© 2023 JETIR January 2023, Volume 10, Issue 1 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNOLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

TREATMENT OF TEXTILE WASTEWATER
USING TCPS (TEXTILE CARBON POLYESTER)
AND AEROPHILIC BIOREACTOR

Dr J B Veeramalini !, Swetha K ! ,Christy Jareen Paul  and Thyakarajan AR?

!Department of Chemical Engineering, Vel Tech High Tech Dr Rangarajan Dr Sakunthala Engineering College, Chennai-
62

Abstract

In this investigation approaches the Textile industries are accountable for one of the chief conservational
contamination glitches in the universe, as they discharge unwanted dye runoffs. This work gathers the dispersed evidence
concerning to textile waste water constituents and organises for the treatment of textile wastewater. Effluent water is
conceded interested in primary treatment anywhere rugs and other wastes are grow poised. Then it treated into secondary
treatment where TCPS supplementary it diminishes the BODs, CODs, TDS, TSS, pH it removes around 85-87%and in
tertiary treatment it includes various methods like flocculation/precipitation ,membranes from advanced filtration, De-
chlorination and follows reverse osmosis with the usage of natural membrane it removes 90-93% where it fed into Fenton
oxidation process combined with anaerobic bioreactor it yields around 87-94.9%.This work also endorsed the corrective
actions to treat the textile waste water from this processes.

Anaerobic bioreactor

(Fenton’s process)

GRAPHICAL ABSTRACT

1.INTRODUCTION

Textile processing is one of the primogenital and great technically multifaceted makings. This industry's
important asset twigs as of its durable construction base of a miscellaneous series of fibres/yarns mutable from regular to
artificial fibres and chemicals [1]. Textile mills and their effluent have grown up triggering chief effluence unruly
everywhere in the universe. Conservative effluent treatment progressions are not able to destroy such composites and
cleanse the effluent, thus substitute treatments ought to be scientifically advanced. Textile effluent can be tested using
biological treatment processes, chemical precipitation, adsorption, and membrane expertise [2]. Usually, biological
treatments are favoured to eliminate the determined colour from effluent due to their low cost. The expertise and
flexibility of this knowledge have been recognized with a wide variety of effluents from chemical and other related
industries or events, composed of medicinal, pulp and paper, textile, food, cork processing, and landfilling among
others[3]. In the action system, the step that is recorded dependent on important chemicals and apparatus is the
decolouring step which calls for the application of decolouring managers to the effluent to break down the colour-causing
chemicals and thus eliminate the colour from the wastewater. The initial step in giving textile effluent is to eliminate
floating and settleable impurities such as suspended particles, organic waste, excessive oil etc.. which come under the
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primary treatment[4]. This comprises screening, equalising and neutralization and coagulation. The succeeding step is a
primary treatment which comprises sedimentation and flocculation. This effort is mainly to formulate them for biological
treatment[5]. The next and main process is the secondary treatment which is to eliminate the BOD that can be detached by
sedimentation. This comprises the biological treatment of textile water and trickling filters. The final process is the tertiary
treatment to eliminate impurities or to formulate the treated effluent for use. The main steps are adsorption, ion exchange
electrocoagulation which involves ultrafiltration, nanofiltration, electrodialysis and reverses osmosis. As the effluents
from the textile industry have sturdy colour and high chemical oxygen demand (COD), it is hardly reasonable action of
these effluents[6]. Numerous composites cannot be treated efficiently by conventional biological treatment processes due
to the occurrence of stubborn compounds. These compounds which persist in the effluent after biological treatment
contributes to stubborn COD in the effluent[7]. In recent years, advanced oxidation methods (AOD), activated carbon
adsorption and electrochemical AOP technologies concerned great curiosity in the remedy of effluent. Some investigative
groups have testified on the lead of coupling EC(Electro-Coagulation) and EO(Electro-chemical Oxidation) processes,
directing the development of more influential methods for dye removal. These methods can be labouring in water
reprocessing, but the regaining of valuable gears is not possible due to their degradation [8]. TDS and TSS are typically
systematic from a liquid trial in the lab, as it is essential to strain the sample. The scope of the units that don’t permit over
the strainer that hangs on to the definite strainer cast-off then might choose in size about 0.5 to 2 micrometres (um).
Actions of TDS and TSS are testified as a concentration in mg/L. TSS is the unity of the technique demarcated analytes.
There is not any exact chemical formula for a total suspended solid[9]. Fairly placed, TSS is whatever that is taken by
sieving the trial aliquot part concluded a definite hole size strainer. Adjourned solids series from constituent part of silt or
residue to fragments of plant factual such as leaves or stems. Even insect larvae and eggs can drop in the overall grouping
of TSS[10]. High quantities of TSS can prime to an appealingly disagreeable advent of a frame of water. Moreover, the
colour or complete turbidness of the water drive be negatively obstructed. BOD and COD capacities are reserved to
regulate the contamination equal to effluent. COD rate is at all times larger than the BOD rate of a specific water body.
BOD trials are the oxygen mandate for the disintegration of organic factual by the microorganisms in the effluent. COD
trials the oxygen mandate for the breakdown of both organic and inorganic constituents in the effluent. This is the
foremost variance between BOD and COD [11]. Textile effluents comprise numerous artificial dyes and deadly chemicals
holding acids, sulphur, alkalis, naphthol, nitrates, hydrogen peroxide, surfactant-dispersing negotiators and noxious heavy
metals such as Cu, Cr, Cd, Zn, Ni, As and Pb, which are directly discharged into water streams. It is assumed that
mounting electrolyzes through existing concentrated conventions has the capability of turbidness eradication by earlier
fabricating to examine harvests [12]. Through electrochemical treatment, once a potential is efficient between electrodes,
hydroxyl ions and AlI®* are activated at the cathode and anode, consistently. Anionic colourants are direct, acidic and
reactive. Cationic colourants are azo basic, anthraquinone and reactive dyes, and principal non-ionic colourants are
handful. Among these, cationic dyes are unrushed to be cancer-causing; they are finalized from benzidine and other
aromatic complexes [13]. The supreme stimulating colourants are volatile and acid ones that are brightly coloured and
water soluble; they cannot be removed using avant-garde action procedures. The source effluent is profoundly
contaminated with impurities such as dyes, dissolved solids, suspended solids and toxic metals. The foremost aspect to be
well-thought-out in textile effluent is total dissolved solids (TDS)[14]. Because of the practice of communal salt and
Glauber salt, the equal of TDS increases in textile wastewater. The unswerving emancipation of textile effluent whitethorn
increases the level of TDS in groundwater and surface water[15]. In the textile industry, innumerable categories of
colourants are cast-off to manufacture several textile products. The textile industry also employs several chemicals during
the production process[16]. Textile effluents consist of several synthetic dyes and toxic chemicals containing acids,
sulphur, alkalis, naphthol, nitrates, hydrogen peroxide, surfactant-dispersing agents and toxic heavy metals such as Cu, Cr,
Cd, Zn, Ni, As and Pb, which are directly discharged into water streams[17]. Today the textile industry goals to transform
edifice systems into eco-friendly ones at a modest price, by retaining safer dyes and chemicals and reducing the cost of
effluent treatment and disposal. Recycling has become an essential element, not due to the scarcity of the item, but
because of the essential to control contamination [18&19]. Textile wastewater action has become such a big problem that
reasons water effluence is outside the tolerable level. This research mainly focuses on the treatment of these textile
effluents.

2. MATERIALS AND METHODS

Wastewater from textile industry have been holding such abundant impurities that must be treated as liquidated into
natural water. wastewater can be maintained under physical, chemical and biological processes [20].

2.1 Physiochemical parameters of wastewater:

Solids are a mixture of inorganic materials such as silt, sand, gravel, and clay, as well as organic matter such as biological,
chemical, and industrial solids derived from both natural and artificial sources. Textile runoffs can obstruct aguatic
individuals' breathing apparatus[21].TSS emancipation limits for drinking water are 20mg/l, 75mg/I for industrial effluent,
and 30mg/l for treated water. Textile effluent contains a high concentration of dissolved solids, carbonates, and bio-
carbonates are listed in table 1[22].and [23].
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Table 1 : Physico-Chemical Characteristics of Textile Waste water

1 pH 8.2 6.9-7.0

2 Chloride 750ppm 500-700 ppm
3 Calcium 90-95ppm 75 -85ppm

4 Magnesium 62-72ppm 50-60 ppm

5 TDS 3500-3950ppm 900-1200 ppm
6 COD 380-450ppm 250-350 ppm
7 BOD 70-85ppm 30-60 ppm
2.2 SPECTROSCOPY

UV-Vis light absorption for effluent description. There is also a large amount of trade with common liquids, such
as streams and drinking water. UV or UV-Vis spectroscopic analysis of effluent. Some spectroscopic procedures were
used to screen the renovation of organic contaminants via combined biochemical oxidation and biotic procedure [24]. The
use of  Near-Infrared Spectroscopy in effluent treatment has been continuous. The use of NIR spectroscopy as an
alternative to predictable investigative methods for monitoring ingredients in effluent treatment procedures has been
shown to be more profitable and less laborious [25].

2.3 EXTRACTION OF TCPS FROM MANGO TREM (Mangifera indica)

The raw material castoff in the removal progression is Mangifera indica Linn leaves, which were provided by the
Trial Farmstead 'La Mayora’, Superior Centre of Scientific Research (CSIC), Malaga, Spain. All leaves were dehydrated
at room temperature to a continuous mass and kept cold in the absence of light [26]. MLE and polyester fibre were cast
off as raw materials in the im-preignition process. Polyester fabrics were discovered in a local store. Carbon dioxide
(99.995%) castoff was supplied in equal progressions (extraction and impregnation). 2,2-Diphenyl-1-picrylhydrazyl free
radical (DPPH), Mangifera indica (1,3,6,7-tetrahydroxyxanthone C2—D-glucoside), and gallic acid were provided by
Sigma-Aldrich [27].Sigma-aldrich supplied peptone, sodium chloride, and yeast extract for microbe cultivation, as well as
barium chloride and sulfuric acid [28]. A bacterial culture of Escherichia coli CECT101 was discarded. Panreac provided
the organic solvents ethanol, acetonitrile, and formic acid, all of which were HPLC incline grade. The liquid used in all
studies was a double-distilled milli-Q rating. High compression abstraction technique, The removal was carried out in a
Thar Technology high extraction apparatus with a 100 mL withdrawal container and two high-pressure pumps, one for
carbon dioxide and the other for the co-solvent [29]. The working method entails loading the extraction casing with
approximately 30 g of dried mango leaves. The working method entails loading the extraction casing with
approximately 30 g of dried mango leaves. The extract was collected in a cyclonic strainer and transferred to glass bottles,
where it was kept at 4 °C with no light [30]. The MLE was assigned to Improved Solvent Extraction. Blends of CO2 with
high levels of polar diluters (greater than 10%) are used as withdrawal solvents in this practise. To increase the MLE
system's solubility in supercritical CO2, 5% (v/v) ethanol was used as the co-solvent. The ethanolic MLE (5 mL) was
introduced into the bottommost of the saturation cell(vessel), which had a volume of 100 mL, and three polyester trials
(approximately 100 mg each) were positioned at the upper of the saturation cell in a stainless-steel care so that the CO2
can be derived into  primary connection with the abstract and then with the fabric [31]. Furthermore, polyester textiles
and MLE were separated to avoid cross-contamination. CO2 was introduced into the saturation cell, and the conditions
were maintained for a predetermined time period (static method) [32]. Prior to the start of the experiment, the saturation
cell was animated to the desired temperature (where the temperature was around 38-42). A wash phase was included at
the end of the saturation period in command to remove the additional variable units and ethanol from the final product.
This step generates a transient flow of SC-CO2 over the system for 30 minutes [33]. Finally, the arrangement was
depressurized. When the pressure release was sufficient, the polyester fibre was detached from the saturation cell and the
samples were deposited before analysis. The polyester TCPS yield is approximately 89-95%.

3. RESULTS AND DISCUSSION
3.1. EFFLUENT TREATMENT

Effluent treatment includes numerous aquatic dealing progression accommodates that blend and delight entire effluent
poised after water-using processes. Sewage generated during the manufacturing process must be treated prior to discharge.
Endured indicators that indicate the concentration of filth in effluent, such as biological oxygen demand (BOD) or
chemical oxygen demand (COD), may be discarded once conservation protocols are concerned with the eminence of
sewage [34]. Furthermore, for explicit impurities (hydroxybenzene, benzene, heavy metallic element, halogenated
composites, inorganic phosphate, nitrates, etc.), these endured parameters, the side-by-side of distinct impurities (e.g.
mg/L) or overall sum of impurity (e.g. kg/d), may be cast-off for magnificent guideline. [35]
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3.1.1PRIMARY TREATMENT

The primary phase in the treatment of fabric effluent is to eliminate fluctuating and settleable constituents, such as
suspended solids, organic matter, excessive amounts of oil and grease, and persistent supplies (physical and chemical)
[36]. In the 5-9 PH range, effusive. In accumulation, sewage from the textile industries undergoes intercourse and
counteraction to ensure that the sewage retains constant physical characteristics in terms of contamination load, pH, and
temperature, and that the acidic content of the sewage is done under Fenton process combined with aerophilic bioreactor
method, which eliminates 60-65% of TSS and 35-45% of BOD and removes the dirt staple from the effluent as shown in
figure 1[37].

PRE- TREATMENT PRIMARY SEDIMENTATION
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Figure 1 Primary Treatment for Textile Wastewater Treatment

3.1.2 SECONDARY TREATMENT

Secondary effluent treatment is the next stage of effluent treatment. During primary treatment,  suspended solids,
colloidal particles, oil, and lubricant are separated. Secondary treatment involves the completion of biotic treatment on the
effluent to eliminate the carbon-based standard present. This behaviour is provided by natural and marine microorganisms
such as  microbes and protozoa, which consume biodegraded answerable scums such as sugar, fat, cleanser, and food
waste. These actions are sensitive to infection, and as temperature rises, so does the capacity of biological responses [38].
Aerophilic effluent treatment is a biological treatment that uses oxygen to interrupt carbon-based matter and remove
additional impurities such as nitrogen and phosphorus. Anaerobic treatment is a development in which effluent or
substantial is broken down by microorganisms without the use of dissolved oxygen. However, anaerobic bacteria can and
will use the oxygen found in the oxides introduced into the system, or they can obtain it from organic material in the
wastewater. The long-lasting wetting agent. The most serious issue is the presence of carcinogenic aromatic amines and
toxic molecules. This natural process has removed 85t087 percent of organic contaminants as indicated in figure 2 [39].

JETIR2301190 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b683


http://www.jetir.org/

© 2023 JETIR January 2023, Volume 10, Issue 1 www.jetir.org (ISSN-2349-5162)

P —
Extraction
Solution

Mango Leaves

Cc0o2 Refrigerating

Solution Pump
Bath

Pressure Regulator J_,

Figure 2 Extraction of TCPS from Mango Leaves

3.1.3 TERTIARY TREATMENT

Following secondary treatment, tertiary treatment is the next step in the effluent treatment progression. This stage
removes stubborn impurities that secondary treatment failed to remove. Wastewater effluent becomes even more
antiseptic during this achievement progression as a result of the tradition of tougher and more advanced treatment
schemes [40]. Tertiary treatment capabilities can include the postponement of conservative secondary biological treatment
to supplement continuous oxygen demanding matters in the effluent or to eliminate nitrogen and phosphorus. Physical
chemical parting methods such as flocculation/precipitation, membranes for advanced filtration, de-chlorination, and
reverse 0smosis may also be used in tertiary treatment. Using a natural membrane (papaya fibre), the elimination of TDS,
TSS, BOD, COD, turbidity, colourants, and other toxic elements ranges between 90 and 95%. through this method [41] as
shown in the figure 3.

Figure 3. Pictorial representation of natural membrane
3.1.4 FENTON’S PROCESS COMBINED WITH AEROPHILIC BIOREACTOR

This paper proposes an efficient method for treating tertiary treated water, which is then fed into an aerophilic bioreactor
and subjected to Fenton's oxidation process(FeSO4 and Hydrogen Peroxide) [42]. When compared to the process without
TCPS, this process has a high yield. TCPS and other by-products can be recovered and reused in approximately 90-96%
of cases. This process has a yield range of 87-94.9%. Several reports have been created, but this one is by far the most
fruitful and effective. After the tertiary treatment is completed, the water is supplied to the aerophilic bioreactor, where
Fenton's procedure is carried out. The addition of this method makes it more efficient and high yielding is depicted in
graphl and table 2.

JETIR2301190 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b684


http://www.jetir.org/

© 2023 JETIR January 2023, Volume 10, Issue 1 www.jetir.org (ISSN-2349-5162)

040 min 100 min 180 min

100

89
90 87.6

78
80 73 7 76
68

70

60 & 53
50 47 46 45 ]

39 39
40 37

30
20
10

% REMOVAL
I

0 L - -

COLOUR TDS TSS BOD COD TURBIDITY
TIME TAKEN

Graph 1 Physio-Chemical parameters removal under Fenton’s process combined with aerophilic bioreactor

TABLE 2:% OF EFFLUENT REMOVAL FROM FENTON’S PROCESS COMBINED WITH AEROPHILIC
BIOREACTOR

SNO | PARAMETERS 40 minutes 100 minutes 180minutes
1 COLOUR 60 78 89

2 TDS 47 58 73

3 TSS 39 52 72

4 BOD 39 46 58

5 COD 37 45 68

6 TURBIDITY 53 76 87.6

4.CONCLUSION

This is the first work to introduce the concept of textile wastewater treatment. This experimental progress has been well
proposed in this work. When compared to the performance of Fenton oxidation combined with aerophilic bioreactor, the
yield obtained is significantly higher. It yields 60-65% in primary treatment and 85-87% in secondary treatment when
combined with TCPS. In tertiary treatment, where it is filtered with a natural membrane, it yields between 87 and 94.9%.

5.Future scope of the work based on the succeeding
1 Hydrogen production from textile wastewater treatment

2 TCPS combined with nanoparticles
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