD, color, and conductivése 92%, 98%, and 99%, respectively.

(4) The result indicates that the RO permeateitalsle for reuse in the manufacturing processeslitfahally, the TMP of

the RO membrane was 0.5 kg/cn? during the entire test.

(5) The results of this study demonstrate the diesibility of using MBR combined with RO to tremd reclaim textile

wastewater.
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