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Abstract 
 

Value addition in textiles is a process where we enhance the properties of the textile product 

by adding some qualities and improving it’s functionality in different areas. The value added 

textiles can serve a pivot role in different area like filtration, transportation, medical, 

packaging, protection, reinforcement, sporting goods, agriculture, construction, civil 

engineering, and environmental industries.  

 

From a commercial perspective the term “Nano” describes a diameter of the fibrous shape 

at anything below one micron or 1,000 nanometers. Electrospun nanofibers web can be 

engineered with a desired structure and a range of polymers. The unique combination of high 

specific surface area, flexibility, low basis weight, and desired structure will allows us to 

manufacturer low cost filter application with improved functionality. 
 

Filters are perhaps the most obvious use of nanofibers, where filter performance is based on 

producing the highest flow rate while trapping and retaining the finest particles without 

blocking the filter. Nanofibers have improved interception and inertial impaction efficiencies 

and result in slip flow at the fiber surface, resulting in better performance at a given pressure 

drop. Nanofibers are currently incorporated into commercial filters in air, liquid and 

automotive applications in both industrial and consumer markets by some of the largest 

filtration companies in the world. 

 

The research work focuses on the application of electrospun polymeric nanofibers web for 

water and air filtration. Polyester and nylon fiber was chosen as the primary membrane 

material due to its easy availability from commercial market and also the good mechanical 

properties, good chemical resistance to various acids and alkalis. It was also easily fabricable 

in a wide range of configurations and modules, and it was relatively inexpensive. The 

polyester and nylon electrospun nanofibrous membrane (ENM) was expected to be a highly 

efficient for air and water filtration filter due to a combination of desirable material and 

structural properties (i.e. high porosity and surface area). 

 

A comparison of filtration ability is performed using two different electrospun nanofibers, 

polyester and nylon. For deposition and reinforcement of nanofiber web, a base fabric of PP 
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spunbond and meltblown nonwoven fabric was used. By making various combination in 

terms of number of layers, type of naofiberweb and type of base nonwoven fabric, various 

membranes were manufactured. A controlled environment was created to test the various 

sample membranes. For testing, these membranes were mounted on our own designed 

instruments in controlled environment. The mechanism of filtration is based on pressure-

driven membrane filtration. 

Filtered air was tested for particulate matter (PM) 2.5, 1.0, and 10 micron size particles, as 

well as formaldehyde (HCHO) and total volatile organic compounds (TVOC), to determine 

the efficacy of the samples by air quality detector. In the same way filtered water was 

checked for total dissolved solids (TDS), Oxidation Reduction Potential (ORP) and Potential 

of Hydrogen (PH) for different sample by using available instrument. The results show great 

improvement in the air quality and water quality. 
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CHAPTER – 1 
 

Introduction 
 

1.1                      Overview 
 
Textiles can be grouped as belonging to traditional and non-traditional textile applications. 

Traditional textile applications are destined for apparel and accessories, household, 

furnishings, and floor coverings. Non-traditional markets are defined as technical textiles 

and "other value-added textiles". Examples of markets for technical textiles are filtration, 

transportation, medical, packaging, protection, reinforcement, sporting goods, agriculture, 

construction, civil engineering, and environmental industries. The "Other value-added 

textiles" concept refers to traditional textile products to which advanced technological 

characteristics have been added. Examples are advanced sport and leisure apparel, 

antimicrobial textiles, special protective textiles, easy-care textiles, intelligent textiles and 

ultra-comfortable textiles. 

 

VALUE ADDITION is the process where we enhance the salability of the product by adding 

some properties to it [1]. 

 

Value addition in nonwovens and technical textiles comes from the addition of functional 

properties they provide such as bodily fluid absorbency in the case of diapers, fluid repulsion 

in the case of medical garments, softness and resiliency in the case of high-loft upholstery 

products. Depending upon the type of end-use requirements and the economics, different 

nonwoven and conventional technologies available are selected to develop particular 

technical textiles products. A good example of this is the use of spunlace technology to 

develop lightweight disposable wipes.  

 

1.2                Need for Value Added Textiles 
 
The textile industry is transforming towards providing higher valued textiles for technical 

applications. This transformation is evidenced by the change in composition of textile 

shipments and textile exports. While the share of commodity-type textiles has decreased, the 

technical textile industry has experienced rapid expansion in the global market due to a fast 
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advancing level of technical knowledge leading to new textile-related materials and 

construction methods. These textiles are being used in multiple industries including 

aerospace, construction and infrastructure, marine, medical, defense, safety, transportation, 

and agriculture, etc. 

 

Many of the textile products are rapidly changing as a result of the introduction of a new 

range of textile materials like thermal insulated nano jacket, Protective nano clothing, 

Biodegradable gloves, Bioresorbable polyester nanofibrous scaffolds, Nanocomposites, 

controlled drug release of electrospun hydrogel nanofibers, Scaffolds for tissue engineering. 

, So-called smart textiles with their reversible characteristics that respond to stimuli, e.g. 

light, temperature and electrical fields by changing their form, colour or viscosity. This field 

is now introducing new types of textile materials; such as conductive textile materials, 

colour-changing materials that react to environmental stimuli or various shape-memory 

materials. The use of smart materials is a dynamic and innovative area merging research, 

development and use. The textile design field with new types of materials and techniques 

will open up new ways of creating and controlling through development of products with 

increasing levels of functionality. This will include structural and non-structural functions, 

individually and in combination, both active and passive. It will apply both to large 

structures, fixed and mobile, and to consumer products, such as textiles and clothing. Smart 

materials will play a critical role in this development 

 

As the middle class population in India is growing, which is set to reach half a billion by 

2030, there will be need for lifestyle improvement products that use nonwovens in many 

different ways. These include baby diapers, feminine hygiene products, medical care 

products, automotive textiles, etc. This will highlight recent projects that utilize nonwovens 

and nanofiber technologies for developing value-added textiles that have applications in 

military, medical , filtration, tissue engineering etc. In addition, the growth pattern of Indian 

technical textiles industry is also very good as the contribution of the growing Indian 

technical textile industry to the global technical textile industry is getting increased day by 

day. 

1.3                 Scope for Value Added Textiles 
 
 

Technical textile is evolving in a business environment supported by academic research and 

strong industrial knowledge. 
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Technological advances in textile sciences are resulting in the development of novel textiles, 

or in textiles being increasingly adopted to replace traditional materials used in other 

industries. Textiles with desired functional and aesthetic properties have an evergreen 

demand among the consumers globally. Unless any product is characterized by value 

addition, it is now impossible to survive in this highly competitive world market. Only 

innovative products will be sustainable to open up new markets and new horizons for textile 

industry. Manufacturers should now produce products to satisfy customers that are best in 

terms of quality and price. Customers today have a wide range of choices and the one who 

produces the best quality at a better competitive price will survive and prosper. Processing 

is important to make a product or garment usable but finishing gives better characteristics 

and value addition to it. It makes textile material attractive, comfortable and can incorporate 

desirable properties. 

 Reforms in this direction ought to be made to meet the challenges of the future not only in 

the domestic as well as in the International market. Customers seek value for money and the 

one who offers the best at a highly competitive price is going to survive and prosper.  

 

It is fairly well-accepted in the nonwovens and technical textiles industry that the 

consumption pattern of technical textiles/nonwovens is directly related to the GDP per capita 

income. The rise in the income levels will lead to rise in the middle class population which 

in turn will lead to increase in the production and consumption of nonwoven and technical 

textiles. 

 
 

 

1.4               Steps followed in  Research Methodology  
 

 Selection of  commercially available chips for fiber manufacture 

 Selection of solvent having dielectric constant suitable for electro spinning 

 Selection of  base fabric on which Nano fiber web get deposited 

 Selection of  available technology for manufacturing the nano fiber 

 Manufacturing the Nano fibers  

 Fabrication of  different membrane by varying the type of nonwoven fabric , No of 

layers , Type of  Nanofiber web and its percentage 

 Testing the fabricated membrane for Air and Water filtration efficiency 

 Manufacturing the low cost room Air Purifier and Water Purifier  
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1.5              Structure of the  Thesis 
 

In addition to the above-mentioned point, the thesis also covers the below-mentioned point: 

 

• Second chapter tells a brief about the value addition in textiles. Different methods 

are discussed in this chapter. In the literature review, work done in the field of 

nanofiber is discussed. Also all possible application of nanofiber is taken into 

consideration. 

• Third Chapter includes the Research Methodology that describes the process of 

manufacturing of nanofibers, Fabrication of filtration membrane, and testing 

methods used to check the value addition in the fabricated membrane with 

nanofibers. 

• Fourth Chapter explains the results and discussion for Air and Water filtration. 

• Fifth Chapter is the final chapter with a conclusion and scope of future work. It also 

covers the contribution made by this research to society. 

 
1.6              Scope of Thesis: 
 

The main aim of the presented research work was to manufacture and evaluate the use of 

polyester and nylon nanofiber web in air and water filtration efficiency. Different 

combinations of polyester and nylon nanofibers web were checked for improving air 

quality. The entire work done for this research is original. A customized instrument was 

designed for the testing of samples. The developed system is very cost-effective and it 

can be commercialized also. It has a big potential to become a very cost-effective system 

in indoor air quality and operation theatre in hospitals. The same way for water also, a 

customized instrument was designed. The instrument can provide pure water at a very 

low cost and can fulfill the need of pure water for poor people, who cannot afford costly 

water purifiers.
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CHAPTER - 2 
 

Literature Review 
 

2.1   Value Added Textile 

Value-added textiles belong to technical textiles which help with improvements in human 

lifestyle. These textiles find applications in medicine, infrastructure, automobiles and other 

high-end technologies. Multidisciplinary knowledge has to be brought into the textile field 

to create next generation value-added textiles that have functionality and superior end-use 

applications. In addition, these products should be cost effective and sustainable so that there 

is greater acceptance. 

 

Globalization has opened the doors to competition at the highest level. Every industry needs 

to produce products those are best in terms of quality and price. Customers now have a wide 

variety of choices in each price range and one who offers the best at a competitive price will 

survive and prosper. For the Indian Textile Industry, challenges are even greater. 

Technologically speaking in the textile processing industry there is still a lot to ask for. The 

thrust areas in textiles, in the coming years will very much center on: Process optimization 

through improved shorter duration processes i.e. efficient and effective processes, 

customized solutions, value addition, and global competitiveness: high standards of quality 

at lowest possible cost, and eco awareness.  

2.2  Materials and Processes used in Value Added Textiles 

 Value added textiles can be made by using different material and processes. The value 

addition in the textile material can be achieved at the following stages. The evolution of 

technical textile process chain is illustrated in Fig. 2.1 [2].   

 fibers 

 yarn 

 fabric 

 finishes 

 nano fibres 
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2.3  Value addition by using different types of fibers 

 

       Technical textile industry is new and growing sector in India. It generates good revenue for 

the country. This industry is rich with many natural and synthetic fibres. All these fibres are 

useful in different ways. Synthetic fibres are manufactured by carrying out some special 

chemical processes on natural fibres or obtained directly from chemicals. These fibres have 

greater qualities than simple manmade fibres so it is widely used in the industry not only for 

the apparel use but is used in other various applications also. Some synthetic fibres are 

Polyethylene, Polypropylene, Acetate, Viscose, Nylon, Polyester, Acrylic, Olefin, PLA and 

Modacrylic. Some fibres with special properties are Saran, Vinalon, Vinyon, Spandex, 

Modal, Sulphar, Twaron, Kevlar, Nomex, PBI, Lyocell, M5, Zylon, Dyneema/Spectra, 

Vectran, Glass fibre, Carbon, Metalic fibre and Acrolite , Novoloid (Phenolic Fibre), Protein 

fibre, Alginate Fibre. 

 

 

 

 
Fig 2.1:  Technical Textile Process Chain [2] 
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2.4                           Value addition by using different types of yarn 

 

 

In the last three decades, Indian textile industry has witnessed drastic changes. With the time 

of globalization, the Indian textile industry has to face an open market, the words quality and 

cost effectiveness has assumed a great importance. The competitive atmosphere and quality 

consciousness, has reached a new mark. With the steady improvement in technology and 

application standards, a gradual rise was observed in consumer demands. And to reach up to 

that mark, a manufacturer has to add something to their products to get some added value 

for their product. This value added products not only reward with considerable increase in 

profit but also build the brand image. There are various ways; spinner can add value to their 

end-products with minimum investment. This makes an attempt to present a detailed 

comprehensive analysis of how value addition on yarn can be done.  

 

 A textile yarn is an assembly of substantial length and relatively small cross section of fibers 

and/or filaments with or without twist. Spun staple yarns consist of staple fibers assembled 

and bound together by various means (usually twist) to produce the required characteristics 

such as strength, handle and appearance. 

 

 
Types of Yarn  

 

There are many types of yarn produced for the various application. According to the need of 

the end product , Ring Spun Yarn , Rotor spun Yarn , Flat continuous filament yarn , 

Textured continuous filament yarn , Twist less Yarn , Core Yarn , Self-Twist Yarn , Friction 

Spun yarn, Plied Yarn , Cabled yarn , Fancy yarn , Slub yarn , Constant Slub, Slub with 

different length and diameter , Multi Count yarn , Multi-twist yarn, Other Fancy Yarn , Gimp 

and Loop Yarn , Snarl Yarn , Spiral/Cork Screw Yarn , Cloud Yarn , Fleck Yarn  are used 

in various type of value addition [3]. 
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Different yarn type and its application in value addition 
 

Yarn type General yarn properties 

Staple yarns : 
Carded cotton, Combed cotton 
Woollen,Worsted,Linen 

Excellent handle, good covering power, good 
comfort rating, reasonable strength, reasonable 
uniformity 

Continuous filament yarns : 
Natural,Non-synthetic,Synthetic 

Excellent uniformity, excellent strength ,can be 
very fine; fair handle, poor covering power 

High bulk yarns : Staple,Continuous 
filament 

Good covering power with light weight, good 
loftiness of fullness 

Stretch yarns : Continuous filament High stretch ability, good handle and covering 
power 

Special end-use : 
Tire cord, Rubber/elastic 
Core yarn, Cabled, Coated 

Purely functional, designed to satisfy a specific 
set of conditions. 

Novelty yarns : 
Fancy yarns, Metallic, 

Excellent decorative features or characteristics 

 
  

 

 
 
 

2.5                    Value addition by using different types of fabric 

Textile fabric is defined as two dimensional plane-like structure made of textile materials, 

having reasonable strength, elongation, flexibility, etc. and used for different applications, 

particularly for apparels. Fabric can be of many types. 

 

2 Ply 3- Ply Cabled   yarn 

Poplin fabric Sewing threads Industrial yarns 

Voile fabric Industrial yarns Electrical insulation 

Gabardine fabric Canvas fabric Shoe laces 

Crepe fabric Filter cloths Cords 

Sewing threads Conveyor belts V-belts 

Table 2.1     Physical properties and performance characteristics of different yarns [4] 
 

Table  2.2                 Value addition  plied yarns and their uses in fabrics [5] 
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2.5.1                Woven fabrics 
 
The most basic element of a woven fabric is the yarn. The yarn is formed by spinning the 

fibers. These yarns are then interlaced in a pattern which holds them together and forms 

the fabric. The vertical threads are called the warp, while the horizontal threads are called 

the weft. 

Woven fabrics are made by interlacing yarns on a loom. They can fray easily when cut. They 

don't stretch much. A close weave gives a strong and firm fabric. They are strongest along 

the straight grain of the fabric. In our daily life we see the uses of woven fabric in Curtains, 

Trousers, Shirts, Towels, Carpet. Fig no. 2.2 [6] shows the basic structure of the plain woven 

fabric. 

 

 

 

 

 

 
2.5.2                  Knitted fabrics 
 
 
Knitting is a process of fabric forming by the interlocking the loops of yarns. When one loop 

is drawn through another loop, a stich is formed either in horizontal or in vertical direction. 

Filter fabrics produced on various Tricot and Raschel machines are used in the chemical 

industry such as petrol, oil and air filters in motor vehicles or as fluff-filters in washing 

machines. The type of machine, gauge, and yarns used depend on the density of the fabric 

and the resistance required against filtering liquids. In medical textile also, especially in the 

field of vascular prostheses knitted fabric is used. The prepared graft has a high porosity 

which allows in-growth of fibrous tissues and strong adherence to the tissues. It needs to be 

protected prior to use to avoid bleeding .The advantages of warp knitted filter fabrics is an 

optimal porosity of the artery walls and minimize bleeding their water permeability ranging 

from 400-650 cm3 / cm2 min.  

 

Fig 2.2       Woven  Fabric [6] 
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In our daily life we see the uses of knitted fabric in T shirts, jumpers, track suits, cuddly toys. 

Fig no. 2.3 shows the basic structure of the knitted fabric 

 

 
 
 
2.5.3             Nonwoven Fabrics 

 
Nonwoven fabrics are broadly defined as sheet or web structures bonded together by entangling 

fiber or filaments (and by perforating films) mechanically, thermally, chemically or by solvent 

treatment. They are flat, porous sheets that are made directly from separate fibers or from 

molten polymer or polymer film. They are not made by weaving or knitting and do not require 

converting the fibers to yarn.  

 

There is wide-spread application of nonwovens in various filtration applications including geo 

engineering. The critical pore size corresponds to the diameter of nominal spherical solid 

particle that will pass through this pore. This minimum pore is not identical throughout the 

nonwoven. Hence, pore size variation is also considered. Higher the number of fiber strata and 

consequently greater the thickness of nonwoven, higher the probability of encountering the 

pores of minimum size at least once throughout the nonwoven. Lower the variation between 

lowest and highest pore diameters, better is the overall   homogeneity of nonwoven. By virtue 

of its greater number of pores, it permits higher filtration velocities, greater laminar flow and 

therefore a lower pressure drop across the fabric.  

 
Properties of nonwoven fabrics:- 

 Made by bonding fibers together by heat, glue, needle punching or felting. 

 Low cost fabrics as only fiber web is required to produce. 

 Weak, easily torn fabrics as fibres are not held together in any structured, secure way. 

Fig 2.3       Knitted  Fabrics [7] 
 



CHAPTER-2 Literature Review 

11 
 

 Break rather than stretch. 

 Shouldn't be used as the base fabric of a product as will not wash or wear well due to 

structure. 

 Use of resin bonded or thermal bonded carded media, airlaid pulp and a small sector of 

spunlaced media which was used in filtering milk, cooking oils, coolant oil filters and in 

face masks has largely been replaced by the newer, more cost effective nonwoven 

processes above.  

 

 

     Special Characteristics:  
 

Depending upon the form and construction of the nonwoven filter media, nonwoven fabrics 

filtration characteristics and capabilities vary widely. Wide pore size distribution of 

nonwoven fabrics can be both an asset and limit use to pre filtration or non-precision 

filtration. However, special manufacturing or post-processing such as calendaring can 

sometimes overcome this. One interesting fact, that few in the filtration industry realize, is 

that these specialty processed nonwovens do not have a much wider pore size distribution 

than micro porous membranes which are rated above 1 micron. In the 1 to 20 micron mean 

flow pore range, the costs of nonwovens are much less than membranes and the dirt holding 

capacity is generally far superior. However, their flow rate suffers due to lower void volume 

than membranes. All of which reinforces the fact that filter design engineers make their 

media selections based on performance trade-offs. Nonwoven fabrics have thicker cross-

sections and bulk compared to membranes, wire cloth and monofilament fabrics. Thus, 

nonwovens fabrics are the material of choice when large quantities of particulate loading, 

long-life or where general clarification of a liquid or gas stream is required. Nonwoven 

fabrics are relatively inexpensive compared to most other filter media. Only filter aids have 

Fig 2.4          Nonwoven  Fabric [8] 
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lower cost per pound, but generally do not compete in the same applications as nonwoven 

fabrics. 

But again they are unable to catch particles and volatile organic compound, having the size 

in microns. In today’s scenario to fulfill requirement of clean air, nanofibers along with 

nonwoven fabric is used.  

There are different types of nonwoven processes that are used to make filtration media, are 

as follows  

 needle punched nonwovens 

 spunlace nonwovens 

 spunbond  nonwovens 

 meltblown  nonwovens 

 heat-bonded nonwoven fabrics 

 stitch nonwovens 

 pulp air-laid nonwovens 

 wet-laid non-woven 

 
 
2.5.3.1                 Needle Punched Nonwovens 

Needle-punched nonwoven fabrics are made from various fibrous webs (usually carded webs) 

in which fibres are bonded together mechanically through fibre entanglement and frictions 

after fine needle barbs repeatedly penetrated through the fibrous web.  Needle punch media is 

3D (it has length, width and depth), it is very good for trapping contaminants on both the 

surface and the interior. In liquid filtration, needle punched medias are used for filtering paints, 

cleaning intake water, sewage effluent, etc. Worldwide, the needle punching industry enjoys 

one of greatest successes of any textile related process. The needle punch nonwoven industry 

around the world is a very exciting and diverse trade involving either natural or synthetic 

fibers. Needle punched nonwoven is manufactured by mechanically orienting and interlocking 

the fibers of a carded web. This mechanical interlocking is achieved with thousands of barbed 

felting needles repeatedly passing into and out of web. Needled / felted nonwoven filters are 

generally thick. Line diagram for needle punch machine is shown in fig 2.5 [9]. 

 



CHAPTER-2 Literature Review 

13 
 

 

 

               
 
 
 
 
 
 
2.5.3.2  Spunlace Nonwovens 

 
Non-woven fabrics are derived by interlacing fibers with jets of high pressure water. The 

spunlace nonwoven fabric is a product of the process of entangling a web of loose fibres 

through multiple rows of jets of water at high pressure which pierce the material and tangled 

the fibres. Fibers widely used are polyester, nylon, polypropylene, viscose fiber, chitin fibers, 

ultra-fine fibers, silk, silk, bamboo fiber, wood pulp fibers. Line diagram of spunlace machine 

is shown in fig 2.6. 

 

  

 

 

 

 

 

 

 

2.5.3.3   Spunbond Nonwovens 

Spunbonded nonwovens are made in a single continuous process. Fibers are spun and then 

directly dispersed into a web by deflectors or can be directed with air streams. This technique 

leads to faster production speeds, and cheaper costs.  Raw materials of spun bond nonwoven 

are polymers. The polymers go through the extruder, melting and spinning, random lay on the 

web to be bonded together by hot cylinder and are wound by a roller. Line Diagram for spun 

bond machine is shown in fig 2.7. Spun bonded filter media made of polyester, polypropylene 

   Fig 2.5       Line Diagram for Needle Punch Machine [9]
       

Fig 2.6   Line Diagram for  Spunlace  Machine [10] 
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or nylon are used as both air and liquid media to produce a filter fabric. Spun bonded fabrics 

are quite thin but provide better filtration. 

 

 

2.5.3.4  Meltblown  Nonwovens 

Meltblown, like spunlaid, starts with extruding a low viscosity polymer. But instead of 

quenching the filaments when they leave the spinneret, the filaments are being attenuated by 

hot air streams, keeping the filaments in a partly molten state. This leads to much thinner 

filaments, with a low tensile strength. The filaments hit a belt or a conveyor belt where they 

form a web. Melt blown technology allows uniform, micro porous webs to be formed from 

very fine filaments. It is most often found in end uses that require the filtering of very fine 

particles. Particulates such as smoke, asbestos, lead dust and other airborne contaminants can 

be filtered through meltblown. It is used extensively in respirators; for face masks; automotive 

cabin filters as well as a filter to catch the fine dust particles.  

 

 

 

Fig  2.7        Line Diagram for  Spun bond  Machine [11] 

Fig  2.8                Line Diagram for Meltblown  Machine [12] 
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2.5.3.5        Heat-bonded nonwoven fabrics 

Fibrous or powdered hot melt adhesive material is added to the non- woven web. Fiber web 

bonding is achieved by heating and melting cooling into non-woven cloth. Line Diagram for 

heat bonded nonwoven machine is shown in fig 2.9. 

  

 

 
 
2.5.3.6           Stitch-bonded nonwovens 

 
Stitch-bonded cloth is a kind of dry non-woven fabric. It is made from the use of warp- knitted 

coils on the web, yarn, non- textile materials such as plastic sheets, plastic thin metal foils, etc. 

or a combination of them for reinforcement to non-woven cloth. Line Diagram for Stich-

bonded nonwoven machine is shown in fig 2.10. 

 

 

 

 

 

 

 

 

 

Fig 2.9           Line Diagram for Heat bonded Nonwoven Machine [13] 

Fig 2.10       Line Diagram for Stich-bonded Nonwoven Machine [14] 
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2.5.3.7             Pulp Air-laid nonwovens 
 

It is also known as air-laid paper or air laid nonwoven fabric. Using air-laid technology fibers 

are mixed with air to form a uniform air-fiber mixture which is deposited on a moving air-

permeable belt or wire.  In this technique air flow is used to open the wood fiberboard into a 

single fiber state and then use it for agglutination of fibers in the screen into a mesh, fiber mesh 

and then reinforcement into o air-laid pulp nonwoven fabric. Line diagram for pulp air-laid 

nonwoven machine is shown in fig 2.11. 

 

 

 

 

 

 

 

 

 

2.5.3.8        Wet-laid non-woven 
 

The principle of wet-laying is similar to that of paper manufacturing. The amount of 

synthetic fibres in a wet-laid nonwoven makes the difference with compared paper. A dilute 

slurry of water and fibres is deposited on a moving wire screen, from which the water is 

drained and the remained fibres forms the web. The web is further squeezed and dried by 

pressing it, between the rollers. Binder impregnation is frequently included in a later step. 

Swimming pool filters, coolant oil filters, HEPA (High Efficiency Particulate Air) filters and 

coffee filters are examples of wet-laid media uses. Line diagram for wet- laid nonwoven 

machine is shown in fig 2.12. 

 

             

Fig 2.11        Line Diagram for Pulp Air-laid Nonwoven Machine [15] 

Fig 2.12               Line Diagram for Wet laid Nonwoven Machine [16] 
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 2.6  Value addition by using different types of finishes 

Finishing of textile fabric is carried out to increase attractiveness and serviceability of the 

fabric. Different finishing treatments are available to get various effects, which add the value 

to the basic textile material. Value adding textile finishes are classified into five types which 

are as mentioned below. 

 

 Mechanical finishes 

 Thermo-Mechanical finishes 

 Chemical finishes 

 Special finishes 

 Nano finishes 
 

2.6.1       Mechanical finishes 
 

Mechanical finishes imparts various properties to the fabric such as softness, peach skin 

effect, luster, bulkiness. In this respect various machines producing special finishes have 

been introduced by various manufacturing companies. This finishes include airo finish, 

raising finish, peach finish, phantom finish (for high drape) etc. 

 

 2.6.2         Thermo-Mechanical Finish  

 
This method of giving finishing to the fabric employs application of heat with regular 

mechanical forces to reduce novel finishes. These finishes include, calendaring, crush finish, 

embossing, pinching, pleating finish etc. 

 

2.6.3         Chemical Finishes 
 
The use of chemicals to achieve a desired end-use property is referred to in chemical 

finishing. Many processes that modify the chemical composition of the fibers or enhance 

the characterisics of the surface .It can be applied in the phases of yarn, cloth, and. It can b

e durable or durable based on laundering resistance. These finishes include, snocool finish, 

micro encapsulation finishes, fragrance finish, mosquitoes repellent finishing, bio –polishing 

etc. 
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2.6.4         Special Finishes 
 

These finishes include, lisa finish, flame retardant finish, thermocat finishing, ozone fading,    

plasma treatment, etc. 

 

2.6.5          Nano Finishes 
 
  

This technology inculcates the application of nano-sized particles of various chemicals in 

the finishing process of textiles. For instance, ‘Silver fresh', antibacterial, deodorant material 

based on incorporation of silver particles. 21st century Fabric processing will face changes 

brought out by nanotechnology. 

In some textile finishing applications, nano-particles have been used to alter surface 

properties and enhance different functions of textile materials. The nano sized particles have 

a much larger surface area to volume ratio which helps to attach onto fibres or fabrics. 

Besides, the coating of nano particles does not affect the hand feel and breathability of 

fabrics. By applying the coating of nano-particles on textile materials, many superior 

functions can be obtained:   

2.6.5.1  Anti-bacterial 

Aluminum compounds are the common anti-bacterial agent used in textile finishing. 

Besides, organic metallic compounds containing copper, silver, iron or zinc are also used to 

resist the bacteria growth. The use of nano silver particles gives durable anti-bacterial 

finishing to the textile materials. A comparative picture of effectiveness of silver nano 

particle over the traditional antibacterial finish is shown in fig 2.13  

 

            Fig 2.13          Nano Finish with Silver Nano particle [17] 
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2.6.5.2    Ultra violet protection 

For getting UV protection, a number of nano compounds can be applied on the materials, 

such as nano-sized zinc oxide and titanium dioxide, which can provide protection by 

reflecting, absorbing or scattering those harmful UV rays.  Nano particles are commonly 

applied to textiles by coating techniques, which modify the surface of the textiles. 

2.6.5.3                Water repellency and Wrinkle resistant 

The nano-particle called nano whiskers can be added to the textile materials which forms a 

protective layer on the textile material surface without changing their chemical properties. 

The materials will have excellent wrinkle resistance as the nanoparticles provides a solid 

barrier to liquid and wrinkles without changing the surface properties. The nanowhiskers are 

also waterproof and able to increase the density of the fabric. And this finish are more 

durable than those traditional one. 

The nanotech application of water-and-oil repellent finishing is effective for use in natural 

fibers such as cotton, linen, wool and silk. Unsurpassed performance in durability and water 

and oil repellency may be expected with natural fibres. Nano-Pel [18] cotton withstands 50 

home launderings, with functionality levels well-maintained for water and oil repellency 

even after 20 washes. An animated image showing the water repellency is shown in fig 2.14. 

 

 

 

 

 

 

 

 

 

Fig 2.14       Nano Finish for Water Repellent and Stain Proof [19] 
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2.7  Nano Fibres 

A century ago, natural fibers like cotton, silk, and wool dominated the market due to their 

abundance and aesthetic appeal. In the 1920s, Hermann Staudinger was the first to propose 

the concept of macromolecules and this epoch-making idea greatly influenced the discovery 

of synthetic fibers with the first synthetic fiber being invented in 1935 by Wallace Carothers, 

which is known to us as polyamide (PA) or nylon fiber. 

After synthetic fibres the time came, where society was demanding the product with low 

weight basis and with improved functionality. At this time the term nano fibres came into 

the existence. 

From a commercial perspective the term “nano” describes a diameter of the fibrous shape at 

anything below one micron or 1,000 nanometers. However, the most coveted properties of 

these materials tend to manifest themselves at below 500 nanometers (.5 microns) depending 

on the material and the property. As one begins to operate at the molecular level there is a 

pronounced shift in the governing physics. For example gravity becomes markedly less 

significant while Vander-Waals forces, which have previously been considered completely 

insignificant by scientists, become incredibly strong. The ability to manipulate physics and 

significant properties and attributes of materials has proven over time to be incredibly 

valuable. A comparative picture of human hair vs nanofiber is shown in fig 2.15. 

To meet the diverse range of end uses and consumer needs for different types of activities, 

it is necessary to develop materials that offer different levels of breathability and water 

resistance. Electrospun nanofiber webs can be engineered with a desired structure and a 

range of polymers. The unique combination of high specific surface area, flexibility, low 

basis weight, and desired structure will allows manufacturers to optimize the desired 

properties in the production of value added textile. 
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2.8   Properties of Nano Fibres 

As the fibre diameter becomes in nano meter range (10-9) and at this scale many forces and 

bond become influencive and because of that we get a totally changed characteristics of the 

nanofibers. Out of which, few are as follows 

2.8.1  High Surface Area 

As the fiber diameter shrinks to nanoscale, the surface area to volume ratio increases up to 

1,000 times higher than a microfiber. This property generally tends to bestow the mat of 

thousands of fibers with enhanced properties over one fiber in the form of: 

 Chemical Delivery – Efficiency and time of drug or cosmetic delivery to the skin 

 Catalysis – Efficiency of chemical or photo catalysis of a material for a given volume 

 Electron and Photon Transfer – Efficiency of electron or photon transfer or prevention  

 Slip Flow – Efficiency in filtration and particle separation through the generation of slip 

flow at the surface of the fiber 

2.8.2  Tensile Strength 

Due to the size of nanofibers, the tensile strength of an individual fiber is difficult to analyze; 

however, tensile strength has been shown to increase by up to 40% over the same weight of 

material in a bulk or larger format and gives advantages of 

 

Fig 2.15    Nano Fiber as Compared to Human Hair [20] 
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 Increase the strength of a given weight of material 

 Use less materials and achieve the same level of strength 

2.8.3  Reduced Crack Propagation 

Achieving the same level of strength with less amount of material is enhanced by the fact 

that the probability of failure of one fiber is much higher than the failure of thousands of 

fibers. Furthermore, upon the development of a structural flaw or crack, it is impossible to 

propagate to other discrete structural components. 

 

2.8.4  Thermal Properties 

Thermal conductivity testing has shown that decreasing fiber diameter into the nanoscale 

increases thermal resistance of popular insulative materials by almost 50%. Having nano 

particle size can result in large increase in surface area and the orientation of the atomic 

spacing of the textile materials, which offers significant effect on the material properties 

2.8.5  Electrical Properties 

Many materials when processed into nanofiber dramatically improve electron transfer. 

Combined with the extremely thin nature of a nanofiber web, these properties have 

substantial benefits in energy storage, photocatalytics and sensors. 

 

2.8.6  Chemical properties 

Nano-scale structure has large surface area to volume ratios. It also has potentially different 

crystallographic structures. This may lead to a radical alternation in chemical reactivity  

 

2.8.7  Mechanical properties 

 

In terms of atomic structure arrangement, nano structures are not like those bulk structure. 

Therefore, it is obvious that they show very different mechanical properties. One of the 

examples: carbon nanotubes show higher mechanical strength and higher elasticity, which 

provides considerable flexibility and recovery               
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2.9  Testing of Nonwoven Value added Textile 

 

2.9.1  Porosity  

 

Porosity is a measure of the void spaces in one material. It can also be defined as a fraction 

of the volume of voids over the total volume 

 

2.9.2  Air Permeability  

Air permeability is the porosity of a fabric, which is estimated with which the air passes 

through it. Air permeability can be used to measure or evaluate the thermal properties of a 

blanket, air resistance and wind resistance of cloth, etc. by using a standard testing device 

under specified conditions 

 

2.9.3  Thermal Insulation 

Thermal Insulation is defined as the property of a fabric or garment to prevent heat loss 

between one surface and the other. Heat energy can be transferred by conduction, 

convection, radiation. Fabrics having good thermal insulation property can prevent heat loss 

which helps maintaining the temperature of the human body 

 

2.9.4  Water Vapour Permeability  

Water Vapour Permeability is the time rate of water vapour transmission through unit area 

of flat material of unit thickness induced by unit vapour pressure difference between two 

specific surfaces with specified humidity and under specified temperature. 

 

2.9.5  Scanning Electron Microscope  

A scanning electron microscope (SEM) is a kind of electron microscope which is able to 

produce high resolution images of the surface of a sample after scanning it with a focused 

beam of high energy electrons. Information about the sample's external morphology, 

chemical composition, crystalline structure and material orientation and other properties, for 

example electrical conductivity can be obtained by this equipment. The incident electron 

beam creates a complex series of interactions with the sample. It causes the emission of 

secondary electrons and electromagnetic radiation, which can be detected by specific 

detectors. 
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2.9.6  Fourier Transmission Infra-red Spectroscopy  

Fourier transmission infrared (FTIR) spectroscopy is a mature analytical technique 

employed to examine polymeric materials. With the coupling of an infrared 

interferometer to a microscope equipped with specialized detectors, FTIR 

spectroscopy has been employed widely to examine microscopic areas in polymers 

for the last twenty years. FTIR is a preferred method of infrared spectroscopy. In 

infrared spectroscopy, IR radiations pass through the sample. Part of the infrared 

radiation is absorbed by the sample and the other part of it transmitted. Therefore, the 

resulting IR spectrum is basically representing the molecular absorption and 

transmission. This creates a molecular fingerprint of the sample. By comparing with 

the spectral database or library provided by the software, the sample can be identified 

with its composition, quantity, quality, types or consistency. 

 

 

2.9.7  Guarded Sweating Hot Plate  

The sweating guarded hotplate is intended to simulate the heat and mass transfer processes 

which occur next to human skin. Measurements of both processes may be carried out either 

separately or simultaneously based on the experiment objectives or requirements. A variety 

of environmental conditions, which involves combinations of temperature, relative 

humidity, air speed, liquid or gaseous phase. Besides, the transport properties measured with 

this testing apparatus can be adjusted in order to simulate different wearer condition and 

environments in both transient and steady states.   

 

 

2.10 Application of Nanofiber in the field of value added textile 

The primary interests in nanofibers revolve around increased surface area and novel 

mechanical properties of materials in the nanoscale. As fiber diameter decreases the integrity 

of mechanical properties of that material increases by orders of magnitude. Similarly, the 

surface area of nanofibers is substantially greater than fibers on the micron level and higher. 

These factors have profound implications in a broad range of applications. 
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Nanofiber research is taking place across a wide spectrum of industries. Some of the more 

prominent applications include increased moisture  management , better  thermal properties 

, better  static charge management, better tensile strength, better  filtration property , better  

protection  against nano particles , better  breathability , better application in smart textiles 

with reduced weight ratio [21]. 

 

2.10.1  Filtration 

Filters are perhaps the most obvious use of nanofibers, where filter performance is based on 

producing the highest flow rate while trapping and retaining the finest particles without 

blocking the filter. Nanofibers have improved interception and inertial impaction efficiencies 

and result in slip flow at the fiber surface, resulting in better performance at a given pressure 

drop. Nanofibers are currently incorporated into commercial filters in air, liquid and 

automotive applications in both industrial and consumer markets by some of the largest 

filtration companies in the world. 

2.10.2  Textiles 

As fiber diameters decrease, desired mechanical properties increase its integrity. 

Specifically, strength to weight ratios are improved dramatically, reducing the probability of 

fiber failure. In addition, the nano scale pores created by the fibrous mesh provide the 

potential for strong insulation properties. 

2.10.3  Nonwoven Consumer Products 

The ability to load vitamins and drugs in nanofibers and deposit them on the skin through 

the high surface area is being explored for cosmetic applications. Diapers, wipes and other 

products that will benefit from fibers that are biodegradable, biocompatible and absorbent 

are potential beneficiaries of nanofibers. 

2.10.4  Energy 

Nanofibers are being applied to photovoltaics and batteries due primarily to increasing 

surface area of certain absorbent and catalytic materials. Battery separators and even 

electrodes are being developed from nanofiber materials. Nanofibers generated from 

ceramics and metals are being developed for capacitors and photovoltaics 
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2.10.5  Catalytics 

Ceramic nanofibers bearing nanoparticles of several types of noble metals are being 

developed for catalytic applications in both automotive and industrial settings. The dramatic 

increase in surface area enables less of the expensive metals (Platinum, Palladium, Rhodium) 

to be used while achieving the same levels of performance, which leads to severe cost 

reduction. 

 

2.10.6  Healthcare 

Healthcare applications are many and varied, including: 

 Tissue engineering: Fiber mesh is used to replicate the extracellular matrix. The primary 

advantage of nanofibers is associated with the porous nature of their assembly and 

increased surface area. 

 Drug delivery: The ability for nanofibers to be made from biodegradable, non-

biodegradable and hybrid materials enables nanofibers to be utilized for drug delivery 

for antibiotics. The high surface areas enable high drug loadings and transfer to specific 

sites. 

 Wound care: The use of nanofiber materials for wound care enables the creation of 

complex layered dressings that can include multiple therapeutic benefits in a single 

product. In addition, nanofiber materials offer more surface exposure of active 

ingredients, providing the opportunity to enhance and increase efficacy of new or 

existing products. 

 

2.10.7  Tissue Engineering (Bio Medical Field) 

 

Biodegradable materials are widely used in the biomedical field because there is no 

postoperative surgery after implantation. Widely used synthetic biodegradable materials are 

polyesters, especially those used in tissue engineering. Advances in the tissue engineering 

field have brought much attention in terms of scaffold fabrication, such as with 
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biodegradable polyester nanofibers. The rationale for using nanofibers for tissue engineering 

is that the nonwoven polymeric meshwork is a close representation of the nanoscale protein 

fiber meshwork in native extracellular matrix (ECM). Electrospinning technique is a 

promising way to fabricate controllable continuous nanofiber scaffold mimicking the ECM 

structure. Electrospun nanofibers provide high surface-to-volume ratio and high porosity as 

a promising scaffold for tissue engineering. Because the degradation behaviors of scaffolds 

significantly affect new tissue regeneration, the degradation of the material becomes one of 

the crucial factors when considering using polyester nanofibers as scaffolds in tissue 

engineering.  

 

2.10.8  Performance apparel 

For several years, waterproof breathable fabrics have been developed for use in garments to 

provide protection to the human body. The final properties of that fabric are defined by the 

materials used in the assembly of the composed material and by its after 

treatment.  Membrane technologies and advanced polymers and materials have been 

developed to meet specific performance criteria for outdoor activities as well as occupational 

and industrial uses. Electrospun nanofibers are being considered for a variety of performance 

apparel applications where their unique properties contribute to product functionality. Those 

properties include high surface area, small fiber diameter, potential to incorporate active 

chemistry, filtration properties, layer thinness, high permeability, and low basis weight. 

Performance apparel fabrics are evaluated on the performance of the composite 

material.  Attributes most frequently evaluated include  

 Water resistance: Water column measurement 

 Breathability:  Air permeability 

 Water Vapor Transmission    :  Diffusion of moisture through the material 

 Windproof: Blocking of the entry of outside air into the garment 

 Resistance to wear: Durability 
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2.11          Summary 

 

Nanofibers which can serve for a variety of value added applications in the field of textiles 

where their unique properties contribute to product functionality , such as high surface area, 

small fiber diameter, potential to incorporate active chemistry, filtration properties, layer 

thinness (in fabric), breathability, water resistance, resistance to wear, windproof etc. 

 

 

 

2.12  Different technologies for producing Nanofibers  

 

Researchers have been reinventing an old process known as electrospinning since the 

beginning of the century. When it comes to manageability, it is capable of fabricating 

continuous nanofibers from various types of material. Furthermore, electrospinning is a less 

expensive method than others. Today, low-cost, high-strength, high-value-added nanofibers 

with diameters ranging from 20 nm to 1 micron can be manufactured. 

 

 Basic Electrospinning and Configuration 

 

This method produces dimension-controlled fibres having a diameter as small as a 

nanometer. A polymer melt or solution is fed through a narrow needle or nozzle. As the 

nozzle or needle is used as an electrode. Typically, high voltages ranging from 20 to 100 kV 

are applied simultaneously. In a typical laboratory setup, the distance between the electrode 

and the collector is 10-25 cm. During the electrospinning process, the current varies from 

nanoampere to microampere. Typical electrospinning can be designed from "top to bottom" 

or "bottom to top." 

When a high voltage is applied to an electrode, an electric field forms between the collector 

and the electrode. When the critical voltage value is reached, electrostatic force overcomes 

surface tension, and the charged polymer solution is forced to exit from the tip of the nozzle 

or needle. Because of the effects of electrostatic force, the pulled polymer solution jet 

undergoes an elongation and instability phase, resulting in a very thin and long jet. 
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Simultaneously, the solvent evaporates and solidifies, resulting in the formation of an 

interconnected layer of fibres on the collector's surface. The line diagram for the basic 

electrospinning machine is shown in fig 2.16. 

 

 

Electrospinning is able to fabricate continual nanofibers from different types of material. 

Moreover, electrospinning is a more inexpensive method than others. Today, low-cost, 

high-strength, high-value added nanofibers can be produced in diameter ranging from 20 

nm to 1 micron.   

Nano Fiber is defined by a unit of diameter (m), the nanometer which is equal to 10-9 m. On 

this scale, diameter of a strand of human hair is roughly 75000 nm and one would require to 

lie 10 hydrogen atom send to end to make one nm. 

 

 

Nano fibre production technology has become exceptionally difficult to scale up. A variety 

of technologies have evolved to produce Nano fibre. We can divide them into two categories. 

One is in the laboratory, while the other is ready for commercialization. From a commercial 

standpoint, the term "nano" refers to a fibrous shape with a diameter of less than one micron 

or 1,000 nanometer. When one begins to operate at the molecular level, the governing 

physics undergoes a significant shift. Gravity becomes significantly less important, while 

Vander-Waals forces, previously thought to be completely insignificant by scientists, 

become incredibly strong. The ability to manipulate physics as well as significant properties 

and attributes of materials has proven to be extremely valuable over time. Reneker et al. 

[23]. 

Fig 2.16       Basic Electrospinning [22] 
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In general, there are two types of nanofiber production techniques. 

 

2.12.1      At Laboratory Stage 
 
These are those technologies which are successful in laboratory and in controlled 

environment. The production or yield of nano fibre with these technologies is very less. 

 

 

2.12.2     At Commercial Stage 
 
These are those technologies which are successful at commercial stage. Some of them are 

used in production. The production rates of nano fibre with these technologies are moderate. 

 

 

2.12.1.1  Template Synthesis 

This technique is a successful approach for the controlled blend of nano materials with 

different morphologies and has pulled in a considerable measure of endeavors. The throwing 

strategy and DNA replication can be considered as format based amalgamation. For the 

instance of nanofiber creation by the layout alludes to a metal oxide membrane with pores 

of nano-scale distance across. Under the use of water weight on one side, controlling from 

the permeable film causes expulsion of the polymer which comes into contact with a 

hardening arrangement offering ascend to nanofibers whose diameter are dictated by the 

pores. This method is used for the controlled synthesis of nano materials having various 

morphologies. This method can be used for the casting method and DNA replication. An 

illustrative diagram of phase separation technique is shown in fig 2.17. 
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2.12.1.2  Phase Separation 

In this process first polymer is mixed with a solvent, which will later go in the process of 

gelatin. Separation of phase occurs due to physical incompetency. In one phase which is 

having solvent is extracted resulting in leaving other remaining phase.  This process stages 

are dissolution of polymer, liquid-liquid phase separation, polymer gelatin, extraction of 

solvent from gel and quenching, respectively Huang et al. [25]. An illustrative diagram of 

phase separation technique is shown in fig 2.18. [26]  

 

 

Fig 2.17 Template Synthesis [24] 

Fig  2.18    Phase  Separation [26] 
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2.12.1.3  Self- Assembly 

 

In this method, the main mechanism is the intermolecular forces that bring the smaller units 

together. The shape of the smaller units of molecules determines the overall shape of the 

macromolecular nanofiber. Molecular self-assembly provides an innovative way to design 

and produce novel materials at multiple levels (nano–micro–macro). So self-assembly of 

nanofibers is basically arranging of small molecules in a concentric manner so that the bonds 

can form among the small molecule to form the macro molecule. An illustrative diagram of 

self-assembly technique is shown in fig 2.19. 

 

 

 

 

 

 

 

 

 

 

2.12.1.4  Wet Spinning:- 

This system is obtained from a conventional and commercially wet spinning method that can 

produce polymer nanofibers in the ranges from 10 microns to 400 nanometers. Fiber 

manufacturing starts with infusion of a polymer solution via a syringe pump having needle 

on it. The infusion is then passed through a highly viscous solution called coagulation bath.  

This coagulation medium is continuously moved by a turning mandrel, which pulls the 

expelled fiber from the pinhole to rotating mandrel. At last the expelled fiber moves in a 

winding direction and is kept constantly around the mandrel. Polymer get solidified in the 

coagulation bath itself which is having high viscous solution. This modified wet spinning 

procedure can spin fibers that is considered as "unspinnable" by any other technique. Besides 

this some materials that have low viscosity can be utilized as a part of this procedure. An 

illustrative diagram of wet-spinning technique is shown in fig 2.20. 

Fig 2.19   Self- Assembly [27] 
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  2.12.1.5  Drawing:-   

The drawing method gives simple and financially savvy photonic fiber production. In this 

method micromanipulator technique is used. A micropipette with a few micrometers in 

diameter is dipped into the droplet near the contact line. The micropipette is then taken away 

from the liquid droplet at a speed of 0.1−1 m/s. This action resulted the pulling of nanofiber 

and it get deposited at the end of the micropipette surface. 

The drawing zone requires a constant temperature distribution, and the lengths of the 

fabricated wires are limited to tens of millimeters. The drawing process, as shown in figure 

2.20, can produce PTT nanofibers with diameters as small as 60 nm and lengths as long as 

500 mm. The extended PTT nanofibers is quickly cooled in air to get solidified. Ondarcuhu 

et al.[29]. An illustrative diagram of drawing technique is shown in fig 2.21. 

 

Fig 2.21      Drawing [30] 

Fig 2.20   Wet Spinning [28] 
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2.12.1.6  Island in the sea:- 

The island-in-the-sea process has been the subject of several configurations and patents. 

Figure 2.21 depicts a typical island in the sea fibre. This method enables the melt and solution 

processing of fibres with multiple components. Two different polymers are spun together. 

After that sea polymer is dissolved. In addition, before dissolving the sea polymer, a drawing 

is done to reduce the diameter of the fiber. 

The spinneret design and distribution plates are critical in the production of Island in the Sea 

filaments. As fibre diameter, cross sectional area, and number of islands are dependent on 

the diameter and shape of the spinneret orifice and the polymer distribution in the distribution 

plates. Polymers for the island and sea must be chosen based on their ability to be spun in 

the island in the sea configuration. The polymer viscosities have been shown to be the most 

influential factors for the spinnability of the two components in the configuration. The 

differences in polymer viscosity can cause serious migration and deformation of an interface 

between polymers. Hegde et al. [31]. A schematic diagram of Island in the sea is shown in 

figure 2.22 

 

 

 

 

 

 

 

 

Fig 2.22    Island in the sea [32] 
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2.12.1.7  Melt Electrospinning:- 

The majority of electrospun nanofibers are solution based. To dissolve the polymers, 

hazardous chemicals are used. These solvents may leave residue that is harmful to health. 

There has been a desire to produce fibres in a cleaner process that is both environmentally 

safe and productive. As a result, an electrospinning system based on molten polymer has 

incited a lot of interest. Despite the large number of promising applications, little progress 

has been made in the last 20 years. A cone is formed when a high voltage is applied to a 

spinneret. Electrostatic forces overcome surface tension at the critical voltage. 

In melt electrospinning, a constant heat supply to the reservoir containing the polymer 

solution is required so that the polymer remains molten. The distance between the nozzle 

and the collector is typically shorter than with compared to basic electrospinning. Because 

the polymer is molten, a higher charge is needed for jet initiation. Ogata et.al [33].   

A schematic diagram of melt electrospinning is shown in figure 2.23 [33] 

 

 
 

2.12.1.8 Gas-Jacket Electrospinning 

In some cases, electrostatic force alone may not be sufficient to stretch the solution and 

produce nanofibers. The cause could be high viscosity or excessive surface tension of the 

solution. If easily evaporated solvents are preferred then exposure to the environment and 

rapid solvent evaporation can make the solution difficult to spin for producing the nano fiber. 

To solve this problem, a gas jacket is used which hits the solution and exerts a stretching 

Fig 2.23    Melt Electrospinning [33] 
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force at the spinneret tip to start the spinning. Because of the heated gas, a higher temperature 

is generated which reduces the viscosity of the solution and fibre fabrication becomes easier.  

As shown in fig 2.22, the inert gas is drawn up from the basin and passed through the buffer 

reservoir, which stabilizes the gas flow in the laminar flow shape. 

The gas flow also helps to stretch the jet of polymer solution, which was slowly injected into 

a capillary by injector and flowed through a definite length capillary. To begin the gas 

electrospinning process, a polymer solution of a specific concentration is deduced by a 

spinneret connected to the anode of a high-voltage supplier. The metal collector or 

coagulating bath is connected to the cathode, which is connected to the ground. Zhmayev et 

al. [34]  

 

 

 

 2.12.1.9    Bubble Electrospinning:- 

In this technique, for reducing the surface tension of a solution, an innovative idea has been 

developed that simulates spider spinning. This patented novel system consists of a vertical 

solution reservoir with a gas tube feeding from the bottom and a metal electrode fixed along 

the middle of the tube. A grounded collector is placed above the reservoir 

The mechanism of this novel electrospinning process is very simple. The aeration system 

generates various bubbles on the surface in the absence of an electric field. Charges are 

induced into the bubble surface when an electric field is turned on. The coupling of surface 

charge and external electric field produces tangential stress, which causes the little bubbles 

Fig 2.24       Gas-Jacket Electrospinning [35] 
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to transform into protuberance-induced upward-directed reentrant jets. A pictorial view of 

nanofiber jet emerging from the bubble is shown in figure 2.23. 

When the electric field exceeds the required critical value to overcome surface tension, a 

fluid jet distracts from the conical bubble's zenith. The threshold voltage required to 

overcome surface tension is determined by the size of the bubble as well as the inlet air 

pressure. The most appealing feature of this bubble electrospinning technique is that it is not 

affected by the solution's properties such as viscosity. R Yang et al. [36]. 

 

 

 

 

2.12.1.10  Magneto Electrospinning 

 

In this method, a magnetic field is used in the electrospinning process. Magneto 

electrospinning can be carried out completely, if a magnetic field is applied. The resultant 

electrical force and the viscous force of the jet flow, expands the range of the whipping 

circle. The moving behavior of the jet and a mathematical model of the magnetic 

electrospinning technique are investigated. The results show that the magnetic field induces 

a radial Lorenz Force, which causes the jet to contract. The swing of the jet and its distance 

are found to be related to different excitation currents. 

A magnetic field is used in the electrospinning procedure by producing ampere force. In this 

Fig 2.25       Bubble Electrospinning [37] 
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procedure that a magnetic field is introduced, magneto electrospinning can be said completed 

fully .The resultant electrical force and the viscous compel of the jet expands the range of 

the whipping circle. According to the relationship, the swing with a magnetic field is smaller 

than the swing without a magnetic field. The simulation results do not agree with the 

experimental data and demonstrate that the magnetic field can influence the jet at a limited 

distance. It appears that adapting this technique for mass production will be difficult. A 

schematic diagram of magneto electrospinning is shown in fig 2.26. 

 

 

 

 

 

 

 

 

 

2.12.1.11  Conjugate Electrospinning:- 

This framework of conjugate electrospinning is designed to make nanofibers yarn. It 

comprises of two or more high voltage control supplies with opposite polarity, a few 

spinnerets and a collector drum. Two or more programmable pumps are utilized to control 

the rate of feeding of the solution. Control supplies are associated with spinnerets, 

individually. Spinnerets are arranged in inverse position on a similar flat line. The 

separations between spinnerets are outlined as flexible. The arrangement is independently 

controlled by syringes to the spinnerets. The collector is a rotating drum controlled by a 

motor. The strands from the two or more oppositely charged electrospinning spinnerets were 

gathered and extended by the drum collector with a steady speed. The nanofiber yarns, which 

can be created by this procedure, are dried under vacuum at room temperature, kim et al. 

[39]. A schematic diagram of conjugate electrospinning is shown in fig 2.27 

Fig 2.26       Magneto Electrospinning [38] 
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2.12.1.12  Co-Axial Electrospinning:- 

Two liquids, in the form of polymer solution or melt, emerge from the core and surrounding 

of concentric nozzles in the co-axial electrospinning process. At the tip of the coaxial needle 

or capillary, both liquid come into contact. The nozzle facilitates in the creation of Taylor 

cones. Solvents evaporate and the compound jet solidifies throughout the spinning process. 

Core-shell nanofiber is formed as a result of the solidification. Preventing the mixing of 

polymer solutions is crucial in the co-axial electrospinning process. The core material is used 

as a template for the shell polymer, resulting in cable-type structure. 

 

With this technique, polymer that cannot be electrospun by basic electrospinning can spun 

into core-shell structure. The core-shell structured fibres have potential applications in 

microelectronics, optics and medicine. Polymer nanotubes can also be manufactured by this 

technique. Qin [41]. The system used in co-axial electrospinning is illustrated in fig 2.28 

 

 

 

 

Fig  2.28       Co-Axial Electrospinning [42] 

Fig  2.27       Conjugate Electrospinning [40] 
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2.12.2.1  Needleless Electrospinning:- 

The needless electrospinning technology was first patented in 2003 at the Technical 

University of Liberec. The concept was inspired by an industrial application. The 

needle system was considered unfit for mass production. The process was attempted 

to commercialize for the production of nanofibers in 2004 with the assistance of 

Elmarco Company. 

Jirsak discovered a needleless electrospinning setup through the use of a rotating 

roller. When the slowly rotating roller is partially submerged in a polymer solution, 

the solution is loaded onto the roller surface. When a high voltage is applied to the 

reservoir, a gigantic number of solution jets can be generated from the roller surface 

upward. This setup has been marketed by Elmarco Co. with the brand name 

"NanospiderTM".The rotation of the spinneret deposits a thin layer of polymer solution 

on its surface. The surface is covered with conical spikes due to the rotation and 

perturbation. When a high voltage is applied, the spikes collect charges and amplify 

the perturbance, spinning the fluid around the spikes. As a result, Taylor cones are 

generated. When the electric force is sufficient, slim electrospinning jets are ejected 

from the tips. Theron et al. [43]. A conceptual diagram is shown in figure 2.29. 

 

 

 

 

 

Fig 2.29       Needleless Electrospinning (NanospiderTM) [44] 
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2.12.2.2    Centrifugal Electrospinning:- 

Centrifugal electrospinning is a process that combines centrifugal spinning and 

electrospinning. A polymer solution is fed into the centre of a spinning disc that rotates at a 

high speed. The polymer solution is moved radially towards the rotating disc's rim, where 

surface tension is overcome by centrifugal forces. The electric field helps to stretch the jets 

to very small dimensions. When the solvent evaporates, it leaves a dry nanofibrous coating 

on the substrate. The method is not affected by ambient conditions such as temperature and 

humidity. This is a significant advantage over needle-based or needleless processes, which 

can be severely affected by relative humidity. Beads and holes are the possible flaws in this 

technique. Zhang et al. [45]. 

 

 

 

2.12.2.3       Centrifugal Spinning:- 

The centrifugal spinning method is similar to cotton candy spinning. Sugars are melted by 

heating and extruded by centrifugal spinning through nozzles in a cotton candy machine, 

resulting in sucrose fibres randomly distributed in the free space near the spinneret. Recently, 

the fabricated sucrose fibres were used as a mold for the formation of porous polymers. 

Huang received a patent for this process in 2007. The centrifugal manufacturing method is 

very similar to centrifugal electrospinning. However, no electrical charge is used in this 

method. Instead, a polymer solution is dropped onto a standard spin coater, followed by a 

very fast rotating spinneret. Furthermore, the spinning procedure provides numerous 

Fig 2.30       Needleless Centrifugal Electrospinning [46] 
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technologically relevant opportunities, such as producing hollow polymer beads and being 

applicable to various types of polymers. Today, a company has improved a new method 

called Force spinningTM for the production of nanofibers using this technique. 

ForcespinningTM uses centrifugal force to spin solutions and molten materials. When 

compared to electrospinning, ForcespinningTM is more cost effective because it uses less 

solvent or no solvent at all. It is less expensive than meltblown because it does not require 

heated air jets or heating. A spinneret containing a reservoir of liquid material rotates 

centrifugally on an axis at high rpm. Liquid material is pushed to the outer wall through an 

orifice as the spinneret rotates. The jet is initiated by a combination of centrifugal and 

hydrostatic forces in this process. Zhang et al. [47].  Figure 2.31 shows conceptual view of 

the Needleless Centrifugal Spinning (ForcespinningTM) 

. 

 

 

 

 2.13   Use of Nanofiber in Filtration 

 

Utilization of nanofibers is basically done to make highly efficient filters. The performance of 

the nanofibers is based on the filter flow rate along with catching and holding the smallest 

particles without blocking it. In the conventional HEPA filters, according to filtration theory, 

non-slip flow is the dominant mechanism. However, when the nanofibrous layer is coated 

on the conventional filter ,the slip flow mechanism becomes dominant due to the smaller 

fiber size ability to disturb the air flow .As depth filtration is taking place on the conventional 

filter media whereas surface loading of dust particles is taking place on the nanofiber coated 

Fig 2.31     Needleless Centrifugal Spinning (ForcespinningTM ) [48] 
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on conventional filter . Nanofibers have better- quality interference and inertial impaction 

efficiencies and hence help in slip flow, Sundarrajan et al., [49]. The movement of the 

molecules past the nanofibers without colliding with the nanofibers at the fiber surface, 

subsequently improving performance at a given pressure drop [50]. So there is a big advantage 

in making filters by using nanofibres along with nonwoven fabric as compared to conventional 

knitted and woven fabric filters. These nanofibres filter shows excellent filtration property. 

Currently both, industries and consumer markets use nanofibers which are incorporated in 

commercial filters in air, automotive and liquid applications. 
 

This study has been undertaken to investigate the improvement in air and water quality by 

checking the filtration efficiency of nanofibers compared to traditional nonwoven filter. 

Advantage and disadvantage are also discussed of nano technology with compared to 

traditional nonwoven filter. Different pollutants which exist in air and water are also 

discussed with their effect on human body and environment. To measure the air quality with 

available technology regarding counting particulate matter and Volatile Organic Compounds 

is discussed in this research work. With the same way available technology for checking the 

water quality is also discussed. In this study, the challenge was to produce low cost 

nanofibres, so that low cost air filter can be made to fulfill the requirement of clean air in 

hospital and in protective clothing. With the same way low cost water filtration instrument 

can be made to serve basic filtration need of peoples who cannot afford the costly 

instruments. 

Inhaling pollutant particles for a long-term and short-term may lead to premature demise of 

the person or harmful cardiovascular diseases, including frequent visits to the hospitals and 

emergency department for heart attacks and strokes. Continuous exposure to these minute 

particles also lead to respiratory problems .For instance asthma attacks, linked with more 

respiratory symptoms such as wheezing, coughing and breathlessness as well as less lung 

development in children. Momentary exposures to thoracic rough particles may lead to early 

death due to heart and lung disease EPA (2014) [51] 

Owing to proficient system of Brownian diffusion along with intervention, the nanofibers 

can capture any minute nanoparticles all around in air. As per a study on polymers Maze et 

al. [52], it was stated that the improvement in the filtration size of the Effective Neutralizing 

Materials for nanoparticles can be achieved by increasing the air stream temperature and 

decreasing the diameter of the fiber. In a different research, Wang et al., [53] studied the use 

of nanofibers filters for filtration of nanoparticles with old-fashioned fiberglass filters. The 

study revealed that the filters made up of nanofibers have higher benefit for particles larger 
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than 100 nm when equated to old-fashioned fiberglass filters. 

 
2.13.1  Air Filtration 
 

The uses of silver has been acknowledged to display antimicrobial characteristics in the 

filters. Lala et al. [54], (2007) stated antimicrobial action for cellulose acetate (CA), poly 

acrylonitrile (PAN) and poly vinyl chloride (PVC) nanofibers membranes comprising of Ag 

nanoparticles. Electrospun PAN ENMs on cleaning with hydroxylamine formatted of –

C(NH2) N–OH  groups, which were exposed for the amalgamation of Ag+  ions and after 

that by Ag nanoparticles formation Zhang et al., [55]. The study further stated that 

tremendous reaction was found against microbes via ENMs that encompasses Ag and Ag+ 

particles. They also had adequate conveyance assets for filtration of air processes. 

Antibacterial nylon nanofibers with Ag and the antibacterial actions of the nanofibers in 

contradiction of gram-negative bacteria and gram-positive aerobic organisms were stated to 

be excellent by Montazer and Malekzadeh [56]. 

Nanofibers can also be used in applications such as defensive clothing. Though, for aerosol 

the augmented filtration effectiveness was detected for ENMs, comparatively raised drop in 

pressure was stated. Nanoparticles Gibson et al. [57] and (3-carboxy-4- iodosobenzyl) oxy-

b- cyclodextrin which are reactive organic materials have been unified into nanofibers. This 

has been achieved by mixing with solutions of polymer and after that a simple electro 

spinning verified for the cleansing of chemical warfare agents (CWA) Ramakrishnan et al. 

[58]. The sanitization effectiveness of these ENMs was stated to be greater than orthodox 

activated charcoal. A mixture of polymer solution along with nanoparticles caused the 

creation of nanoparticles totals and hence catalytic activity was condensed. In order to solve 

this issue, electro spraying procedure was used to spray nanoparticles and was jointed with 

electro spinning method, where nanoparticles were made accessible on the nanofiber 

surfaces stated by Roso et al., and Jaworek et al., [59-60]. 

For the filtration of nanoparticles in defensive clothing applications, Facini et al. [61], 

discovered nylon nanofibers as the probable material. A shrill covering of nanofibers above 

textiles delivered over 50% retention of 200nm size nanoparticles and 80% withholding of 

20 nm nanoparticles, which was additionally enhanced by 99% efficiency Desai et al., [62]. 

Electrospun nylon 6 nanofibers left over nylon/cotton woven fabric were assessed for 300 

nm size NaCl particles for filtration competence in PC applications by Vitchuli et al., [63]. 

They attained an effectiveness of greater than 99.5% without forfeiting pressure drop and air 

permeability. 
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Electrospun nanofiber membranes (ENMs) are a new generation of membranes that could 

offer a breakthrough in water and wastewater treatment by providing lighter, less expensive, 

and less energy consuming processes than the existing processes including conventional 

membranes. The major advantages of ENMs over their conventional counterparts are their 

higher porosity and surface-to-volume ratio. 

Scholten et al [64] Studied on Electrospun polyurethane fibers for removal of volatile 

organic compounds (VOC) from air with rapid VOC absorption and desorption. 

Polyurethanes fibrous mats can be regenerated readily by desorption under ambient 

conditions, which contrasts favorably with the harsh thermal treatments for regeneration 

needed to remove the chemisorbed monolayer on the exposed surfaces of activated carbon 

adsorbents. Thus, fibrous adsorbent mats could find ready use in applications that require 

benign operating conditions and repeated cycling of the sorbents with easy on-site 

regeneration without extensive heating and washing processes.  They stated that the 

selectivity of the polyurethane fibers toward different vapors, along with the ease of 

regeneration, makes them attractive materials for VOC filtration. 

 
Zhang et al [65] studied for filtration efficiency for nanofiber mat. Electrospun 

polyacrylonitrile (PAN) nanofiber mats were evaluated for their filtration performance and 

a structure of multiple thin layers of PAN nanofiber mats sandwiched between filters with 

larger fiber diameters to improve the filtration quality was assessed. The filtration 

performance of nanofiber filters was significantly improved by using multiple thin layers of 

nanofiber mats. 

 
Podgorski et al [66] had done study on improvement in filtration efficiency against aerosol 

particles by using nanofibrous filters. They developed a modified melt-blown technology, 

which helped them to produce filters composed of micrometer as well as nanometer sized 

fibers. They developed polypropylene fibrous filters. The results of the experiments 

confirmed that using nanofibrous filters a significant growth of filtration efficiency for the 

MPPS range can be achieved and the pressure drop rises moderately. Nanofibrous filters, 

which was produced using the melt-blown technique, are very promising and economic tools 

to enhance filtration of the most penetrating aerosol particles. 

Graham et al [67] studied the theoretical and practical benefits of using nanofibers in 

composite filter media. They also discussed a method for making nanofibers for composite 

filters. . They done this study for Cellulose and Cellulose + Nanofibers composite. 
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Yeom et al [68] studied possibility of electrostatic charged filter , for that PA6 nanofibers 

were electrospun with 73-90 nm of median fiber diameter, in which boehmite nanoparticles 

were used to improve the electrostatic charging characteristics of PA6 nanofiber webs. 

Filtration properties of PA6 nanofiber were strongly related to the electrospinning process 

as well as corona charging process. The results of this study indicates that electrospinning 

process is useful to develop the charged filter media with low resistance and the additives 

incorporated with polymeric nanofiber is considered to be an important parameter to improve 

filtration performance by electrostatic charges. The polymeric nanofiber incorporated with 

inorganic additives appears to offer interesting possibilities as electrostatically charged filter 

media. 

To evaluate the effect of face velocity, nanofiber packing density and nanofiber layer 

thickness on filtration efficiency and pressure drop of filters with nanofibers coated on a 

substrate. The substrate is a non-woven microfiber medium with negligible filtration 

efficiency and pressure drop as compared to nanofiber layer. The nanofiber layer is 

composed of electrospun polyethylene oxide nanofibers with mean diameter equals to 208 

nm, stated by Leung et al [69] 

Wang et al [70] investigated filters composed of a layer of nanofibers on a substrate made 

of micrometer fibers and compare the performance of such nanofiber media to conventional 

micrometer fibrous filters. The performance of the nanofiber filters was evaluated. They 

computed filtration efficiency for the nanofibers due to interception, inertial impaction and 

diffusion .The results showed that nanofiber filters have better figure of merit for particles 

larger than about 100 nm compared to conventional fiberglass filters. 

Ramakrishnan et al. [71]   discussed the use of functionalized polymer nanofibre membranes 

from PVC polymer are fabricated with β-CD, IBA, a blend of β-CD + IBA, and the 

synthesized catalyst. These functionalized nanofibres are then tested for the decontamination 

of paraoxon, a nerve agent stimulant, and it is observed that the stimulant gets hydrolysed. 

A polymer nanofibre membrane was functionalized to capture chemical warfare 

agents.These functionalized nanofibre layers can be put together along with woven textile 

media (as a substrate, for mechanical stability) to form a protective garment. This type of 

protective wear would be much less heavy than the charcoal impregnated suits and would 

allow for moisture exchange. Such suits would offer the wearer both protection and comfort. 

Sundarrajan et al. [72]   discussed various applications of electrospun nanofibers. They 

explored the efficiency of Electrospun nanofibers in for the removal of volatile organic 

compounds, in filtration performance, in protective clothing applications, in antimicrobial 
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filters. Nanofibers filters, either alone or along with conventional filters for the removal of 

VOCs, nanoparticles and bacterial contaminates in the air, was found very good. 

Vitchuli et al. [73] had done a study for the use of electrospun nylon 6 fiber in protective 

clothing. In this work, Electrospun nylon 6 fiber mats were deposited on woven 50/50 

nylon/cotton fabric with the motive of making them into protective material against 

submicron-level aerosol chemical and biological threats. Polymer solution concentration, 

electrospinning voltage, and deposition areal densities were varied to establish the 

relationships of processing-structure-filtration efficiency of electrospun fiber mats. A high 

barrier efficiency of greater than 99.5% was achieved on electrospun fiber mats without 

sacrificing air permeability and pressure drop. 

 

Neeta et al. [74] , done a comparative study of antimicrobial activity is done using three 

different electrospun nanofibers namely -CA, PAN, and PVC used as control and with 

various amounts of AgNO3. The antimicrobial activity is studied using nanofibers with 

fabricated functionality. Silver nanoparticles containing nanofibers were fabricated from 

three model polymers and tested against two different strains of gram-negative bacteria .The 

antimicrobial activity of these functionalized nanofibers was also evaluated. They studied 

that the bactericidal activity of silver is shown for both, against gram-negative and gram-

positive type. Subsequently materials which show good antimicrobial properties for gram-

negative bacteria would automatically have an antimicrobial effect for gram-positive strains 

also, the proof of which is an ongoing process. Therefore, the fabricated functionalized 

nanofibers can be applied as filters to protect the wearer from bacterial contaminants.  

 
Zhang et al. [75] , done  study on the surface functionalized PAN nano-fibrous membranes 

(ASFPAN) were prepared by electrospinning followed by amidoxime reaction with NH2OH 

at 70◦C. Silver ions were then bound onto the surface of nanofibers through coordination 

with amidoxime  functional groups, and the coordinated silver ions were further reduced into 

silver nanoparticles. The combination of amidoxime groups with silver ions/nanoparticles 

into one system was proposed as an effective strategy to achieve dual and/or synergetic 

effects on anti candidal efficacy. The water permeability test indicated that the prepared 

nano-fibrous membranes possessed adequate fluid transport properties for typical membrane 

applications. This study demonstrated a convenient and cost-effective approach to develop 

antimicrobial nano-fibrous membranes that would be particularly suitable for the filtration 

of water and/or air. 
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2.13.2  Water Filtration 
 
Access to fresh water is a problem not only present in developing nations but also in the 

developed countries. Contaminants present in our precious drinking water can cause various 

health problems. Preventing the spread of water-borne illness like diarrhea, and even 

removing hormones such as estrogen that can negatively impact human health globally 

 
Although traditional membranes have been in use for a few decades in water treatment, the

 capacity of ENMs has only recently been recognized. Conventional membranes consist of 

a selective layer supported by a thick, highly permeable substrate that is non-selective. 

Different methods for generating microfiltration (MF), ultrafiltration (UF), nanofiltration 

(NF), and   reverse osmosis (RO) membranes control the pore size of the 

selective substrate. Conventional membranes, such as low flux and susceptibility to fouling

, suffer from inherent weaknesses. Required parameters for water filter fabric: Fabric 

Parameters Filtration is the process of separation of one kind of substance from another kind. 

Thus filtration can be defined as the separation of suspended solid particles from gas, liquid 

or even solid. The medium used to distinguish between these two types of material is called 

the filter and the separated material can be designated as filtrate. In general, filtration can 

have two possible objectives:  

 

i. To eliminate the contaminant particles so as to recover dispersing fluid.  

ii. To recover solid particles eliminating the dispersing fluid.  
 

From the phenomena point of view, the filtration process can be characterized by various 

parameters. Drop in Pressure Δp: Drop in pressure through a filter is defined by the following 

expression: Δp = P1 – P2 Where P1 is the pressure before the filtration and P2 is the pressure 

after the filtration. 

 

Nano filtration 
 

As the term implies, has pores in the nanoscale range of 10-1 nm in size, and reverse osmosis 

is capable of filtering in the ~1-0.1 nm, as well. The attention is mainly towards nanoscale 

filtration, as the smaller size range for purification can equate to adsorption and separation 

of viruses in the water. 
 

Sundarrajan et al [76] studied for the possibility of nanofiltration for low salt water 

treatment. Studies shown that NF can be potentially applied in the desalination due to 

enhanced flux, lower operational pressure and energy savings. The mid-layer made up of 
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electrospun nanofibrous membranes (ENMs) produced by electrospinning has been applied 

in the thin film composite configuration in NF application. The result was higher permeate 

fluxes than conventional membranes were achieved. 
 

Crittenden et al. [77] discussed the purpose of municipal water treatment. They introduced 

the relationship between water quality and public health and identified the major sources of 

contaminants in water supplies. Various methods were discussed for the treatment of 

drinking water. A Comparative study was also done with Rapid Granular Filtration to 

Membrane filtration.  
 

Huang et al. [78] discussed the fabrication of forward osmosis (FO) membranes. For that 

novel composite membranes were fabricated with multilayered PA via cyclic interfacial 

polymerization (IP) on electrospun polyethersulfone (PES) nanofiber substrates to realize 

high performance FO. The results shows that the PES concentration has great impacts on the 

morphology, thickness, and fiber diameter of the electrospun substrates and the optimal 

concentration. The membrane thickness, surface hydrophilicity, and mechanical strength 

increased with IP cycles. Optimized FO membranes with two PA layers show much higher 

water flux and membrane selectivity compared with the commercial thin film composite 

membranes 

Faccini et al. [79] developed carboneous nanofibrous membranes. Free-standing carbon 

nanofiber (CNF) mats with different fiber size in diameter were produced by electrospinning 

of polyacrylonitrile (PAN) precursor solution followed by thermal treatment. The 

manufactured membranes were bendable and mechanically strong enough to withstand 

filtration under pressure or vacuum. The experimental results of filtration revealed that the 

fabricated membranes could efficiently reject nanoparticles of different types (Au, Ag, and 

TiO2) and size (from 10 to 100 nm in diameter) from aqueous solutions with an extremely 

high flux. 

Mokhena et al. [80] reviewed the recent developments in the electrospinning technique for 

making biopolymers, their blends and functionalization, using metal oxides. The fabricated 

electrospun nanofibrous membranes applications was discussed in water filtration area. In 

addition to this extensive research was conducted on these materials for the success of 

electrospinning not only to bio-based polymer nanofibres, but to their hybrids and their 

derivatives also. 
 

Li et al. [81] fabricated and studied the oriented polypropylene fibers via the needleless melt 

electrospinning technique, and the influence of arrangement for oriented fiber membranes 

on the filtration efficiency. They also checked the nozzle to electrode distance and the 
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electrical field strength on fiber diameter. They stated that fiber diameter significantly 

became thinner with the increasing cylinder speed (Collector).They found that the mean pore 

size of the electrospun oriented membranes was much smaller than the electrospun random 

membranes. The result showed that oriented electrospun membranes showed higher 

efficiency in rejecting the 0.5 μm particles with same permeate flux as that of the native 

membrane. 
 

Suja et al. [82] has studied and explained the roles, fabrication procedures, and purification 

mechanism of various hydrophobic and hydrophilic electrospun polymeric water 

purification membranes. Electrospun polymeric membrane employed under both adsorption 

and filtration principles have been classified and elucidated in detail. Enhancement of 

membrane properties by incorporation of inorganic nanofillers, blending with polymers, 

surface modification, and the use of thin film nanocomposite membranes is also discussed. 

The modification required for hydrophobic and hydrophilic polymers to use them in water 

treatment systems was studied. Pre and post treatment techniques have explored its 

applications and opportunities in various areas of water treatment They also stated that in 

long term it is required to fabricate electrospun water purification membranes on an 

industrial scale with recyclability and reusability. 
 

Liang et al. [83] reviewed recent advances in nanomaterial development for water treatment 

in the areas of filtration membranes, high surface area adsorbents, and efficient 

photocatalysts require approval for their effectiveness and safeness. Fundamental theories 

and concepts discussed in this chapter pertain to the areas of adsorption, pressure-driven 

membrane filtration and its rejection mechanisms for filtration and reverse osmosis 

processes and advanced oxidation processes with a focus on photocatalytic degradation 

processes. 

Ma et al. [84] demonstrated the use of composite membrane in which they found to have a 

flux two times higher than the commercial microfiltration membrane. They developed 

membrane by infusing fine cellulose/chitin nanofibers having diameter about 5 nm into 

electrospun nanofibrous scaffolds. They also studied for the UF application, a three-layered 

TFNC membrane, containing a PET nonwoven mat as the bottom layer, electrospun PAN 

nanofiber scaffold as the middle support, and cellulose regenerated from ionic liquid solution 

as the barrier. They stated that three layered TNFC membrane exhibited a ten times higher 

permeation flux against oily bilge water than that of commercial PAN10 UF membrane, 

while the rejection ratio was almost same.  
 

Feng et al. [85] reviewed preparation of different types of nanofibers with different 
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secondary nanostructures. They studied hollow nanofibers and its application for 

desalination of saline water and gases stripping of VOCs. The membranes studied included 

a polyvinylidenefluoride (PVDF) microfiltration membrane with a non-woven support layer, 

a polytetrafluoroethylene (PTFE) microfiltration membrane with a nonwoven support layer. 

They stated that electro-spun nanofiber membranes (ENMs) have high porosity, 

interconnected open pore structure and tailorable membrane thickness. Moreover, their high 

surface hydrophobicity makes them suitable for membrane distillation (MD). ENMs can be 

used as prefilter prior to water treatment by ultrafiltration or reverse osmosis. The results 

showed the distillation using PTFE membrane produced much higher flux than that of the 

PVDF microfiltration membranes at the same operational conditions.  
 

Jiricek et al. [86] manufactured self-sustained electrospun polyurethane nanofiber 

membranes with varying thickness and tested on a direct-contact membrane distillation unit 

to find the optimum membrane thickness to maximize flux rate and minimize heat losses. 

Salt retention and flux at high salinities were evaluated. They stated that Nanotechnology 

offers the potential to find modern solutions for desalination of waste waters, by introducing 

new materials with revolutionary properties. The highest flux was achieved with the thinnest 

membranes. 
 

Lau et al. [87] studies the use of polyamide (PA) in thin film nanocomposite (TFN) 

membranes for various aqueous media-based separation processes such as nanofiltration, 

reverse osmosis and forward osmosis. They stated that appropriate amount of nanofiller into 

a thin selective PA layer of a composite membrane, one could produce TFN membranes with 

enhanced separation characteristics as compared to the conventional TFC membrane. They 

showed new possible approaches to overcome the challenges in TFN membrane fabrication. 

Nanotechnology for water and wastewater treatment is gaining momentum globally. The 

unique properties of nanomaterials and their convergence with current treatment 

technologies present great opportunities to revolutionize water and wastewater treatment. 

Qu et al., [88]. 

Electrospun nanofibers show great potential as antibacterial coating for fibrous media or as 

a self-supporting membrane. Nanofibers have a much higher surface-to-volume ratio than 

conventional melt-blown microfibers providing efficient separation of particulate. Botes et 

al., [89]. 

Polysulfone nanofibers were electrospun into membranes and their ability to remove 

microparticles from solution was investigated. The nanofibrous membranes have a high 

porosity and surface area, resulting in high flux pre-filters with a high loading capacity. The 
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membrane had a bubble point of 4.6 μm and was capable of removing over 99 percent of 

particles with diameters of 10, 8, and 7 micron without causing any damage. Gopal et al. 

[90]  
 

 

2.14    Summary of Literature Review: 
 

For making filter, knitted and woven fabric were to be used, but they were having limitation 

of catching fine particles. After that nonwoven fabric came into the picture, which was cost-

effective.  

From the literature review it can be said that lots of work has been done in the area of nano 

filtration. Many researcher had done work on making the factionalized nano fiber. Cellulose 

acetate (CA), poly acrylonitrile (PAN) and poly vinyl chloride (PVC) nanofibers membranes 

comprising of Ag nanoparticles for antimicrobial property. Use of Nanofibers in applications 

such as defensive clothing by using ENM is also discussed. Use of Nylon6 nanofiber on 

woven fabric was discussed. Electrospun polyurethane fibers for removal of volatile organic 

compounds (VOC) is also discussed. By the help of modified melt-blown technology, 

polypropylene fibrous filters was made and checked for filtration efficiency. Some 

researcher had done work in the polymeric nanofiber incorporated with inorganic additives 

for use as electrostatically charged filter media. The nanofiber layer, composed of 

electrospun polyethylene oxide nanofibers was checked for filtration efficiency by changing 

nanofiber packing density and nanofiber layer thickness. Functionalized polymer nanofibre 

membranes PVC polymer are fabricated with β-CD, IBA, a blend of β-CD + IBA were 

checked to capture chemical warfare agents. Electrospun nylon 6 fiber mats deposited on 

woven 50/50 nylon/cotton fabric were checked to use it as protective material against 

submicron-level aerosol chemical and biological threats. In the area of water filtration the 

possibility of nanofiltration for low salt water treatment was studied. Electrospun 

polyethersulfone (PES) nanofiber substrates was studied for water filtration with compare to 

TFC membrane. Carboneous nanofibrous membranes was also checked bendable and 

mechanically strong enough to withstand filtration under pressure. Biopolymers and their 

blends and functionalization using metal oxides were checked for water filtration area. 

Oriented fiber membranes on the filtration efficiency was studied. Hydrophobic and 

hydrophilic electrospun polymeric nanofiber membrane for water treatment systems. 

Advanced oxidation processes with a focus on photocatalytic degradation processes was 

discussed in water filtration memebranes. Cellulose/chitin nanofibers were used to make 

three layered TNFC membrane for water treatment. Hollow nanofibers and its application 

for desalination of saline water is also studied. Electrospun polyurethane nanofiber 
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membranes with varying thickness have been tested on a direct-contact membrane 

distillation for water filtration efficiency. 

 

2.15                  Research Gap and Motivation 
 

By studying the above summary of literature review, there was a need felt to check the 

filtration efficiency of both air and water, by fabricating the composite membrane, having 

different nanofiber layers, especially commercially available polymer chips i.e. polyester 

and nylon fiber. It was also required to make different blends of both the nanofibers and 

check them for filtration efficiency. Nanofiber deposition on different types of nonwoven 

fabric had also be given weightage in the area of filtration. There was a requirement to study 

the filtration efficiency of polyester and nylon nanofiber having the base of polypropylene 

nonwoven fabric made by spunbond and meltblown technology both. Comparative study of 

those blends of nanofiber webs was also required to know the change in filtration efficiency. 

This motivated me to do work in this area. With lots of brainstorming, it was decided to go 

on this topic and a work plan was made for this project. Still, there is big scope that can take 

this research into a new avenue.  

2.16                 Research Objectives 
 
Electrospun nanofiber membranes (ENMs) have high porosity, interconnected open pore 

structure, and tailorable membrane thickness. ENMs can be applied for many other purposes 

such as wastewater treatment, food processing, and the treatment of pharmaceutical 

products. Recent developments of ENMs as TFC membranes in NF application and as 

desalination membranes in the membrane distillation show enhanced flux, lower operational 

pressure, and energy savings. Nanofibers introduction in conventional polymeric membrane 

shows enhance properties and performance in the area of filtration. 

 

The research work reported in this thesis was to explore different product and application, 

which are as follows:- 

•  to produce polyester nano fiber 

•  to produce nylon nano fiber  

•  to check air quality after passing polluted air through  polyester nanofibers   membrane   
on nonwoven fabric 

•  to check air quality after passing polluted air through  nylon nanofibers membrane on 
nonwoven fabric 
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• to check water quality after passing polluted water through  polyester nanofibers 
membrane on nonwoven fabric 

• to check water quality after passing pollutant water through  nylon nanofibers 
membrane on nonwoven fabric 

• to find out the best combination of polyester and nylon nanofibers membrane for air 
filtration and water filtration. 

• to design and develop value added low cost applications using the nanofibers webs 
developed during this research work 

 

2.17 Clean air and water in context of Indian knowledge system 

 
 

For centuries, humanity has been fascinated and curious about the creation and origin of the 

vast and diverse universe. Who created this glorious creation, why was it created, what is its 

nature, what are the five elements. There was an element that was breathing without air. The 

dark gloom was present. He was the ‘One' who was the head of the creation (universe), he 

desired to create the creation (universe), and he created the creation. Our physical body is 

made of five elements i.e. earth, water, light, air and sky.  

 

“Chiti jala pavaka gagana samira , Pancha rachita yaha adhama sarira” :- Tulasidasa, had 

explained it in so  simple words in Ramacharitamanasa. 

 

Life exists solely on the basis of air. Life will be jeopardized if there is a lack of oxygen and 

polluted air. All creatures require oxygen, and life is endangered due to a lack of it and 

polluted air. Among the five elements is a panchayat. Everything is a component of 

everything else. Every part of the body, in some form or another, is affected by every other 

part of the body. There is a nectar element (Amrita Tatva) in pure air. It gives life force 

energy. It is possible to cure many serious diseases with this. We should not do any such 

deed that affects air’s nectar element i.e. life force energy. Prayer has also been offered to 

air, that O Air! There is a nectar element in you. Provide us for our life. 

 

Vati gachchhati iti Vayuh gatyarthaka va. The word ‘vayu’ is originated by adding suffix 

‘un’ in dhatu ‘yuk’ in ‘wa’ or ‘wi’. Air (vayu) is called air because it flows very fast. Pure 

air is must for the purification of the environment. All measures and efforts should be made 

to prevent air pollution.  
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The water comes from the sky. It flows in rivers, we get it after digging wells, and they 

produce it. It is meant to purify, be holy, and move towards the sea. These divine waters 

guard us. This is the type of prayer that is offered. Water conservation is also important from 

this perspective. Pure water is necessary for good health and longevity. Water should never 

be contaminated, and it should never be wasted. Polluting, misusing, wasting, and wasting 

water is a form of gross violence in and of itself [91] 

 

From the above-mentioned statements which were stated by our religious gurus, we can say 

that the people in ancient India were also having the value of pure air and pure water. Our 

research thesis is also a contribution to the legacy of the Indian knowledge system, which 

had been carried out from the time of Lord Rama.
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CHAPTER - 3 
 

Experimental Work: Materials and Methods 
 
3.1              Problem Description 

 

Extensive literature survey of the papers gave an idea of the different approaches that have been 

considered in designing a product in the area of value added textiles. The study has been 

summarized in Section 2.19. The problem thus can be extracted out from the summary of the 

literature review and can be described as follows:  

 

 To explore the use of polyester and nylon nanofiber web along with nonwoven fabric in 

the area of Air and Water filtration. , in place of conventional filters made of woven, 

knitted or nonwoven fabrics.  

 

 A need to make cost effective instrument for the poor people who cannot afford costly 

air and water purification instrument available in the existing market. 

 
 

3.2                 Mechanism of air filtration  

 

Air Filtration mechanism: - In filtration the main purpose is to remove the unwanted 

particulate matter from the surrounding atmosphere. The most predominant mechanisms 

contributing to particle collection are interception, inertial impaction, and diffusion. Thin 

layer of semi-permeable material that separates substances when a driving force is applied 

across the membrane. 

Interception occurs when a particle moving with air flow around a fiber passes within one 

particle radius of the fiber. Larger particles are collected with higher efficiency by 

interception than smaller particles because of their larger radius.  

In inertial impaction, the inertia of a particle causes it to persist in moving toward and hitting 

a fiber rather than following the curved streamlines around the fiber. Collection efficiency 

by impaction increases with particle diameter squared.  

Collection of particles by diffusion is caused by Brownian motion, the irregular jittering of 

an airborne particle caused by constant bombardment by air molecules. This jittering 

sometimes causes a particle to hit a fiber as it moves with air flowing around the fiber. 
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Because Brownian motion increases as particle diameter decreases, the capture of particles 

by diffusion increases as particle size decreases. 

 

An air filter that traps bacteria and allergens, removing them from the air, By far, the most 

typical air purifier employs a series of fans and filters to clean the air. 

 

3.3                   Mechanism of water filtration  

 
There are four basic water filtration mechanisms.  

 Sedimentation: The mechanism of sedimentation is due to force of gravity and the 

associate settling velocity of the particle 

 Interception:  Interception of particles is common for large particles. If a large 

enough particle follows the streamline that lies very close to the media surface it will 

hit the media grain and be captured. 

 Inertia:  Attachment by inertia occurs when larger particles move fast enough to 

travel off their streamlines and bump into media grains. 

 Brownian Diffusion:  Diffusion towards media granules occurs for very small 

particles, such as viruses. Particles move randomly about within the fluid, due to 

thermal gradients. 

Membrane is semi-permeable in nature. During operation, permeable components in the 

water pass through the membrane with the water whilst impermeable components are 

retained on the feed side. Output stream is relatively free of the impermeable components 

and the waste stream is rich in impermeable components. Flow of water through such a semi-

permeable membrane is achieved by pressure, usually produced by pumping. 

Nano filtration (NF) – Approx. 0.001 µm pores: impermeable to dissolve organic matter 

(DOM) and divalent ions. In our case it was nano filtration having the combined mechanism 

Interception, inertia, Brownian Diffusion. 

 

3.4   Planning of the different samples (Membrane) 
 

We were having three variable for checking filtration efficiency  

1 Number of layer to form membrane,( i.e – Two / Three / Four / Five / Six / Seven) 

2 Type of nanofiber web ( i.e. Nylon / Polyester) 

3 Type of base nonwoven fabric used for collection of the nanofiber web (i.e PP 

spun Bond/ PP Melt Blown). 
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As Sample preparation was quite costly. So we selected Box- Behnken design, because it 

offers few numbers of testing. So to take the advantage of making sample in less number 

because we preferred to go with Box- Behnken design over CCC and CCI design. 

Due to the cost, number of sample planned was limited and one sample was used maximum 

for 2-3 times for any type of testing due to the destructive nature of the test. 

 

3.5   Proposed System 

 

Thus a cost and quality effective device has been intended to be developed during this research 

work. In the proposed work, it was decided that first to make nanofiber of polyester and Nylon 

fiber. After that fabricated membrane was made with the help of different sample in different 

proportion, so that we can check them for the filtration efficiency both for Air and Water. To 

stop the slippage of layers while preparing the membrane , nonwoven fabric having nanofiber 

layer on it, were bonded with the help of a heat sealing machine .The sealing was not done 

in the center part as heat sealing could melt the nanofiber as well as the supporting base 

nonwoven fabric and might inherent its properties and our purpose too. 

 

 

3.5.1 Proposed System for making fabricated membrane for Air Filtration Efficiency  

 

  

 

 

 

Fig :  3.1   Arrangement of  Polyester and Nylon nanofiber web taken on 2 types of 
nonwoven fabric for fabrication of  Filtration membrane for air. 
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3.5.2 Proposed System for making fabricated membrane for Water filtration efficiency. 

 

 

 

 

 

 

3.6   Research Approach and Hypothesis 

 

A qualitative as well as formative approach has been used for this research work. Two 

instruments were also developed to check the effectiveness of the filter membrane for the air 

quality and water quality. The important parts of this research were first to make polyester 

and nylon nanofiber web.  Two categories of fabrics were selected for the study i.e. 

Spunbond and Melt blown nonwovens as support layer or base fabric. Different GSM fabrics 

in each category had been sampled. 

We had made the membrane by using nonwoven fabric (Textile Substrate) having nanofiber 

web on its surface.  Different membrane were prepared by using different nonwoven fabric 

and different nanofiber web.  In our case it was the membrane filtration using principle of 

interception, inertial impaction, and diffusion. The air/water in the controlled environment 

was sucked and forcibly passed through the designed membrane with the help of exhaust fan 

in case of air and diaphragm pump in case of water. The unwanted particles got capture by 

the multiple layers of the membrane resulting the clean output.  

Fig :  3.2   Arrangement of  Polyester and Nylon nanofiber web taken on 2 types of nonwoven 
fabric for fabrication of  Filtration membrane for water. 
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So a null hypothesis (H0) was formed that there will be no significance difference in the 

filtration efficiency of membrane even if we use single or multi layered membrane made by 

nanofiber web deposition on different type of nonwoven base fabric. Along with this a 

alternative hypothesis (Ha) was formed that there will be significant difference in the 

filtration efficiency of membrane if we use single or multi layered membrane made by 

nanofiber web deposition on different type of nonwoven base fabric. 

 For checking the improvement in filtration efficiency, data was collected by mounting 

different membranes on designed instruments, for which results were clear, understandable, 

testable, and measurable. There were different variables while fabricating the membrane i.e. 

number of layers, types of nanofiber web, type of base nonwoven fabric used. 

 

3.7  Development of Polyester and Nylon Nano Fiber 

 

Initially, study was carried out for nanofiber and the technologies behind producing them. 

Based on an in-depth literature review, it was possible to develop our own distinguished and 

conceptual thought. 

By studying all these things, it was decided to make Polyester and Nylon-6 Nanoweb. As 

the production of nanofiber and its properties are highly dependable on many external 

factors, so we decided to go with qualitative research. To begin with, initially, The South 

India Textile Research Association (SITRA), Coimbatore, Chennai was contacted to prepare 

the samples of polyester and nylon nanofiber in their medical division. Sample was prepared 

in the form of web for both of the fibers. SITRA was having a lab model of an electrospinning 

machine setup. There were only two syringes on the machine, so the sample size was quite 

small and it was very time-consuming to make a big sample due to the low production rate.  

Production rate was the biggest concern, so it was decided to search for the technology for 

getting the higher production rate. In continuation, National Centre for Nanoscience and 

Nanotechnology, University of Mumbai, was contacted and a personal visit was planned to 

see their machine set up, but after the visit, it was found the same syringe electrospinning 

machine set up over there, and again the low production was a big concern. 

After searching a lot finally, The Ahmedabad Textile Industry's Research Association 

(ATIRA), Ahmedabad, Gujarat was contacted to make the sample. ATIRA was having a 

pilot plant of needleless electrospinning. So all nanofibers web were made again over there 

and brought them into the shape of samples which could be tested in different combination 

for various properties.  
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3.8 Testing Procedure to check the Nano fiber diameter and Atomic 

Structure 

The nanofibre diameters depend on the types of polymer used and the manufacturing 

method. All polymer nanofibers are remarkable in terms of their large surface area-to-

volume ratio, high porosity, considerable mechanical strength, and functionalization 

stability. Any fiber having diameter size smaller than 1 µm.  

 

3.8.1  Scanning electron microscope images 

 

       

 

 

From both of pictures we can say that manufactured nanofibers diameter is more than 10-6 

nano meters. The picture conclude that produced fiber web is of nanofibers categories. 

 

3.8.2   Fourier Transform Infrared Spectroscopy 

 
 

FTIR analysis is used to identify and characterize the unknown materials (e.g., films, solids, 

powders, or liquids). With the help of this test we can check that Polyester and Nylon 

nanofibres are having the same atomic structure with compared to original polyester and 

nylon fibers. 

 

Fig 3.3   SEM  Image PET Nanofiber Fig 3.4   SEM  Image Nylon6  Nanofiber 
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Following was the results of FTIR for Polyester and Nylon fibers:- 

 

 
      
 

 

        

From all above images we can say that manufactured nanofibers is having almost same atomic 

structure which original polyester and nylon fiber have. It means that while making of 

Polyester and nylon nanofibers, their properties remains intact. 

   

 

 

Fig 3.5    Standard FTIR  Image PET fiber Fig 3.6     Standard Nylon-6  Image fiber 

Fig 3.7   Actual FTIR  Image PET Nanofiber 

 

Fig 3.8 Actual FTIR  Image Nylon-6 Nanofiber 
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3.9 Testing Procedure for checking Air filtration efficiency by Air Quality Detector 

 

3.9.1 Particle Size Distribution Measurement by the Laser Diffraction/Scattering Method              

ASTM D4464 -15:- Standard Test Method for Continuous Measurement of Particle size in 

the Air 

The particle group is irradiated with laser light using this method and the distribution of 

particle size is determined from the diffracted/scattered light distribution pattern of light 

intensity emitted from that particle group. As particles are irradiated with a laser beam, light 

is emitted from those particles in different directions - forward/backward, up/down and 

left/right. This light is called "diffracted/scattered light" .In the direction that the light is 

emitted, a defined spatial pattern is created for the intensity of diffracted/scattered light. This 

is referred to as the "light intensity distribution pattern." 

According to the particle size, this light intensity distribution pattern is known to shift into 

different shapes. Diffracted/scattered light emitted from particles concentrates in the forward 

direction in this instance (laser beam travel direction).Compared with light in the forward 

direction, light scattered and diffracted in other directions is very much weaker.  

Diffracted/scattered light concentrates much more in the forward direction as larger particles 

are counted. This is the distribution pattern of light intensity of diffracted/scattered light 

emitted from particles 1 μm in size. The pattern of the diffracted/scattered light extends 

slightly to the periphery away from the forward direction as the particle size decreases (laser 

beam travel direction).This is the distribution pattern of the light intensity of 

diffracted/scattered light emitted from particles of 0.1 μm scale. Light towards the sides 

(up/down and left/right directions) and back (opposite the travel path of the laser beam) 

becomes stronger as the particle size becomes smaller. The light pattern spreads just like a 

"cocoon" or "gourd" in all directions. 

The measurement goal was not just one particle in the actual particle size distribution 

measurement; it was a particle community made up of multiple particles. A particle group 

consists of a mixture of several particles of various sizes, and the distribution pattern of light 

intensity emitted from the particle group was the product of diffracted/scattered light overlay 

from each respective particle. 
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We can find out the particle size distribution, that is, which particle sizes are present in what 

proportions, by detecting and analyzing this light intensity distribution pattern. The above is 

the fundamental way of thinking using the laser diffraction/dispersion technique behind 

particle size distribution calculation. In conclusion, the main point was that particle size was 

found by using not the strength of light but shifts in the pattern according to particle size 

[61] 

                      

 

 

                           

 

 

Figure number 3.9 to Figure number 3.12 showed the method to count particulate matter. 

Laser light falls on different sizes of particles. The calculation is done for those particles 

only which exist or remain suspended in the air. The scattering pattern of laser light when it 

falls on different sizes of the particle. Larger particle scatters the light at a smaller angle and 

smaller particle scatter the light at a large angle. The particles come in the way of laser light, 

Fig 3.10   Scattering Pattern of Laser 
Light on angle dependence [93] 

Fig 3.9    Laser  light falling on different 
size of particle [92] 

Fig 3.11    Principal of Light scattering on 
different size particle [94] 

Fig 3.12    Steps showing, how particles 
are measured in the air. [95] 
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after that laser light gets scattered at different angles and scattered light falls on the 

photodetector. The photodetector sends the signal to the processor which is modified from 

analog to digital signal (AD) and shows the results on the screen. 

Static laser light scattering can be used to measure particle size ranging from approximately 

10-20 nm up to a few millimeters. When particles are illuminated by a laser beam, light 

scattering is observed and their size can be determined from the angular intensity 

distribution. The physical theories that support this calculation are the “Fraunhofer theory” 

for rather large particles and the “Mie theory” which applies both to large and small particles. 

Particles are defined as “small” when their diameter is not larger than the wavelength of the 

illuminating laser light. Typically, Laser Particle Sizers use laser light with a wavelength 

between 500 and 700 nm. Therefore, the transition between the Fraunhofer and the Mie limit 

takes place in the region 0.5-1 μm. For the sake of completeness, it must be said that the Mie 

and Fraunhofer limits may not only depend on the particle size, but also on the sample 

material and the specific application. 

 

3.9.2 Measurement of Formaldehyde in Air 

 

EPA-METHOD-8520 :- Standard Test Method for Continuous Measurement of 

Formaldehyde in Air 

For formaldehyde detection, electrochemical sensors employ the galvanic cell reaction 

principle. The output signal in this method has a highly linear relationship with formaldehyde 

concentration. It can more accurately capture formaldehyde molecules and has stronger anti-

interference ability to non-formaldehyde molecules with the cooperation of multi-layer 

filtration technology. 

The measurement principle involves an electrolyte-soluble metal anode and an insoluble 

metal cathode that are immersed in the electrolyte. As the metal of the anode dissolves, it 

emits electrons that reach the cathode. In the cathode, the oxygen penetrating the thin 

membrane film absorbs the electrons emitted by the anode. The flow (current) of this 

electron is proportional to the oxygen concentration penetrating the membrane film, and the 

oxygen concentration can be measured with a meter. Since the reaction occurs 
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spontaneously, this sensor type requires no power source 

During the detection process, some physical or chemical interactions occur between the 

measured gas and certain specific sites from the surface of the sensor. Sometimes, the 

changes are even deeper, so the electronic structure of the bulk phase of the sensing material 

is also affected. In most cases, while the gas interacts with specific sites from the sensing 

surface, the electronic structure of the solid is highly perturbed and can be converted to 

measurable electrical properties. 

The sensing layer, which is in direct contact with the gas, is called receptor. The interaction 

between the receptor and the gas induces several changes in measurable parameters of the 

layer as electrical charge, polarizability, electrical potential or initiating heat generation, 

changes in mass (detected by measuring the resonating frequency) or optical properties 

3.9.3 Measurement of Volatile Organic compound (VOC) in Air 

ASTM D6420-18:- Standard Test Method for Determination of Gaseous Organic 

Compounds. 

Volatile Organic compound are important indoor air pollutants that negatively impact our 

health. There are a number of ways to measure VOCs, with pros and cons based on the 

situation, budget available, etc. Historically, laboratory techniques such as flame ionization 

detectors or gas chromatography,mass spectrometry were used, providing an accurate way 

to identify specific gases within a sample. While lab-based measurements may be highly 

accurate, they are unable to provide a continuous measurement of TVOC, which is incredibly 

important and, some may even argue, more important than having a perfectly accurate 

value for a specific gas. 

For the continuous monitoring of TVOC, MOS sensors are generally used. This is a broad 

category, and sensors across this category provide varying degrees of quality in their 

readings - not all MOS sensors are built equal. Similar technology is used throughout, 

however, which is what we will explore below. MOS (metal oxide semi-conductors) work 

by heating a thin film, or surface, of metal-oxide particles. In Kaiterra products, this is a thin 

film of metal-oxide nanoparticles. This film is heated to around 300℃ ( The warm up period 

after turning on a Kaiterra device). 

During operation, oxygen particles will be adsorbed on the surface, and these in turn will 

react with the target gas. This reaction causes a release of electrons from the oxygen present 
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on the surface, which in turn leads to a change in electrical resistance of the metal-oxide 

layer. That the sensor is actually measuring is the electrical resistance of this metal-oxide 

layer. This real time measurement and output of resistance is the first step in obtaining 

our TVOC reading. 

The change in resistance across the surface of the sensor is directly proportional to the 

change in concentration of the target gases. The exact degree to which the resistance will 

change, which is basically a ratio showing relationship, may vary with the exact gas present 

in the environment. For example, formaldehyde and ethanol will have a similar relationship, 

but it may not be identical. The sensor will be sensitive to a wide variety of VOCs, rather 

than to one specific individual VOC. 

                            

 

                                       

                                        

 

        

Fig 3.13    Air Quality Detector Front View Fig 3.14 Air Quality Detector LHS View 
 

Fig 3.15 Air Quality Detector RHS 
View 

Fig 3.16 Air Quality Detector Back 
View   [96] 
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Figure number 3.13 to 3.18 tells about the air quality detector Instrument. There were 

different buttons to operate the air quality detector.  Out of that, a button was provided to 

switch on and switch off the air quality detector. There was a USB charging socket, with the 

help of which we can charge the battery of the air quality detector. In the instrument, a 

suction fan was provided is to suck the air from all the directions and ensure that a real-time 

sample could be taken. There was a photodetector placement inside the housing of the air 

quality detector. Semiconductor technology was used for or checking the total volatile 

organic content (TVOC) in the Air Quality detector. 

3.10 Testing Procedure for checking Water filtration efficiency by ORP and TDS 

meter 

3.10.1   Measurement of Oxidation-reduction potential (ORP) in water 

 

 

Fig 3.17 Air Quality Detector inside 
View [96] 
 

Fig 3.18 Air Quality Detector TVOC 
sensor [96] 
 

Fig 3.19         ORP Meter for checking the oxidation capacity of filtered 
water 
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ORP :- 

In an effort to reach a state of stability, substances that are lacking electrons are desperately 

seeking out electrons wherever they can: these substances are referred to as oxidizing 

agents.  On the contrary, substances which have a surplus of electrons are capable of 

donating their extra electrons: these substances are referred to as reducing agents, or anti-

oxidizing agents. Oxidation-reduction potential, or ORP, is a measurement that indicates the 

degree to which a substance is capable of oxidizing or reducing another substance.   ORP is 

measured in millivolts (mV) using an ORP meter.  

A positive ORP reading indicates that a substance is an oxidizing agent.  The higher the 

reading, the more oxidizing it is.  As such, a substance with an ORP reading of +400 mV is 

4 times more oxidizing than a substance with an ORP reading of +100 mV.  

A negative ORP reading indicates that a substance is a reducing agent.  The lower the 

reading, the more anti-oxidizing it is.  As such, a substance with an ORP reading of -400 mV 

is 4 times more anti-oxidizing than a substance with an ORP reading of -100 mV.  

 

3.10.2    Measurement of TDS and PH in water 

 

 

 

 

 

Fig 3.20 TDS, PH and Temp Meter for checking 
hardness    and acidity of water 
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TDS  

 
ASTM D 5907:- Standard Test Methods for Filterable Matter (Total Dissolved Solids) and 

Nonfilterable Matter 

Total dissolved solids (TDS) is a measure of the dissolved combined content of 

all inorganic and organic substances present in a liquid in molecular, ionized, or micro-

granular (colloidal sol) suspended form. TDS concentrations are often reported in parts per 

million (ppm). Water TDS concentrations can be determined using a digital meter. The two 

principal methods of measuring total dissolved solids are gravimetric 

analysis and conductivity. Gravimetric methods are the most accurate and involve 

evaporating the liquid solvent and measuring the mass of residues left. This method is 

generally the best, although it is time-consuming. If inorganic salts comprise the great 

majority of TDS, gravimetric methods are appropriate.  

 In addition, during preparation phases, the creation of pinholes is normal, leading to the 

inefficiency of separation. In general terms, membranes have porosities of 5 to 35 percent 

depending on the form. It is easy to render nanofiber membranes into MF and UF membra

nes with a porosity range of 80%.Furthermore, the interconnectivity of the pores removes 

the inefficiency of the dead end. Electrical, or specific, conductivity of water is directly 

related to the concentration of dissolved ionized solids in the water. Ions from the dissolved 

solids in water create the ability for that water to conduct an electric current, which can be 

measured using a conventional conductivity meter . 

After water falls to the ground as rain, it dissolves the minerals present in the rocks and soil 

it passes over or through. As it dissolves these minerals, they remain in the water at varying 

levels of concentration. This is a very natural process and it helps make water taste “right” 

by slightly raising the pH of the water. The most common minerals found in water are 

Calcium, Magnesium, and Sodium. Some areas of the country have higher levels of these 

dissolved minerals in their water making it “hard” and other areas have lower levels. 

Anything under 200 mg/L (or ppm) is good and 100 mg/L is considered excellent. As the 

TDS level goes below this level (as the minerals are removed) the water will have a lower 

pH and becomes more acidic or corrosive. This causes a noticeable difference in the taste of 

the water. TDS levels over 400 mg/L are considered non-potable (don’t drink that stuff).  
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3.11 Photos of work done for manufacturing Polyester and Nylon Nano Fiber at 

SITRA and ATIRA  

 
In this part of the research work, photos of  work done for manufacturing Polyester and 

Nylon Nanofiber at SITRA (The South India research Association) and ATIRA ( The 

Ahmedabad Textile Industry's Research Association)  is shown. In our first attempt, we tried 

to make polyester and nylon nanofiber. We went off for researching many chemicals which 

consist of dielectric constant and the dissolution property. For polyester fiber we decided to 

go with Trifluoroacetic acid (TFA) and for nylon, it was decided to go with Formic acid. 

 

3.11.1  Details of work done at SITRA 
 
Figure 3.22 and 3.24 show the placement of syringe pump and aluminum collector. In the 

Process, aluminium foil was used as a collector. A high voltage supply was provided 

separately in the range of 0 kV to 30 kV. Many trials were taken for finding out the best 

voltage on which we could get the nanofiber. By many trials, it was finalized to keep 15 kV 

for or both nylon and polyester nanofiber. 

Polyester nanofiber web was taken on aluminum foil. The distance between the syringe and 

aluminum collector was 15cm.  After manufacturing polyester nanofiber web was separated 

from aluminium foil and collected on paper. Many photos were taken at different interval 

for checking the polyester nanofiber deposition. After 10 minutes and30 minutes of the 

operation, deposition was checked on alluminium foil. Polyester nanofiber was produced 

with using 2 syringes to increase the production rate. A magnetic stirrer was used for 

dissolving the polyester chips into solvent. It took almost 2.5 hours for completely dissolving 

polyester chips. Figure 3.30 shows the placement of syringe and aluminium collector, which 

Figure 3.21   TDS amount for Ideal to Hazardous Level for Drinking Water [97] 
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was fixed on wooden particle board. The solvent was added gradually into the flask having 

a magnetically rotating stirrer. There were different controls for the syringe pump in which 

the very important parameter was diffusing rate which was set to 1000 microlitre per hour. 

In simple words, it was 1 ml per hour. The polymer solution which was taken into the syringe 

and the air between the syringe and needle was removed for ensuring any choking of the 

needle. Figure 3.36 shows production of Nylon-6 nanofiber with single syringe and double 

syringe both. Nylon nanofiber web was checked after 10 minutes and 30 Minutes. The 

sample was collected on aluminium foil. There was another old model of the syringe pump 

available from KD scientific company. 

Figure 3.37 to 3.40 shows, an additional attachment for rotating type collector for continuous 

production. PBT nanofiber web was also made with a double syringe on the machine. High 

voltage regulator in which we could see voltage meter showing 15 kV while ampere 

measurement was showing the 0 value. The reason behind it was the use of the electric static 

field only. 

 
 

    
 
 
 

                         
 
      
 

Fig 3.22        Syringe Pump Fig 3.23    High Voltage Regulator 

Fig 3.24   Polyester  nano fiber on   
Aluminum foil ( Collector) 

Fig 3.25  Polyester Nanofiber Web  
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Fig 3.26         Production of  PET 
Nanofiber with Single Syringe After 
10 Minute 

Fig 3.27         Production of  PET 
Nanofiber with Single Syringe After 
30 Minute 
 

Fig 3.28     Nano fiber on Aluminum foil 
collector with 2 Syringe 

Fig 3.29   Solution making with the 
help of Magnetic Stirrer 

Fig 3.30   Placement of Syringe pump 
and aluminum Collector 

Fig 3.31    Adding Solvent to the 
Polymer chips to make solution 

Fig 3.32  Flow Rate Control of  Syringe Pump Fig 3.33  Air  Removing from Syringe 
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Fig 3.34     Production of Nylon-6 
Nanofiber with Single Syringe 
after 10 Minute 
 

Fig 3.35    Syringe Pump of 
different Model 

Fig 3.36         Production of 
Nylon-6 Nanofiber with Double 
Syringe after 30 Minute 

Fig 3.37      Cylindrical collector for 
continuous production  

Fig 3.38         Production of PBT 
Nanofiber with Double Syringe 
after 30 Minute 
 

Fig 3.39         High Voltage Setting 
of 15 KV 
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3.11.2  Details of work done at AITRA  
 
 
With the experience at SITRA, the sample size was very small and the time taken to 

manufacture the sample was quite high. So we approached ATIRA (The Ahmedabad textile 

industry research association). They were having the plant of needleless electrospinning. 

The pilot plant was manufactured by Elmarco Company using NanospiderTM technology. 

For making the sample we had purchased polyester and nylon chips from Garden silk Mill 

and the solvent Trifluoroacetic acid was purchased from a chemical company named Sagar 

Life Sciences Private Limited, situated at Ankleshwar and Formic Acid from a local vendor 

situated at Surat.  

 

After reaching at ATIRA, it was decided to make polyester nanofiber web first. For that the 

solution making process was done, polyester chips were mixed with Trifluoro Acetic acid in 

a glass vessel using a mechanical stirrer. It took 2 hours to dissolve the chips completely. 

After that dissolved solution was taken to the machine. The machine was working with the 

principle of NanospiderTM Technology. It was using the technology of needle-free 

electrospinning. The machine chamber was having a total of 8 boxes, out of that, we chose 

one box and we poured the solution into that box. Passage of nonwoven fabric was made 

inside of the machine. The nonwoven fabric was placed above the wooden box having a 

wired roller. At last, the machine was started and a voltage of 30kv was given between the 

wired roller and ground which was placed above the wired roller. As nonwoven fabric was 

passing in between of wired wooden box and ground, the polyester nanofiber web got stick 

to the nonwoven fabric. The same procedure was done for nylon chips also. The only change 

was the solvent which was used as formic acid in place of TFA. The same procedure was 

Fig 3.40      Inside view of Chamber   
of electrostatic spinning 

Fig 3.41         Distance setting from 
syringe to aluminum foil collector  
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repeated for the production of Polyester and Nylon nanofiber. Both nanofiber webs were 

taken on polypropylene Spunbond and Meltblown nonwoven fabrics and collected in roll 

form. 

 

                        
 
       
 
 
 

                    
 
 
 
 
 

                  

        

 

Fig 3.42         Solution Making Fig 3.43         Solvent (TFA) 

Fig 3.44     Solution Box Housing Fig 3.45         Needle less wired 
roller for continuous production  

Fig 3.46         Fixing the fabric on   
Take up Roller 

Fig 3.47         Let off Roller of Elmarco 
Pilot Plant 
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Figure number 3.42 to 3.47 showed the photos taken during manufacturing of nanofiber 

web. Solvent bottle of trifluoroacetic acid could be seen. Different wooden boxes, in which 

prepared solution was poured. We could see the needle free wired roller for the continuous 

production of nanofiber web and operator of the machine fixing of nonwoven fabric on take 

up roller. Nonwoven fabric could be seen on let off roller. The work of let off and take up 

roller was to decide the passing speed of nonwoven fabric between the electrospinning 

chambers. Higher was the speed less was the accumulation of nanoweb on the nonwoven 

fabric. By looking at the nanoweb deposit on nonwoven fabric it was decided to go with a 

speed of 0.2 Meter/Minute. 

 

3.12  Details of work done for preparing different membrane for checking the Air 

filtration efficiency  

For Checking the Air filtration capability of nanofibers web, below were the sample 

made in various combination:- 

 

Total 10 Sample made 
 
1 Single Layer PP Spun Bond Fabric 

2 1 Layer PP Spun Bond  Fabric + 1 Layer  Polyester Nanofibers  Web on PP Spun Bond 
Fabric + 1 Layer PP Spun Bond  Fabric 

3 1 Layer PP Spun Bond Fabric+ 1 Layer  Nylon Nanofibers on PP Spun Bond  Fabric 
+ 1 Layer PP Spun Bond Fabric 

4 1 Layer PP Spun Bond Fabric + 1 Layer  Polyester Nanofibers Web on PP Spun Bond  
Fabric + 1 Layer Nylon  Nanofibers Web on PP Spun Bond Fabric + 1 Layer PP 
Spun Bond Fabric 

5 1 Layer PP Spun Bond Fabric + 1  Layer  Polyester Nanofibers Web on PP Melt Blown 
Fabric + 1 Layer PP Spun Bond Fabric 

6  1 Layer PP Spun Bond Fabric + 1 Layer  Nylon Nanofibers Web on PP Melt Blown 
Fabric + 1 Layer PP Spun Bond Fabric 

7 1 Layer PP Spun Bond Fabric + 2 Layer Polyester Nanofibers Web on PP Melt Blown 
+ 1 Layer Nylon Nanofibers Web PP Melt Blown Fabric +  1 Layer PP Spun Bond 
Fabric 
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8 1 Layer PP Spun Bond Fabric + 2  Layer  Nylon Nanofibers Web on PP Spun Bond + 
1 Polyester Nanofibers Web on PP Spun Bond Fabric + 1 Layer PP Spun Bond Fabric 

9 1 Layer PP Spun Bond Fabric+  2 Layer of  Polyester Nanofibers Web on PP Spun 
Bond Fabric + 2 Nylon  Nanofibers Web on PP Spun Bond Fabric + 1 Layer PP Spun 
Bond Fabric 

10 1 Layer PP Spun Bond Fabric + 1 Layer Nylon Nanofibers Web on PP Melt Blown 
Fabric + 1 Layer  Nylon Nanofibers Web on PP Spun Bond  Fabric + 1 Layer PP 
Spun Bond Fabric + 1  Layer  Polyester Nanofibers Web on PP Melt Blown Fabric 
+ Layer  Polyester Nanofibers Web on PP Spun Bond  Fabric + 1 Layer PP Spun 
Bond Fabric 

 

 

 

Base Fabric Poly Propylene Spun Bond              =     X 
Base Fabric Poly Propylene Melt Blown             =     Y 
Polyester Nanofibers Web                    =     A 
Nylon Nanofibers Web                          =     B 
 
GSM of Poly Propylene Spun Bond Non-Woven Fabric = 30 GSM 
 
GSM of Poly Propylene Melt Blown Non-Woven Fabric = 15 GSM 
 
 
 
Sr. No Combination Total 

Layer 
Nano Fiber %                       
(Polyester + Nylon ) 

Sample 1 X 1  Layer -Nil-  
Sample 2 X + A*X + X 3  Layer 100 % Polyester 
Sample 3 X + B*X + X 3  Layer 100 % Nylon 
Sample 4 X + A*X + B*X +X 4  Layer 50 % Polyester + 50 % Nylon 
Sample 5 X + A*Y + X 3  Layer 100 % Polyester 
Sample 6 X + B*Y +  X 3  Layer 100 % Nylon 
Sample 7 X + 2(A*Y) + B*Y + X 5  Layer 70 % Polyester + 30 % Nylon 
Sample 8 X + 2(B*X) + A*X +X 5  Layer 70 % Nylon + 30 % Polyester 
Sample 9 X + 2(A*X) +2(B*X) + X 6  Layer 50 % Polyester + 50 % Nylon 
Sample 10 X + B*Y + B*X + X + A*Y 

+ A*X + X 
7  Layer 50 % Polyester + 50 % Nylon 

 

 

Figure number 3.48 shows the sample preparation process. The sample preparation process 

was done by keeping in mind that the sample will be arranged in such a way so that 

Table 3.1        Sample detail with their combination in terms of no. of layer as well 
nanofiber % for air filtration 
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membrane can be prepared of different blend and can be equipped on an air filtration unit. 

Total 10 samples were prepared for checking the filtration efficiency of the membrane. 

Figure number 3.49 shows the creation of a controlled environment. The controlled 

environment was created with the help of a transparent polyethylene sheet. The air purifier 

unit was kept inside the controlled environment. With the help of micro dust, the 

environment was made continuous. Different sample membranes were mounted on the air 

purifier and outlet air was checked with air quality detector. Figure 3.50 shows sample 1, 

which is the simple polypropylene spun bond nonwoven fabric made of one layer only. 

3.13  Details and photos of fabrication of different membrane 

   

 

    

                  

        

Fig 3.48         Sample Preparation Fig 3.49      Controlled Environment 

Fig 3.50     Sample : 01 Fig  3.51     Sample : 02 
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Fig 3.52     Sample: 03 Fig 3.53     Sample: 04 

Fig 3.54     Sample: 05 Fig 3.55     Sample: 06 

Fig 3.56     Sample: 07 Fig 3.57     Sample: 08 
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 Figure number 3.51 shows a composite membrane, which was made of three layer of 

nonwoven fabric. In this composite membrane, the first layer was made of polypropylene 

spunbond fabric, the second layer was having polyester nanofiber web on polypropylene 

spunbond nonwoven fabric and the third layer was having the same structure as the first 

layer. 

 Figure number 3.52 shows the composite membrane structure which was having three layers. 

The first layer was made of polypropylene spunbond nonwoven fabric, the inner layer is 

made of nylon nanofiber web on polypropylene spunbond nonwoven fabric and the 

outermost layer was the same as the first layer. In short, this fabricated membrane was having 

100% nylon nanofiber web. 

 Figure number 3.53 shows the composite membrane having 4 layers in it. The first layer was 

made of polypropylene spunbond nonwoven fabric. The second layer was containing a 

polyester nanofiber web on polypropylene spunbond fabric. The third layer was having a 

nylon nanofiber web on polypropylene spunbond nonwoven fabric and the outermost layer 

is the same as the first layer. In short, this fabricated membrane was having 50-50 % of both 

polyester and nylon nanofiber web. 

 Figure number 3.54 shows sample number 5, which was a composite membrane, made of 

three layer. The composite membrane was having the same structure as sample number 2 is 

having. Instead of polypropylene spunbond nonwoven fabric, meltblown polypropylene 

nonwoven fabric was used in the middle layer. For the middle layer, Polyester nanofiber web 

was accumulated on PP meltblown nonwoven fabric. In short, this membrane was having 

100% polyester nanofiber web on PP meltblown nonwoven fabric. 

Fig - 3.58     Sample: 09 Fig: - 3.59     Sample: 10 
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 Figure number 3.55 shows the sample number 6. In this sample, the composite membrane 

was made of three layers and it was having the same structure which was sample number 5 

was having. In the middle layer instead of polyester nanofiber web, nylon nanofiber web 

was accumulated on polypropylene meltblown nonwoven fabric. In short, this membrane 

was having 100% nylon nanofiber web on PP meltblown nonwoven fabric. 

 Figure number 3.56 shows the sample number 7. This membrane was fabricated by clubbing 

5 layers of nonwoven fabric. The first layer was made of polypropylene nonwoven spunbond 

fabric. The second and third layer was having the same structure and it is made by collecting 

the polyester nanofiber wave on PP meltblown nonwoven fabric. The fourth layer was made 

of my collecting the nylon nanofiber web on polypropylene meltblown nonwoven fabric and 

the last layer was having the same structure which the first layer was having. In short, this 

fabricated membrane will have 70 % of polyester nanofiber web and 30 % of nylon nanofiber 

web on meltblown nonwoven fabric. 

 Figure number 3.57 shows sample number 8, which was a composite membrane made of 5 

layers. It was having configuration same as sample number 7 was having. The only change 

was that instead of polyester nanofiber web, nylon nanofiber wave was used. The first layer 

was comprised of polypropylene spunbond nonwoven fabric. The second and third layer was 

consist of nylon nanofiber web on polypropylene spunbond nonwoven fabric. The fourth 

layer was consist of polyester nanofiber web on polypropylene spunbond fabric and last the 

outermost layer is the same as of first layer. In short, this fabricated membrane was having 

70 % nylon nanofiber and 30 % polyester nanofibers. 

 Figure number 3.58 shows the sample number 9. This sample was a composite membrane 

having 6 layers in it. The first layer was the polypropylene spunbond nonwoven fabric. The 

second and third player was consist of polyester nanofiber on polypropylene spunbond 

nonwoven fabric. The fourth and fifth layer was consist of nylon nanofiber on polypropylene 

spunbond nonwoven fabric and the last layer was having the same structure what was the 

first layer was having. In short, this fabricated membrane is having 6 layers containing 50% 

polyester and 50% nylon nanofiber. The only difference that came was the thickness of the 

membrane get increases. 

 Figure number 3.59 shows the detail of sample number 10. This sample was made by 

combining 7 layers of nonwoven fabric. In this fabricated membrane the first layer was 

polypropylene spunbond nonwoven fabric. The second layer was consist of nylon nanofiber 
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web on polypropylene nonwoven meltblown fabric. The third layer was consists of Nylon 

nanofiber web on polypropylene nonwoven spunbond fabric. The fourth layer was the same 

as the first layer. The fifth layer was consists of polyester nanofiber web on polypropylene 

meltblown nonwoven fabric. The 6th layer was consists of the polyester nanofiber web on 

polypropylene spunbond nonwoven fabric. The last and outermost layer was having the same 

structure that the first layer was having. In brief, it could be stated that this membrane is 

having 7 layers and it consists of 50% polyester nanofiber and 50% nylon nanofiber. 

                    

 

        

 

 Figures number 3.60 and 3.61 shows the picture taken for checking the GSM of both 

spunbond and meltblown fabric. So to find the weight of both spunbond and melt blown 

fabric, they were cut into 1-meter length and 1-meter width. The weight was measured on a 

weighing balance. From the reading, it was confirmed that spunbond fabric and meltblown 

fabric was having the GSM of 30 and 15 respectively. The weight of the fabric was done to 

study the effect of GSM of the nonwoven fabric on filtration efficiency. 

Nanofiber web thickness is expressed as grams per square meter or coating percentage.  In 

our case basis weight was the nanofiber web coating which was between 0.3 to 0.4 grams 

per square meter. 

 

 

 

 

Fig 3.60     Weight of Spunbond Fabric Fig 3.61   Weight of Melt blown Fabric 
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3.14  Instrument Developed for Testing the Air Filtration efficiency 

 

 

 

  

Fig: - 3.62   Instrument Developed for testing of Air Filtration efficiency 
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 For checking the filtration efficiency of the prepared composite membranes, an air purifier 

device was made. Figure number 3.62 shows the gradual development stages of the 

instrument which was used to check the air filtration efficiency of different composite 

membranes. A Wooden box having the length, width, and height 11, 12, 12 inches 

respectively, was prepared.  After that high speed, a 6-inch propeller fan having 9 blades 

was fixed in the wooden box. 

3.15  Creation of Controlled Environment for Air Filtration 

 

                    

 

 

     

 

 

Fig 3.63     Controlled Environment Fig 3.64    Ready Samples 

Fig 3.65     Air Pollutant Fig 3.66   Hot Air Blower 
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For checking the different particulate size in the control environment it, air quality detector 

was used, which was having the technology of laser light scattering. One by one all 

prepared membrane was mounted on the air purifier. The control environment was polluted 

with the help of cement and a hot air blower. The air quality detector reading was taken in 

2 conditions, one before turning on the air purifier instrument and another after turning on 

the air purifier instrument. The reading was taken for the particles that existed in the 

controlled environment. With one sample membrane, a total of three readings were taken 

and their average was taken to check the relationship between air quality vs prepared 

membranes. 

Figure number 3.63 shows the controlled environment which is made with the help of PVC 

pipe and transparent thick polyethylene sheet. Figure number 3.64 to 3.68 shows the photos 

of the different ready membranes to be equipped at air purifier. The environment was 

polluted with cement particles and with a hot air blower. Both of them were used jointly to 

create a polluted environment. There was a front door and a clamper in the air purifier 

device. With the help of that, all membranes were be mounted one by one and tested for 

air filtration efficiency. 

 

 

 

 

 

 

 

Fig 3.67    Front Door for Clamper Fig 3.68     Clamper 
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3.16    Air Quality Detector screen photo for reading taken randomly by clamping the 
different samples on Room Air Purifier to show the result details. 

                          

 

         
  

                                          

 

         

                                             

 

 

Fig 3.69    With Out Filter in 
fresh Air 

Fig 3.70    with Out Filter in                                                       
Polluted Environment 

Fig 3.71   AQI with Sample: 01 

Fig 3.73   AQI with Sample: 03 

Fig 3.72   AQI with Sample: 02 

Fig 3.74   AQI with Sample: 04 
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At first, the control environment air was polluted with small cement particles. After that air 

quality measurements of the controlled environment were taken with the help of air quality 

detector. The next step was clamping the different fabricated filtration membranes on the 

Fig 3.75   AQI with Sample: 05 
 

Fig 3.76   AQI with Sample: 06 
 

Fig 3.78   AQI with Sample: 08 Fig 3.77    AQI with Sample: 07 

Fig 3.79   AQI with Sample: 09 Fig 3.80   AQI with Sample: 10 
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room air purifier. The device was placed inside the controlled environment. Room Air 

Purifier, having prepared membrane as a filter, was turned on for 5 minutes. During this 

time, pollutants in the air were sucked off on the filter membrane and filtered fresh air 

remained in the control environment. At last again air quality measurements of the controlled 

environment were taken with the help of air quality detector. Three readings were taken with 

one fabricated membrane to ensure the consistency of the results. 

Figure number 3.69 shows the reading of the air quality detector in the controlled 

environment, where there was no pollutant and turbulence in the air. The air quality index 

was 36. Particulate matter of size 2.5 micron was 92, 1.0 was 69 and 10 micron was 103. 

This reading was high as compared to fresh air because reading was taken in a tightly packed 

environment.  

Figure number 3.70 shows the reading taken in a manually polluted environment. The filter 

membrane was removed from the room air purifier and after that, the air quality detector 

readings were taken. Particulate matter of size 2.5 micron was 264, 1.0 was 200 and 10 

micron was 295. The reading was very high because the controlled environment was 

destroyed by polluting it with the help of cement particles and a hot air blower.  

Figure number 3.71 shows the reading of the air quality detector with sample number-1. In 

this situation sample number-1 was equipped on room air purifier and reading was taken 

with the help of air quality detector. Particulate matter of size 2.5 micron was reduced to 82, 

1.0 to 62, and 10 micron to 91. The reading was reduced because single layer polypropylene 

spun bond nonwoven fabric was used as filter membrane.        

Figure number 3.72 shows the reading of the air quality detector with sample number -2. In 

this reading particulate matter of size 2.5 micron was reduced to 78, 1.0 to 59, and 10 micron 

to 87. The value was reduced because 3 layer membrane having Polyester nanofiber web on 

polypropylene spun bond nonwoven fabric was used.    

Figure number 3.73 shows the reading of the air quality detector with sample number- 3. In 

reading particulate matter of size 2.5 micron was reduced to 72, 1.0 to 54, and 10 micron to 

80. The reading was reduced little because 3 layer membrane having Nylon nanofiber web 

on polypropylene spun bond nonwoven fabric was used. 

Figure number 3.74 shows the reading of the air quality detector with sample number- 4. In 

this reading particulate matter of size 2.5 micron was reduced to 64, 1.0 to 48, and 10 micron 
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to 71. Sample number 4 was made of four layers and out of which 2 layers was having 

polyester nanofiber web and the rest 2 was having nylon nanofiber web on polypropylene 

spun bond nonwoven fabric. Because of that reason, we could see an improvement in the air 

quality readings. 

Figure number 3.75 shows the reading of the air quality detector with sample number 5. In 

this reading particulate matter of size 2.5 micron was reduced to 58, 1.0 to 45, and 10 micron 

to 66. Sample number 5 was made of three layers out of which the middle layer was having 

polyester nanofiber web on meltblown nonwoven fabric. Meltblown nonwoven fabric shows 

higher filtration efficiency as compared to spunbond nonwoven fabric due to their random 

orientation of fibers. Because of that reason, we could see an improvement in the air quality 

readings. 

Figure number 3.76 shows the reading of the air quality detector with sample number- 6. In 

this reading particulate matter of size 2.5 micron was reduced to 52, 1.0 to 39, and 10 micron 

to 48. Sample number 6 was made of three layers out of which the middle layer was having 

nylon nanofiber web on meltblown nonwoven fabric. High cohesion of nylon nanofiber web 

with meltblown nonwoven fabric resulted in filtration efficiency a bit higher side as 

compared to sample number 5.  

Figure number 3.77 shows the reading of the air quality detector with sample number -7. In 

this reading particulate matter of size 2.5 micron was reduced to 14, 1.0 to 10, and 10 micron 

to 15. Sample number 7 was consists of 5 layers, in which the inner 2 layers were having 

polyester nanofiber web on PP meltblown nonwoven fabric and third layer was having nylon 

nanofiber web on PP meltblown nonwoven fabric. So total 3 layer was having nanofiber web 

on PP meltblown nonwoven fabric and because of this reason, we got the best and optimum 

filtration efficiency out of all samples.  

Figure number 3.78 shows the reading of the air quality detector with sample number- 8. In 

reading particulate matter of size 2.5 micron was reduced to 44, 1.0 to 33, and 10 micron to 

49. Sample number 8 was again having 5 layer structure but the middle two layers were 

having nylon nanofiber web on PP spunbond nonwoven fabric and the third layer was having 

polyester nanofiber web on PP spunbond nonwoven fabric. So total 3 layers were having 

nanofiber web on PP spunbond nonwoven fabric. But this membrane did not show the same 

filtration efficiency, what sample number 7 was shown. The reason behind this could be the 

meltblown nonwoven fabric had higher filtration efficiency compared to spundbond 

nonwoven fabric due to random orientation of fiber in meltblown fabric. 
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 Figure number 3.79 shows the reading of the air quality detector with sample number- 9. In 

this reading particulate matter of size 2.5 micron was reduced to 39, 1.0 to 29, and 10 micron 

to 43. Sample number 9 was having 6 layer structure in which, two layers were having nylon 

nanofiber web on PP spunbond nonwoven fabric, and the rest of 2 layers were having 

polyester nanofiber web on PP spunbond nonwoven fabric. So total 4 layer were having 

nanofiber web on PP spunbond nonwoven fabric. The air quality readings did not show much 

improvement due to the reason of the base fabric, which was made off spunbond nonwoven 

fabric. 

Figure number 3.80 shows the reading of the air quality detector with sample number -10. 

In this reading particulate matter of size 2.5 micron was reduced to 20, 1.0 to 15, and 10 

micron to 22. Sample number 10 was having 7 layer structure in which, one layer was having 

nylon nanofiber web on PP meltblown nonwoven fabric. The second layer was having nylon 

nanofiber web on PP spunbond fabric. The third layer was a simple PP spunbond nonwoven 

fabric. The fourth layer was having polyester nanofiber web on PP meltblown nonwoven 

fabric. The fifth layer was having polyester nanofiber web on PP spunbond nonwoven fabric. 

So total 4 layers, out of which 2 layers is having nanofiber web on PP meltblown nonwoven 

fabric and rest 2 layers was having nanofiber web on PP spunbond nonwoven fabric. For this 

membrane, we got the better results due to its thickness which was increased due to 7 layers, 

and also the use of meltblown fabrics membrane. But with this type of configuration, it was 

difficult to fabricate it and cost also increased due to the more no of layer having nanofiber 

web. 

Except sample no 1, the rest all the samples was having the 2 outermost layers of PP 

spunbond nonwoven fabric to reinforce the membrane. In sample no 10, one extra layer of 

PP spunbond nonwoven fabric was used in the middle to support all layers. 

The filtration membrane can be used at one time once it is equipped on the room air purifier. 

The reason behind is that the nanofiber web is simply laid over the nonwoven base fabric 

and it is not adhered to it. The clogging of the filtration membrane depend on the uses of 

room air purifier and the working atmosphere. But if we wash the membrane, there are high 

chances that the prepared membrane can damage and may not be work as effectively as it 

was working in the before washing. 

But in general in a room filter should be changed after 2 week, but it can be changed earlier 

also if there is more dustier or polluted environment is there. 
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3.17 Details of work done for making different membrane for checking the Water 

filtration efficiency 
 

For Checking the Water filtration capability of nano fibres , below were the details of 

sample made in various combination :- 
 

Total 05 samples were made 

 

 

1 Single Layer PP Spunbond Fabric 

2 1 Layer PP Spunbond  Fabric + 1 Layer  Polyester Nanofibers web on PP 
Spunbond Fabric + 1 Layer PP Spunbond  Fabric 

3 1 Layer PP Spunbond Fabric + 1 Layer  Nylon Nanofibers web on PP Spunbond  
Fabric+ 1 Layer PP Spunbond Fabric 

4 1 Layer PP Spunbond Fabric + 1 Layer  Polyester Nanofibers  web on PP 
Spunbond  Fabric + 1 Layer Nylon  Nanofibers web on PP Spunbond Fabric + 1 
Layer PP Spunbond Fabric 

5 1 Layer PP Spunbond Fabric + 1 Layer  Polyester  Nanofibers web on PP 
Meltblown Fabric + 1 Layer  Nylon Nanofibers Web on PP Meltblown Fabric + 1 
Layer PP Spunbond Fabric 

Base Fabric Poly Propylene Spun Bond           =      X 

Base Fabric Poly Propylene Melt Blown          =     Y 

Polyester Nanofibers Web                 =      A 

Nylon Nanofibers Web                       =      B 
 

GSM of Poly Propylene Spunbond Non-Woven Fabric = 30 GSM 

GSM of Poly Propylene Meltblown Non-Woven Fabric = 15 GSM 

 

 

 

 

 

 

 

 

 

 



CHAPTER-3 Experimental Work: Materials and Methods 

93 
 

Sr. No Combination Total Layer Nano Fiber % (Polyester + Nylon ) 

Sample 1 X 1  Layer -Nil-  

Sample 2 X + A*X + X 3  Layer 100 % Polyester 

Sample 3 X + B*X + X 3  Layer 100 % Nylon 

Sample 4 X + A*X + B*X + X 4  Layer 50 % Nylon + 50 % Polyester 

Sample 5 X + A*Y +B*Y+  X 4  Layer 50 % Nylon + 50 % Polyester 

 

 

 

3.18 Instrument Developed for Testing the Water Filtration efficiency 
 

Two types of instruments were developed to check the water filtration efficiency. In the first 

model, it was tried to make an instrument with the help of a thick engraved flat acrylic sheet. 

The sine wave pattern was engraved with the help of a CNC machine. Each sheet was having 

two holes for the supply of water, for the rejected water and for the filtered water. The 

prepared membrane was put in between of these 2 sheets and was fastened with the help of 

nut and bolt and with clampers also to stop the water leakage from the side. Filtered water 

was checked for the PPM and ORP reduction with the available instruments. The model was 

not successful in filtering the water. The possible reason could be the very low surface area 

of nanofiber web was available for filtering the water. 

 

In the second type of instrument instead of taking a flat acrylic sheet base, it was tried to 

bind the prepared membrane on PVC pipe spirally. The PVC pipe was having holes on the 

periphery. This was done by considering that more surface area would be available for the 

polluted water. By doing so, there were many layers available, through which polluted water 

was passed forcibly and in result we got the filtered water successfully. 

 

 

 

 

 

 

 

Table 3.4    Sample detail with their combination in terms of no. of  layer as well  
nanofiber  % for water filtration 
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3.18.1 Instrument Developed for testing the water filtration efficiency with straight   

engraved acrylic sheet. 
 

 For making this type of model, first of all, 2 acrylic sheet having the thickness of 1 inch was 

engraved with help of CNC machine. A sine wave pattern was created on both acrylic sheets. 

There was 4 hole created for input, rejection, and filtered water. Apart from these 4 holes, 8 

more holes were created for fastening of these two acrylic sheets with the help of nut and 

bolt. The prepared membrane was kept inside of these 2 acrylic sheets and was fastened. All 

4 hole, was connected with 1/2" elbow for inlet, outlet and for rejected (Waste) water.   

                            

 

 

 

                       

 

 

 

 

Fig 3.83      Engraved acrylic sheet   (Front 
View) 

Fig 3.84      Engraved acrylic sheets        
(2 Sheets one over another) 

Fig 3.81   Engraved acrylic sheet (Top View)-1 Fig 3.82        Engraved acrylic sheets 
parallel to each other (Top View) - 2 
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Figure number 3.81 to 3.90 show the pictures of work done with model -1. Manually polluted 

water was developed and readings for the same were taken with the help of ORP and TDS 

meter. At last, the polluted water was forcibly passed through the prepared membrane and 

Fig 3.90         Polyester Fabric mesh to 
reinforce nonwoven fabric having 
nanofiber web 

Fig 3.89       Engraved acrylic sheets 
fastened with nut and bolt (Front View) 
   

Fig 3.87       Engraved acrylic sheets 
fastened with four clampers (Top View)-2 

Fig 3.88      Engraved acrylic sheets 
fastened with nut and bolt (Side View) 
   

Fig 3.85         Engraved acrylic sheets 
fastened with four clampers (Top View) 
 

Fig 3.86      Engraved acrylic sheets 
fastened with four clampers (Front View) 
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outlet filtered water was checked for ORP, TDS and PH. In the showed pictures, engraved 

acrylic sheet top view, front view, side view could be seen. The use of 4 clampers could be 

seen in the pictures, which were used instead of nut and bolt. The main purpose was to stop 

leakage. Polyester fabric mesh was also used to support the fabricated membrane. But we 

couldn't get the result. The reason behind for failure of this model could be the very less area 

of fabricated membrane was available for filtering the water. 
 

The filtration ability of the prepared nanofiber membrane can be used both in air filtration 

and water filtration, but architecture and working principal of prepared membrane will be 

different in both of the cases. In case of air filtration the membrane are simply fixed on the 

room air purifier. The outside polluted air is sucked and it is forced to pass through to the 

prepared membrane and clean air is exhausted in the system. In case of water purifier the 

membrane was spirally bounded on a hollow tube and polluted water was forced to pass 

from inside to outside through spirally bound membrane and cleaned water is collected at 

outside the membrane while rejected water is collected from inside the membrane. 

3.18.2 Instrument Developed for Testing the Water Filtration efficiency with spiral 
binding mechanism 

 

Fig 3.91   Instrument designing for testing of Water Filtration efficiency of nanofiber 
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 Fig 3.98        Taking reading from 
ORP meter for checking oxidation 
potential from Output water 

Fig 3.99         Taking reading from 
TDS meter for checking dissolved 
solids from Output water -1 

Fig 3.94    Preparation of mounting 
the nonwoven fabric having nanofiber 
web on PVC tube Stage-2 

Fig 3.95      Dismounting nonwoven 
fabric having nanofiber web on PVC 
tube Stage-1 

Fig 3.92   Spiral bound nonwoven 
fabric having nanofiber web on 
PVC tube 

Fig 3.93     Preparation of mounting the 
nonwoven fabric having nanofiber web 
on PVC tube Stage-1 
 

Fig 3.96     Dismounting nonwoven 
fabric having nanofiber web on 
PVC tube Stage-2 
 

Fig 3.97        Taking reading from 
ORP meter for checking oxidation 
potential from Input water 



CHAPTER-3 Experimental Work: Materials and Methods 

98 
 

  

                 

 

 
 
 
 
Figure number 3.91 shows the instrument development for water filtration efficiency. In this 

figure spiral-bound nonwoven substrate having nanofiber web on it, was used as a filtration 

membrane. A PVC hollow pipe was used having holes around its periphery for binding the 

nonwoven fabric. The developed system was having a diaphragm pump that was used to 

push the contaminated water through the membrane. A flow restrictor was used to ensure 

the water has been pass through the membrane. A 24-volt DC power supply was given to 

start the diaphragm pump. 

 

Figure number 3.92 to 3.101 show the photos taken during the experiment. It could be seen 

from the pictures that a spiral-bound nonwoven fabric having nanofiber web was used as a 

filtration membrane for water. A flow restrictor having a value of 450 could be seen in the 

pictures. Preparation of filtration membrane using hollow PVC pipe could be seen. Mounting 

of nonwoven fabric on PVC pipe, removal of nonwoven fabric from the PVC tube after the 

test could be seen in pictures. Dismounted nonwoven fabric after the completion of the test 

could be seen in the pictures.  There were round marks on the fabricated membrane which 

was due to the water entered from that point. The reading was taken from the ORP meter for 

input water and output water. TDS and PH meter reading was taken for the output water for 

different sample membranes could be seen in the pictures.

Fig 3.100         Taking reading from 
TDS meter for checking dissolved 
solids from Output water -2 
 

Fig 3.101      Taking reading from TDS 
meter for checking dissolved solids 
from Output water -3 
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CHAPTER - 4 
 

Results and Discussion 
 
Air Filtration 

All the measurements were taken with the help of air quality detector instrument. One sample 

was tested for 3 times to reduce the possibility of error. Average value of all samples is taken 

for the null hypothesis. For taking another reading, Controlled Environment, Air purifier 

instrument and Air Quality detector instrument was cleaned with the help of a soft cotton 

fabric and blower (Dry Air and Wet Air) both.  

4.1  Results of Air Purification 

All readings are taken at room temperature (26℃ - 27℃) and humidity of (41 % to     44 

%) 

Sr. No AQI Level HCHO TVOC 
PM - 
2.5 

PM – 
1.0 

PM – 10 

Sample-1 

31 Poor 0 0 80 60 90 

32 Poor 0 0 82 62 91 

32 Poor 0 0 83 63 92 

Mean S-1 32 Poor 0 0 82 62 91 

SD- S-1 0.58 Poor 0 0 1.53 1.53 1.00 

Sample-2 

30 Poor 0 0 77 57 86 

31 Poor 0 0 78 59 87 

31 Poor 0 0 79 60 87 

Mean S-2 31 Poor 0 0 78 59 87 

SD- S-2 0.58 Poor 0 0 1.00 1.53 0.58 

Sample-3 

27 Normal 0 0 71 53 78 

28 Normal 0 0 72 54 81 

28 Normal 0 0 72 54 80 

Mean S-3 28 Normal 0 0 72 54 80 
SD- S-3 0.58 Normal 0 0 0.58 0.58 1.53 

Sample-4 

24 Normal 0 0 63 47 70 
25 Normal 0 0 64 48 72 
26 Normal 0 0 64 49 72 

Mean S-4 25 Normal 0 0 64 48 71 
SD- S-4 1.00 Normal 0 0 0.58 1.00 1.15 

Sample-5 
22 Normal 0 0 58 44 64 
24 Normal 0 0 58 45 66 
24 Normal 0 0 59 45 66 
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Mean S-5 23 Normal 0 0 58 44.5 65 
SD- S-5 1.15 Normal 0 0 0.58 0.58 1.15 

Sample-6 
18 Normal 0 0 51 38 57 
22 Normal 0 0 53 40 58 
23 Normal 0 0 54 41 62 

Mean S-6 20 Normal 0 0 52 39 57.5 
SD- S-6 2.65 Normal 0 0 1.53 1.53 2.65 

Sample-7 

3 Fresh 0 0 12 8 14 
5 Fresh 0 0 14 9 16 
6 Fresh 0 0 17 12 16 

Mean S-7 5 Fresh 0 0 14 10 15 
SD- S-7 1.53 Fresh 0.00 0.00 2.52 2.08 1.15 

Sample-8 

15 Normal 0 0 40 30 45 
18 Normal 0 0 43 33 49 
19 Normal 0 0 48 36 52 

Mean S-8 17 Normal 0 0 44 33 49 
SD- S-8 2.08 Normal 0.00 0.00 4.04 3.00 3.51 

Sample-9 

13 Normal 0 0 37 27 40 
16 Normal 0 0 39 30 42 
17 Normal 0 0 42 31 46 

Mean S-9 15 Normal 0 0 39 29 43 
SD- S-9 2.08 Normal 0.00 0.00 2.52 2.08 3.06 

Sample-10 

8 Fresh 0 0 20 14 22 
8 Fresh 0 0 21 15 23 
9 Fresh 0 0 21 15 25 

Mean S-10 8 Fresh 0 0 21 15 23 
SD- S-10 0.58 Fresh 0.00 0.00 0.58 0.58 1.53 

 

 

 

4.2  Statistical Analysis of all sample for Air filtration 

Statistical analysis is the collection and interpretation of data in order to uncover patterns and 

trends. Bar graphs are one of the many techniques used to present data in a visual form so that 

the reader may readily recognize patterns or trends. Bar graphs usually present categorical and 

numeric variables grouped in class intervals.  

 

 

 

Table 4.1    Results of different sample for Air Quality with reference to PM – 2.5, 1.0, 10 
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Analytics for Sample no: - 1 
 

       

  

        

Figure number 4.1 and figure number 4.2, shows a 2-D clustered bar chart and belt chart 

respectively for sample -1. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which shows the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. 

 

Analytics for Sample no: - 2 

 

                     

 

       

Figure number 4.3 and figure number 4.4, shows a 2-D clustered bar chart and belt chart 

respectively for sample -2. Three readings were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

Fig 4.1    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 1 

Fig 4.2    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 1 

Fig 4.3    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 2 

Fig 4.4    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 2 
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readings, which shows the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We can see the improvement in the all reading as 

compared to sample no -1. This was because that the number of layers in the fabricated 

membrane were increased to three, which resulted in an improvement in filtration efficiency. 

Analytics for Sample no: - 3 

           

 

 

Figure number 4.5 and figure number 4.6, shows a 2-D clustered bar chart and belt chart 

respectively for sample- 3. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which showed the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see a little improvement in the all reading as 

compared to sample no -2. This could be because the reason that the nylon nanofiber web 

shows better cohesion with nonwoven fabric. 

Analytics for Sample no: - 4 

 

          

  

Fig 4.5   Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 3 

Fig 4.6    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 3 

Fig 4.7    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 4 

Fig 4.8    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 4 
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Figure number 4.7 and figure number 4.8, shows a 2-D clustered bar chart and belt chart 

respectively for sample- 4. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which shows the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see the improvement in the all reading as 

compared to sample no -3. This could be because the reason that the number of layers in the 

fabricated membrane was increased to four, which resulted in an improvement in filtration 

efficiency. 

 

Analytics for Sample no: - 5 

           

 
 

 

Figure number 4.9 and figure number 4.10, shows a 2-D clustered bar chart and belt chart 

respectively for sample -5. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which showed the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see the improvement in all readings as 

compared to sample no -4. This could be because the reason that base fabric was made of PP 

meltblown fabric, which had better filtration and due to the reason, we got improvement in 

filtration efficiency. 

 

 

Fig 4.9    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 5 

Fig 4.10    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 5 
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Analytics for Sample no: - 6 

                         
 

 

 

Figure number 4.11 and figure number 4.12, shows a 2-D clustered bar chart and belt chart 

respectively for sample -6. Three readings were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0 and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which showed the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see very little improvement in the all reading 

as compared to sample no -5. This could be because the nylon nanofiber web showed better 

cohesion with nonwoven fabric. 

Analytics for Sample no :- 7 

           

 

 

Figure number 4.13 and figure number 4.14, shows a 2-D clustered bar chart and belt chart 

respectively for sample -7. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0 and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

Fig 4.13   Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 7 

Fig 4.14   Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 7 

Fig 4.11    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 6 

Fig 4.12    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 6 
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readings, which showed the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see great improvement in the all reading as 

compared to sample no -6. This could be because the base fabric was of PP meltblown fabric, 

which had better filtration and also the no of layers in the fabricated membrane was increased 

to 5. 

Analytics for Sample no: - 8 

             

 

 

Figure number 4.15 and figure number 4.16, shows a 2-D clustered bar chart and belt chart 

respectively for sample 8 . Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which showed the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see a decline in the all reading as compared to 

sample no -7. This could be because the base fabric was of PP spunbond nonwoven fabric, 

which showed less filtration efficiency as compared to meltblown nonwoven fabric. 

Analytics for Sample no: - 9 

                     

 

Fig 4.15    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 8 

Fig 4.16   Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 8 

Fig 4.17    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 9 

Fig 4.18    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 9 
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Figure number 4.17 and figure number 4.18, shows a 2-D clustered bar chart and belt chart 

respectively for sample 9. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which shows the accuracy and stability of the test. Also, the difference with the 

mean value was not very significant. We could see a bit of improvement in the all reading as 

compared to sample no -8. This was because the number of layers in the fabricated membrane 

is increased to 6. 

Analytics for Sample no: - 10 

                     
 

 

 

Figure number 4.19 and figure number 4.20, shows a 2-D clustered bar chart and belt chart 

respectively for sample 10. Three reading were taken for the air filtration efficiency. Air 

Quality Index, Particulate matter 2.5, 1.0, and 10, Formaldehyde (HCHO) and Total Volatile 

Organic Compound (TVOC) were checked. There was very little variation among the three 

readings, which showed the accuracy and stability of the test. Also, from the belt chart, it can 

be seen that difference within reading was not very significant. We could see the best result 

in comparison to all other samples. This was because the number of layers in the fabricated 

membrane was 7, which was the highest among all samples. Also, both spunbond and 

meltblown nonwoven fabric was used as a base material for nanofibers web. 

 

 

 

 

Fig 4.19    Bar Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 10 

Fig 4.20    Belt Chart of AQI, PM 2.5, 
PM 1.0, PM 10 value for Sample: 10 
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4.3 MANOVA Analysis for Air Filtration 

 

MANOVA is statistical techniques that explore the relationship between several independent 

variables and two or more dependent variables. It represents an extension of univariate 

analysis of variance 
 

 Input Output 

Sample 
Sr. 
No 

Layer Composition 
No of 

Layers 
AQI 

PM - 
2.5 

PM 
– 1.0 

PM 
– 10 

S-1 
S-1.1 [S] 1 31 80 60 90 
S-1.2 [S] 1 32 82 62 91 
S-1.3 [S] 1 32 83 63 92 

S-2 

S-2.1 [S+PNS+S] 3 30 77 57 86 

S-2.2 [S+PNS+S] 3 31 78 59 87 

S-2.3 [S+PNS+S] 3 31 79 60 87 

S-3 
S-3.1 [S+NNS+S] 3 27 71 53 78 
S-3.2 [S+NNS+S] 3 28 72 54 81 
S-3.3 [S+NNS+S] 3 28 72 54 80 

S-4 
S-4.1 [S+NNS+PNS+S] 4 24 63 47 70 
S-4.2 [S+NNS+PNS+S] 4 25 64 48 72 
S-4.3 [S+NNS+PNS+S] 4 26 64 49 72 

S-5 
S-5.1 [S+PNM+S] 3 22 58 44 64 
S-5.2 [S+PNM+S] 3 24 58 45 66 
S-5.3 [S+PNM+S] 3 24 59 45 66 

S-6 
S-6.1 [S+NNM+S] 3 18 51 38 57 
S-6.2 [S+NNM+S] 3 22 53 40 58 
S-6.3 [S+NNM+S] 3 23 54 41 62 

S-7 
S-7.1 [S+2*(PNM)+NNM+S] 5 3 12 8 14 
S-7.2 [S+2*(PNM)+NNM+S] 5 5 14 9 16 
S-7.3 [S+2*(PNM)+NNM+S] 5 6 17 12 16 

S-8 
S-8.1 [S+2*(NNM)+PNS+S] 5 15 40 30 45 
S-8.2 [S+2*(NNM)+PNS+S] 5 18 43 33 49 
S-8.3 [S+2*(NNM)+PNS+S] 5 19 48 36 52 

S-9 
S-9.1 [S+2*(PNM)+2*(NNS)+S] 6 13 37 27 40 
S-9.2 [S+2*(PNM)+2*(NNS)+S] 6 16 39 30 42 
S-9.3 [S+2*(PNM)+2*(NNS)+S] 6 17 42 31 46 

S-10 
S-10.1 [S+NNM+NNS+S+PNM+PNS+S] 7 8 20 14 22 
S-10.2 [S+NNM+NNS+S+PNM+PNS+S] 7 8 21 15 23 
S-10.3 [S+NNM+NNS+S+PNM+PNS+S] 7 9 21 15 25 

 

 

 

Table 4.2   Different Membrane with their composition and output result of air filtration 
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Mean and Standard Deviation 

 

Summary statistics: 

Variable 
Observatio

ns 

Obs. 
with 

missing 
data 

Obs. 
without 
missing 

data Minimum Maximum Mean 
Std. 

deviation 

AQI 30 0 30 3.000 32.000 20.500 8.854 

PM - 2.5 30 0 30 12.000 83.000 52.400 22.219 

PM – 1.0 30 0 30 8.000 63.000 39.300 17.104 

PM – 10 30 0 30 14.000 92.000 58.300 24.876 
 

 

 

Frequencies of the sample to be tested 

  

Variable Categories Frequencies % 

Sample No 

S-1 3 10.000 

S-2 3 10.000 

S-3 3 10.000 

S-4 3 10.000 

S-5 3 10.000 

S-6 3 10.000 

S-7 3 10.000 

S-8 3 10.000 

S-9 3 10.000 

S-10 3 10.000 
 

 

 

SSCP matrix:- 

Total-sample SSCP matrix: 

  AQI PM - 2.5 PM – 1.0 PM – 10 

AQI 2273.500 5676.000 4375.500 6357.500 

PM - 2.5 5676.000 14317.200 11015.400 16015.400 

PM – 1.0 4375.500 11015.400 8484.300 12324.300 

PM – 10 6357.500 16015.400 12324.300 17946.300 
 

 

Table 4.3   Different Membrane results summary statistics with Mean and standard 
deviation 

Table 4.4   Different Membrane with the use frequencies with a particular sample 
category 

Table 4.5   Total-sample vs Sums of Squares and Cross Products (SSCP) 
Matrix 
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Error matrix:- 

 

Error matrix: 

  AQI PM - 2.5 PM – 1.0 PM – 10 

AQI 43.333 45.667 42.000 49.667 

PM - 2.5 45.667 72.000 59.000 63.667 

PM – 1.0 42.000 59.000 53.333 53.667 

PM – 10 49.667 63.667 53.667 77.333 
 

 

 

SSCP matrix for each factor:- 

 

SSCP matrix for each factor 

  AQI PM - 2.5 PM – 1.0 PM – 10 

AQI 2230.167 5630.333 4333.500 6307.833 

PM - 2.5 5630.333 14245.200 10956.400 15951.733 

PM – 1.0 4333.500 10956.400 8430.967 12270.633 

PM – 10 6307.833 15951.733 12270.633 17868.967 
 

 

 

Wilks' test for accepting or rejecting null hypothesis:- 

 

Wilks' test (Rao's approximation): 

 Sample No 

Lambda 0.001 

F (Observed values) 9.964 

DF1 36 

DF2 65 

F (Critical value) 1.597 

p-value < 0.0001 

 

 

 

 

Table 4.6   Total-sample vs Error Matrix 
 

Table 4.7   Different Membrane vs SSCP matrix for each factor 

Table 4.8   Wilks' test for calculate F observed, F critical value, p-value 
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Conclusion:- 

H0: The variable or the interaction of the corresponding column has no significant effect on 

the dependent variables. Ha: The variable or the interaction of the corresponding column has 

a significant effect on the dependent variables. No of Layers and Sample No: As the 

computed p-value is lower than the significance level Alpha=0.05, So null hypothesis H0  is 

rejected and the alternative hypothesis Ha accepted. The risk to reject the null hypothesis H0 

while it is true is lower than 0.01%. So it concludes that there is a statistically significant 

difference between these 10 sample membranes results. 

 

 

4.4 Error Bar Analysis for Air Filtration 

 

Error bars are graphical representations of the variability of data and used on graphs to 

indicate the error or uncertainty in a reported measurement. They give a general idea of how 

precise a measurement is, or conversely, how far from the reported value the true or error free. 

 

4.4.1 Error bar analysis in Air Quality Index between all the samples 
 

.  

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.11, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

Fig 4.21            Error Bar in Air Quality Index between the samples 
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small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 7 and 10, the SD error bar are not 

overlapped even a less which indicates that the difference is  of probably statistical 

significance. This might be due to far better improvements in the value AQI. . 

Result Analysis:- 

Higher the value of AQI indicates the poor filtration and lower AQI indicates the good 

filtration properties of the membrane. Sample no 7 and 10 shows the best results in Air 

Quality, but  considering the economic point of view, sample no - 7 shows commerciality to 

be fabricated as filtration membrane , because difference in results with comparison to sample 

10 , is not much significant when it comparted to cost factor.  

 

4.4.2 Error bar analysis in Particulate Matter-2.5 between all the samples 
 

 

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.12, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 7 and 10, the SD error bar are not 

overlapped even a less which indicates that the difference is probably statistical significance. 

Fig 4.22            Error Bar in Particulate Matter- 2.5 between the samples 
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This might be due to far better improvements in the value PM 2.5.  

 

Result Analysis:- 

Higher the value of PM -2.5 indicates the poor filtration and lower value of PM -2.5 indicates 

the good filtration properties of the membrane. Sample no 7 and 10 shows the best results in 

Air Quality, but  considering the economic point of view, sample no - 7 shows commerciality 

to be fabricated as filtration membrane , because difference in results with comparison to 

sample 10 , is not much significant when it comparted to cost factor.  

 
4.4.3 Error bar analysis in Particulate Matter-1.0 between all the samples 

 

 

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.12, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 7 and 10, the SD error bar are not 

overlapped even a less which indicates that the difference is probably statistical significance. 

This might be due to far better improvements in the value PM 1.0.  

Result Analysis:- 

Higher the value of PM -1.0 indicates the poor filtration and lower value of PM -1.0 indicates 

Fig 4.23            Error Bar in Particulate Matter- 1.0 between the 
samples 
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the good filtration properties of the membrane. Sample no 7 and 10 shows the best results in 

Air Quality, but considering the economic point of view, sample no - 7 shows commerciality 

feasible to be fabricated as filtration membrane.  

 
4.4.4 Error bar analysis in Particulate Matter-10 between all the samples 

 

 

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.12, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 7 and 10, the SD error bar are not 

overlapped even a less which indicates that the difference is probably statistical significance. 

This might be due to far better improvements in the value PM 10.  

Result Analysis:- 

Higher the value of PM -10 indicates the poor filtration and lower value of PM -10 indicates 

the good filtration properties of the membrane. Sample no 7 and 10 shows the best results in 

Air Quality, but  considering the economic point of view, sample no - 7 shows commerciality 

to be fabricated as filtration membrane , because difference in results with comparison to 

sample 10 , is not much significant when it comparted to cost factor.  

 

Fig 4.24            Error Bar in Particulate Matter- 10 between the samples 
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4.5 Coefficient of Determination and Coefficient of Correlation  

Coefficient of Determination is the square of Coefficient of Correlation. Coefficient 

of Correlation: is the degree of relationship between two variables. It can go between 

“-1” and “1”. “1” indicates that the two variables are moving in at the same pitch. 

They rise and fall together and have perfect correlation. “-1” means that the two 

variables are in perfect opposites. One goes up and other goes down, in perfect 

negative way.  If correlation value is “0” then it means no correlation at all – perfectly 

not related. 

 

4.5.1 Correlation between AQI  VS  Different sample membrane 

 

 

 

 

Here Y =  -2.703 X  + 35.267 

So ,  R  (Coefficient of correlation )  = - 0.8880 

And,  R2 (Coefficient of determination) = 0.7886 

 

The coefficient of correlation comes between sample and Air quality Index comes to =                  

( - 0.8880 ) , which shows that Increasing of number of layers in filtration improves the air 

Fig 4.25  Correlation Analysis of  Air Quality Index Vs  Different Sample Membrane 
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quality (Decreasing Value ) up to a certain level. After that the change in the air quality is not 

remarkable.  

 

The coefficient of determination (R2) = 0.79 , means that 79 % of the total improvement  in 

Air Quality Index ( Y) can be explained by the linear relationship between X and Y (as 

described by the regression equation).  The other 21 % of the total variation in Y remains 

unexplained 

 

4.5.2  Correlation between PM – 2.5 VS Different sample membrane 

 

 

 

Here Y = -6.775 X + 89.667 

So,    R  (Coefficient of correlation )  = - 0.8889 

And,  R2 (Coefficient of determination) = 0.7903 
 

The coefficient of correlation comes between sample and Air quality Index comes to =                

(- 0.8889), which shows that Increasing of number of layers in filtration improves the air 

quality (Decreasing Value) up to a certain level. After that the change in the air quality is not 

remarkable.  
 

The coefficient of determination (R2) = 0.79, means that 79 % of the total improvement in Air 

Quality Index (Y) can be explained by the linear relationship between X and Y (as described 

by the regression equation).  The other 21 % of the total variation in Y remains unexplained. 

Fig 4.26    Correlation Analysis of  PM- 2.5  Vs  Different Sample Membrane 
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4.5.3 Correlation between PM – 1.0  VS  Different Sample Membrane 

 

 

 

 

Here Y = -5.2 X + 68 

So ,    R  (Coefficient of correlation )  = - 0.8890 

And,  R2 (Coefficient of determination) = 0.7904 

 

The coefficient of correlation comes between sample and Air quality Index comes to =                  

( - 0.8890 ) , which shows that Increasing of number of layers in filtration improves the air 

quality (Decreasing Value ) up to a certain level. After that the change in the air quality is not 

remarkable.  

 

The coefficient of determination (R2) = 0.79 , means that 79 % of the total improvement  in 

Air Quality Index ( Y) can be explained by the linear relationship between X and Y (as 

described by the regression equation).  The other 21 % of the total variation in Y remains 

unexplained. 

 

 

 

Fig 4.27        Correlation Analysis of  PM 1.0  Vs  Different Sample Membrane 
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4.5.4 Correlation between PM-10  VS  Different Sample Membrane  

 

 

 

 

Here Y = -7.578 X + 99.867 

So ,    R  (Coefficient of correlation )  = - 0.8874 

And,  R2 (Coefficient of determination) = 0.7876 

 

The coefficient of correlation comes between sample and Air quality Index comes to =                  

( - 0.8874 ) , which shows that Increasing of number of layers in filtration improves the air 

quality (Decreasing Value ) up to a certain level. After that the change in the air quality is not 

remarkable.  
 

The coefficient of determination (R2) = 0.78 , means that 78 % of the total improvement  in 

Air Quality Index ( Y) can be explained by the linear relationship between X and Y (as 

described by the regression equation).  The other 22 % of the total variation in Y remains 

unexplained. 

 

In air filtration sample number- 7 showed the best result. It is due to the membrane architecture 

which was having combination of different nanofiber web on different type of nonwoven 

fabric. More number of layers of nanofiber web on meltblown nonwoven fabric resulting the 

increased filtration efficiency of membrane. 

 

Fig 4.28    Correlation Analysis of  PM 10  Vs  Different Sample Membrane 
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4.6   Percentage shift in the value of air quality with reference to different sample 
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WF* 36 P 0.08 0.37 92 69 103 *Normal Environment 

WOF** 100 D 0.089 0.37 264 200 295 *Polluted Environment 

S-1 32 P 0 0 82 62 91 68% 100% 100% 69% 69% 69% 
S-2 31 P 0 0 78 59 87 69% 100% 100% 70% 71% 71% 
S-3 28 N 0 0 72 54 80 72% 100% 100% 73% 73% 73% 
S-4 25 N 0 0 64 48 71 75% 100% 100% 76% 76% 76% 
S-5 23 N 0 0 58 45 65 77% 100% 100% 78% 78% 78% 
S-6 20 N 0 0 52 39 58 80% 100% 100% 80% 81% 80% 
S-7 5 F 0 0 14 10 15 95% 100% 100% 95% 95% 95% 
S-8 17 N 0 0 44 33 49 83% 100% 100% 83% 84% 83% 
S-9 15 N 0 0 39 29 43 85% 100% 100% 85% 86% 85% 

S-10 8 F 0 0 21 15 23 92% 100% 100% 92% 93% 92% 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.9    % Improvement in Air quality with reference to AQI, PM -2.5, PM - 1.0, PM-10 
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Water Filtration 

All the measurements were taken with the help of TDS, ORP and PH meter. All the sample 

membrane were fabricated to our developed water purifier system. One sample membrane 

was tested for 2 times to reduce the possibility of error. Average value of all samples is taken 

for the null hypothesis.  

 

4.7 Results of Water Filtration  
 

The Results were taken at room temperature (26℃ - 27℃) and humidity of (41% to 

44%) 

Sr. No PPM PH ORP PPM PH ORP PPM PH ORP 

  Feed Water Output water Rejected Water 

Without 
Filter 

3590* 11.2 -231             

Sample :- 1 
3590 11.2 -231 2590 11.1 -220 3210 11.2 -205 

3590 11.2 -231 2480 11.1 -228 3220 11.2 -208 

Avg.- S-1 3590 11.2 -231 2535 11.1 -224 3215 11.2 -207 

Sample :- 2 
3520 11 -241 1910 10.9 -199 2960 11.2 -185 
3520 11 -241 1904 10.9 -195 2985 11.2 -183 

Avg.- S-2 3520 11 -241 1907 10.9 -197 2973 11.2 -184 

Sample :- 3 
3510 11 -241 1850 10.7 -182 2990 11.2 -181 
3510 11 -241 1810 10.7 -186 3010 11.2 -180 

Avg.- S-3 3510 11 -241 1830 10.7 -184 3000 11.2 -181 

Sample :- 4 
3520 11.1 -231 1440 10.5 -170 3425 11.2 -184 
3520 11.1 -231 1385 10.5 -172 3315 11.2 -185 

Avg.- S-4 3520 11.1 -231 1413 10.5 -171 3370 11.2 -185 

Sample :- 5 
3528 11 -240 960 10.1 -168 3550 11.2 -180 
3528 11 -240 875 10.1 -167 3465 11.2 -182 

Avg.- S-5 3528 11 -240 918 10.1 -168 3508 11.2 -181 

 

 

* High PPM water was created manually, by adding CaCO3 in the water. and after that water 

filtration efficiency of filtration membrane was checked. 

 

 

 

 

Table 4.10     Results of different sample for water quality with reference to PPM ,PH, ORP 
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4.8  Statistical Analysis of all sample for Water Filtration 

Statistical analysis is the collection and interpretation of data in order to uncover patterns and 

trends. Bar graphs are one of the many techniques used to present data in a visual form so that 

the reader may readily recognize patterns or trends. Bar graphs usually present categorical and 

numeric variables grouped in class intervals.  

 

Analytics for Sample no :- 1 

 

 

      

                                 

 

 

 

 

 

A 2-D clustered column chart for the sample- 1 is shown in figure number 4.19. Two reading 

were taken for the Water filtration efficiency. PPM, PH and ORP of the filtered water was 

checked. There was very little variation among the two readings, which shows the accuracy 

and stability of the test. Also, the difference with mean value was not very significant between 

the two measurements. 

Analytics for Sample no :- 2        

    

                            

 

 

 

 

 

Fig 4.29  Bar Chart of   PPM , PH , 
ORP  value  for  Sample : 1 

Fig 4.31   Bar Chart of  PPM , PH , 
ORP  value  for  Sample : 2 

Fig 4.30    Belt Chart of   PPM, PH, 
ORP value for Sample: 1 

Fig 4.32    Belt Chart of  PPM, PH , 
ORP   value for Sample: 2 
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A 2-D clustered column chart for sample- 2 is shown in figure number 4.20. Two reading 

were taken for the Water filtration efficiency. PPM, PH and ORP of the filtered water was 

checked. There was very little variation among the two readings, which shows the accuracy 

and stability of the test. Also, the difference with mean value was not very significant between 

the two measurements. There were improvement shown in the value of PPM and ORP with 

comparison to sample -1. This might be due to the total no of layers in the membrane increased 

to 3, which resulted in an improvement in water filtration efficiency. 

 

Analytics for Sample no: - 3 

                 

 

   

 

 

 

 

 

A 2-D clustered column chart for the sample- 3 is shown in figure number 4.21. Two reading 

were taken for the Water filtration efficiency. PPM, PH and ORP of the filtered water was 

checked. There was very little variation among the two readings, which shows the accuracy 

and stability of the test. Also, the difference with mean value was not very significant between 

the two measurements. There was very little improvement shown in the value of PPM and 

ORP with comparison to sample -2. This is due to the total no of layers in the membrane was 

similar to the sample no-2. The only change was the nylon nanofiber web was used on PP 

spunbond nonwoven fabric. Nylon nanofiber web shows good cohesion to nonwoven fabric, 

because of that reason we found a bit improvement in the readings. 

 

 

 

Fig 4.33  Bar Chart of  PPM , PH , 
ORP  value  for  Sample : 3 

Fig 4.34    Belt Chart of  PPM , PH , 
ORP value for Sample: 3 
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Analytics for Sample no: - 4 
 

               

 

  

A 2-D clustered column chart for the sample- 4 is shown in figure number 4.22. Two reading 

were taken for the Water filtration efficiency. PPM, PH and ORP of the filtered water was 

checked. There was very little variation among the two readings, which shows the accuracy 

and stability of the test. Also, the difference with mean value was not very significant between 

the two measurements. There was improvement shown in the value of PPM and ORP with 

comparison to sample -3. This might be due to the total no of layers in the membrane was 

increased to 4. 

Analytics for Sample no: - 5 

 

                         

 

 

 

 

 

 

A 2-D clustered column chart for the sample- 5 is shown in figure number 4.23. Two 

reading were taken for the Water filtration efficiency. PPM, PH and ORP of the filtered 

water was checked. There was little variation among the two readings, which shows the 

accuracy and stability of the test. Also, the difference with mean value was not very 

Fig 4.35   Bar Chart of  PPM , PH , 
ORP   value  for  Sample : 4 

Fig 4.37   Bar Chart of PPM, PH , 
ORP  value  for  Sample : 5 

Fig 4.38    Belt Chart of  PPM , PH , 
ORP  value for Sample: 5 

Fig 4.36    Belt Chart of  PPM , PH , 
ORP value for Sample: 4 
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significant between the two measurements. We got the best results in sample no-5, in 

comparison to all samples. This is because that base fabric was made of PP meltblown 

fabric, which shows better filtration property and also the no of layer in the fabricated 

membrane was increased to 4. 

 

4.9 MANOVA Analysis for water filtration 

 

MANOVA is statistical techniques that explore the relationship between independent 

variables and two or more dependent variables. It represents an extension of univariate 

analysis of variance 

     

Sample No Sr. No Layer Composition 
No of 

Layers PPM PH ORP 

S-1 
S-1.1 [S] 1 2590 11.1 -220 

S-1.2 [S] 1 2480 11.1 -228 

S-2 
S-2.1 [S+PNS+S] 3 1910 10.9 -199 

S-2.2 [S+PNS+S] 3 1904 10.9 -195 

S-3 
S-3.1 [S+NNS+S] 3 1850 10.7 -182 

S-3.4 [S+NNS+S] 3 1810 10.7 -186 

S-4 
S-4.1 [S+NNS+PNS+S] 4 1440 10.5 -170 

S-4.2 [S+NNS+PNS+S] 4 1385 10.5 -172 

S-5 
S-5.1 [S+PNM+NNM+S] 4 960 10.1 -168 

S-5.2 [S+PNM+NNM+S] 4 875 10.1 -167 
 

 

 

Mean and Standard Deviation:- 

Summary statistics: 

Variable Obs. 

Obs. 
with 

missing 
data 

Obs. 
without 
missing 

data 

Minimum Maximum Mean 
Std. 

deviation 

PPM 10 0 10 875.0 2590.0 1720.4 568.8 

PH 10 0 10 10.1 11.1 10.7 0.4 

ORP 10 0 10 -228.0 -167.0 -188.7 21.7 
No of 
Layers 10 0 10 1.0 5.0 3.2 1.4 

 
Table 4.12   Different Membrane summary statistics with Mean and standard deviation 

Table 4.11   Different Membrane with their composition and output result of water filtration 
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Frequencies of the sample to be tested:- 

 

Variable Categories Frequencies % 

Sample 

S-1 2 20.000 
S-2 2 20.000 
S-3 2 20.000 
S-4 2 20.000 
S-5 2 20.000 

 

 

SSCP matrix:- 

 

Total-sample SSCP matrix: 

  PPM PH ORP No of Layers 

PPM 2911704.400 1812.960 -104000.200 -7085.800 

PH 1812.960 1.184 -64.080 -4.320 

ORP -104000.200 -64.080 4250.100 261.400 

No of Layers -7085.800 -4.320 261.400 17.600 

 

 

Error matrix:- 

 

Error matrix: 

  PPM PH ORP No of Layers 
PPM 11993.000 0.000 520.500 0.000 
PH 0.000 0.000 0.000 0.000 
ORP 520.500 0.000 50.500 0.000 
No of Layers 0.000 0.000 0.000 0.000 

 

 

 

 

Table 4.15    Total-sample vs Error Matrix 
 

Table 4.14   Total-sample vs Sums of Squares and Cross Products (SSCP) 
Matrix 

Table 4.13 Different Membrane with the use frequencies with a particular sample category 
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SSCP matrix for each factor:- 

 

SSCP matrix for each factor: 

  PPM PH ORP No of Layers 
PPM 2899711.400 1812.960 -104520.700 -7085.800 
PH 1812.960 1.184 -64.080 -4.320 
ORP -104520.700 -64.080 4199.600 261.400 
No of Layers -7085.800 -4.320 261.400 17.600 

 

 

Wilks' test for accepting or rejecting null hypothesis:- 

 

Wilks' test (Rao's approximation): 

  Sample 
Lambda 0.000 
F (Observed values) 6.273 
DF1 16 
DF2 7 
F (Critical value) 3.587 

p-value 0.011 

 

 

H0: The variable or the interaction of the corresponding column has no significant effect on 

the dependent variables. Ha: The variable or the interaction of the corresponding column has 

a significant effect on the dependent variables. No of Layers and Sample No: As the 

computed p-value is lower than the significance level Alpha=0.05, So null hypothesis H0  get 

rejected and the alternative hypothesis Ha is accepted. The risk to reject the null hypothesis 

H0 while it is true is lower than 1.12%. So it concludes that there is a statistically significant 

difference between these 5 sample membranes results 

 

 

Table 4.17   Wilks' test for calculate F 
observed, F critical value, p-value 

Table 4.16   Different Membrane vs SSCP matrix for each factor 
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4.10        Error Bar for Water Filtration 

 

Error bars are graphical representations of the variability of data and used on graphs to 

indicate the error or uncertainty in a reported measurement. They give a general idea of how 

precise a measurement is, or conversely, how far from the reported value the true or error free. 

4.10.1  Error bar analysis in PPM between all the samples 

 

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.24, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 5 , the SD error bar are not 

overlapped even a less which indicates that the difference is probably statistical significance. 

This might be due to far better improvements in the value PPM.  

Result Analysis:- 

Higher the value of PPM indicates the poor filtration and lower value of PPM indicates the 

good filtration properties of the membrane. Sample no -5 shows the best results in water 

purification. This is because of 2 layer was having nanofiber web on the PP meltblown fabric 

and jointly they shown very good result. This sample can be considered for filtration 

membrane in water purification area. 

Fig 4.39            Error Bar for PPM between the samples 
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4.10.2  Error bar analysis in PH between all the samples 

 

 

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.24, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 5 , the SD error bar are not 

overlapped even a less which indicates that the difference is probably statistical significance. 

This might be due to improvements in the value of PH.  

Result Analysis:- 

In this case, we had used CaCo3 for increasing the value of TDS by mixing it in pure water. 

Due to that PH of the water was also increased. Higher the value of PH indicates the total 

dissolved solids in the filtered water is still high and it shows poor filtration and lower value 

of  PH indicates the total dissolved solids in the filtered water is less which indicates good 

filtration properties of the membrane. Sample no -5 shows the best results in PH reduction. 

This was because 2 layers was having nanofiber web on the PP meltblown fabric and jointly 

they shown very good results. 

 

 

Fig 4.40            Error Bar for PH between the samples 
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4.10.3  Error bar analysis in ORP between all the samples 

 

 

 

 

Statistical Analysis: Mean Plus/Minus SD error bar shown in figure number 4.24, indicates 

the error for uncertainty in a reported measurement. In most of the samples, SD bars are found 

small, which shows that the data are near to the mean value. SD error bar are overlapped quite 

a bit in few samples which indicates that the difference is not statistically significant in these 

samples while for remaining sample viz. Sample number 1 , the SD error bar are not 

overlapped even a less which indicates that the difference is probably statistical significance. 

This might be due to very poor filtration of Sample 1. 

Result Analysis:- 

ORP (Oxidation Reduction Potential) is described to know the oxidation properties of the 

water. It generally remains in minus value and measured in mV. A higher value of ORP (In 

minus) is required for the outside water, while a lower value of ORP (In minus) preferable for 

the filtered water, which is to be used for drinking. 

Higher the value of ORP (in minus) indicates the poor filtration and lower value of ORP (in 

minus) indicates the good filtration properties of the membrane. Sample no -5 shown the best 

results in water purification. This was because 2 layers was having nanofiber web on the PP 

meltblown fabric and jointly they shown very good results. This sample can be considered for 

filtration membrane for drinking water purposes. 

Fig 4.41            Error Bar for ORP between the samples 
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4.11         Coefficient of Determination and Coefficient of Correlation for Water 

Coefficient of Determination is the square of Coefficient of Correlation. Coefficient of 

Correlation: is the degree of relationship between two variables. It can go between “-1” and 

“1”. “1” indicates that the two variables are moving in at the same pitch. They rise and fall 

together and have perfect correlation. “-1” means that the two variables are in perfect 

opposites. One goes up and other goes down, in perfect negative way.  If correlation value is 

“0” then it means no correlation at all – perfectly not related. 

    4.11.1                Correlation between PPM  VS  Different samples 

 

                             

 

 For Graph- 5.36  ( PPM) 

 Here Y = -372.95 X + 2839.3 

 R  (Coefficient of correlation )  = - 0.9794 

And,  R2 (Coefficient of determination) = 0.9593 

The coefficient of correlation comes between sample and PPM comes to = ( - 0.98 ) , which 

shows that Increasing of number of layers in filtration improves the water quality . By 

increasing the no of layer, PPM in the water reduces. 

The coefficient of determination (R2) = 0.96, means that 96 % of the total improvement in 

PPM ( Y) can be explained by the linear relationship between X and Y (as described by the 

regression equation).  The other 4 % of the total variation in Y remains unexplained. 

Fig - 4.42   Correlation between  PPM  VS  Different samples Membrane 
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4.11.2               Correlation between PH Vs Different samples 

 

 

 

 

For Graph- 5.37  ( PH) 

Here Y =  -0.24 X + 11.38 

R  (Coefficient of correlation )  = - 0.9864 

And,  R2 (Coefficient of determination) = 0.973 

 

The coefficient of correlation comes between sample and PH comes to = (- 0.986), which 

shows that Increasing of number of layers in water filtration decreases the PH of water.  

The coefficient of determination (R2) = 0.97, means that 97 % of the total improvement in PH 

( Y) can be explained by the linear relationship between X and Y (as described by the 

regression equation).  The other 3 % of the total variation in Y remains unexplained. 

 

 

 

 

 

 

Fig - 4.43       Correlation between PH Vs Different samples filtered 
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4.11.3                Correlation between ORP  Vs  Different samples 

 

 

                                             

 

For Graph- 4.15   ( ORP) 

Here Y = 13.9 X – 230.4 

R  (Coefficient of correlation )  =  0.9592 

And,  R2 (Coefficient of determination) = 0.9201 

 

The coefficient of correlation comes between sample and ORP comes to = (  0.959 ) , which 

shows that Increasing of number of layers in filtration decreases the ORP value( in minus) of 

water. The coefficient of determination (R2) = 0.92, means that 92 % of the total improvement 

in ORP ( Y) can be explained by the linear relationship between X and Y (as described by the 

regression equation).  The other 6 % of the total variation in Y remains unexplained. 

 

 

In water filtration sample number- 5 showed the best result. It was due to the membrane 

architecture which was having combination of different nano fiber web on different type of 

nonwoven fabric. More number of layers of nanofiber web on meltblown nonwoven fabric 

resulting the increased filtration efficiency of membrane. 

Fig - 4.44     Correlation between ORP  Vs  Different samples Membrane 
 



CHAPTER-4 Results and Discussion 

132 
 

 

4.12 Percentage shift in the value of water quality with reference to polluted water 
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  Feed Water Output water Rejected Water       

WO  
Filter 3590* 11.2 -231                   

S- 1 3590 11.2 -231 2535 11 -224 3215 11 -207 29.4% 0.9% 3.0% 

S- 2 3520 11 -241 1907 11 -197 2973 11 -184 45.8% 0.9% 18.3% 

S- 3 3510 11 -241 1830 11 -184 3000 11 -181 47.9% 2.7% 23.7% 

S- 4 3520 11.1 -231 1413 11 -171 3370 11 -185 59.9% 5.4% 26.0% 

S- 5 3528 11 -240 918 10 -168 3508 11 -181 74.0% 8.2% 30.2% 

 

 
Table 4.18    % Improvement in water quality with reference to PPM  ,PH, ORP by using 
different membranes 



CHAPTER-5 Conclusions, Major Contribution and Scope of Further Work 
 

133 
 

CHAPTER - 5 
 

Conclusions, Major Contribution and Scope of Further Work 
 

5.1  Conclusions 
 
In this research work, polyester and nylon nanofiber was produced by dissolving 

commercially available chips in their respective solvents. The nanofiber web was taken on 

both PP spunbond nonwoven fabric as well as PP meltblown nonwoven fabric also. After 

taking the sample, different combination was made and their performance was checked for 

air and water filtration efficiency. All the testing was done in a controlled environment. For 

testing we polluted the system with the help of pollutant i.e. Air was polluted with the help 

of cement particles and water was polluted with the help of calcium carbonate. After that, 

by using the fabricated membrane, the efficiency of all the samples was checked both for air 

and water. We can conclude the whole research as per the below-mentioned points 

  

 Polyester and Nylon nanofiber webs, which were produced during the research work, 

both show very good filtration property, but considering the cost factor, Nylon is 

recommended for further developments in the area of filtration. 

 Specifically, if we consider the field of indoor air filtration, sample no - 7 had shown 

excellent results. This Combination reduced the PM 2.5 and PM 1.0 level in air up 

to 95 %. 

 A combination of sample -7, can be used in respiratory masks, which can prevent us 

not only from pollutant air but also from different dangerous viruses like influenza, 

flu, Corona, anthrax etc.  

 A combination of sample -7, can be used for cleaning of indoor air of our house with 

the help of an air purifier, which was developed during the research work. 

 In the water filtration area sample no- 5, shows good results. This combination 

reduces the TDS and ORP level from the incoming water, by 60 % and makes it 

drinkable. The developed system can provide normal drinking water for poor people, 

who cannot afford a costly reverse osmosis system. 
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5.2  Objective Achieved 

 
 

 Successfully made polyester and nylon nanofiber from Polyester and Nylon chips 

which are widely used at commercial scale and easily available at very phenomenal 

rates. 

 Successfully implemented the nanofibers in air and water filtration under the concept 

of value addition in textiles. 

 Successfully designed and developed an instrument that can clean the air within 2-3 

minutes depending upon the area of the room. The manufacturing cost of the device 

is quite low and it can further be reduced if it is produced in bulk. 

 Successfully designed and developed a filter membrane that can clean the dirty water 

and make it drinkable. The manufacturing cost of the device is pretty low and it can 

further reduced if water can be feed from a certain height. In that case we can clean 

the water without electricity and with low water rejection. 

 
 

5.3  Major Contribution 
 
 

Development of Low Cost Room Air Purifier and Domestic Water Purifier with help 
of Nanofiber Web 
 
 
In this section, an attempt was made for making a low cost product which can serve to the 

low income group. Instead of available product in the market at higher price, a trial is planned 

to make product which have same functionality with low cost. We tried to target the cost of 

product by comprising the aesthetic look, so that poor person can also use the product.  
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5.3.1 Low Cost Room Air Purifier Using Nanofiber web on Nonwoven Fabric 
 

 
5.3.1.1  Objective for Making Room Air Purifier 

 

Air Pollution is the contamination of the atmosphere by harmful chemicals or biological 

materials. The two worst pollution problems in the world are urban air quality and indoor air 

pollution. Air Quality Index (AQI) provides information on the index for daily reporting of 

air quality 
 

An attempt is made to provide low cost Room Air Purifier, which anybody can afford. It is 

based on membrane filtration which is developed for the value addition in the nonwoven 

fabric by the help of nanofiber web. With the help of this air purifier we can provide clean 

air at a very affordable price domestically.  

 

5.3.1.2  Working Principle of Room Air Purifier 
 
It works by sucking the Air through semi-permeable Membrane, which is made of nonwoven 

fabric having nanoweb layer on it. The semi permeable membrane restricts the entry of 

Particulate Matter having size more than 2.5 micron which are remained in the air because 

of pollution and are unwanted. The exhaust air which we get out side of the membrane will 

be the fresh Air. 

 

5.3.1.3  Detailed Specification  
 

 Wooden Box 

 Length:-  11  Inch 

 Width  :-  12 Inch 

 Height  :- 12 Inch 

 Hole Diameter in Wooden Box :- 6 inch  

 Hole  Length :- 11 Inch 

 

 Nonwoven Fabric having web of Nano fiber ( Membrane ) 

 GSM of Fabric = 15 GSM (For Melt Blown) 

 GSM of Fabric = 30 GSM (For Spun Bond) 

 Nano fiber Type: - Polyester and Nylon 
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 Arrangement of  Nonwoven fabric 

1 Layer PP Spun Bond + 1 Polyester Nano Web on PP Melt Blown + 1 Layer PP 

Spun Bond + 1 Nylon Nano Web on PP Melt Blown + 1 Layer PP Spun Bond  

No of Layers: - 05 

 Placement of  Nonwoven fabric on Suction Head 

 Clamping  Mechanism :-  Manual 

 Clamping  Material :- Rubber Tube 

 Suction Fan 

 Fan Size :-  6  Inch 

 Fan Type :- Axial 

 Blade Type :- Propeller  

 No of Blades :- 09 

 Blade Width :- 1.1 Inch 

 Blade Length  :- 1 Inch 

 Blade Angle :-  450 

  Fan RPM   :- 1250 

 Fan CFM   :- 250   

 

 Exhaust Pipe ( for Clean Air ) 

 Diameter :- 7  Inch 

 Length :- 11 Inch 

 Quantity :- 01 

 

 Plastic  Net ( For Support  to the Membrane ) 

 Length :- 7 Inch 

 Width  :- 7 inch 

 Thickness :- 1 mm 

 Quantity :- 01 

 

 Power Supply  

 Input voltage :- 220 V  AC 

 Fan Wattage  :- 60 W 
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5.3.1.4  Price Calculation for Room Air Purifier:- 

 

Sr. No Name of Item Quantity Unit Price Total Price 

1 Wooden Box  1 400/- 400 

2 Exhaust Fan  1 400/- 400 

3 PVC Pipe (7 Inch Dia) 11 “ 50 Rs/ft 40 

4 

Nonwoven Fabric having web 

of Nano fiber 

5 layer  

(7” * 7”) 
50 Rs/ Meter 50 

5 

Epoxy Resin for Adhesive 

(Tube) 1 10 Rs/Piece 10 

6 Assembling Charges 1 50 Rs/Unit 50 

7 Electric Wire and Grab Handle 1 
 

50 

  Total 1000/-  Rs 

 

 

 

Calculation of Time taken to clean the Room Air 

 

 Room Volume: - 10*10*10 ft.  = 1000 Cubic ft   

 Fan Out Put :- 250 Cubic Ft/Min @ 1250 RPM 

 Total Time = 1000/250 = 4 Minute is required to clean the Room Air  

 

For room air purification instrument, the technology was transferred to M/S  Deepak  

Electricals , for commercialization 

 

 

 

 

 

Table 5.1  Price Calculation for Room Air Purifier 
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5.3.1.5  Comparison with existing instrument of domestic air purifier available 

in the market 

 

Sr.  Brand Filtration Mechanism Technology Actual 
 Price 
(Rs) 

Discounted  
Price 
(Rs) 

1 Coway  
Professional  
Air Purifier 

Special Green Anti-Virus 
HEPA Filter 
Carbon Filter traps for 
Bad Odor, 
Formaldehyde, VOCs 
and Cigarette Smoke.Air 
Quality Indicator shows 
real-time Indoor Air 
Quality  

Combination of Pre-
Filter, Activated 
Carbon Filter and 
Special Anti-Virus 
Green HEPA Filter 
helps in effectively 
reducing airborne 
pollutants and bad 
odor.  

34900 13500 

2 Philips  
AC1215/20 
Air Purifier 

Passive purification 
contains HEPA + 
activated Carbon Filter 

4 Stage Filtration 
process through pre 
filter, activated 
carbon filter and 
double layered H13 
Grade TRUE HEPA 
Filter. 
260 m3/hr. clean air 
delivery 

11995 11099 

3 Sharp  
Air Purifier  

Ionizer("+" and "-") ions 
are generated as well as 
HEPA filter is used for 
purify the air 

Dual purification 
method to remove 
different kind of 
pollutants Active 
purification             ( 
Plasma cluster 
Technology) and 
Passive Purification 
(uses combination of 
filters - H14 Grade 
HEPA Filter + 
Active Carbon Filter 
+ Pre-Filter) 

26000 9900 

4 Sterlomaxx  
Ioniser 

Air Ionizers emits only 
highly charged 
negative ions ("-") in 
the air that collides 
with the positively 
charged duct particles. 
This way making the 
airborne dust particles 
heavier and making 
them settle down on 
ground. 

Ionizers do not 
have any moving 
parts and does not 
use any filters, 

3000 3000 
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5 Room  
Air 
Purifier* 

Works on Passive 
purification by forcing 
air to pass to the 
designed nanofiber 
Membrane, causing 
hazardous material to 
be left on the 
membrane. 

Directly Mounting 
the prepared 
Nanofiber 
membrane. Option 
for pre filter can 
we created 
400 m3/hr. clean 
air delivery 

1000* *Can be 
further 
reduced , if 
production is 
done on mass 
level 

 

 

 

The available instrument in the market was quite costly and were using the technology of 

ionizer and costly Hepa filter. In our case our target group was the common people who 

cannot afford the costly air purifier or water purifier. So, comparison of our developed 

system with the existing instrument in the market was not justifiable. 

 

5.3.2      Low Budget Domestic Water Purifier Using Nanofiber web on Nonwoven 

Fabric 

 

 
 
5.3.2.1  Objective for Making Domestic Water Purifier  
 
Drinking water is the biggest problem throughout the world. Especially for the poor people, 

who cannot afford the costly water purifier. An attempt is made to provide Low budget water 

purifier for poor people based on membrane (RO principle), which is developed for the value 

addition in the nonwoven fabric by the help of nanofibers. 

 

 

 

5.3.2.2  Working Principle of Domestic Water Purifier 
 
It works by forcing the water through semi-permeable membrane, which was made with 

nonwoven fabric having nanofiber web on it. The semi permeable membrane restricts the 

flow of bigger particle which are dissolved in the water and are unwanted. The rejected water 

thrown out of the system through flow restrictor. The permeated water which we get out side 

of the membrane will be the fresh water. 

 

 

Table 5.2   Comparison of price and feature of Room Air Purifier with available instrument in the 
existing market 
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5.3.2.3  Detailed Specification Domestic Water Purifier 

 

 UPVC  PIPE   

 Diameter :-  0.5  Inch 

 Length  :-  12 Inch 

 Effective Length on which orifice present :- 7.5 Inch 

 Orifice Size :- 5 mm 

 No of line of Orifice : 2 

 Distance between 2 Orifice ( Linear) = 1 Inch 

 Distance between 2 Orifice ( Radial ) = 1.5 Inch 

 No of Orifice: - 8*2  = 16 

 

 Nonwoven Fabric having web of Nano fiber 

 GSM of Fabric = 15 GSM (For Melt Blown) 

 GSM of Fabric = 30 GSM (For Spun Bond) 

 Nano fiber Type: -  Polyester  and Nylon 

 

 

 

 Arrangement of  Nonwoven fabric 

1 Layer PP Spun Bond Fabric + 1 Layer  Polyester  Nanofibers Web on PP Melt 

Blown Fabric + 1 Layer  Nylon Nanofibers Web on PP Melt Blown Fabric + 1 Layer 

PP Spun Bond Fabric 

 

 Placement of  Nonwoven fabric on PVC pipe 

 Bound Pattern :-  Spiral 

 No of Turn :- 8 

 

 UPVC Coupler  

 Size :- 1/2 inch 

 Type :- one side Plain + One side Thread 

 Quantity :- 02 
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 RO Elbow 

 Type : 1/2" Threaded Male to 3/8" Tube Push Fit Elbow 

 Quantity :- 02 

 

 RO Pipe Tube  

 Size :- 1/4  inch 

 Length  :- 2 meter 

 

 Flow Restrictor  

 Rating  : 650 ( Milliliters Per Minute ) 

 Pipe Dia :- 1/4 Inch 

 

 Diaphragm Pump  ( Optional *) 

 Capacity :- 75 GPD 

 Connector Piece :- 2 

 Input Voltage :  12/24 Volt  DC  ( 1.5-2.5 Amp) 

 

 Power Supply  ( Optional *) 

 Input :- 220 V  AC 

 Output :- 12/24 Volt 

 Output Ampere: - 1.5  - 2.5 Amp 

 

Optional * - If water is coming from a tank which is placed at 20 ft height, then there is no 

need to place it in the proposed Water filtration System 
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5.3.2.4  Price Calculation of Low Cost Domestic Water Purifier 

 

Sr. 

No 
Name of Item Quantity 

Unit 

Price 

Total 

Price 

1 UPVC  PIPE 12 Inch 10 Rs/ Meter 3.5/- Rs 

2 
Nonwoven Fabric having web 

of  Nanofiber 
5 layer 50 Rs/ Meter 250/-  Rs 

3 UPVC Coupler 2 5 Rs/ Piece 10/- Rs 

4 RO Elbow 2 20 Rs/ Piece 40/- Rs 

5 RO Pipe Tube 2 Meter 6 Rs/ Meter 12/- Rs 

6 Flow Restrictor  ( 650 ) 1 15 Rs/ Piece 15/- Rs 

7 
Diaphragm Pump - 12 Volt 

DC ( Optional *) 
1 200 Rs/ Piece 200/- Rs 

8 Power Supply - ( Optional *) 1 100 Rs/Piece 100/- Rs 

9 
Epoxy Resin for Adhesive 

(Tube) 
1 10 Rs/Piece 10/- Rs 

10 Assembling Charges 1 50 Rs/Unit 50/- Rs 

 Total 
380/-  Rs                                                    

( WO Diaphragm Pump and Power Supply ) 

 Total 
690/-  Rs                                                    

(With  Diaphragm Pump and Power Supply ) 

 

 
 

Calculation of Time taken to purify 1 litre Water 
  

 Input TDS  :-  3590 PPM 

 Out Put TDS :-  960 PPM 

 Salt Rejection %  = (TDS Feed – TDS Product) / (TDS Feed) X 100 

                  = (3590-960)/3590* 100 = 73.25 % of Total Water Supplied  

                  Purified water = 26.75 % of Total Water Supplied 

            Input water Supply = 75 GPD = 283.5 Lt in 24 Hours = 11.82 Lt / Hour 

       = (11.82 * 26.75)/ 100 = 3.16 Lt. / Hour 

       So for 1 Lt = (60/3.16) = 18.9 Minute  
 

       Approx. 19 Minute will require for 1 Lt purified water. 

Table 5.3                    Price Calculation for Low cost water filtration system 
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5.4  Scope of Further Work 
 
Globalization has opened the doors to competition at the highest level. Every industry must 

now produce products those are best in terms of quality and price. Customers now have a 

wide variety of choices in each price range and one who offers the best at a competitive price 

will survive and prosper. For the Indian Textile Industry, challenges are even greater. 

Technologically speaking in the textile processing industry there is still a lot to ask for. The 

thrust areas in textiles, in the coming years will very much center on: Process optimization 

through improved shorter duration processes i.e. efficient and effective processes, 

Customized solutions, Value addition, Global competitiveness: high standards of quality at 

lowest possible cost, and Eco awareness.  

 
So there is big scope in making of polyester and nylon nanofibers and then start using them 

in various value added textiles areas. If we can further decrease the production cost of 

polyester and nylon nanofibers, then there is a huge possibility to decrease the cost of air 

filter and water filters. It will not only help us to protect from the dangerous contaminants 

present in the air and water, but also it can play pivot role to boost up national economy.  
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