CHAPTER - 1

INTRODUCTION
1.1 
Overview
In past 20 years, the polymer industry underwent incredibly fast development. There is probably no comparable sector of industry (apart perhaps from computing) which has grown so rapidly. The result is that polymers and polymer packaging are now an essential part of our everyday life. 
Packaging can be defined as materials used for the containment, protection, handling, delivery, and presentation of goods. The most common types of material used for packaging are paper, board, plastic, glass, steel and aluminium. 
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Paper and board are the most widely used packaging materials in terms of weight. Paper and board account for 43% by weight of all packaging and are used to pack 25% of all goods. Paper and board packaging make up 6.4% of the overall content of the typical household dustbin. Plastic packaging accounts for 20% of the weight of all packaging and 53% of all goods are packaged in plastics as it possesses low weight and can be recycled easily.
Polyethylene, PET, PP, PVC and Nylon, LLDPE, LDPE, HDPE are common polymers used in packaging. In packaging, plastics are used for many varied applications ranging from sterile storage of medical and pharmaceutical goods, to extending the shelf life of foodstuffs such as bread, meat and vegetables, and protecting sensitive technical products from damage. This means that plastics make a significant contribution to improving the quality of our life. At the same time they preserve valuable resources and help to save costs, as a result of their lower weight. Over the period, plastics have become ever more sophisticated, lighter and more versatile due to innovative technologies and they have replaced traditional packaging such as glass and paper in many areas.





      

1.2   
Impact of Packaging
Packaging has distinct impacts on so many aspects of life, commercially as well as individually.  The ninety percent packaging market is within the food and drink industry. Additional areas requiring packaging are auto/hardware, house wares and tobacco products. The cost of the packaging as a percentage of total selling price is also important. The package designs are planned to reflect the many changing social and economic trends in the world. Several of those trends and resulting examples include: 

· Economy (various sizes, quality levels) 

· Mobility (convenience items) 

· Labeling requirements (contents and directions) 

· Available equipment (products for the freezer or microwave) 

· Time and convenience to purchase and use various available sizes, complete meals in a package  

· Consumerism (consumer complaints have the highest influence on pharmaceutical and health-related products) 

· Environmental concerns (reduced, reusable and recyclable packaging) 
1.3 Purpose of Packaging
Packaging of any product basically serves the following purposes: 
1. Contain:                                                                                                                            
To hold the product directly. Examples the tube or pump for toothpaste, the can or jar for food, the drum for a cleaning product. 
2.
Inform:                                                                                                                            To identify the brand any related companies, to explain how it should be used, to warn about the hazards for misuse, and to reveal product contents.  
3.
Protect:                                                                                                                             To prevent spoilage, leakage, breakage, moisture changes, theft and tampering.

      
4.
Transport:                                                                                                                         To easily and safely move the product from the manufacturer, to a warehouse, then to the retailer and finally, to the consumer. And storage space at these various locations can be used much more efficiently when cartons are stacked.

5.
Display:                                                                                                                                  To attractively display, to sell (a marketing tool). Size, cost, colors, brands, illustrations and shape are all considered for display. 
In addition packaging also helps to:
· Catch the browsers attention 
· Create desire 
· Inspire confidence

1.4   HISTORY OF PACKAGING
From the very earliest times, people consumed food where it was found. Families and villages made or caught what they used. They were also self-sufficient, so there was little need for packaging of goods, either for storage or transportation. When containers were needed, nature provided gourds, shells, and leaves. At this stage, containers were fashioned from natural materials, such as hollowed logs, woven grasses and animal organs. As ores and chemical compounds were discovered, metals and pottery were developed, leading to other packaging forms. 
The use of packaging materials began with the Chinese; they used sheets of treated mulberry bark to wrap foods as early as the first or second century B.C.During the following centuries, the Chinese also developed and refined the techniques of paper making. In 1310, paper making was introduced to England. The technique arrived in America in 1690. 

Plastic is the newest packaging material in comparison with metal, glass, and paper. Although discovered in the 19th century, most plastics were reserved for military and war time use. Plastics have become very important materials and a wide variety of plastics have been developed over the past 50 years. Several plastics were discovered in the nineteenth century: styrene in 1831, vinyl chloride in 1835, and celluloid in the late 1860s. However, none of these materials became practical for packaging until the twentieth century. 
For packaging, molded deodorant squeeze bottles were introduced in 1947 and in 1958; heat shrinkable films were developed from blending styrene with synthetic rubber. Today some water and vegetable oil containers are made from vinyl chloride. Due to shortage of ivory, a United States manufacturer of billiard balls offered a $10,000 reward for an ivory substitute. A New York engineer, John Wesley Hyatt, with his brother Isaiah Smith Hyatt, experimented several years before creating the new material. Patented in 1870, "celluloid" could not be molded, but rather carved and shaped, just like ivory. Cellulose acetate was first derived from wood pulp in 1900 and developed for photographic uses in 1909. Although DuPont manufactured cellophane in New York in 1924, it wasn't commercially used for packaging until the late 1950s and early 1960s. 
In the interim, polyethylene film wraps were reserved for the military. In 1933, films protected submarine telephone cables and later were important for World War II radar cables and drug tablet packaging. Other cellophanes and transparent films have been refined as outer wrappings that maintain their shape when folded. Originally clear, such films can now be made opaque, colored or embossed with patterns.

One of the most commonly used plastics is polyethylene terephthalate (PET).This material only became available for containers during the last four decades with its use for beverages entering the market in 1977. By 1980, foods and other hot-fill products such as jams could also be packaged in PET. Current packaging designs are beginning to incorporate recyclable and recycled plastics but the search for reuse functions continues.
CHAPTER-2     

CLASSIFICATION OF PACKAGING 

 In Packaging, goods are wrapped either by the manufacturer or the distributor before being sold or handed over to the consumer/end user. A good packaging:

1. Keep the product clean

2.  Prevent losses

3. Contaminations

4.  chemical and physical damages 

5.  Provide identification and instruction.

Packaging can be broadly classified into three categories: 

1. Rigid Packaging

2.  Semi Rigid Packaging

3.  Flexible packaging.
2.1   Rigid Packaging
Rigid Packaging are solid plastic containers of various types including bottles, tubs, buckets, pails cans and plastic jars ampules, aerosol containers, closures, sprayers, fitments, lid and larger items such as pallets and drums and much more for the food and beverage, pharmaceutical and cosmetic etc. High pressure is required to deform the rigid packaging.
The common polymers used in rigid packaging includes: low density polyethylene, high density polyethylene, polystyrene, polyvinyl chloride, polypropylene, with polyethylene terephthalate (PET) and also tacking a major role, to high barrier polymers. Barrier polymers include polyamide, ethylene-vinyl alcohol copolymer and thermoplastic epoxies. These are applied as additional layers in multilayer constructions using a variety of processes. Silicon oxide and carbon have also been uses as barrier coating, and can be applied in different way. 
Fluorination of HDPE is used to improve the solvent barrier properties of this polymer. 

                        
Rigid packaging containers can be manufactured using the spectrum of processes: extrusion and co-extrusion; thermoforming; injection moulding and multimaterial injection moulding, with in-mould labeling: injection blow moulding; and injection-stretch blow molding.
                   
 
Demand for rigid plastics is estimated to be growing at 20% per annum. 
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                               Fig.1: different example of rigid packaging
2.2   
Semi rigid Packaging:
Semi rigid packaging includes toothpaste and cosmetic tubes, for biscuits, processed foods or fruits, the plastic wrap are also used to package chicken and other meat products. They can be deformed by using small pressure. A distinguishing factor of these products is that they are thermo formed rather than injection or blow molded. 
There exists an opportunity for new investors to take care of the packaging of the growing poultry, food and horticultural industry.
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Fig. 2: Different example of Semi rigid packaging
2.3   Flexible Packaging
A package or container made of flexible or easily yielding materials that, when filled or closed, can be readily changed in shape.

The construction may be of paper, plastic film, foil or any combination of these. Include roll stock, bags, pouches, labels/wraps, lidding, shrink sleeves and stretch film. 

Growth in a Flexible packaging market has been driven by an expanding economy and a shift from rigid packaging to flexible packaging alternatives. 

Flexible packaging has taken the share from rigid packaging as results of number of factors, including:
· Light  weight

· Excellent barrier and functional properties

· Easy to handle and convenient for retailers and customers

· Provides much more product per a given amount of package

· Tremendous savings in raw material consumption

· Acquire the shape of the product to be packed

· Cost saving in storage and transport due to its length weight and small size. 
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In flexible packaging, various films like PE, PET, BOPP, Paper, and foils used as a single layered or multilayer with each side printed or none printed. 
Fig. 3: Different Example of Flexible Packaging
2.4     Printing on Flexible Packaging
It is the first step, which is used to decorate the product, to give product information, various instructions etc.
Printing is done onto almost every film but Polyester films are the most preferred one because of their good ink adhesion characteristics. There are two types of printing:
1.
Surface Printing
· The process where by the ink is deposited directly onto the outermost surface of the packaging film or material. 

· The application of colors is light from dark.
·  The ink used in case of surface printing should be seal resistant /heat resistant.

2.
Reverse Printing
· In this case, the outermost layer is printed on the backside and laminated to the rest of the multi-layer structure. It is the preferred method for the food industry. 

· The application of colors is from dark to light.
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                         Fig. 4: Rotoflex Printing Machine (Germany)
2.5   Lamination on Flexible Packaging

These printed films are then combined with various films to give the products desired properties like mechanical properties, barrier properties, heat sealability etc.

This is done with the help of suitable adhesives which is applied to either or both the sides of substrate. There are three types of lamination:

1.
Solvent less lamination: It is used for food materials. The adhesive used at 45 degree temperature. There is a heater in every machine, which evaporates the adhesive.
2.
Solvent Based lamination/Dry lamination: It is used in case of packing of chemical materials. Solvent is mixed with adhesive and transferred to the cylinder carrying the films. These films are than passed through heater which evaporates the Solvent and are than kept in the hot room for 24hr.
3.
Extrusion Lamination: A laminating process in which individual layers of multi-layer packaging materials are laminated to each other by extruding a thin layer of molten synthetic resin (such as polyethylene) between the layers.

· Lamination is done by directly extruding a polymer on to a substrate.     

· The extrusion lamination does not require the use of a laminating adhesive, since the polymer laminating coating is done directly on to the substrate.

·  In some jobs the side slitting is also done after the lamination on the machine it self.
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Fig.5: Controlled Extruder Dies with Automatic Gauge Control Lamination Machine (Japan)
2.6 Slitting of Flexible Packaging 

Flexible packaging materials generally do not have perfectly flat surfaces. In the slitting process, the laminated web is cut to give specific width and defected material is removed from the laminated rolls with the help of sharp blade, before dispatching the material to the pouching.
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                                   Fig. 6: Titan Slitting Machine (Germany)
2.7   
Pouching of Flexible Packaging 
 
The web from the roll is converted to the pouches as per the customer/product requirements. 

Versatility of various kinds of pouches is enhanced by using different accessories like rope handle, punch handles, spouts, performed handles, self sticking tape zipper, pilfer proof membranes etc. Different types of pouches are: 

(I) 
Retort pouch: Retort is a cooking process that uses heat and pressure to cook food in its sealed package. Retort Pouches conditions are quite demanding with temperatures typically ranging from 120°C to 130°C. Different retort grade films which are laminated together to provide the strength, toughness, puncture and burst resistance that enable flexible retort pouches to withstand the strenuous retort process. These pouches are made PET / Foil / Nylon / CPP etc.   
 
The Common flexible retort pouch structures are:     

  Advantages:

· Easy to pour

· Cost effective 

· Easy to open

· Light weight
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Easy to carry

                                                   Fig. 7: Retort Pouches
(2) 
Standup pouch:  It is 3 side heat sealed laminated spout pouch or stand up Pouch.

Advantages:

· Convenient to use                                
· Easy to stack

· Good aesthetics

· Pouches offer longer shelf life 
Applications: 
· Liquid
· [image: image24.jpg]


Powder and daily goods etc.
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Fig. 8: Standup Pouches
(3) 
Plastic laminated pouches: 

These laminated pouches are printed 3 side sealed consist of two to three layers. And are made of BOPP, PET, CPP, LDPE and aluminium.The laminated pouches can be customized as per the specifications of the product to be packed. 
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                                                                                                                                                                      Fig. 9: Plastic Laminated Pouches
(4) 
Square Bottom Pouch: This type of pouch design is neither Stand up nor three side seal pouch. Here the open gusset is provided at the bottom.
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                                      Figure square bottom pouch

Fig. 10:  Square Bottom Pouches
(5) 
Center Seal Pouch: 
These pouches are convenient for packing Biscuits and spoons etc. 
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Fig. 11: Center Seal Pouch 
(6) 
Seal Pouch:
These are D cut, Capsule Cut, and Euro Cut which are been fabricated as per the requirements. Main advantages up to 500 g pack size for display the products by hanging in the shop and above 500 g pack size for convenience to carry for the consumer.
               

       

Fig. 12: Seal Pouches
(7) 
Three Side Seal Pouch: 
These pouches are made in various capacities from 1 Kg to 10 Kg .Re- useable and one time use kind of design is possible. Pouches can be made with side gusset on both the sides.
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Fig. 13: Three Side Seal Pouch 
(8) 
Four Side Seal Pouch:

This is the latest popular concept used as the excellent graphics possible on all four sides of the pouch. The product is more visible on the shelf due to four panels. We can match the entire four panels all together. 

[image: image29.jpg]



Fig. 14: Four Side Seal Pouch
[image: image30.png]



Fig. 15: Hansen Pouching Machine (Germany)
CHAPTER - 3    
FLEXIBLE PACKAGING                                                                                                                      
3.0  
Introduction 
Flexible packaging can be deformed by negligible pressure or very less pressure. They can be readily changed in shape. Flexible packaging films can be classified in to two categories.

3.1 
Monolayer (Major) Packaging Films
[image: image3.jpg]



Fig. 16: Monolayer Film
Monolayer flexible film contains only one layer. Some Monolayer films are as:

3.1.1 BOPP (Biaxially oriented polypropylene) Film:
BOPP films (biaxially oriented polypropylene), in recent years has become one of the most popular, high growth films in the world market. BOPP film a prominent product line, with a wide range of film variations from around the globe, targeting the packaging, pressure sensitive tape, label, stationery, metalizing and decorative markets. BOPP film has following features:
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Fig. 17: BOPP Film
1. 
It provides higher surface area per unit weight makes it cost effective.

2. 
It has low transmission rate than other packaging films which improves the shelf life and     retains freshness of the food products sensitive to moisture.

3. 
The high gloss and excellent clarity provides good aesthetic appeal.

4. 
Its high tensile strength, low elongation and thermal shrinkage makes it suitable for processing  on high speed printing, and coating/ laminating etc. These films can be divided into following categories: 
Applications: 
· Laminations 

· decorative 

· pressure sensitive tapes

· stationery

· Metallizing 

· Gift and flower wrapping 

· paper lamination,

· Textile packaging. 

3.1.1.1   Metallized film:
These films contain thin aluminum layer on one side of the film. These films have high water vapour and gas barrier properties. Metallization can be used for improving the water vapour and gas barrier and light barrier applications. Thickness range 20 or 30 micron.   
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                                              Fig. 18: Metallized Film
3.1.1.2   Co extruded Film:
These films are heat sealable one or two sides, wide heat seal range used as a single web or laminate. 

It is multilayered co- extruded film to meet the properties of different polymers in single film. 

It has high tensile properties, good sealability and barrier properties.

 
It is widely used in oil packaging. Thickness range 15-40 micron.
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Fig. 19: Coextruded Film
Application: 
· Over wrap 

· Cigarette Packaging 

· Printing & Lamination

· Metalizing.                                                             
 Some of the packaging products made using co extruded films are as follows: 

· Packaging pouch 

· Packaging bags 

· Food packaging laminates 

· Pharma packaging products. 

3.1.1.3    BOPP Plain Film:






                                                                                    

BOPP is a clear, matte, Excellent mechanical and optical and heat sealable properties, brown and white bi-axially Oriented Polypropylene film. This film has good clarity, resistance to UV light, excellent chemical and abrasion resistance, and smooth surface. The clear material has a reasonable scuff resistance and a great acid resistance. 



    
               
BOPP is widely used in the pressure sensitive tapes, and label, stationary (photo albums, page protectors) and decorative packaging. Thickness range 12-50 micron.
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3.1.1.4    Pearlized Film:
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It has pleasing pearl like appearance good heat sealing and excellent printability and lamination properties. It is used in decoration, printing, and lamination. Thickness: 18-40 microns.
Fig. 20: Pearlized Film
3.1. 2   CPP (cast polypropylene) Film:
CPP film (cast polypropylene) has been known in the packaging field to be the more "elegant" brother of polyethylene film, with higher gloss, greater transparency and better heat resistance. In the stationery industry, CPP film has developed the reputation for being the cost effective alternative to PVC film. This film category is available in a variety of types and for multiple applications. Thickness range 18-20 micron.
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Fig. 21: CPP Film
Application

1.  
Stationery Industry:

 
CPP film is widely used in stationery industry for photo albums and page protectors, as a lamination layer (both as sealant and as a heat resistant layer).
2.  

Packaging Industry: 




                                                     CPP film is widely used in the packaging industry for:
1.
Textiles (Hosiery, Socks, Underwear, Shirts).
2.
Food (Bread, Vegetables, Candies)
3.
Floral Wraps (Sleeves & Sheets for Cut Flowers, Pots, Dried Flowers)
4.
For Laminates
Thickness Range:  18-120 Microns.

3.  
Pressure Sensitive Industry:
· Diaper Closures - White, Opaque, Embossed.

· Adhesive Coating

· Adhesive Tape 

 Various packaging products made from these films are: 

· Packaging rolls 

· Packaging pouch 

· Packaging bags 

· Food packaging laminates 

· Dairy packaging 

· Cosmetic packaging 

· Pharma packaging materials 

3.1.3   PVC (polyvinyl chloride) Film:
PVC film can be produced with an extraordinary range of characteristics and qualities. PVC film is clear or colored and transparent or opaque. Applications for PVC film are equally varied, from stationery to wine bottle caps, from credit card stock to industrial adhesive tapes, from battery wrap to candy twist. These are three [image: image36.jpg]


types. 
Fig. 22: PVC Film
1.  
Rigid PVC Films: It has excellent printing capabilities and is used for various applications including door panels, stationary, lampshades, ceiling foil, and cooling tower. They are also used for blister packaging. 
2.   
Semi-Rigid PVC Films: It has excellent printing capabilities and is used for a variety of applications including bookbinding and packaging. 
3.   
Flexible PVC Films: They offer excellent lay-flat, a large selection of opaque colors and prints. 






                                                                
They are used for 
· Bookbinding
· pool liner,
· Graphics and water bed. 
3.1.4   PET Film: 
Polyethylene terephthalate (PET) is a semi crystalline polymer used to produce films. PET film (polyester) is one of the most widely used plastic films in the world. Polyester film is a high performance biaxially oriented film made from polyethylene terphthalate (PET) resin. PET films are biaxially oriented to stretch the polymer chains creating strength, then heat quenched to lock in the structure with a small percentage of polymer crystallization. The heat quenching conditions may leave a residue on the film that may be relieved with later heat treatment. These films have good thermal stability. They can be post-processed in the form of sheet or roll, to have better thermal dimensional stability. Polyester film contains properties that make it ideal for packaging market.

· Easy machine ability

· High strength

· Good dimensional stability over a broad temperature range
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Good surface treat ability

· Excellent tear resistance

· Excellent adhesion and release

· Superior printability

· Moisture and solvent resistance            
· Barrier against oxygen and water vapor.  

Fig. 23: PET Film
PET films are used to make various packaging products like packaging pouches, packaging bags, aluminum foils, dairy packaging, pharma packaging etc.
Application:
1. Graphic art/Decorative

2. Metalizing

3. Cable warping or insulation laminates

4. Packaging

5. Audio, video, computer tape base films

6. Stamping foil

7. Adhesive coating.
3.2   
MULTILAYER PACKAGING FILMS 
Flexible packaging materials can combine the properties of many different substrates into composite structure. 

Years ago, potato chips were sold in small paper bags, but they had to be sold quickly before moisture made them soft, oxygen made them rancid,  and the oil in the product penetrated the paper. 

Waxed paper, one of the first multilayer structures, imparted some moisture protection, and glassine imparted oil protection, but improvements attainable with anyone substrate are very limited. 

            Today, potato chips and innumerable other products can be shipped long distances and stored for months because the properties of many materials can be combined into the multilayer structure that provide all the key characteristics of flexible packaging to the right degree; protection against flavor, microbial protection and extension of shelf life  etc. 

A multilayer structure generally consists of three functional components.
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Fig. 24: Multilayer Film
1.   Outer Layer:

This layer provides resistance against abrasion and scuffing during processing and packaging operations.

 
It must be resistant of temperature required to melt the sealant, yet with food product, it must be capable of being softened by heat for forming into a cavity. 
Typical materials include polyamides (nylon) or polyesters or polyethylene. 
2.   
Middle Layer:
This layer provides the barrier to gas permeation. 
Polyvinylidene chloride (PVDC) commonly known as Saran, Ethylene vinyl alcohol (EVOH) is generally key components of high barrier films.
3.   
Inner Layer:
This layer provides a hermetic seal by melting at moderate temperatures. 
The most common resins are used polyethylenes, ethylene vinyl acetates (EVA) and inomers.
3.3   
INNOVATIONS IN FLEXIBLE PACKAGING

Flexible packaging consumption’s rapid growth represents a $38 billion market in the global community. 

As the demand in the industry continues to rise at an average of 3.5% each year, flexible materials need to meet and exceed the high expectations of consumers and the stressors of the supply chain. 

Increased competition between suppliers along with government regulations translates into innovation in films that enhance product and package performance as well as address worldwide concerns with packaging waste.

 
The coffee industry is now demanding packaging without an aluminum layer. 

Packaging manufacturers have been asked to develop a film with the same barrier properties as films that contain aluminum, which preserve the aroma of coffee for over a year. 

Another example is beer in flexible plastic bottles sold in football stadiums. Cold-resistant films that remain flexible and impact-resistant in a deep freeze at a temperature of 30 oC also provide excellent opportunities. Such solutions to problems provide the basis for market-success. In development of new products, those companies offering ever-lighter and easier to recycle packaging will have a competitive edge. 

The reason is the growing demand from consumers and legislators for less waste, greater material savings and more environmental protection. 

At the same time, less material helps to preserve valuable resources and reduce transport costs. Consequently the industry is reducing packaging weight by using thinner and thinner films and thin-walled plastics containers. 

CHAPTER– 4
ELEMENT OF PACKAGING FILMS
4.1   
How to Define the Polymeric Films:

A plastic material below the 0.25 mm or 0.010 inches in thickness is generally considered a Film, above this thickness is called Sheet. Film thickness is also described in mils, which are equivalent to thousand part of an inch.

 However the term Micron is widely used term for film thickness.

4.2   
How to Define the Packaging Films:

Films which are used single or with combination of other films are used in packaging the articles, are called Packaging Films. 

Packaging is done with the different types which are wholly dependent on the product which is to be pack. 

Different types of packaging films normally used in flexible packaging are as follows:
4.3   
Metallized Films:
The advantages of both metal and plastic films have been incorporated into metallized film, offering consumers much more versatility in application. 

Metallized films have high water vapor and gas barrier properties. 

Metallized film can be used for improving the water vapor and gas barrier and light barrier properties of BOPP, CPP, BOPET and Nylon etc.
Application:
· Packaging for Food and Medicine
· Fiber for Metallic yarn
· Decoration for Ribbon
· Printing for Stamping foil, heat reflection, insulation duct 
· Electrical for Cable warp and insulation tap
· Electronics for shielding bag.
4.4   
Pearlized Film: 

It has pleasing pearl like appearance with good heat sealing properties. 

It has good barrier properties and used for packaging of frozen products e.g. Ice candy etc.

 4.5   
Co extruded Film:

 
It is multilayered co extruded film to meet    the properties of different polymers in single film.

It has high tensile properties, good sealability and barrier properties. 

It is widely used in oil packaging and lots of other products.

4.6   
Aluminium Foil:
It has high resistance to most of fats, petroleum greases and organic solvents, unaffected by heat and moisture.

It has excellent barrier properties against water vapors and gases as well as good esthetic look.  
4.7   Pellet Cover: 
A top sheet is a thin (typically 1 to 4 mil thick) plastic film applied to the top of a pellet load for protection. Applying a layer of top sheet to the top of pallet load can make sense for a number of different reasons.

(a) 
Dust protection:
A layer of film on the top protects your products from dirt, dust and other elements that may affect the look of damage your product both during transit and storage at your facility.

(b) 
Tamper resistant:

By locking the top sheet film the stretch warp on the sides you effectively prevent easy access to the product inside.
Although the top sheet film can be removed to allow access, it will be noticeable.
(c) 
Water resistance:
                       





Top sheet plastic film provides a level of water resistance. This allows for the product load to be protected from the elements for a period of time without the moisture damaging the product within. The quality of resistance depends on the application.
(d) 
UV resistance:
Plastic Top sheet can have UVI (Ultra Violet Inhibitor) added to the film. 

This provides protection from the sun’s rays that can damage the product load without UV protection most packaging print on boxes or bags will fade, and some product packaging will deteriorate to the point of failure. 
The application of a UVI top sheet film will protect most products that require outdoor storage from the elements.

4.8   
Zip locks bags:

There are dozens and dozens of choices when it comes to reclosable zip lock bags.
 Flexible Packaging can get you any type you need, from the common, every-day bag to the highly specialized. We carry all the well-known brand names, including Minigrip with its "Red-Line" in the resealable top. 
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Fig. 25: Zip Lock Bags
Flexible packaging can get you any thickness for your needs from .002 (2 Mil) to .006 (Mil) The most popular thickness are:

· 0.002 (2 Mil) bags are used for protecting delicate items from dust, dirt, oil scratches and moisture, making them ideal for hardware, cosmetics and light, manufactured goods. 

· 0.004 (4 Mil) bags are tougher, reducing the possibility of tears or punctures and able to handle heavier and bulkier items. 

· 0.006 (6 Mil) bags are the strongest reclosable bags you'll find on the market. 

Zip lock bags come in many sizes with various combinations of the following features:

· Clear, Amber, Black and Your Choice of Colors 

· Write-On Blocks in White (accept marker, rubber stamp, grease pencil or pen) 

· Anti-static 

· Static Shielding 

· UV Protection (amber) .003 (3 Mil) stock gauge 

· FDA and USDA Approved for Food Contact 

· Tamper-Evident 

· Press-On (adhesive back, holds shipping documents) 

· Tie-On 

· Metal Grommets/Metal Reinforced Eyelets 

· Hang Holes 

· In Dispenser Box 

· Stand-up 

· Slider Zipper Bags.

4.9 Shrink Film:                                                                                               
Film which has gone through an orientation step in manufacturing process, which shrink significantly with application of heat.




                                                      [image: image38.jpg]


Shrink film possess characteristics which are as follows:
Fig. 26: Shrink Film
(a)   
Optics
The visual properties of a material, such as clarity, haze and gloss, that are first noticed by an end-user and the point-of-purchase customer. 

These visual properties distinguish premium shrink films from commodity shrink poly.  Good optical properties display the custom.

(b)  
Cold Flex Temperature (Low Temperature)
Ability of a film to perform at low temperature without fracture or failure.

(c)   
Modulus of Elasticity-Stiffness
The stiffness or resistance to bending of a packaging film the higher the modulus value, the stiffer the material. Typically, a film with a higher modulus machines best on a high-speed wrapper.
(d)   
Slip
That quality of a film that permits it to move easily over metal or against another piece of film (See Coefficient of Friction).
(e)   
Cold Slip
The amount of force required to slide two cold surfaces of film against themselves.

(f)   
Hot Slip
The amount of force required to slide two heated surfaces of film against themselves.

(g)
Tack
A property of a film that is characterized by its adherence to metals and/or another sheet of similar film (See Coefficient of Friction).

(h)
Oriented
The stretching and aligning of a material's molecules at temperatures below its melting points.
(i)   
Balanced (Biaxial) 
Equal orientation in both LD (longitudinal direction) and TD (transverse direction), i.e., 3 x 3 or 5 x 5.

(j)   
Monoaxial
A film which is oriented to shrink in one direction (longitudinal or transverse) only.

(k)  
Preferential Shrink
The characteristics of a shrink film which enable it to shrink more in on direction (longitudinal or transverse) than the other. Longitudinal orientation is accomplished by a device which stretches the film in the machine direction. Transverse orientation is induced by a process such as tentering which applies across the web stretching.

(l)   
Dimensional Stability
Capability of a roll of material to maintain slit width during typical storage and distribution conditions.   
Applications: 
Shrink films are widely used in a number of industries including food industry, automotive, agriculture etc. They are used to wrap CDs, videos, picture frames, paper plates, wrapping paper rolls, software packages, toys, stationery, promotional multipacks, biscuits, pizzas, chocolate boxes, bread, egg trays, pastries, really any products where presentation counts.     
4.10 Stretch Film:

Stretch films are made from linear low-density polyethylene resins. 
Since its early introduction in the early 70’s, stretch film has become the most [image: image39.jpg]


important method of unitizing product loads for transport. 
Fig. 27: Stretch Film
There are a number of key features for this including: 

· The uniform and relatively high holding force that stretch film applies to a load. 

· The protection from dust and damage it provides versus other unitizing methods. 

· The optics that allow for customers and shippers the ability to identify the product while also keeping it clean. 

 Applications:
· Deep freeze storage areas. 
· Packaging pouches and packaging bags. 

· Meat packaging represents one of the largest applications for stretch films, as they have enough oxygen permeability to allow the formation of oxyhaemoglobin, which, gives the desired fresh red look to the meat. 
4.11 Skin Packaging Film:

Skin film is widely accepted for packaging hardware items, automotive and other spare parts, medical items and all other goods where customer appeal and secure packaging are essential.  Skin film will adhere to untreated cardboard which can be printed with ordinary printing inks, reducing packaging costs. 
Skin packaging is extremely versatile because one piece of plastic can be drawn down around almost any shape, size or weight product.

The plastic protects the product and the card backing from wear and tear. And since the product is immobilized, it cannot shift and multi-component products will not lose any of its pieces.

The key features of skin packaging are as follows:

 (a) 
Adhesion: Specially developed for the uncoated board

 (b)  
Puncture Resistant: harp edges and protuberances will not damage the tough skin-film.
 (c)  Drawability: Skin packaging film has excellent drawability following the contours of the packaged product. 

Deep draw and hollow spaces present no problems.

 (d)  
Crystal Clear Transparency: Maximum sales appeal through sparkling colors.
 (e)  
Oil and Greaseproof: This property is especially important for technical items which may be grease protected:   ball bearings, gears, etc.

 (f)  
Permanency: Skin Packaging film is unaffected by temperature variations and will not yellow with age.

4.12  Stamping Foil:

Stamping foil creates that classy look for your graphics, packaging and promotional materials.

Stamping foil line is available in various gold’s, silvers and other fantastic metallic colors. 
The variety and versatility of colors into infinite substrates offers designers the flexibility and creativity in selecting just the right materials for their masterpieces.
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Fig. 28: Stamping Foil
Applications of Stamping Foil:

(a)   
Graphic:                                                                           
The versatile adhesion of Stamping Foil provides distributors and printers with flexibility in stamping jobs and helps to greatly reduce the size of inventories. Stamping Foil can be applied to coated, laminated and non-coated paper, as well as to different types of film. Stamping Foil's easy release and elasticity works best with embossed graphics using high-speed cylinders.

(b)
Plastic
Stamping Foil's excellent abrasive and chemical resistant properties make this the best stamping foil for cosmetic containers and their accompanying plastic pencils and brushes. With their easy release and definition, stamping foils can be used for fine lettering as well as medium-sized graphics.
(c)
Textile
Stamping Foil offers excellent resistance to dry-cleaning and washing-whether with hot or cold water. It is fast becoming a favorite among textile designers who use stamping foil to create various effects on dresses, scarves--even doll costumes. Because of its clean and soft release, our stamping foil can accommodate fine computerized patterns over a wide stamping area.
CHAPTER – 5  
EXPERIMENTS TO STUDY OF MULTILAYER BLOWN FILM
5.1
INTRODUCTION

Plastic films are basically produced from different type of synthetic resins by the blown process. In this process, the molten resin is extruded through a circular die into a tube. This tube is expanded (“blown”) by internal air pressure into a larger bubble with a much reduced wall thickness and cooled with external air quenching. 
In this process the extra strips are again converted in to the resin. So, there is no wastage. 

Steps involved are:

1. Right recipe

2. Right equipment

3. Right measuring program for workability

5.2   
Activity

1. Investigation and sampling of different grades of Polyethylene resins  

2. Making lab recipe films (standard formulation) with selected Polyethylene resins

3. Measuring standard property of Polyethylene films

4. Analysis and conclusion
5.3   
Sampling
Selected grades of raw materials selected through Internet and interactions with manufactures. Samples called and initial screening done to find suitability for the scope of work on Polyethylene packaging film. Following collection done:
Polyethylene: Following type grades selected for the study.
5.3.1 
Low density polyethylene (LDPE):
Film grade LDPE produced by high pressure autoclave process.
It has been specially formulated for the production of film for liquid milk packaging on fully automatic forms, fill and seal type of machine.

Film produced from this grade exhibits good impact resistance and heat sealing characteristics. Produced by m/s Reliance Industries Ltd. Surat (Gujarat).

Table 1: Typical Properties
	Property
	Test method
	Unit
	Typical value

	Melt flow index

 (190 0C /2.16kg) 
	ASTMD1238
	Gm/10min.
	o.5

	Density
	ASTMD 1505
	Gm/cm3
	0.920

	Tensile strength at break (MD/TD)
	ASTMD 882
	Mpa
	21/20

	Elongation at break (MD/TD)
	ASTMD 882
	%
	300/525

	Dart drop impact        ( F-50)
	ASTMD 1709/A
	g/
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Application

It is used for mono and co extruded film for liquid packaging.
5.3.2   
Linear Low density polyethylene (LLDPE):
The grade is designed to make blown film for heavy duty application and liquid packaging, where excellent seal through contamination, toughness, and impact strength and tear resistance are desired. Produced by m/s Qupico petrochemical (Qatar).
Table 2: Typical Properties
	Property
	Test Method
	Unit
	Typical Value

	Melt flow index 

(190 0C /2.16kg)
	ASTMD1238
	Gm/10min.
	0.90

	Density 
	ASTMD 1505
	g/cc
	0.918

	Tensile strength at break (MD/TD)
	ASTMD 882
	Mpa
	12.5/13

	Elongation at break (MD/TD)
	ASTMD 882
	%
	650/800

	Dart drop impact        ( F-50)
	ASTMD 1709
	g/
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Application

Specification for polyethylene for its safe use in contact with food stuffs, pharmaceuticals, and drinking water.
5.3.3  High density polyethylene (HDPE):
HDPE grade suitable for producing Blown film with superior stiffness and barrier properties. It is recommended for making liners and co extruded film structures. Produced by m/s Reliance Industries Ltd. Surat (Gujarat) 
Table 3: Typical Properties
	Property
	Test Method
	Unit
	Typical Value

	Melt flow index (2.16kg)
	ASTMD1238
	gm/10min.
	o.30

	Density 
	ASTMD 1505
	g/cc
	0.946

	Tensile strength at break (MD/TD)
	ASTMD 882
	Mpa
	26.50

	Elongation at break (MD/TD)
	ASTMD 882
	%
	750/950

	Dart drop impact        ( F-50)
	ASTMD 1709
	g/
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Application

Specification for polyethylene for its safe use in contact with food stuffs, pharmaceuticals, and drinking water. 
5.3.4  
Medium density polyethylene (MDPE):
MDPE grade suitable for producing Blown film, have outstanding tensile strength, puncture resistance and very good sealing properties. There superior properties together with excellent draw dawn make this a versatile polymer for monolayer and multilayer Blown film applications. Producing by m/s Exxon mobile (USA). 
Table 4: Typical Properties
	Property
	Test Method
	Unit
	Typical Value

	Melt flow index

 (190 0C/2.16kg)
	ASTMD1238
	gm/10min.
	1.00

	Density 
	ASTMD 1505
	g/cc
	0.918

	Tensile strength at break (MD/TD)
	ASTMD 882
	Mpa
	86/68

	Elongation at break (MD/TD)
	ASTMD 882
	%
	560/680

	Dart drop impact        ( F-50)
	ASTMD 1709
	g/
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Application

· Agriculture film

· Blown stretch film
· Heavy duty bags,

· High glass layers of shrink films.

5.4   
Measurement of properties of Polyethylene films

5.4.1  Tensile Strength

Objective: - Measurement of Tensile Strength
Background: - Tensile test measure the force required to break a specimen and the extent to which the specimen stretches or elongates to that breaking point. Tensile test produce a stress-strain diagram, which is used to determine tensile modulus. The data is often used to specify a material, to design parts to withstand application force and as a quality control check   of materials.
Equipment being used: - Universal tensile testing machine (ASTM F88-85)
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Fig. 29: LLOYD Universal Tensile Testing Machine
Conditioning:- Store Specimen at 23+2c and 50+ 5% relative humidity for not less then 40 hrs.
Test Condition: - Conduct test in standard laboratory atmosphere of 23+2c and 50+5% relative humidity.
Machine speed: - 100mm/min.
Method:-Following steps must be followed for measuring of Tensile strength
1. Using the template and knife and cut 25x100mm sample of the film.

2. Fixed the sample into two open ends in two jaws of the tensile testing machine using original jaw distance of 50mm.

3. On 100mm/min. machine speed

4. Switch on the Universal tensile testing machine 

5. Start pulling apart the sample on the test machine

6. Note down the average value for the force required to separate the Tensile strength  
5.4.2 Percentage Elongation

Objective: - Measurement of Percentage Elongation
Background:-The Elongation at breaking point. Elongation is the measurement of the films ability to stretch.
Equipment being used: - Universal tensile testing machine (ASTM F88-85)

Machine speed: - 100mm/min.
Conditioning: - Store Specimen at 23+2c and 50+ 5% relative humidity for not less then 40 hrs.

Test Condition: - Conduct test in standard laboratory atmosphere of 23+2c and 50+5% relative humidity.

Method:-
Following steps must be followed for measuring of % Elongation
1.  
Using the template and knife and cut 25x100mm sample of the film.

2. 
Fixed the sample into two open ends in two jaws of the tensile testing machine using original jaw distance of 50mm.

3. 
On 100mm/min. machine speed

4.  
Switch on the Universal tensile testing machine 

5. 
Start pulling apart the sample on the test machine

6.  
Note down the average value for the force required to separate the % Elongation

5.4.3 Young’s Modulus

Objective:- 
Measurement of Young’s modulus.
Background:-It is a measure of the force required to deform the film by a given amount, and it is a measure of intrinsic stiffness of the film.

 Machine speed: - 100mm/min.
Method:-Following steps must be followed for measuring Young’s modulus

1. Using the template and knife and cut 25x100mm sample of the film.

2. Fixed the sample into two open ends in two jaws of the tensile testing machine using original jaw distance of 50mm.

3. On 100mm/min. machine speed

4. Switch on the Universal tensile testing machine 

5. Start pulling apart the sample on the test machine

6. Note down the average value for the force required to separate young’s modulus

5.4.4 Coefficient of Friction
Objective: - Measurement of Coefficient of Friction
Background: - Friction is the measurement of the films when film passes over free running rollers. Low Coefficient of friction is desirable in plastic films.

Equipment being used: - Digital static and Kinetic Friction Tester, Template, Knife

Conditioning: - Store Specimen at 23+2c and 50+ 5% relative humidity for not less then 40 hrs.

Test Condition: - Conduct test in standard laboratory atmosphere of 23+2c and 50+5% relative humidity.

Method:-Following steps must be followed for measuring Coefficient of Friction

1. Mark the side of the film

2. Using the knife and template for cut the film sample.

3. Place the sample on Digital static and kinetic friction tester, keeping the surface the surface of the film towards contact side and tightly secure with clamps of sledge (carriages).

4. The untreated surface of the film is kept on the contact side.

5. Place the sledge on Digital static and kinetic friction tester base, this way the untreated side of the film mounted on the sledge is in the contact with the untreated side of the film spread on the base plate of equipment.

6. Start sliding of the sledge by pushing the button provided in the machine.

7. Allow the travel of the sledge on the bed of the machine for some time and then stop the movement.

8. After a while the reading static and kinetic frictions on the LCD screen.

9. Note down the kinetic  coefficient of friction value for film to film
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Fig. 30: Coefficient of Friction Machine ASTMD 2578  
5.4.5   Sealiability and Seal strength
Objective: - Measurement of Sealiability

Background: - Its use on wrapping or bag making equipment. 
Equipment being used: - Heat sealing machine fitted with temperature controller, timer, and pressure gauge, cutter etc.

Conditioning: - Store Specimen at 23+2c and 50+ 5% relative humidity for not less then 40 hrs.

Test Condition: - Conduct test in standard laboratory atmosphere of 23+2c and 50+5% relative humidity.

 Method:-Following steps must be followed for measuring of Sealiability

1. Using the template and knife and cut 25x100mm sample of the film.

2. Switch on the sealing machine and set the desire temperature (110c).

3. After the desired temperature is reached place the sample as untreated to untreated on the heat sealer.

4. Keep the sample for on one second dwell time at 3 bar pressure to seal the film.
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Check the sealing for face untreated to untreated film.

Fig. 31: Heat Sealing Machine
Seal Strength 
Background: - The heat seal strength is determined by measuring the force required to pull apart the piece of the film which that have been sealed together.
Equipment being used: - Universal tensile testing machine (ASTM F88-85)
Conditioning: - Store Specimen at 23+2c and 50+ 5% relative humidity for not less then 40 hrs.

Test Condition: - Conduct test in standard laboratory atmosphere of 23+2c and 50+5% relative humidity. 
Machine speed: - 100mm/min.
Method:-
Following steps must be followed for measuring of Seal strength
1. Fixed the sample into two open ends in two jaws of the tensile testing machine using original jaw distance of 50mm.
2. On 100mm/min. speed
3. Switch on the Universal tensile testing machine 
4. Start pulling apart the sample on the test machine
5. Note down the average value for the force required to separate the seal  
5.4.6   Blown Batch production of Polyethylene films  

Objective: - To produce standard recipe of P0lyetylene grade films
 Equipment being used: - Reifnhauser (Germany)
Capacity – 250 kg. Per hour.
Operating instructions:-

1. Clean the machine thoroughly 

2. If the machine is shut down for longer time (complete shift) so, put on the extrusion heater around three hours before to attain the melting temperature.
3. Simultaneously put on the chilled water pump.

4. Load the paper core according to the job and set the slitter blade accordingly

5. Set the process parameters like extrusion motor RPM, extrusion zone temperature, die zone temperature, melt pressure, melt temp., feed zone temp. and top nip motor speed.

6. Set the properties of the film like width, thickness and GSM treatment level.

7. Start the extruder motor at slow speed around 10 rpm.

8. Nip roller speed (line speed) at around 5 rpm.

9. Knot the tube with the rope and thread the poly tube to the Windsor through arrays of guide rollers

10. Increase extruder and line (nip roller) motor rpm.

11. Simultaneously, increase the speed of extruder and blowers to blowup the bubble.

12. After stabilization of bubble change the control of extruder and blower in the auto mode.

13. Switch on the “haul off” motor for the randomization of gauge.
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Switch on the treated panel for increasing the surface tension of laminating side/non sealable side.
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Fig. 32: Reifnhauser Machine (Germany)
5.4.7   Results and discussion 
Different batches of the ingredients were prepared by taking different quantity of the ingredients. The composition of each batch is shown below in the table. 
	S. No.
	Batch No.
	INGRADIENTS %



	
	
	INNER LAYER
	MIDDLE LAYER
	OUTER LAYER

	1
	(1)
	LLDPE C4 + LDPE
(  90+10)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE                 (90+10)

	2
	(2)
	LLDPEC8+ LDPE
(90+10)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)

	3
	(3)
	MDPE  + LDPE

(90+10)
	LLDPEC4 + HDPE  + LDPE                                   (75+10+15)
	LLDPEC4+LDPE            (90+10)

	4
	(4)
	LLDPEC4+LLDPEC8+LDPE                                                                                                                                      (45+45+10)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)

	5
	(5)
	LLDPEC4+MDPE+LDPE                                                                                                                                                   ( 45+45+10)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)

	6
	(6)
	LLDPEC8 + MDPE +LDPE      (45+45+10)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)

	7
	(7)
	LLDPE C4 
(100)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)

	8
	(8)
	LLDPEC8 
(100)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)

	9
	(9)
	MDPE 
(100)
	LLDPEC4 + HDPE  + LDPE (75+10+15)
	LLDPEC4+LDPE            (90+10)


                                        Table 5: Different Polyethylene Grades
The compositions of all of these batches were processed through different operations to prepare the samples for testing of different mechanical and sealing properties.

All samples prepared from these batches were tested and the mechanical and sealing properties of these samples are arranged in the tables as shown below.

Experiment No. 1

Characteristics of Polyethylene Film:
	Batch

No.
	Tensile strength (Mpa)
	% Elongation
	Young’s modulus (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	1
	25.60
	397.32
	207.40
	1.76
	0.194


Table 6: Mechanical Properties of Polyethylene Film
Experiment No. 2

Characteristics of Polyethylene Film:
	Batch

No.
	Tensile strength (Mpa)
	% Elongation
	Young’s modulus  (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	2
	32.09
	276.90
	361.00
	3.47
	0.259


Table 7: Mechanical Properties of Polyethylene Film
Experiment No. 3
Characteristics of Polyethylene Film:
	Batch

No.
	Tensile strength (Mpa)
	%
Elongation
	Young’s modulus (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	3
	23.38
	420.87
	162.67
	6.59
	0.347


Table 8: Mechanical Properties of Polyethylene Film
Experiment No. 4
Characteristics of Polyethylene Film:

	Batch

No.
	Tensile strength (Mpa)
	% Elongation
	Young’s modulus (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	4
	28.60
	336.70
	269.02
	2.50
	0.226


Table 9: mechanical properties of polyethylene film
Experiment No. 5
Characteristics of Polyethylene Film:

	Batch

No.
	Tensile strength (Mpa)
	% Elongation
	Young’s modulus (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	5
	24.92
	402.80
	187.20
	4.35
	0.268


Table10: mechanical properties of polyethylene film
Experiment No. 6
Characteristics of Polyethylene Film:

	Batch

No.
	Tensile strength (Mpa)
	% Elongation
	Young’s modulus (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	6
	27.30
	347.80
	246.37
	5.09
	0.294


Table 11: mechanical properties of polyethylene film

Experiment No. 7
Characteristics of Polyethylene Film:
	Batch

No.
	Tensile strength (Mpa)
	%Elongation
	Young’s modulus(Mpa)
	Seal strength(Kgf.)
	Coefficient of friction

	7
	28.93
	353.62
	227.20
	1.30
	0.207


Table12: mechanical properties of polyethylene film

Experiment No. 8
Characteristics of Polyethylene Film:

	Batch

No.
	Tensile strength (Mpa)
	% Elongation
	Young’s modulus (Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	8
	35.60
	248.60
	387.92
	4.02
	0.271


Table13: mechanical properties of polyethylene film

Experiment No.9
Characteristics of Polyethylene Film:
	Batch. No.
	Tensile strength (Mpa)
	%   Elongation
	Young’s modulus(Mpa)
	Seal strength (Kgf.)
	Coefficient of friction

	9
	21.90
	443
	149.39
	7.53
	0.352


Table 14: mechanical properties of polyethylene film

Discussion:
	S.No.
	Batch No.
	Tensile strength (Mpa)
	%   Elongation
	Young’s modulus   (Mpa)
	Seal                                                  strength (Kgf.)
	Coefficient of Friction 

	1.
	(1)
	25.60
	397.32
	207.40
	1.76
	0.194

	2.
	(2)
	32.09
	276.90
	361.00
	3.47
	0.259

	3.
	(3)
	23.38
	420.87
	162.67
	6.59
	0.347

	4.
	(4)
	28.60
	336.70
	269.02
	2.50
	0.226

	5.
	(5)
	24.92
	402.80
	187.20
	4.35
	0.268

	6.
	(6)
	27.30
	347.80
	246.37
	5.09
	0.294

	7.
	(7)
	28.93
	353.62
	227.20
	1.30
	0.207

	8.
	(8)
	35.60
	248.60
	387.92
	4.02
	0.271

	9.
	(9)
	21.90
	443.07
	149.39
	7.53
	0.352


Table15: Results
· Batch no.8 and batch no.2 recipe have highest tensile strength compare to other grade. So it proves that LLDPE octane based film combination more suitable for processing on high speed printing, coating and laminating.
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Other recipes are in the similar range and shows that, it is suitable but not more suitable compare to recipe 8 and 2.

Fig. 32 Tensile strength of batch 1-9 changing with LLDPE butane, octane and metallocene.
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Batch no.3 and batch no.9 recipe have highest % elongation compare to other grade. It proves that metallocene based film combination have better stretch property.
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Other recipe are in the similar range and shows same in terms of % elongation.
Fig. 33: Elongation of batch 1-9 changing with LLDPE butane, octane and metallocene.

· Batch no.8 and batch no.2 recipe have highest young’s modulus compare to other grade. It proves that LLDPE octane based film combination have better modulus property.

· Other recipes are in the similar range and shows same in terms of young’s modulus.
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Fig. 34: young’s modulus of batch 1-9 changed with LLDPE butane, octane and metallocene
· Batch no.3 and batch no.9 recipe have highest seal strength compare to other grade. It proves that metallocene based film combination have better sealing properties.

· Other recipes are in the similar range and show same in terms of sealing properties.

Fig. 35: Seal strength of batch 1-9 changing with LLDPE butane, octane and metallocene.
· Batch no.3 and batch no.9 recipe have higher coefficient of friction compare to other grade. So it proves that, it is not suitable for high rate of production compare to other grades. 

· Other recipe are in the similar range and shows that, it is more suitable for high rate of production compare to recipe 3 and 9. 


Fig. 36: Coefficient of friction of batch 1-9 changed with LLDPE butane, octane and metallocene
5.4.8   Conclusion

The outcome of the research work carried out during the research work is as fallows ….
· Mechanical properties of the polyethylene film can be easily changed with metallocene, with metallocene tensile strength decreases, and increasing sealability with coefficient of friction.  Sealability and elongation increases with metallocene but tensile strength and young’s modulus decreases with metallocene. 
· Thus by adding metallocene dose we can develop a excellent sealing flexible film. 
CHAPTER – 6
6.1   APPLICATIONS OF FLEXIBLE PACKAGING
Packaging films are mainly used for:

· Processed meats (cooked meat, frankfurters, bacon, sausages etc.)

· Fresh red meat in prime cuts or sub-prime cuts.

· Cheese, Ketchup, Mayonnaise, Sauce.

· Seafood, Peanuts, Sanitary articles, coffee, snack food or detergents etc.

The past decade in flexible medical packaging has been marked by better-performing products at lower cost, increased attention to quality, and new options in automation. Cost-reduction pressures have prompted many medical device manufacturers to convert from rigid to flexible packaging for their products, fueling tremendous growth.                                                                                                   
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6.2 
FUTURE SCOPE OF THE PROJECT
Polyethylene Packaging films are17% used mainly in Flexible Packaging. 

It proves good amount of work goes and development and verification of such application. 

Future Scope for usage of Flexible Packaging is very much required in India. Packaging field is growing and lots of new International player are planning to put their plant in India.

The flexible plastic packaging industry is in actuality a very dynamic industry, despite the rather staid general impression of snack bags and other everyday flexible plastic packaging products. 

New products and applications are constantly coming on the market, ranging from new packages for new products to new resins and packaging structures.

 
This is a very competitive industry, and a new innovation, such as a thinner let stronger packaging structure or a better barrier, can change packaging (and consumer) choices. 

Major changes have taken place in the past few years and continue to take place today (and probably for the foreseeable future) as both newer and older materials compete for places in the flexible plastic packaging market.

The major competitive factors in the market are those between materials and different packaging methods and technologies. 
Inter-material competition is a way of life in a technologically advancing society, and plastic packaging is no exception. For example, metallocene and other single-site catalysts are producing new polyolefin’s with enhanced properties such as better strength and clarity; incorporating these new resins in flexible plastic packaging films allows significant down gauging with no loss of properties.
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