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" FOREWORD o

Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction of the
concepts highlighted in the course content. It is expected that the learners achieve
significant learning outcomes at the end of the course as envisaged in the curriculum

if it is followed propetly.

In the context of the Right- based approach, quality education has to be ensured
for all learners. The learner community of Vocational Higher Secondary Education
in Kerala should be empowered by providing them with the best education that
strengthens their competences to become innovative entrepreneurs who contribute
to the knowledge society. The change of course names, modular approach adopted
for the organisation of course content, work-based pedagogy and the outcome
focused assessment approach paved the way for achieving the vision of Vocational
Higher Secondary Education in Kerala. The revised curriculum helps to equip the
learners with multiple skills matching technological advancements and to produce
skilled workforce for meeting the demands of the emerging industries and service
sectors with national and global orientation. The revised curriculum attempts to
enhance knowledge, skills and attitudes by giving higher priority and space for the
learners to make discussions in small groups, and activities requiring hands-on

experience.

The SCERT appreciates the hard work and sincere co-operation of the contributors
of this book that includes subject experts, industrialists and the teachers of Vocational
Higher Secondary Schools. The development of this reference book has been a
joint venture of the State Council of Educational Research and Training (SCERT)
and the Directorate of Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions for the

improvement of the book.
With regards,
Dr PA. Fathima

Director
SCERT, Kerala
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ABOUT THE COURSE

Vocational Higher Secondary Education in Keralaisaunigue scheme of
education which combinesboth vocationad and academic stream of education.
Learning vocationd skillsa ongwith conventiona academic education gives
the studentsdoubleadvantage of vertical mobility aswell asemployability. It
hel psto develop vocational aptitude, work culture, values and attitudes of
thelearner and enhances his productivity. Thevision of Vocational Higher
Secondary Educationin Keralaisto equip the youth with multiple skills
matching thetechnol ogical advancementsand to produceskilled work force
for meeting the demands of theemerging industriesand servicesectorswith
nationa and global orientation.

AsIndiaisemerging asamanufacturing hub to the world the demand for
skilled manpower isontherise. Keraa, traditionaly knownforitshigh quality
man power al over theworld can embark on thisopportunity and equip our
sudentswith skillsfor themanufacturing sector and reducetheunemployability
problemsof the state.

The polymer technology course in VHSE is one such course from the
manufacturing sector. Polymershavewide spread applicationsin our daily
lifelikesmplehousehol d articles, automobil es, spacecrafts, medicd products
etcandisrapidly replacing many conventiond materidslikemetasinmany
goplications. Henceacquiring skillsin themanufacturing of polymer products
will hel pthe studentsto get early employment opportunities.

The courseisdesigned for providing knowledgeand skillsto participantsin
Rubber, Plastics, and Composite products manufacturing. Thiscourseis
offeredin modular format consi sting of four moduleswith focuson multi
skills devel opment. One month On the Job Training and Production cum
training centresarea so an integrd part of the coursewhich givesexposure
to real timework environment. Upon successful completion of thiscourse
thecandidatewill beableto joinrubber/plastic/compositeindustriesasjunior
level techniciansand area so digiblefor attending advanced courseson
Polymer Technology or any other coursethat can be pursued after plustwo
sciencestream.
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Major skills (with sub skills)

Module - I
1) Polymer processngskills

a
b.
C.
d.

Identify materialsand processesin plastic and rubber processing
Identify and weigh different materid sas per theformulations
Setting and operation of Hand/Semi automati cinjection moul ding machines.

Setting and operation of Compression moulding hand press

Module - II
1) Naturd rubber crop processing

a

Processing of Latex into different marketableforms such as Centrifuged/
creamed latex, RSS, Crepe Rubber, and TSR.

2) Latex product manufacturing

a
b.

Manufacture of latex dipped products such asgloves, baloonsetc.
Manufactureof latex threadsand latex forms

3)  Dry rubber products manufacturing

a

b.

C.

d.

Preparation of rubber compounds

Manufacture of rubber moul ded goods

Manufacture of extruded and calendered rubber products
Manufacture of tyresand tubes

4) Tedtingandquality control inrubber industry

a

Testing of raw rubbers, latex, and rubber compounds

Module - III
1) Plasticprocessng

a

b.

C.

Setting and operation of Injection moulding machines
Setting and operation of blow moulding machines
Production of extruded plastic products

Production of rotational moulded plastic products

O
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e. Production of thermoformed and calendered plastic products
2) Padictesting

a. Testing of plastic materialsand products
Module - IV
1) FRPProcessng

a. ldentification of different materialsusedinthemaking of fibrereinforced
composites.

b. Manufacture of FRP products using different methods such as Hand
lay-up, filament winding, pultrusion, etc

2) Observing safety precautionsand work ingtructions
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SYLLABUS
Module 3

PLASTIC PROCESSING

3.1 Introduction to Plastic Processing
(20 Periods)

Introductionto plastic processing, Different plastic processing techniques. Effect of
polymer propertieson processing. Moistureabsorption, Thermal stability. Important
properties, applications and processing parameters of common plasticssuch as
HDPE, LDPE, PP, PS, PMMA, PVC, ABS, SAN,Nylon6, 66, 12, PET, PBT,
PC, and POM.

3.2 Injection moulding
(90 Periods)

Injection moul ding process- advantages, disadvantages. Injection moulding machine
- plunger type, screw type. Different partsof injection moulding machinesand their
respectivefunctions. Screw Design - feed, transition and metering zones, L/D ratio,
compressionratio. Clamping Systems- Manua damping, Toggleclamping, Hydraulic
clamping, and Tiebar lessclamping. Moulds- two plate moul ds, three plate moul ds.
Parts of moulds- Runner - cold runner, hot runner, gate, g ection systems, cooling
channels. Process parameters- Shot weight, Barrel residencetime, Clamping force,
- melt and moul d temperatures, screw speed, back pressure, injection pressureand
holding pressure, injection speed, holding time, cooling time, mould opentime.
Moulding cycle. Processing defects, causes, and remedies.

3.3 Extrusion
(60 Periods)

Padticextrus onfundamentds, dassification of extruder, different partsanditsfunction
of screw extruder - feed hopper, extruder barrel and screw, feed, compression and
metering zones, screw nomenclature, types of screws- polyolefin, PV C and Nylon
screws, dies, screen pack, breaker plate, heating and cooling elementsand drive
system. Extrusion dies- solid cross section and hollow cross section dies. Sheet
extrusion, profileextrusion, pipeextrusion, blownfilmextrusion, extruson of cable.
Extrudate swell, mdt fracture.
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3. 4 Blow moulding and rotational moulding
(60 Periods)

Blow moulding- Different typesof blow moulding - extrusonblow moulding, injection
blow moulding, stretch blow moulding. Problemsand troubl e shooting in blow
moulding. Rotational moulding - Advantages, disadvantages, Rotationa moulding
vs. blow moulding, applications. Faultsand remediesinrotational moulding.

3.5 Thermoforming and calendaring
(60 Periods)

Thermoforming, materia sfor thermoforming, Different forming processes- Vacuum
forming, pressureforming, matched mould forming, plug assisted forming, drape
forming. Calendaring of plastics. Different typesof calenders, gauge contral - roll
bending, roll crossing, androll crowning.

3.6 Testing of plastics
(50 Periods)

Testing of plastics- Need for testing, Specificationsand standards, specific gravity,
Mechanicd - Tensleand flexura properties, Impact strength. Hardness. Thermd -
Méelt flow Index, Vicat softening point, heat defl ectiontemperature. Environmentd
stresscrack resistance

Module 4
FIBRE REINFORCED COMPOSITES

4.1 Introduction to composites
(30 Periods)

Definition of composites, Basi c features of composites, Constituentsof composites
- Matrix, reinforcement and interphase, Advantages, disadvantagesand applications
of composites. Classification of composites - based on matrix - Polymer matrix,
Metal Matrix, Ceramic matrix, based on reinforcement - Fibrous, Flakefilled,
particulaefilled, laminates, sandwiches, Oriented fibre- Uniaxid, Bi axid, Random
fibre, Textile, Knitted, Braided.

4.2 Reinforcement Fibres
(40 Periods)

Functionsof reinforcement, requirementsof reinforcement fibres, terminology used
infibrescience- filament, strand, roving, size, coupling agents, tex, tow, denier,

&
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tenacity, drape etc. Forms of reinforcement - Reinforcing mat - Chopped strand
mat (CSM), continuousfilament mat, veil, woven roving/fabric.

Glassfibres- E-Glass, S-Glass, C-Glass, Carbon fibre, Aramidfibre, Boron fibre,
UHMWHDPE, Naturd fibres- Flax, Hemp, Jute, and Sisal

4.3 Matrix Materials and additives

(60 Periods)
Functionsof matrix, Thermosetsand thermopl astics, Polyester resins, Epoxy resins,
Phenalicresins, Vinyl ester resins. Curing reactions, gelation and gel time, curetime,
reaction rates. Catalyst or initiators- MEKP, Benzoyl Peroxide, Accelerators-
cobat naphthenate, Inhibitors- Tertiary Butyl Catechol, Curing agents- Amines,
anhydrides, Fillers- Calcium carbonate, Talc, Clay, Silica, minerd fillers, Pigments
and dies, Lubricants, UV stabilizers, Anti static agents, heat stabilizers, Colorants
Release agents and sed ing compounds, Coupling agents. Corematerias, Gel coats.

4.4 Manufacturing Methods

(140 Periods)
Introduction, Classification of FRP Manufacturing methods, Open mould processes
- Hand lay-up, Spray lay-up, Filament Winding. Closed mould processes -
Compression moulding - Dough moulding compound (DM C), Sheet moulding
Compound (SMC) and prepregs, Vacuum bag moulding, Pressure bag moulding,
autoclave moulding, Injection moulding, Resin transfer moulding, Vacuum assisted
resininfusion moulding. Continuous processes- Pultrusion, Braiding.

4.5 Quality and safety in FRP processing

(70 Periods)
Storage of raw materia's, Workshop conditions - Reinforcement preparation area,
Compounding and mixing area, Mould preparation and moulding areg, finishing area.
Process care- Curing reaction, gel time, hardening time, maturing time, hot cure,
cold cure, resinto glassratio, degreeof cure. Mould care. Preparation of moulds,
Repair of composites- repair of gel coat layer, filling dentsand cracks.




B POLYMER TECHNOLOGY

Module III
PLASTIC PROCESSING
Unit No. Nameof Units Period |
Introduction to plastic processing 20
2 InjectionMoulding 90
3 Extruson 60
4 Blow mouldingand rotational moulding 60
5 Thermoformingand Calendaring 60
6 Testing of plagtics 50
Totd 340 )
Module IV
FIBRE REINFORCED COMPOSITES
1 Introduction to composites 30 |
2 Reinforcement fibres 40
3 Matrix materialsand additives 60
4 Manufacturing methods 140
5 Quality and safety in FRP processing 70
Totdl 340 )
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Module III
PLASTIC PROCESSING

Overview

Plastic material cameinto existenceby virtue of their superior performanceand
cost effectivenessover other conventional materials. Over theyears application of
plastics have been widened with the advent of new generation polymers, blends,
aloysand compostes. Everyday newer gpplication arebeing promoted inkey sectors
of Indian economy likeautomohiles, agriculture, aerospace, building and construction,
infrastructure, telecommunication, I T, medica and biomedica engineering, packaging
etc. Thisinturn necessitatesthe need for different type of processing methodsand
machinery to produce quality plastic product at affordabl e cost.

In simple terms plastic processing is " Get the shape and set the shape”. Plastic
processing can be defined asthe processof converting the plastic raw materiasinto
semi-finished or finished products. Examples buckets, mugs, soap boxes, crates,
tanks, pipes, shampoo bottles, carry bags, ropes, bumpersetc.

A sound judgment and experienceisrequired for successful design and fabrication
of good plastic product. Design of quality plastic product requires knowledge of
advantagesand limitation of plastics, familiarity with processing methods.
Worldwideextrusion consumes 36 wt: % of dl plastic, injection moul ding consuming
32 wt: %. Consumption by other processlikeblow mouldingis 10% and calendaring
8%, compress on moulding 3%, others 3%. Thermoforming whichisthe4th major
process used consumes at least 30% of extruded sheet and filmsthat goesinto
packaging.

After completingthemodulehe/shewill beabletoidentify variousmoulding machines
andtheir parts. Hewill be ableto identify various processing techniquesused in
plasticindustry and he/she acquireshands on experiencein semi automatic, autometic
plastic processing machineries. He/shewill be ableto work asplastic compounder,
operator, assistant technician of various plastic processing machineries, quality
controller inplasticindustries.

&
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Unit I
INTRODUCTION TO PLASTIC PROCESSING

Itisvery difficult to realise how important plastics have becometo our everyday
lives. Plagticsgiveusthepossibility of manufacturingwell-designed, beautiful products
from thevery many different typesof plasticsmaterid sthat arecommonly available
today. Thermoplasticsaregenerdly processed by injection moul ding, blow moulding,
extrusion, rotational moulding, thermoforming etc. Thermosetting plasticsare
processed by compression/ transfer moulding and others. Thisunit amsto cover
thebasi ¢ plastic process ng techniques and processing rel ated properties of plastics.
Learning outcomes

Thelearner :

*  Explanthebas cplastic process ng techniques such asinjection moulding, blow
moulding, extrusion processes

*  Anadyzetheinfluenceof polymer propertieson the processing of polymers

*  Describetheproperties, applications and processing parameters of common
plasticssuchasHDPE, LDPE, PP, PS, PMMA, PVC, ABS, SAN,Nylon6,
66, 12, PET, PBT, PC, PC-ABS Blends and POM.

Introduction

Plastic processingind udesthevarious process ng methods used to convert theplastic
materia sto useful end products. For producing good quality plastic products, first
the processor needsto understand the performance requirement for specific end
useand accordingly select materia. The processing methods can be selected based
on theprocessability of selected material and complexity of the part geometry.

Knowledgeof al processing methods, including their cgpabilitiesandlimitations, is
useful to aprocessor in deciding whether agiven part can be fabricated and by
which process. Certain processesrequire placing high operating pressureon plastic
such asthose used in injection moulding, where pressure may be 2000 to 30000
psi. Lower pressureare used in extrusion and compression ranging from 2000 to
10000 psi; and some processes such asthermoforming and casting, operate at low
pressures. Higher pressuresalow the devel opment of tighter dimensional tolerance
with higher mechanical performance; but there is aso a tendency to develop

undesirablestressif the processisnot controlled.
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Plastic Processing Methods

There are a variety of methods used to process plastic. Each method has its
advantagesand disadvantagesand are better suited for specific applications. These
methodsinclude: injection moulding, blow moulding, extrusion, rotationa moulding,
thermoforming, Calendaring, transfer moul ding, and compression moulding.

Injection Moulding

Themain method used for processing plasticisinjection moulding. With thisprocess,
the plasticisplaced into ahopper. The hopper then feedsthe plastic into aheated
injection unit, whereit ispushed through along chamber with areciprocating screw.
Here, itissoftened to afluid state. A nozzleislocated at theend of the chamber. The
fluid plasticisforced through thenozzleinto acold, closed mould. Thehavesof the
mould areheld shut withasystem of damps. Whenthe plasticiscooled and solidified,
the haves open and thefinished product isgected from the press. Injection moulding
ismostly suited for thermopl astics. Thermosetting materid susudly arenot processed
withinjection moul ding becausethey will soften, they hardento aninfusiblestate. If
they are processed with injection moulding, they need to be moved through the
heating chamber quickly so they do not set.

Blow Moulding

Blow moulding is used when the plastic item to be created needsto be hollow. A
molten tube called parison isextruded which isthen blown using compressed air.
The parison expandsand conform to the chilled mould. Variationsof blow moulding
includeinjection, injection-stretch, and extrusion blow moulding.

Thermoforming

Thermoforming usesaplagtic sheet, whichisheated to itssoftening temperature and
then shaped by pressing against amaeor fema emould. The pressureiscreated by
applying vacuum or pressure or through mechanical assistance. Theair pressure
used can benearly zero psi, or several hundred psi.

Compression Moulding

Compression moulding is the most common process used with thermosetting
materid sand isusudly not used for thermopl astics. With thisprocess, thematerid is
sgueezed into itsdesired shapewith the help of pressureand heat. Plastic moulding
powder and other materialsare added to themix in order to create specid qualities
or to strengthen thefina product. Whenthe mouldisclosed and heated, thematerid
goesthrough achemical changethat causesit to hardeninto itsdesired shape.
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Transfer Moulding

Transfer mouldingisgenerally used only for forming thermosetting plastics. Itis
similar to compression moulding becausethe plasticiscuredinto aninfusible state
through pressureand heat. Unlike compress on moul ding, however, transfer moul ding
involves heating the plastic to apoint of plasticity prior to being placed into the
mould. Theplagticisplacedinatransfer potinthemould andahydraulicaly operated
plunger isused to push and transfer the plasticinto the cold cavity. Transfer moulding
isused for moulding intricate products, such asthosewith many meta insertsor with
small, degp holes.

Extrusion

Theprocessof extrusionisusually used to make products such asfilm, continuous
sheeting, tubes, profile shapes, rods, coat wire, filaments, cords, and cables. As
withinjection moulding, dry plastic material isplaced into ahopper andfedintoa
long heating chamber. At the end of the chamber, however, thematerid isforced out
of asmall opening or adiein the shape of the desired finished product. Astheplastic
exitsthedig, itisplaced onaconveyor belt whereit isalowed to cool. Blowersare
sometimesused to aid inthisprocess, or the product may beimmersed in water to
helpit cool.

( N

SI.No | Process Typical Products

Primary Processing

1 Injection Moulding Combs, Mugs, Automobiles parts, Soap boxes,
Gears, Crates, etc

2 Blow Moulding Water Bottles, Jerry Cans, Shampoo Containers,
Pharmaceutical Containers, etc

3 Extrusion Pipes, Sheets, Ropes, Monofilaments, Profiles
Blown films, Cast Films, Bopp, etc

4 CompressionMoulding| Cooker handles, Knabs, Washing Machine Parts,

Engine Casings, Plug & Sockets

Secondary Processing

5 Transfer Moulding House wares, Switches, Electrical Connectors,
Junction Boxes

6 Rotational Moulding Water Tanks, Dustbins, Doublewalled trays, Bals

7 Thermoforming Digposable Cups, Trays, Signboards, Wall Covering

8 Casting Acrylic Sheet, Nylon Cast Products, Toys etc.
[ 9 Coating Artificial Leether Cloth, Coated Playing Cards, etc., |

>
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Processability

Processability means generally the ease or difficulty with which aplastic can be
handled duringitsfabrication into films, moulded products, pipesetc. Themain
characteristicsor propertieswhich determineaplastic's processability aremolecular
weight, uniformity, additivetypeand content, and plastic feed rates.

Thetype of processto be used depend on avariety of factorsincluding product
shape and size, plastic type, quantity to be produced, quality and accuracy, design
load performance, cost limitation and time schedul e. Each of the processes provide
different methodsto produce different products. As an exampleextrusonwith its
many methods producefilms, pipe, shest, profile, wire coating, etc.

Some productsarelimited by economics of the processthat must be used to make
them. For example, hollow parts particularly very large ones, may be produced
more economically by therotational processthan by blow moulding. Thermosets
cannot be blow moulded and they havelimited extrusion possibilities. Theneed for
alow quantity may alow certain processesto be eliminated by going to casting.

Compression and transfer moul ding processesby virtue of their high cycletimeand
energy lossesdueto repeated heating and cooling of themould arenot preferred for
moulding of thermopladtic.

Extrus on producesrdatively uniform profilesa unlimited length. Castingisnot limited
by pressure requirements, so large sheets can be produced. Calendered sheetsare
limited intheir width of theroll but are unlimitedinlength. Vacuum formingisnot
gresatly limited by pressure, athough even asmall vacuum distributed over alarge
areacan build up an appreciableload. Blow mouldingislimited by the equipment
that isfeasblefor themould size. Rotationa moulding can producerdatively large
partswith stressfree moulding.

Injection moulding and extrusion tend to dignlong chain moleculesinthedirection
of flow. Thisproducesmarkedly greater strength inthedirection of flow than at right
anglestotheflow. Thiscanresultin stressbuilt up

Effect of polymer properties on processing

When processing thermoplastic meltsthe following factors should betakeninto
account in order to process efficiently and to obtain quality product.

Water absorption

Water/ Moistureisthe greatest enemy for processing of plastic.
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*  Hygroscopic materia
e Absorption phenomena-: Nylon, POM, PC.
e Adsorption phenomena-: HIPS, PS ABS
*  All thesematerial should bepredried
*  NonHygroscopic materia -: PV C, Polyolefin'setc.
*  Need not be predried except when completely wet during monsoon. Action
necessary
1. Usegranulesassoon asthebagisopened
2. Predrying ovens. Hopper drier, dehumidifying drier can beused
3. For PCdehumidifying drier preferable

Physical form of raw material

*  Powderfrom, granular form, lumpy/dabfrom

e Slabform - cdendaring, compress on moulding,

e Granular form- Preferred - uniformpellet sizeensureeven faster and feeding

*  Powderform - Difficulty infeeding - But savingsin cost because of theability
toavoid pdletizing stage - Specid feeder attachment essentia to ensure proper
feading

Thermal stability of polymers

1. PVCthemdly senstivemateria - Littlehigher melt temperaturemay lead to
depredation - HCL isreleased - - Thiscan leadsto corrosion and harmful to
human being PID Temperature controller can be used.

2. PMMA, POM upon depredation liberatesMMA & formal dehyde respec-
tively - MMA volatilize and cause bubbles - Formal dehyde gas causes eye
irrtetion

3. PVC& POM should never be processed one after the other, thismay lead to
exploson

Adhesion of melt to metal

*  Wetting of thepolymer melt against themeta wall of processing equipment can
lead to strong adhesion of polymer to melt. EX: difficulty inremoving PVC -
Mix fromtwo roll mill.

*  PChasstrong adhesionto metal. It can take away the skin of barrel if it not
properly purged

&>
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Common Plastic Materials

Important properties, applicationsand process ng temperaturesof common plastics
aregiven below.

LDPE (Low Density Polyethylene)

[ General Characteristics LDPE isalow cost semi crystalline polymer with )
good moisture resistance and flexibility and isvery
much suitablefor general purpose applications

Applications General purpose goods, Packaging films, bags,
containers, el ectrica insulation, flexiblebottles

Processing temperature range | 170 - 270°C

Mould temperature range 20 - 40°C

. J

HDPE (High Density Poly Ethylene)

[ General Characteristics HDPE isahighly crystalline opaque polymer with |
low moisture absorption. It has high tensile
strength, chemical resistance, and impact
resistance.

Applications General purpose goods, Packaging films, bags,
containers, tanks electrical insulation

Processing temperature range | 200 - 280°C

Mould temperature range 40 - 90°C

. J

PP (Poly Propylene)

[ General Characteristics PPisasemi crystalline polymer with highimpact |
resistance and melt flow rates. PP actsasaliving
hinge and hence used in hinged packaging
applications. PPisdifficult to bond with adhesives
and has poor low temperature impact strength.

Applications Automotive, films, containers, General purpose
goods, furniture, living hinge applications and
industria products

Processing temperature range | 200 - 265°C

_ Mould temperature range 20 - 60°C
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Poly Vinyl Chloride (PVC)

" General Characteristics

PV Cisanamorphousthermopladtic that isdifficult )
to process. PV Cisoften plasticized with different
levels of plasticizers. Rigid PVC has strong
chemical resistance and moderate temperature
resistance. PVC has poor UV resistance.

Applications

Wire coating, tubing, pipes, conduits, automotive,
electronics, profiles, medical, door/ window
frames etc

Processing temperature range | 165 - 205°C
Mould temperature range 20 - 50°C

ABS (Acrylonitrile butadiene styrene)

[ General Characteristics

ABSisan amorphousterpolymer of acrylonitrile, ]
butadiene and styrene. It hasgood flame retardant
properties, highimpact resistanceand good finish.
ABS has poor weathering resistance.

Applications General purpose, Automotive, electrical and
electronics
Processing temperature range | 220 - 260°C
| Mould temperature range 50 - 90°C

Acetal or POM (Polyoxymethylene)

(General Characteristics

POM is a highly crystalline polymer with good )
creep, fatigue, solvent, and wear resistance. POM
has high strength and stiffnessand good el ectrical

properties

Applications

Automotive andindustrial bearings, gearsetc

Processing temperature range

190 - 215°C

Mould temperature range

50 - 90°C
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Poly Styrene (PS)

[ General Characteristics PS is an inexpensive amorphous polymer with ]
great optical clarity. Unfilled PSisrigid and brittle.
PS has poor thermal stability and solvent
resistance. It can be processed by most plastic
processing techniques

Applications Toys, packaging, sheets, thermal insulation, food
containers, disposable glasses etc

Processing temperature range | 175 - 275°C

 Mould temperature range 50 - 150°C

Poly Methyl Methacrylate (PMMA)

[ General Characteristics PMMA is a low cost transparent amorphous ]
thermoplastic. It hasgood optical clarity. Itisalso
more environmentally stable than PS and PE

Applications Automotive lights, TV screens, Furniture,
Windows, Medical
Processing temperature range | 175 - 260°C
| Mould temperature range 40 - 90°C )
NYLON - 6
 General Characteristics Nylon 6isasemi crystalline poly amidewith great ]

toughness and el asticity which makesit suitable
for textileand industrial fabrics. It hashightensile
strength and chemical resistance.

Applications Textilefibres, gear, surgical sutures, zip fasteners
Processing temperature range | 240 - 270°C
| Mould temperature range 50 - 95°C )
NYLON - 66
[ General Characteristics Nylon 12 is a semi crystalline poly amide with )

good toughness and abrasion resistance.

Applications Textiles, tyre cords, airbags, carpets.

Processing temperature range | 260 - 300°C

. Mould temperature range 40 - 95°C
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NYLON - 12
[ General Characteristics Nylon 12 is a semi crystalline poly amide with )
great dimensiona stability, impact strength and
chemical resistance.
Applications Components of appliances, Automotiveparts, Cell

phones, gears, medical and sporting goods etc

Processing temperature range | 230 - 300°C

| Mould temperature range 40 - 90°C )
SAN (Styrene Acrylonitrile)
[ General Characteristics SAN isan amorphous co polymer of styrene and ]

acrylonitrile. SAN hashigher strength, rigidity, and
chemical resistance than poly styrene but lacks
optical clarity.

Applications Electrical appliances, cosmetics, medical,
containers, and automotive application

Processing temperature range | 215 - 260°C

Mould temperature range 45 - 80°C
PET (Polyethylene terepthalate)
[ General Characteristics PET isasemi crystalline thermaoplastic commonly )

used for polyester fibres and plastic bottles. It
has excellent chemical resistanceand temperature
resistance of more than 1000C

Applications Bottles, fibres, films, and packaging

Processing temperature range | 250 - 305°C
| Mould temperature range 20 - 90°C )
PBT (Polybutylene terepthalate)
[ General Characterigtics PBT isasemi crystallinepolyester with good siffness |

and toughness. PBT hassimilar propertiesto some
nylons, but with much lesswater absorption. PBT
can withstand continuous use temperature of
1200C and is often used as an el ectrical insulator

Applications Automotive, Industrial, Electronics, housings,
Medical

Processing temperature range | 230 - 260°C

§ Mould temperature range 40 - 95°C

J
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PC (Poly Carbonate)

[ General Characteristics PC is an amorphous polymer with great impact )

resistance and optical clarity along with good heat
resistance, toughness, and dimensional stability.
It has poor chemical and scratch resistance.

Applications Exterior automotive components, Engineering

components, lenses, structural parts, medical
componentsand bullet proof sheeting

Processing temperature range | 260 - 325°C

_ Mould temperature range 70 - 105°C

DETAILING OF PRACTICALS

1) Identificationof plastics
Identify the given plastic sample (PE, PV C, and Nylon) through physical and
chemicd andys's
ASSESSMENT ACTIVITIES
Quiz, Ord Test

Group Discussion on processing rel ated propertiesof plastics

Theory Evaluation Questions

1)
2)
3)

4)

5)
a)
6)

a)
7)

8)
a)

Definetheterm 'Plastic processing'

Classify different plastic processing methods

"Compression moulding of thermoplagticsisnot preferredindugtrialy”. Doyou
agreewiththis? Givereasons

Arrangethefollowing plasticsin theascending order of their melting point
Nylon 66, Poly carbonate, HDPE, PBT, PMMA, PVC

Identify aplastic suitablefor producing amoulded hinged product.

LDPE, b) PP, c) PVC, d) Nylon

Identify the plastic used for producing Bullet proof materias

PBT, b) PET, c) PC, d) Nylon

'Certain plastic materiaslike nylon aredried in an oven to remove moisture
before processing'’. Explain the effect of moi sture absorption on the processing
of plastics.

For the production of water tankswhich of thefollowing methods can be used?
Thermoforming, b) Blow moulding, ) rotationa moulding, d) Extrusion

&
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Unit II
INJECTION MOULDING

Injection moulding isone of themast common methods of converting plastic raw
material to aproduct. Thisprocessisused for thermo plastic material and other
polymeric materia which may successively bemelted, reshaped and cooled. Injection
moulded plastic components find applications as components of almost every
functiona manufactured articleinthemodern world, from automotive productsto
food packaging to common house hold articles. Thisversatile processallowsrapid
production of high quality, s mple or complex components on afully automated
basis. Thisunit coversthe basic features of injection moulding, different types of
injection moul ding machines, clamping units and moulds, operation cycle and
troubleshooting guide.

Learning outcomes

Thelearner :

*  Describetheinjection moulding process with its advantages and disadvan-
tages.

»  Didinguishdifferent typesof injection moulding machinesand describethedif-
ferent partsof injection moulding machinesand their respectivefunctions

*  Explanthescrew design and screw nomencl atureof injection moulding screws.

*  Explainthedifferent typesof injection moulds, their partsand functionsand
different clamping sysems

»  Describethe processing variables such as shot weight, barrel residencetime,
clampingforceetc.

*  Demonstrate the setting of processing parameters in injection moulding
machine and operation of injection moulding machine

*  Andysetheprocess ng problemsand sol utionsininjection moulding
Introduction

Theinjection moulding processisasemi continuous processwhere, thermoplastic
material issoftened by heating, formed under pressure and hardened by cooling. In
this process, adefinite quantity of molten thermopl astic material isinjected under
pressureinto ardatively cold mould whereit solidifiesinto the shape of the mould.

&
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Advantages of injection moulding

Parts can be produced at high production rates

Largevolume productionispossible

Relatively low labor cost per unitisobtainable

Partsrequirelittieor nofinishing

Many different surface, colour andfinishesareavailable

Good decorationispossible

For many shapesthis processisthe most economical way to fabricate

Permitsthemanufacture of very smal partsinlarge quantitieswhich aredmost
impossibleto fabricate by other methods

Minimal scrap lossresult asrunner, gates and rejects can be reground and
reused

Closedimensional tolerance can be maintained
Partscan bemoulded with metallic and non metdlicinserts

Limitations of injection moulding

Intenseindustry competition often resultsinlow profit margins

Mould cost arehigh

M oulding machinery and auxiliary equipment costsarehigh

Lack of knowledge about the fundamentals of the process causes problems

Lack of knowledgeabout thelong term properties of themateria may results
inlongtermfailures

Injection moulding machine

Injection moulding machinescond g of two basicparts, aninjection unitandadamping
unit. Injection moul ding machinesdiffer inboth injection unit and clamping unit. The
name of theinjection moulding machineisgenerally based on thetype of injection
unit used.

Therearefour principletype of injection moulding machine

1.

2.
3.
4

Single stage plunger type
Two stage plunger type
Two stage screw plunger
Reciprocating screw
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Fig. 3.2.1 Injection moulding machine
Injection unit

Theinjection unit metsthepolymer resin and injectsthe polymer mdtintothemould.
Theunit may be: ramfed or screw fed.

Theram fed injection moul ding machineusesahydraulically operated plunger to
push the plastic through aheated region. The high viscosity met isthen spreadinto
athinlayer by a"torpedo” to allow for better contact with the heated surfaces. The
melt convergesat anozzleand isinjected intothemould.

Reciprocating screw isacombination of melting, softening, andinjectionunitinan
injection moul ding machine. Reci procating screws are capabl e of turning asthey
moveback and forth. Thereci procating screw isused to compress, melt, and convey
thematerid. Thereciprocating screw consists of three zones (illustrated bel ow):

Feed Transition Metering
Zone Zone Zone

" | ™ »|

Fig: 3.2.2. Screw Injection moulding machine
Zones of reciprocating screw typeinjection moulding machine
* Feedzone
e Compression zone/ trangtion zone
«  Meeingzone
Whiletheoutsidediameter of the screw remains constant, the depth of theflightson

&
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thereciprocating screw gradually decreasesin thetransition zone. Theseflights
compressthematerial againgt theinsdeof thebarrel, which createsfrictiona hest.
Thisheat ismainly responsiblefor mdtingthematerid. The heater bandsoutsidethe
barrd help maintainthe materia inthemolten state. Typicaly, amoulding machine
can havethree or more heater bands or zoneswith different temperature settings.

Inreci procating typeinjection moulding, ascrew rotateswithin acylinder, whichis
driven by ahydraulic drivemechanism. Plastic materid ismoved through theheated
cylinder viathescrew flightsand thematerial becomesfluid. Theinjection nozzleis
blocked by the previous shot, and this action causes the screw to pump itself
backward through the cylinder. During this step, material is plasticized and
accumulated for the next shot. When the mould clamp haslocked, theinjection
phasetakesplace. At thistime, the screw advances, acting asaram. Simultaneoudy,
the non-return valve closes off the escape passages in the screw and the screw
sarvesasasolid plunger, moving theplastic ahead into themoul d. When theinjection
strokeand holding cycleis completed, the screw isenergized to turn and the non-
return valve opens, allowing plastic toflow forward fromthecylinder again, thus
repeeting thecycle.

Feed hopper

The container holding asupply moulding materia to befed to thescrew. The hopper
located over the barrel and the feed throat connectsthem.

Injection ram or screw

Theram or screw that appliespressure on the molten plastic materid toforceitinto
themould cavities. The reciprocating-screw machineisthe most common. This
design usesthesamebarrel for meltingand injection of plagtic.

L/D Ratio
TheL/D (length/diameter) ratio isanimportant concept for determining thes zing of

aninjection unit. Intheinjection moulding process, screwswith L/D ratiosof 18: 1
and 20: 1aretypically used.

Compression Ratio

Compressonratioisaterm used to give anideaof how much thescrew compresses
and squeezesthe melt-molten material mix inthe screw. The depth of the screw
channel isused to calcul ate the compression ratio. The equation to determinethe
compressionratiois

Channel depth in the feed section
Channel depth in the metering section

Compressionratio
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Typica compressionratio valuesrangefrom 1.2to 4.0 for most thermopl astics.
Barrel

Barrd isthecylindrica chamber inwhichthescrew rotates. Theresinfrom thefeed
hopper ismelted inthebarrel asit passes between thebarrel and the screw. A band
heater, which can control temperaturesinfive sections, isattached outsidethebarrdl.
Mélted resinsare supplied to themould passing through barrel head, shot-off nozzle,
and one-touch nozzle.

Injection cylinder

Injection cylinders supply the necessary power toinject theresinintothemould. It
isoperated by ahydraulic motor located ins de bearing box.

Clamping unit
The clamping unit holdsthe mould together, opensand closesit automatically, and

gjectsthefinished part. The mechanism may be of severa designs, mechanical,
hydraulic or hydro mechanicdl.

Toggleclamps- consists of two barsjoined together end to end with apivot. The
end of onebar isattached to astationery platen and the other end of the second bar
isattached to the movabl e platen. When the mould isopen, thetoggleisin the shape
of V, when the pressureis applied to the pivot, the two barsform astraight line.
Toggleclampsare actuated either by hydraulic cylindersor ball screwsdriven by
electric motors. Toggle-clamp units seem most suited to relatively low-tonnage
machines. Thefollowing figure shows (a) toggle clamp design (1) open and (2)
closed; and (b) hydraulic clamping (1) open and (2) closed.
Stationary platen

Moving platen —, Stationary platen —,
\ /

y — Moald
— A

A
\3 7

s,
N
N

(@) (]

Fig: 3.2.3 Clamping unit (a) Toggle clamps (b) hydraulic clamps
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Hydraulicdampsareused on higher-tonnageinjection moul ding machines, typicaly
intherange 1300 to 8900 kN (150 to 1000 tons). The clamping unit isactuated by
ahydraulic cylinder whichisdirectly connected to the moving plate of themould.
Whentheoil goestothecylinder it pushestheram forward and themould isclosed.
Whentheail istaken back from the cylinder, theram comesback and themouldis
opened.

Advantages of hydraulic clamping.

»  Clamp speed can easily be controlled and be stopped at any point
e Direct read out of clampforce

*  Easyadjustment of clamp forceand mould set up

* Lowmantenanceaspartisself lubricate

Hydromechanical clamps- clamping unitsaredesigned for largetonnages, usudly
above 8900 kN (1000 tons); they operateby (1) using hydraulic cylinderstorapidly
movethemould toward closing position, (2) locking the position by mechanical
means, and (3) using high pressurehydraulic cylinderstofindly closethemould and
build tonnage.

Tie-bar lessclamping - Thetie-bar lessclamping systemisbasically ahydraulic
clamping systemwithout any tiebar. Theplatenismoved onarail syssem. Themain
advantage of this system is that
thereisnolimitation onthemould

. . Dies and Molds
platen size. Also mounting the Bt Locating Ring
mould is easy and is very useful e e
when the products gject from the ; . e Top Clamp Plate
mOU|d ISma'lUd Iy | i | = Fromt Cavity (A Platc)
o T Guide Pin
Injection mould Cavities " ”
Mouldisahollow form or cavity o o
intowhichmolten plasticisforced , _
Support Plate

to give the shape of the required . -
component. Moulds separateinto Sprue l-»lh-rﬁn“ H " [[ I‘ =il

at least two halves (Ca”edthecore == T o= T =} hc;l::::!:.ilr:: Plate
and the cavity) to permit the part = ‘
to be extracted; in genera the " I-I |
shapeof apart must besuch that it ) LT

will not belocked into themould. Fig: 3.2.4 Injection mould
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For example, sidesof objectstypicaly cannot beparallel with thedirection of draw
(thedirection in which the core and cavity separate from each other). They are
angled dightly; examination of most househol d objectsmade from plasticwill show
thisaspect of design, known asdraft. Partsthat are "bucket-like" tend to shrink
onto the corewhile cooling and, after the cavity ispulled away, aretypicaly gected
using pins. Partscan be easily wel ded together after moulding to alow for ahollow
part (likeawater jug or doll's head) that couldn't physically be designed asone
mould.

More complex partsareformed using more complex moulds, which may require
movegble sections, caled dides, which areinserted into themould to form particular
featuresthat cannot beformed using only acoreand acavity, but arethen withdrawn
todlow thepart to bereleased. Somemouldseven alow previousy moulded parts
tobere-insartedtodlow anew plagticlayer toformaround thefirst part. Traditionally,
moulds have been very expensiveto manufacture; therefore, they wereusualy only
used in mass production where thousands of partsare being produced.

Therearetwo maintypesof injection moulds. cold runner (two plateand threeplate
designs) and hot runner - the more common of therunner lessmoulds.

Stripper
Plate Gate Plate Plate plate Plate
Part [== ==
Sprue \ Sprue E \
bushing Sprue Ejector pushing Epen
fpms » ping
Part = E [== !
Parts
Runner
{a) Two-plate mold (k) Three-plate mold
Hot plate;
i
Runnaer stirys oiten Plate
late|
Sprug
bushing Ejector
» pins
Parts

(g} Hot-runner mold

Fig: 3.2.5 Types of mould used ininjection moulding
Cold runner

After mouldingthecold runner delivery systemistrimmed off and recycled. Therefore
thedelivery systemisnormally designed to consume minimum materia, while
mai ntai ning thefunction of ddivering molten plastictothecavity inadesirableplaten
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Hot runners

Thehot runners(runner less) moul ding process
keepstherunnershot inorder to maintainthe
plasticinamolten stated | times.

Gates

- isan opening found at the entrance of the
cavity (end of the runner) which allowsthe
material to enter the cavity. Thevarioustypes
of gatesareshowninthefollowingfigure

Injection platens

areged plateson amouldingmachinetownhich
themould isattached. Generally, two platens
are used; one being stationary and the other
moveable, actuated hydraulicaly to open and
closethemould. It actually providesplaceto  amrene
mount the mould. It containsthreaded holes Fig: 3.2.6 Typesof gates
onwhichmould canbemounted using damps.

77
o?

=N\

SUBMARINE FLARE GATE
PIN POINT TAB GATE :nll?: GATE

y/ 4

Clamping cylinder
A devicethat actuatesthe chuck through the aid of pneumatic or hydraulic energy.
Tie Bar

Tie bars support clamping power, and 4 tie bars are located between the fixing
platen and the support platen.

Ejection system
Thegection systemwill push the part out of the mould whenit isstopped
*  Knockout pins

* Blades
o Stripper
o Air

* Hardsgtripping
Process Parameters
Back pressure

Back pressureistheamount of pressure exerted on the material volume ahead of
the screw, asthe screw is pushed back in preparation for the next shot.
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Injection speed

Theinjection speed or (ram speed) isthe forward speed of the screw during its
injection operation.

Shot weight

Thisisthemaximum weight of plasticthat can beinjected by asingleinjection
stroke, whenthenozzleisfreestanding. Generaly expressed asouncesof polystyrene
with aspecific gravity of 1.05. For other resinsthe shot weight iscal culated as

Shot weight intermsof resin = M * b/1.05

Where b=specifc gravity of resin, M = shot weight intermsof PS, SG=1.05

Shot weight should not be equal to the combined weight of thearticle (or articlefor
multi cavity mould) plusrunnersthat could beinjection moulded.

Thelatter isset asthe80% of the shot weight for articlewithlow requirement, 75%
of shot weight for the articlewith high requirement.

Barrel residence time

Barrd residencetimeisthetimefor whichtheplastic materid staysinsdethebarrel
before getting injected. It iscalculated as

Barrel residencetime= (weight themetinbarrel * cycletime)/ actua shot weight
If abig machineisused to makesmall articles, themelt inthebarrel could degrade
duelongresidencetime.

Clamping force

It isthe maximum force that the machineis capabl e of to keep the mould closed
against the cavity pressure during injection.

Injection pressure

The pressure on theface of theinjection screw or ram wheninjecting materia into
themould, usualy expressedin ps.

Moulding cycle

“Thebasicinjectioncycleisasfollows

Mould close- injection carriageforward - inject plastic - metering - carriageretract
- mould open - gect part(s) Somemachinesare run by electric motorsinstead of
hydraulicsor acombination of both. Thewater-cooling channd sthat assst in cooling

themould and the heated plastic solidifiesinto the part. Improper cooling canresult
indistorted moulding. Thecycleiscompleted when themould opensandthepartis

g ected with the ass stance of gjector pinswithin themould.
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Theresin, or raw materia for injection moulding, ismost commonly suppliedin
pellet or granuleform. Resin pellets are poured into the feed hopper, alarge open
bottomed container, which isattached to the back end of acylindrical, horizontal
barrd. A screw withinthisbarrdl isrotated by amotor, feeding pelletsup the screw's
grooves. The depth of the screw flights decreases toward the end of the screw
nearest themould, compressing the heated plastic. Asthe screw rotates, the pellets
aremoved forward in the screw and they undergo extreme pressure and friction
which generates most of the heat needed to melt the pellets. Electric heater bands

attached to the outside of the barrel assist in the heating and temperature control
duri ng themdatinn nrnrece o o

Maovabia
Cavity platen

m_%ﬁr} -

i)
Mould is closed Melt is 1111 Sed avity

Solidification
[ oceurring Molding

Fresh polymer

medt for next shat
~-—rm£7£ﬂﬂ*£ /
\\- / ¢ .

i ]— idﬂ*

3
Screw is retracted Mould opens md part is ejected

Fig: 3.2.7 Typica moulding cycle

The channd sthrough which the plastic flowstoward the chamber will also solidify,
forming an attached frame. Thisframeiscomposed of the sprue, whichisthemain
channel fromthereservoir of moltenresin, parallel withthedirection of draw, and
runners, which are perpendicular to thedirection of draw, and are used to convey
molten resinto thegate(s), or point(s) of injection. Thesprueand runner system can
be cut or twisted off and recycled, sometimes being granulated next to themould

machine. Somemoul dsaredesigned sothat the part isautomatical ly stripped through
action of themould.
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Processing defects, causes and remedies

Injection moulding isacomplex technol ogy with possible production problems. They
can either be caused by defectsin the moulds or more often by part processing
(moulding)

Table: 3.2.2 Common defectsin injection moulding

Moulding Description Causes
Defects
Blister Raised or layered zone on | Tool or material istoo hot,
surface of the part lack of cooling around the tool or a faulty
heater
Burnmarks | Black or brown burnt areas | Tool lacks venting, injection speed is too
Air Burn/ on the part located at |High
GasBurn furthest points gate
Color streaks | Locaized changeof Colour | Master batch isn't mixing properly,
or the material has run out
Delamination | Thinmicalikelayersformed | Contamination of the material e.g. PP mixed
inpart wall withABS
Flash Excess material exceeding | Tool damage, too much injection speed/
Burrs normal part geometry material injected, clamping forcetoo low.
Embedded Foreign particle (burnt | Contaminated material or foreign debrisin
Contaminates | material or other) embedded | the barrel, or too much shear heat burning
in the part the material prior toinjection
Flowmarks | Directionally "off tone" |Injection speeds too slow, the plastic has
wavy lines or patterns cooled down too much during injection,
Jetting Deformed part by turbulent | Poor tool design, gate position or runner.
flow of material I njection speed set too high.
Polymer polymer breakdown from | Excesswater in the granules,
Degradation | hydrolysis, oxidation etc Excessivetemperaturesin barrel
Sink marks Localized depression (In Holding time/pressure too low, cooling time
thicker zones) too low, with sprueless hot runners this can
also be caused by the gate temperature being
set too high
Short shot Partial part L ack of material, injection speed or
pressure too low
Splay marks | Circular pattern around | Moisture in the material, usually when
Splashmark/ | gate caused by hot gas hygroscopic resins are dried improperly
Silver streaks
Stringiness | String remainfrom previous | Nozzle temperature too high.
shot transfer in new shot | Gate hasn't frozen off
Voids Empty space within part | Lack of holding pressure
(Air pocket) Mould may be out of registration
Weldline Discolored line where two | Mould/material temperatures too low, the
Knitline flow fronts meet material iscold when they meet, so they don't
bond
Twisting Distorted part Cooling is too short, material istoo hot, the
parts bow inwards towards the hot side of
| the tool.

&>
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DETAILING OF PRACTICALS

1) Work practiceon hand injection moulding machine

Procedure

Switch on the heater and wait for the required melt temperatureto reach. Set the
mould inthe correct position. When the temperatureisreached feed the plastic
material into thefeed hopper. Repeated plungingisdoneuntil weget anew material.
Inject the melt into the mould. The pressureis maintained on the plunger for the
period duringwhich thematerid inthemould coolsand contracts. After solidification
of themelt in themould the plunger isretracted. Themouldisreleased, opened and
thepart istaken out. Again themould is clamped for another cycle.

2) Work practiceon semi automaticinjection moulding machine
Procedure

Set the mould and align with mould with the injection nozzle and clamp. Set the
barrel temperature and switch on the heaters. Set theinjection pressure. When the
temperatureisreached add the plagtic granulesinto thefeed hopper. When granules
aremelted, the plunger is operated for injection into the mould. The pressureis
mai ntai ned during solidification. After solidification the plunger retractsand themould
isremoved and opened.

ASSESSMENT ACTIVITIES

Assignment - diagram of injection moulding machine
Assignment - Screw design and screw types

Chart - Processing defects causes and remedies
Classtest

Theory Evaluation Questions

1) Comparetheadvantagesand disadvantages of ascrew injection machineand
plunger machine?

2) Comparebetweentoggleclamping and hydraulic clamping

3) Suggest amoulding cycleinafully automaticinjection moulding machine

4) Namethreeimportant parameter that should beinspected by the operator

5)  Withthehep of aneat sketch explaintheworking of injection moulding machine

6) Prepareaneat sketch of an injection mould and label the following parts
Cavity, Runner, gate, g ector pins,

7)  Writefour faultsand suggest their remediesininjection moulding
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Unit III
EXTRUSION

Introduction

Theextruder isone of the most important machinery in the polymer processing
industry. To extrude meansto push or to force out. Material isextruded whenitis
pushed through an opening. Whentoothpasteissqueezed out of atube, itisextruded.
The part of the machine contai ning the opening through which thematerid isforced
isreferred to astheextruder die. Asmaterial passesthrough thedie, thematerial
acquiresthe shapeof the die opening. The extruded product isreferred to asthe
extrudate. Extrusionisused for producing continuous profilesand pipes. Thisunit
dedlswithdifferent typesof extruders, ther parts, functionsand operation of extruders,
manufacture of pipes, cables, packing filmsetc

Learning outcomes
Thelearner :
»  Describestheplastic extrusion process

»  Diginguishesthedifferent typesof Extrudersand describethedifferent partsof
extrudersand their respectivefunctions.

*  Explainsthescrew designand different types of screwsinextruson

*  Describestheproduction of pipes, profiles, cables, and blown films.

*  Demondtratestheextrusion operation

*  Andysestheproblemsand solutionsarisingin extrusion process
Extrusion

Extrusionisthe process by which long continuous plasti ¢ products such as pipes,
hoses, profiles etc are manufactured. The extrusion processinvolvesforcing the
molten plastic materia sthrough adie of specified cross section under controlled
conditions. An extruder consistsof abarrel and ascrew rotatinginsidethebarrel.
Theplastic granulesarefed to the extruder through afeed hopper at therear end of
the extruder. Asthe screw rotatesthe material is heated, melted, compacted and

forced through adie of desired crosssection. Theextrudate emerging fromthedie
iscooled and cut into desired lengths. Fig. 3.3.1 showsaschemati c representation

of theextruder.
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Fig: 3.3.1 Schematic representation of an extruder
Classification of Extruders
Extruderscan beclassified as
Batch Type

* RamExtruders
* Reciprocating screw Extruders

Continuoustype

e Singlescrew extruder
*  Twin Screw extruder
e Multi Screw Extruder

Intheindustry, screw extrudersdominate, in particular singlescrew extrudersare
thework horse of the extrusion industry. Although thetwinsscrew extrudersare
progressively gaining popul arity.
Single-Screw Extruders

Singlecrew extruders consists of asinglescrew rotating insdethebarrel. Single-
screw extrudersusualy convert granular resin feedsinto sheets, films, pellets, and
shapes such as pipe. These extruders are described by their screw diameters(in
inchesor millimeters) and by their L/D ratio, L beingthe screw length and D the
screw diameter. Single-screw extrudersareavailablein amost any sizeimaginable.
Commonsizesare5/8, 3/4,1, 11/2, 21/2, 31/2,41/2,51/2, 6, 8, 12, 15, and 20in.
L/D ratiosrangefrom 5:1t0 48:1, with 20:1 to 30:1 being some of the common
choices.

Twin-Screw Extruders

Machinesusing twin screwsare generally large-volume producti on units used for
resinpdletizingin petrochemicd plants. They areequi pped with variouscombinations
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of intermeshing and nonmeshing screwsthat can be either the co-rotating or the
counter-rotating variety. Thefollowing typesof processing can beperformedina
singlemachine: 1) melting, 2) mixing and blending, 3) homogenizing, gelling, and
dispersing, 4) reacting, 5) pumping, 6) compounding andformulation, 7) devolatilizing
and degassing, and 8) drying.

Thetwin-screw extruder isnormally selected asthe sol ution to many compounding
and reactive extrusion tasks. Twin-screw extruders can beeither intermeshing or
noni ntermeshing. Nonintermeshing extrudersbehaveliketwo singlescrew extruders
with only minor interactions between thetwo screws. A further subdivision of twin-
screw typesisthedirection of rotation. Co-rotating extruders have both screws
rotating inthe samedirection, and thereforethe materia isexchanged between the
screws, while counter-rotating screwstransport the process material through the
extruder inafigureeight channd.

Compounding requiresthat theresin be melted and homogeni zed whileincorporating
additivesorfillersat agiven shear level. Thekey istheisolation of thehigh, medium,
and low shear sectionsalong the screw length, aswell asthefeeding of additivesat
the appropriate points. The advantages of twin screwsinclude the capability for
mixing, dispersion, and heet control in additionto efficient conveying.

Components of an extruder:

The principal componentsof an extruder areaslisted below
1. Feed Hopper

Extruder Screw and barrel

Die

Heating and cooling elements

Screen pack and breaker plate

6. Drivesystem

g b~ wN

Feed Hopper

The purpose of the feed hopper isto transfer the polymer into the extruder barrel.
Thehopper isdesigned to have asteady flow of polymer into theextruder. Flow in
hoppersdependsontheir type - gravitational or forced, bulk density of the materid,
the shapeand | ocation of thefeedinlet.

Extruder screw and Barrel

Thescrew and barrel arethe heart of the extruder. It takes the feed polymer from
the hopper, which isthen heated, plasticized and extruded through the die. The

&
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extruder screw isdivided in to three zones - feed zone, compression zone, and
metering zone.

Metering section ‘
- >

‘ Feed section Compression
-, -

Fig: 3.3.2 Extruder screw

Feed zone: Feed zone comprisesof thefirst 3-10 turnsof the screw flight, located
directly under thefeed throat. Itsfunctionsareto collect the granulesfrom thefeed
hopper, compact the granulesand heat them up and convey the materid to the next
zone

Inthefeed zone, the screw hasasmall, constant root diameter. Thisenableslarger
intake of the plastic resin enhancing theextruder output. To prevent premature melting
of thegranulesin thefeeder throat, thetemperature of thiszoneiskept lower than
theothers. Usually hopper coolingisa so used

Compression or Transition zone: Inthe metering zone, the channel depth of the
screw progressively decreases, thus compressing the plastic resin and forcing the
gases and volatiles from the melt to flow back to the feed hopper. Dueto the
progressive compression of the polymer inthiszone, the material startsto soften
and meltsunder the action of heat and shear. Thelength of thiszone dependsonthe
type of materia to be processed.

M etering zone: Metering zoneischaracterized by aconstant root diameter and a
narrow channel depth. In the metering zone the mix is brought to the correct
cons stency and uniform temperatureand buildsup pressure so that theresin can be
pushed out through thedie. Thiszoneextendsto theoutlet of the extruder and thus
it consists of the screen pack, the breaker plateandthedie

Screw

Different typesof screwsaredevel oped for extrusion of various plastic materials.

Theimportant featuresof the screwsare s T
Screw pitch (P) - isthe distance between "0 N o il
the centre of two adjacent flights RcIn Diameter
Channel width (W) - isthegap betweentwo  channel beptn = 7

ajja:a]tf“gms Trailing Flight Channel Flight

Fig: 3.3.3 Screw Nomenclature
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Landwidth (L) - isthewidth of theflight

Helixangle-  definesthedopeof theflight of thescrew. Itistheangleof theflight
tothetransverseplane of thescrew axis

Screw diameter (D) - isthediameter of the screw including theflight

Higt -isthehelica thread onthescrew

Root Diameter - isthediameter of the screw excluding theflight.

Channe Depth - isthedistance from the bore of the barrel to theroot of the screw.
Extruder size- Nomina diameter of the screw isused to specify and extruder

L/D ratio - Ratio of thelength of theflighted portions of the screw to the nominal
diameter of the screw. Normal L/D ratiosare22-24: 1

Higher L/D ratio - giveslonger residencetime, greater output, uniform output and
greater mixing, greater mixing at lessshear and more heating from thebarrel

Short L/D ratio- resultsin short res dencetimethat facilitatesthe processing of heeat
sengitivematerias, less space, lower torque (high strength to screw and lesshorse
power), lower cost

Compression ratio

Compression ratio istheratio between the channel depth in theflight of thefeed
zonetothechannel depthinthelast flight of the metering zone. Depending onthe
type of the polymer ascrew with acompressionratio varying from 1.5 to 4 should
be selected.

Screw types
1) Polyolefin screw

Inthe polyolefin screw the changefrom the feed to the metering zoneisgradua and
itisaccomplished by increasing theroot diameter inthetransition zone. Herethe
root diameter isconstant in both feed and metering zonesand channel depthismore
infeed zone. Thefeed zone represents 50% of the overall length, transition zone
25% and metering zone 25%

2) PVC screw

PV Cisdifficult towork with snceit iseasily degraded by overheating. Themateria
aso hasahigh mdt viscosity a itsmelting temperatureand so that theheat necessary
for degradation can be easily generated by hearing of the stiff material. So the
compression zoneof the screw ismadelong and compression occursgradually so
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astolessen the shear gradation. For the same reason the metering zoneiskept short
or diminated fully. The screw should beacid resstant to avoid corrosion by HCl gas
liberated on heating.

3) Nylon screw

Nylon 66 hasasharp melting point at 265°C. At thistemperature the solid material
suddenly meltsto alow viscosity melt. Thefeed zoneof the screw istherefore made
very long so that the high amount of heat to melt the crystalline material can be
reached. Because of the sharp melting point thecompression zoneisshort. Toensure
that the screw can pump such low viscosity melt efficiently, the metering zoneisof
reasonablelength. (4D long)

Barrel

Barrel isthecylindrical chamber in whichthe screw rotates. Hopper isfixedtothe
top of thebarrel at therear end. The barrel may have one or several ventsand feed
ports. Thebarrel ismadewith hardened steel, lineswith wear resistant, corrosion
resistant materiad. Barrel isprovided with band heatersfor hesting.

Drive system

Thedrivesystem consstsof thedrivemotor, reduction gears, transmission mechanism,
thrust bearing etc.

Heating and cooling elements

Thebarrd isheated using band heaters. Steam or fluid hegting arealsoin use. Barrel
coolingisneeded to prevent overheating that may cause degradation. Weter cooling
isused to cool the hopper throat to prevent bridging of the plastic materiasat the
throat. Larger screwsare bored through for the passage of heat transfer medium,
but care must be taken to prevent overcooling which may freeze alayer on the
SCrew root.

Breaker plate and screen pack

Breaker plateisaperforated metal disc with ano. of small diameter holes. The
breaker plateis placed in between the screw and the die assembly. Its principal
function isto support the screen pack. The breaker plate a so helpsto convert the
spird flow of the polymer melt leavingthescrew into alinear axial flow.

Screen Pack isusually multilayered, sandwich of metalic wirescreen. Itisplaced
between the screw and the breaker plate using thelatter for physical support. The
main function of screen pack isto strain out parti cul ate contaminantsfrom the plastic.
The screen pack should be cleaned or changed periodically.
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Extrusion Dies

Theroleof thedieistoformthemeltintolinear productslikefibres, films, sheets,
profiles, rods, pipesetc. Thedieisachanne whoseprofile changesfrom that of the
extruder boreto an orificewhich producestherequired form.

The dies can be classified depending on the cross section of the extrudate as

*  Solidcrosssections- Thediesfor sold crosssectionsaresimplestraight through
dieswith thedesired crosssections

*  Hollow crosssections- Thediesfor hollow sectionsconsistsof acylindrica
diewithamandrel at the centre. The outer diameter of thetubeis determined
by thediameter of the outer diering orifice. Theinner diameter isdetermined
by themandrel diameter. Themandre isheldin position by aspider. Centering
screwsare used to make themandrel and outer diering concentric.

Another classification schemeis based on the die attachment to the extruder
barre

e Straight through dies- dieisarrangedinlinewith thedirection of thebarrel.
Used for theextrusion of pipe, rod, profiles, and sheet

e Crosshead dies- Dieisarranged at an angle 900, 450, or 300 to the barrel.
Used for the production of insulated wires, cablesetc

e Offset dies- Combination of straight through and offset dies. Used for the
production of pipes

Sheet extrusion

Sheet extrusionisatechniquefor makingflat plastic sheetsfromavariety of resins.

@%O_A . (A) Extruder
(8) pie
_ ' @ 3 Roll Calender
¢ (D) cooling & Confectioning

Fly. 5.5.4 J el EXUUSI VN

Solid sheet extrusion units consist of at |east one extruder and one sheet extrusion
die. They arefollowed by the polishing stack, in general comprising 3 calenders,
cdibrating and cooling the sheet with their surfacesor caender nips. Behind thisthe
roller conveyor and the draw-off rollsfor air cooling arelocated. Thesheetisfinaly

cut and stored.
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Plastic sheetswithwidth in excess of 2 metersand thicknessesranging from approx.
0.5t0 15 mmin continuous|engths are manufactured by this process. Advanced
machines can extrude multilayer sheetswith functional surfaces, grain/structured
surfacesetc.

Polystyreneisthe most common polymer usedin sheet extrusion. Itisthe dominant
material for thermoformed packaging and competeswith ABS and PPin technical
markets. End use applicationsinclude tubs and potsfor yogurt, margarine, and
desserts. Thermoformed packaging isalso used in many other applicationsinthe
food industry.

Therearethree primary techniques used to manufacture thermopl astic sheet. These
ae
Extrusionthrough aflat dieonto castingrolls.

2. Extrusionthrough an annular die onto asizing mandrel. The pipe-like cross
sectionthat isextruded will beditin oneor more placesand then flattened and
handled as sheet.

3. Resnsandadditiveswill beplasticized between largerollsand then sized through
aseriesof additiond rollsinto aflat sheet. Thisprocessisknown as Caendaring.

Applications

Extruded PS sheet are used for thermal insulation materialsfor walls, roofs, and
under floors. In automobiles, sheetsareused to produceinterior trim, panels, and
dashboards. Foamed polyol efin sheet, both cross-linked and non-cross-linked, is
a 50 usedinautomotive gpplications. Other applicationsincludeluggage, refrigerator
liners, and shower unitsetc.

Profile extrusion

Thisprocessisusad to manufacture plastic productswith acontinuous cross-section
suchas; drinking straws, decorative moul ding, window trimming and awidevariety
of other products. The plasticisfedin pellet form into the extruder hopper. The
materia issoftened by both friction & heat and conveyed continuoudy forward by
arotating screw ingdeahested barrel. The softened plasticisthenforced out through
adieand directsinto cool water where the product solidifies. Subsequently itis
conveyed into thetake-off rollerswhich pullsof the softened plasticfromthedie.

Applications
Window profiles, sedling sections, Modular drawer profiles, Decorativetrim Etc.
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Pipe extrusion

Pipeextrusionisdefined asaprocessof forcing the polymer melt through ashaping
die. Theextrudatesfrom thedieissized, cooled and theformed pipeispulled tothe
winder or acut off devicewiththeaid of haul off device. Prior to this, theplastic
materid intheform of plymer granulesisfedinto the hopper, conveyed by arotating
screw through along cylindrical barrel. Thisis subjected simultaneously to high
temperature and pressure, forcing the melt through the die at apredetermined rate.
To get hollow cross sectionsaspider dieisused inwhich acentral coreisfixed
concentricintheinterior of thedieandisfixedin postionthrough soider arrangements.
Polyvinyl chloride (PVC), and Polyethylene's (PE) are the most widely used

thermoplastic piping materid. TUBING DIE

e
s 7 v T
; 7

i AT
Mehted Material

Tubing Cocling Waber Tank
Mandrel

Fig: 3.3.5 Pipe Extrusion

Pullers-Cutters- Cutter-pullersare used in the production of pipesand thin-wall
tubes. Astheir nameimplies, they pull the extrudate through avacuum sizer/cooler
and cut the tube or pipeto thedesired length. The speed of the puller isset by a
controller to correspond to the speed of the extruder. Reciproca movement of the
cutting head is synchronized with the linear speed of thedeeveor pipe, andat a
preset length, ablade cutsthe sleeve and retracts. Then the cutting head moves
back by the distance equal to therequired tube or pipelength.

Blown film extrusion (film blowing)

Theplasticmdtisextruded through anangular dit dieplaced verticdly toformathin
walled tube. Air isintroduced viaaholein the centre of the dieto blow up thetube
like aballoon. A high-speed air ring blows onto the hot film to coal it. Thetube of
film then continues upwards, continually cooling, until it passesthrough niprolls
wherethetubeisflattened to create what isknown asa'lay-flat' tubeof film. This
lay-flat or collapsed tubeisthen taken back down the extrusion ‘tower' viamore
rollers. On higher output lines, theair inside the bubbleisa so exchanged. Thisis
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known as IBS (lnternal Bubble BASIC BLOWN FILM LINE
Coaling). Thelay-flat filmisthen Mool s
either kept as such or the edges of Cotapsing Frame

- Layfiat

thelay-flat aredlit off to produce
two flat film sheetsand wound up
ontoreels. If kept aslay-flat, the et
tube of filmismadeinto bags by e
sedling acrossthewidth of filmand
cutting or perforatingtomakeeach  Hoeser
bag. Thisisdoneeither inlinewith A
theblown film processor at alater e
stege.

F

Roll of Film
/

’.

. @

f

Idier Roll

Air Ring

Fig: 3.3.6 Blownfilmextrusion

Theexpansion ratio between dieand blown tube of filmwould be 1.5to 4 timesthe
diediameter.

Bubble diameter
Die diameter

Thedrawdown between themelt wall thicknessand the cooled film thicknessoccurs
in bothradia and longitudinal directionsand iseasily controlled by changing the
volumeof air insidethe bubbleand by atering the haul off speed. Thisgivesblown
film abetter balance of propertiesthan traditional cast or extruded filmwhichis
drawn down aong theextrusion direction only. Thefilmwidth and thicknesscan be
regulated by control of thevolumeof air in thebubble, the output of theextruder and
the speed of the haul-off. Theextruded filmscan aso bebiaxidly oriented. Common
materiasfor blown film extrus on are Polyethylenes (HDPE, LDPE and LLDPE)
arethemost commonresinsinuse, but awidevariety of other materialscan be used
asblendswiththeseresinsor assinglelayersinamulti-layer film structureincluding
PP, PA, EVOH.

Applications:

Blow ratio=

*  Blownfilmcan beused either intubeform (e.g. for plastic bags and sacks) or
thetube can bedlit to form ashest.

*  Industry packaging (e.g. shrink film, stretch film, bag film or container liners),

»  Consumer packaging (e.g. packaging filmfor frozen products, shrink filmfor
transport packaging, food wrap film, packaging bags, or form, fill and seal
packaging film), Laminatingfilm (e.g. laminating of auminium or paper used for
packaging for examplemilk or coffee)
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»  Barierfilm(eg. filmmadeof raw materia s such aspolyamidesand EVOH
acting asan aromaor oxygen barrier used for packaging food, e. g. cold meats
and cheese),

*  FImsfor thepackaging of medical products,

e Agriculturd film (eg. greenhousefilm, cropforcingfilm, slagefilm, slagesretch
film).

Cable Extrusion

For the production of cablesacrosshead type extruder isused. Themoltenresinis
extruded using across head type diethrough which the conductor wireisfed. The
melt coatsthe conductor wire, forming aninsulator layer. Thefinished product is
cooled, tested and wound up

Die swell

The contraction of theextrudateinthedirection of extrusion and expansionin cross
section whileemerging fromthedieiscalled extrudate swell. Itisaso caled asdie
swell.

Outer extrudate diameter
Diameter of the die
Extrudate swell may bereduced by

1) Decreasingextrusonrates

Dieswdl =

2) Increasingthemelt temperatureand dieland
3) Increasingthedraw down ratio
Melt fracture

The presence of rough surface, especially short cracksor ridgesin the extrudate
surfaceinthemachinedirectioniscaled mdt fracture. Mdt fracturecan be controlled

by

1) Diedreamlining

2) Loweringtheextruder speed

3) Reducingthefriction coefficient of diewalls
4) Reducingtheviscosity of themelt
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DETAILING OF PRACTICALS
1) Work practiceinan extruder
2) Heddvigttoanextrudingunit

ASSESSMENT ACTIVITIES

Fiddvist

Case study

Chart preparation

Theory Evaluation Questions

1) Singlescrew extrudersarethework horseof extrusion. Listthedifferent parts
of asinglescrew extruder. Explain thefunctionsof each.

2) Whileextruding aplastic product the product coming out of thedieisfoundto
belarger than thediesize. Explainthisphenomenon?List thestepsto minimize
thisdefect.

3) Padiccarybagsaremadeby blownfilmextruson. Explanblownfilmextruson
processwith the help of aneat diagram?
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Unit IV
BLOW MOULDING & ROTATIONAL MOULDING

Blow mouldingisamanufacturing processinwhich ar pressureinflatesheeted plastic
inamould cavity. It isused for the production of hollow plastic partswiththinwals,
such asbeveragebottles, cosmeti c contai nersand pharmaceutica packaging. Another
method used for the manufacture of hollow articles such aswater tanksrotational
moulding. Thisunit detail sthe different blow moulding and rotational moulding
operationsusedin plasticindustry.

Learning outcomes

Thelearner :

*  Destribesthedifferent blow moulding operationslikeextrusion blow moul d-
ing, injection blow moul ding and stretch blow moulding

*  Anadysestheproblems, causesand remediesin blow moulding operation
*  Describestherotational moulding of plastics

*  Anadysesthedefects, causesand remediesin rotationa moulding

Blow Moulding

Blow mouldingisamanufacturing processinwhich ar pressureinflateshegted plastic
inamould cavity. It isused for the production of hollow plastic partswith thinwalls,
such asbeverage bottles, cosmetic containersand pharmaceutical packaging. There
arethreetypesof blow moulding: extrusion, injection and stretch blow moulding.
Many thermoplagtics, including polystyrene, PC and polyvinylchloride (PVC), can
be blow moulded. However, themost common resinsare high-density polyethylene
(HDPE), low-density polyethylene (LDPE) and polyethylenetereptha ate (PET).
Extrusion Blow moulding

In extrusion blow moulding, amolten tube of plastic caled parisonisextrudedinto
amould cavity. Themould sidesarethen clamped together, pinching and sedlingthe
parison tubeat the bottom. Air isblown into the tube from thetop, which expands
thehot resnwall into theshapeof the cavity; themouldiscooled with water solidifying
theresininto the shape of the part. Once cooled, the part is g ected from themould

and trimmed. A typica blow moul ding operation show inthefigurebelow.
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The basic extrusion blow- A. Parison extrusion
moulding cycleisasfollows. : 2“:;“3

» -] I'\j
Thethermoplasticresnismeted D. Ejection

inthe extruder and isextruded
out of thediehead betweentwo
mould halves. The tube of
melted plagticiscaled aparison.
Themould havescometogether Fig: 3.4.1 blow moulding operation

whenthe parison hasreached the

correct length. Pinch barsat thebottom of the mould close off thetubeand maintain
someair inthe parison to prevent thewalls of the parison from sticking together
prematurely. The mouldsare closed compl etely, sealing the parison and creating
flash on the edges of themould. Air isblown through the blow pin mountedinthe
head of the machine, forcing the soft plastic of the parison out againgt thewalsof the
mould. Thepart iscooledinthemould, under pressure, until it can maintainitsshape
and required dimensions. Beforethe mould isopened, theblowing air isstopped
andtheair isvented to prevent part distortion. Themould isopened and thepartis
stripped from the blow pin by either mechanical devicesor by blowingit off. The
blow pinmay a so beretractedinto the head.

Theextrus on blow-moul ding processisprimarily used for smdler, high-qudity baottles,
such asthoserequired by the cosmeticsindustry, or whenever agood neck finishis
important. It isalso used for open containers such as plastic drinking cups, which
could bemoulded in conventiond injection moulds, except that blow moulding yields
wallsthat are substantialy thinner and lighter than those made by injection moulding,
without sacrificing any significant properties.

Most of the cycletimeistaken up by the blowing and cooling step. Therefore
blowing and cooling control the machine cycle. The speed of themachinethat melts
the resin and makes the parison must be configured to conform to the blowing/
coolingtime.

Injection blow moulding

Injection blow moulding isatwo-step process. A contoured preformisinjection
moul ded and then transferred to ablow moul d cavity whereit isinflated. Theinjection
blow-moulding processislimited tosmdler Szesof partsthanextrus on blow moulding.
Theinjection blow moulding process produces partsto tight dimensiona or weight
tolerancesthat might not be achievablewith the extrus on bl ow moul ding process.
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Injection blow moulding isa so used to mould partsout of materialssuch asPET or
polystyrene (PS) which aredifficult tomould by theextrusion blow moul ding process.
Injection blow-moul ded parts can be produced without flash or trimming. Toolingis
more expens vefor injection blow moulding, but thecycletimesarefaster than for
extrusion blow moulding.

During theinjection stage, themelt isinjectedinto asplit parison cavity and around
apredetermined corerod. Oncethe melt isconditioned, the moulds open and then
rotate 120° to transfer the pre-forminto asplit blow-mould cavity (blow-mould
gation). Compressed ar entersthrough the corerod, blowing the conditioned parison
melt againsgt theblow-mould cavity wall. After the materia has cooledintheblow-
mould cavity, the moulds open and thefinished container isthen rotated 120° for
transfer to the pickoff (g ect) station for removal from the corerod. Inthe pick-off
station, bottlesareautomatically removed from thecorerodsandfall directly intoa
shipping carton or are placed in an upright position on aconveyer belt for post
hendliing.

Advantages

Some of the advantages of injection blow-moulded containersare:

*  Preciseneck finishes

*  Notrimming or reaming of excessflash.

*  Repeatability.

*  Excdlent surface appearance.

e Greater rangeof rigid materials, such aspolystyrene, SAN and ABS.
e Opportunity for partsconsolidation.

e Multi materia capability.

These advantages makeinjection blow moul ding suitablefor producing containers
to the cosmetic, pharmaceutical, and '
food

. |
Stretch blow moulding
Stretch blow moulding uses the same
procedures asinjection blow moulding, j |
but prior toinflation, aram stretchesthe ]

pre-form. The stretching aligns the
po|ymer chal ns, credti ng Stronger parts Fig: 3.4.1blow moulding operation
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with better clarity and gas barrier properties. There are two methods of stretch
blow moulding, ISBM (injection stretch blow moul ding) and RHB (reheat and blow).
With1SBM, theinjection moulded pre-formisimmediately transferred to theblow
mouldingtool. RHB usespre-formsthat areinjection moulded and inventoried. The
pre-formisthen reheated and blow moul ded.

Table3.4.1 Comparison between extrusion and injection blow moulding

Extrusion blow moulding I njection blow moulding

Parison is expanded against the walls of | Injection moulded preforms are expanded
the blow mould by air pressure to take| against the walls of the blow mould by

the shape of the mould air pressure
Pinch has to be cut from the part No. pinch off
Secondary operations is necessary Can be used directly

Programming of the parisonisnecessary | High quality neck moulding provides
to get accurate weight of the part dimensional accuracy

Can be used for making bottles with| Cannot be used for making bottles with
handles handles

_ Low tooling cost Comparatively high

Blow moulding defects
Parison Sag

Thiscreatesin an uneven wall thicknessin the parison. During theformation of
parison it getslonger and heavier. Asitsgetsheavier gravity startsto extend the
parison thisis called parison
sag. Material with high melt N
strength areneeded inextrusion
blow moulding to reduce the
amount of sagin parison. B

Axia thickness variation on
parison

Surface defects: Mottle,
Extrusondieliens

Fig: 3.4.3 Parison sag
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Table 3.4.2 Faultscausesand remediesin blow moulding

Fault Cause Action
Parison too long Excess extrusion output Reduce screw speed
Low melt viscosity leading | Reduce barrel temperature
to parison sag Reduce die head temperature
Parison too short Insufficient extruder output | Increase screw speed
Too low melt temperature Check heater functioning
Parison diameter too Incorrect die selection Check
large Excessdie swell Rai se melt temperature
Parison diameter too Incorrect die selection Check
smal Excess parison sag Lower melt temperature
Excess parison wall Incorrect setting of parison | Check
thickness thickness controller Rai se melt temperature
Excessdie swell
Parison wall too thin Incorrect setting of parison | Check
thickness controller Lower melt temperature
Excess parison sag
Parison curlsoutward Dietemperaturetoo low Raise dietemperature
asit leavesthedie
Parison curlsinwards | Dietemperaturetoo high Lower dietemperature

asit leavesthedie
Shark skin (rough Die head temperature too | Raisedie head temperature

inside) low Raise Melt temperature
Melt temperature too low
Burn Marks Decomposition Check melt temperature

Check no dead spots
Check tip of the screw is not too

hot
Poor neck/ flash Blow pin badly set Check and adjust
separation Damaged cutting sleeve Replace
Displaced pinchweld Bent parison Check parison faults
Blunt parison knife Replace
Deformed moulding Moulding € ected too hot Increase cooling time
Check cooling water supply to the
mould
Part sticksto themould Mould too hot Check mould temperature
Moulding too hot Increase cooling time
Reduce melt temperature
Moulding does not Insufficient air Raise air pressure
kfully inflate Increase blowing time )

Rotational moulding

Rotationa moulding or rotomoul ding isamethod of moulding plasticswhichisided
for the production of hollow articles, particularly largesize products. It involvesthe
dow tumbling, heating, and melting of athermopl astic powder inabi-axialy rotating
mould to produce seamless, hollow plastic parts. Thisprocessistypically used to
mould hollow parts, especially those with complex and varied shapesnot easily

&
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obtai nable by other hollow-art processes. Itisavirtually shear-free and pressure-
free process.

Process Steps:
TheRotationd Moulding processisessentidly splitinto four operations:

Sep 1: Loadingresinintothemould

* A pre-measured amount of plastic materia (inether liquid or powder form) is
placed inacavity.

*  Themouldisthen closed and indexedinto an oven wherematerid sare brought
up to the moul ding temperature.

»  Asthemouldishested, it isrotated continuoudy about itsvertical and horizon-
tal axes.

*  Thisbiaxid rotationbringsall surfacesof themouldin contact withthe plastic
meterid.

Sep 2: Heatingand fusion of resin

*  Themouldisrotated withintheovenuntil al theplastic materid hasbeen picked
up by the hot inside surfaces of the cavity and densifiesinto auniform layer.

*  Themachine movesthemould out of the oven and into the cooling chamber.

Sep 3: Cooling beforeunloading

* Airoramixtureof air and water, coolsthe mould and the layers of molten
plastic material. This cooling process continues until the part has cooled
aufficiently toretain itsshape.

»  Themachinethenindexesthemould to theloading and unloading station.

Sep 4: Unloading/Demoulding

*  Whenthe polymer has cooled sufficiently to retain its shape and be easily
handled, the mould is opened and the product removed.

»  Atthispoint powder can once again be placed in the mould and the cycle

repected. a -
R o 1

Fig: 3.4.4 Rotational moulding
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Fig: 3.4.5 Rotational M oulding machine

Raw Materials

To obtainthedesired end product, thechoice of aquality powdered resinisessential
in rotational moulding. Onereason isthe high temperatures used risk chemical
degradationinaless-than-quality product. Today, approximately 84 percent of all
resin used inrotational mouldingispolyethylene (Table 3.4.1). A widevariety of
poly-ethylene powderswith awiderangeof properties, including meltindex and
density areavailableinthemarket. Whilethe effects of particlesize on end-product
properties and processability arelesscritical, those of melt index and density are
considerable. Thecommonly used raw material sfor rotational moulding areLDPE,
LLDPE, PR EVA,and PVC

Table3.4.3 Rotational moulding resin consumption

( \

Resin Market share
Polyethylene 84%
Polycarbonate
Nylon
PvVC 15%
Polyesters
Polypropylene
OTHERS 1%

Rotomoulding Processvariablesare:

e Oventemperature
*  Ovenresdencetime
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Theother factorsaffect the quality of product; although they may not be under the

Amount of polymer inthemould
The speeds of rotation of themould
Natureof the cooling medium
Duration of the cooling periods
De-moulding temperature

direct control of moulder include:

Power particlesize

Power particlesizedigtribution
Mélt flow behaviour of the polymer
Density of the polymer

Mould materia

Shape of themould

Thicknessof themould

Efficiency and typeof oven
Efficiency and typeof cooling bay

Advantagesof rotational moulding

Very large parts can be manufactured

Chemical wasteand storage tanks up to 2,500 gallons
Minimum design congtraints

Very low tooling costs

No polymer weld lines

Stress-free products

Disadvantages

Slow cycletimesmean high piece prices
Narrow range of raw materials.

Some geometrica features(such asribs) aredifficult tomould

Applications
Industrial & Commercial:

Industrial and commercial applicationsinclude Specialty tanksand containersfor
fuel, water, and chemical processing, Livestock feeders, Drainage systems, Food
service containers, Instrument housings, Vending machines, Highway barriersand

road markers
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Consumer Products

Rotationa mouldingisused to makeconsumer productssuch asRecregtiona, Specid
Application, Toy & Transportation, Boatsand kayaks, Childcare seats, Light globes,
Tool carts, Playing balls, Playground equipment, Truck/cart liners, Air ductsetc.

Table3.4.4 Comparison of rotational and Blow moulding methods

Rotational moulding Injection blow moulding

Ideal for larger volume products Ideal for smaller volume products

Ideal for moul ding perfect hollow objects| Ideal for hollow objectswith an opening
likeball at one end

Low cost for agiven size capacity when | Moulding processiscostly
compared to blow moulding Costly moulds are used

Processability limited to thermoplastics| Able to process wide variety of
like poly ethylene, PV C etc thermoplasticsincludingABS

Table3.4.5 Faultscausesand remediesin rotational moulding

( Fault Cause Action )
Warped parts Inadequate venting Use 13 mmdiameter vents per
Non uniform cooling cubic meter of mould volume
Check mould rotation during
cooling
Part stick in the mould Insufficient release agent,| Reapply or use more rel ease agent

degradation of releaseagent,| Refinish damaged mould surfaces
Roughness or porosity on

mould surface

Uneven wall thickness Improper mould rotation | Correct the mould rotation

Excessive flashing at| Inside pressure high Provide venting

mould parting line Remate mould parting line
Adjust clamping pressure

Highly underfused Oven temperature low Increase oven temperature

parts, with many Heat transfer rate not| Increase heat transfer using

small bubblesinwall adequate thinner moulds

or rough, powdery Resin powder too coarse | Usefiner mesh powder

inside surface
.

&
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DETAILING OF PRACTICALS

1) Work practiceon blow moulding machine

Theoperation of blow moul ding machinerequiresmoul d setting temperature control,

ar pressureand materia

1. Mould setting: normally mould setting isdone by adjusting thebarrel up and
down and matched so that no gap existsbetween. It should beair tight, or else
theblowingair will escape

2. Temperaturesetting: thetemperature of themelt iscontrolled indirectly by us-
ing thetimer switch onor off thetime. Theduration of the heater on the period
ismaintained iscongtant

3. Airpressure: air compressor isrequired to produceair. To regulate the pres-
sureagaugeisfitted ontotheair compressor. Normally the pressureranges
from 2kg/cm2to 3 kg/cny?

4. Materid :most materid are produced with HDPE whose processing tempera-
turerangesfrom 160 -250°C

Operation

Set the machine and mould ready for operation as per the setting procedures
described above, switch on the machineand waited until it reachestherequired
temperature. After that feed the plastic materia inthebarrel by bringing downthe
plunger. Theoperationisrepeatedtill theright form of paisonisobtained. Theparison
ishaving excesslength than the cavity of the mould. Closethe mould and lock it.
Allow theair for blowing. After cooling themouldisopened and product isremoved.
Thisprocessisrepeated again and again for further production.

2) Fiddvisittoblow moulding unit

3) Work practiceonrotational moulding machine

Weigh required amount of LDPE/HDPE powder .1t isthen transferred into an open
cold mouldwhichisalready coated with amould releasing agent, silicon emulsion.
After loadingmouldisclosed manually by clamps. Themouldisthenfixed witharms
and isrotated biaxially in aclosed heating chamber whereintense heat is supplied
.Rotationa speedis0-40 rpm for theminor axisand 0-12 rpm for mgjor axis. The
temperature of the oven should be 200-500c depending on the product. After the
desired cycletime (2 to 20 minute) the mould is cooled quickly by spraying cold
water over themould. Later, themould isopened and the product istaken out.

ASSESSMENT ACTIVITIES
Fieldvisit, Casestudy, Chart preparation
Theory Evaluation Questions
1) Writetheflow chart of rotationa moulding process?
2) Compareand contrast rotational mouldingwith blow moulding?
3) Whyventisgiventotherotational moulds
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Unit V
THERMOFORMING & CALENDARING

Over view of the unit

Thisunit deal swith two major processing processes- thermoforming, used for
manufacturing arangeof productsfrom cupsto boat hulls and rotational moulding
widely used to produce hollow articlesliketanks.

Learning outcomes

Thelearner :

*  Explainthedifferent thermoforming processesand their respectivefeatures.
e |dentify thedifferent thermoforming materid sand applications.

*  Explantheplastic caendaring processand distinguish between different types
of calenders.

«  Describethedifferent gauge control methodsin calendaring.
Thermo forming
Introduction

Thermoformingisaplastic manufacturing processinwhichthethermoplastic sheets
areformed with the application of heat and pressureinamould. Thethermoplastic
sheet isheld horizontaly over amould surface and clamped with aholding device.
The sheet isheated up until itissoft it ispressed into or stretched over themould
surface by application of air pressure or by any other means. The softened sheet
conformsto themould shapeanditisheldin placeuntil it cools. Themould cavity is
opened and thethermoformed part isrel eased.

Thermoforming set-up usudly cons stsof the clamping unit, heaters, mould, and air
cooling system. Themoulds should be cleaned after every cycle, asmateridsinthe
mould can cause changein the shape of thefinished goods. Therearedifferent types
of thermaoforming processdepending uponthepressurerequiredi.e., vacuum forming,
pressureforming, matched dieforming, Plug assist forming and drapeforming.

Vacuum Forming

Inthis process, the vacuum pressureis used to form the heated thermopl astic sheet
into the desired shape. The thermopl astic sheet i s placed on themould surfaceand

&>
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fixedwiththehdp of dampingunit. Thesheet isheated until it issoftensand thereefter
vacuum needsto be applied quickly. A surgetank isused to quickly pull theair out
between the mould cavity and the sheet. When the vacuum is created, the sheet
conformsto the shape of the mould cavity. The formed part is cooled and then
g ected from themould cavity. The schematic of vacuum forming processisshown
inthefollowi ngfigg[g

3 Clams
I
Maold cavity Pastic sheet

Motded part

3)
Fig: 3.5.1 Vacuum Forming

Pressure Forming o

plastic sheet

Clamp

Air pressure inlet

Finished part

Thepressureforming process
isclosely related to vacuum
forming. Inthisprocess, thear
pressure required is much
higher as compared to the
vacuum forming. The Molded part

preheated plastic sheet is Fig: 3.5.2 Pressure Forming

placed on the mould surface, and then air pressureisapplied quickly abovethe
sheet asshowninfigure. The high pressureis devel oped in between the softened
sheet and the pressure box. Dueto high pressure, the preheated plastic sheet can be
deformed into themould cavity inafraction of asecond. Theformed sheetisheldin
themould cavity for cooling for afew seconds. Theformed part thereby solidifies
andisegected from mould cavity. Prototype parts can a so be made using pressure
forming process.

Pressure box

Vacuum pump

Mold

Matched die forming

Preheated Matched dieformingisalsocalled
Sl i mechanical forming. Inthisprocess,

mould consistsof two partsi.e. die
,{Q and punch asshowninfigure. The
=T H;.qg;d ", thermoplesticsheetisheatedwiththe
Air escape 4 t ' application of heat until it softens.

oy Pressure

Fig: 3.5.3 Matched Die Forming

Mold  Molded par The preheated sheet is placed into
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themould surface (that is called die) and through punch pressureisapplied on the
hot sheet. The air in between the die and softened sheet is evacuated by using
vacuum pump, and therefore the thermoplasti c sheet conformsto themould shape.
Theformed part iscooled and g ected from themould cavity.

Plug Assist Forming

Plug assst thermoformingisoneof theprocessvariant of vacuum or pressureforming.
Its purposeisto pre-stretch the heated polymer sheet prior to the application of
pressure and/or vacuum during thefina part formation. In thistypeof forming, the
plastic sheet ismechanically pre-stretched by a plug that is pushed into the hot
plastic before the application of vacuum/pressure to the mould. The plug hasa
geometry that isusualy 10 - 30 percent smdler thantheinterior of thefemalemould
cavity. A pressureisthen applied to draw thematerial against the cavity wallsand
completetheforming operation. The magjor advantage of plug-assist forming isthat
it givesabetter wall thickness uniformity than can be obtained by other forming
processes, especialy for conical cup or box shapes.

The plug can be used to carry material towardsthe areasthat would have beentoo
thinif just Sraight pressure/vacuumformingisused. Theplugiscongructed of materids
withlow thermal conductivity to keep the plastic sheet from cooling when the sheet
comesin contact withit. Material ssuch aswood, syntactic foam and cast thermoset
plastics can be used to make alow thermally conductive plug. Aluminum with
temperature controlled e ectric heaters can a so beused. Aluminium plugs produce
excd lent resultsbut are usualy morecostly.

Plug Assist vacuum forming

After theplastic sheet is heated and sed ed across the mould cavity, aplug shaped
roughly likethemould cavity (but smaller) isplunged into the plastic sheet, pre-
dretching thematerid . When the plug platen hasreached itsc osed position, avacuum
isdrawn through the mould to compl ete the formation of the sheet.

Plug Assist Pressure Forming
Plug assist pressureformingissimilar to plug assi st vacuum forming, except that as
theplug entersthe sheet, air under the sheet isvented to theatmosphere. Whenthe

plug compl etesits stroke and seal sthemould, air pressureisapplied fromtheplug
Sde.
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Fig: 3.5.4 Plug assisted vacuum forming Fig: 3.5.5 Plug assisted vacuum forming machine

Drape forming

Drapeformingissimilar to straight vacuum forming except that after the sheetis
framed and heated, it ismechanically stretched and apressuredifferential isthen
gppliedtoformthe sheet over amaemould. However, the sheet touching themould
remainsclosetoitsoriginal thickness. Itispossibleto drape-formitemswith a
depth-to-diameter ratio of approximately 4: 1

Process steps

Sep 1: Theplastic sheet isclamped in aframeand heated. Hesating can betimed or
€l ectronic sensors can be used to measure sheet temperature or sheet sag.

Plastic Sheet Clamp

D—\ \ﬂ |
o Thin '
D.—-"'m l { ? 1 Areas Thickest Areas
[7 I'x_I “seal %
— | .

Formed Pan

|
=,
Fig: 3.5.6 Drapeforming

Sep 2: Drawn over themould: either by pulling it over themould and creating a
seal to theframeor by forcing the mould into the sheet and creating aseal. The
platen can bedriven pneumatically or with eectricdrive.

Sep 3: Then vacuumisapplied through themould, pulling the plastictight to the
mould surface. A fan can be used to decrease sheet cooling time.

Sep 4: After theplastic sheet has cooled, the vacuum isturned off and compressed
ar issentto themouldto helpfreeit fromtheplastic. The platenthen movesdown
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pulling themould from theformed part. Theformed sheet isunclamped, removed

and anew cycleisready to start.

Advantages

*  Better part dimensiona control oninsideof part

*  Lower mould costs

*  Ability tograin surface (tubs, showers, counter tops, etc

e Faster cycletimes.

Disadvantage: More scrap dueto larger clampsand trimsarea.

Applications:

*  Largepanelsthat requireretaining asimplenon-flat shapeasinacurved dis-
playwal.

*  Congructionsof wide sectionsof odd-shaped wallsthat will still retain overal
even materid thickness.

Materials Used for thermoforming

The different types of thermoplastic materials which can be processed using

thermoforming processare: Acrylic(PMMA), Acrylonitrilebutadiene styrene (ABS),

Cedlulose acetate, Low density polyethylene (LDPE), High density polyethylene

(HDPE), Polypropylene (PP), Polystyrene (PS), Polyvinyl chloride (PVC)

Applications

Thermoforming processis used for variety of applications, for example, food

packaging, automotive parts, trays, building productsand aircraft windscreens. Thick

gauge partsare used as cosmetic surfaces on permanent structures such astrucks,

medica equi pment, materia handling equipment, €l ectrica and € ectronic equipmernt,

spasand shower enclosures, vehicle door and dash pandls, refrigerator liners, utility

vehiclebeds, and plastic palets. Thingauge partsare primarily used to package or

contain afooditem, disposable cups, containers, lids, blistersand clamshells.

The advantages and di sadvantages of the thermoforming processare given below:
Advantages:

» Extremely adaptiveto design requirement

» Rapid prototype devel opment

* Lowinitia setup costs

» Low production costs
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* Lessthermal stressesthan injection moulding and compression moulding
»  Good dimensond stability
Disadvantages:
»  Poor surfacefinish
e Patsmay havenon-uniformwal thickness.
* All partsneedto betrimmed
* Ribsand bossescannot bemoulded easily
* Limited number of materialscan beused
* Verythick plastic sheetscan't beformed

Calendaring

Cdendaringistheprocessof squeezing aplastic melt between two or morecounter
rotating rollstoform acontinuousfilmand sheet. Ingenerd extrusonfilmblowingis
the preferred method for producing filmsor sheetsfrom polyol efins, but caendaring
hasamajor advantage of causing lessthermal degradationand soitiswidey used
for heat sensitive materials such as PV C. The PV C sheet wasfirst successfully
caendered inthe 1930sin Germany. Therigid compounds contain no plasticizer
whereasplasticized compoundscontainsat |east 20% pladticizer. Thebasiclimitation
of thecdendaring operationisthat thewidth of thecaendered film or sheetislimited
to thewidth of thecaendar rolls

The ca endaring machine consists of two or morerollsmounted on arigid frame.
Thenipor roll profiledecidethe shape of thearticle. Themolten materid isfed to
thecdender rollsfromaBanbury mixer - two-roll mill system, from alargeextruder
or from PV C dough mixer. There aredifferent types of cal endar machine based on
thenumber of rollsand the position or orientation of rolls

I Type

Z type calender

Thel type calender, was
for many years the
standard calender used. It
canbebuiltwithonemore
roller in the stack. This
design was not ideal
though because at each
nip there is an outward
forcethat pushestherollersaway fromthenip.

L type calender

Fig: 3.5.7. Different calender machines
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L Type

InL typetherollsarearranged inthe L configuration. Sincesomerollersareat 900
to otherstheir roll separating forces haveless effect on subsequent rollers. L type
calendersareoften used for processingrigid vinylsandinverted L type calenders
arenormally usedfor flexiblevinyls.

ZType

Thez type calender placeseach pair of rollersat right anglesto thenext pair inthe
chain. Thismeansthat theroll separatingforcesthat areoneachroller individualy
will not affect any other rollers.

Roll Bending

Owingto thelarge separating forces devel oped in the calender gap, therollstend to
bend. The pressuresare highest inthe middle of thewidth of theroller and dueto
thistherollers get deflected. This deflection causes the sheet being made to be
thicker initscenter thanitisat itssides. There arethree methodsthat have been
devel oped to compensatefor thisbending:

1. rall crowning
2. roll bending
3. roll crossing

Roll crowningusesaroller that hasabigger diameter initscenter to compensatefor
thedeflection of theroller. Roll bendinginvolves applying momentsto both ends of
therollersto counteract theforcesinthe melt ontheroller. With roll crossing the
rollersare put at aslight angleto each other and because of thistheforce of the
rollerson the melt ishigher inthemiddlewheretherollersare on top of each other
more, and lessforceisapplied ontheedgeswheretherollersarenot directly over
top of each other.

Advantages and disadvantages of calendaring

Thebest quality sheetsof plastic today are produced by caenders; infact, theonly
processthat competeswith the calender in sheet formingisextruding. The caender
adsoisvery good a handling polymersthat are heat sensitive asit causesvery little
thermal degradation. Another advantageto calendaringisthat it isgood at mixing
polymersthat contain high amountsof solid additivesthat don't get blended or fluxed
invery well. Thisistrue because compared to extrusion the calender producesa
large rate of melt for theamount of mechanical energy that isput in. Dueto this
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companiesare ableto add morefiller product to their plastics and save money on
raw materials. Caendersarevery versatile machinesmeaning that it isvery easy to
change settingslikethesize of theroller gap.

Cadender ingdlationsrequirelargeinitia capitd investment. FHImand sheet extruson
are competitive processes because the capital investment for an extruder isonly a
fraction of the cost of acadender. However, the high qudity and volume capabilities
of calendaring lines makethem far superior for many products. Calendaring in
principleissmilar tothehot rolling of stedl into sheets. The processof caendaringis
also used extensively in the paper industry.

DETAILING OF PRACTICALS

1) Cadllectionand andysisof thermoformed products.
2) FRddvigttoathermoformingunit.
3)  Working practiceon vacuum forming, pressureforming methods

ASSESSMENT ACTIVITIES
Seminar
Fieldvigt report
Participationindiscussion
Ord Evauation

Theory Evaluation Questions

1. Whatistheadvantageof plug asssted forming over vacuum forming?
2. What ismatched mould forming?Write any two advantages?

3. Explain how medicinetabletsare packed?
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Unit VI
TESTING OF PLASTICS

Introduction

Plastic and plastic products are becoming more and more customer oriented and
hence haveto betested for ensuring the quaity and performancerequirements. This
unit dealswith the mechanical, thermal and environmental testing of plastic raw
materia sand plastic products.

Learning outcomes
Thelearner :

*  Identify thesignificanceof testing, specificationsand standards

* Lisgtthetypicd testsconducted inthe plasticindustry

*  Determine the specific gravity, hardness, tensile, flexural, and impact
propertiesof plastics

» Describe the testing of MFI, Vicat Softening point, Heat distortion
temperature and Environment stress crack resistance of plastics

Testing of Plastics

Testing hasbecome anintegral part of any manufacturing processto ensurethe
reliability and performance of the products. It helpsto eval uate the manufacturing
process and to check the suitability & consistency of the product obtained from
intermediate stages of manufacture. Testing helpsto build alevel of confidencein
both the supplier aswell asthe customer. The following are some of the major
reasonsfor testing.

=

To provedesign concepts
Toprovideabasisfor rdiability

Safety

Protection againgt product ligbility suits
Quadlity contral

To meet standards and specifications

To evauate competitors products

To verify themanufacturing process

To establishthehistory for new materias

© 0N O wWwN
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Specifications and standards

A specificationisadetailed description of requirements, dimensions, materia setc.
A specificationfor aplastic materid involvesdefining particular requirementsinterms
of density, tensile strength, thermal conductivity and other related properties. The
specification aso relatesto standard test methods to be used to determine such
properties.

A standard is something established for useasarule or abasis of comparisonin
measuring or judging capacity, quantity, content, val ue, quality etc. The purpose of
the standard isto devel op acommon language, so that there can be no confusion
among the concerned parties. Mg ority of the standards originate from theindustry.
Thestandards are generally established by organi zations such as BIS (Bureau of
Indian Standards), ASTM (American Society for Testing and Materials), SAE
(Society of Automotive Engineers), ISO (Internationa Standards Organization)

Thecommonteststhat are performed inaplastic processingindustry areasfollows
1) Specific Gravity (ASTMD 792)
Specific gravity isdefined astheretio of theweight of thegiven volumeof amateria

to that of anequd volume of water at astated temperature. Thetemperature selected
for determining the specific gravity of plasticis23 C.

Test Method -This method requires the use of a precision analytical balance
equipped with astationary support for animmersion vessel above or below the
bal ance pan. A beaker isused asanimmersion vessel. Thetest specimen of any
convenient sizeisweighedin air. Next, the specimen issuspended fromafinewire
attached to the balance and immersed compl ety in distilled water. Theweight of
the specimeninwater isdetermined.

The specific gravity of the specimeniscaculated asfollows:

Specificgravity = ﬁ

Where,
a=weight of specimeninair;
b = weight of specimen and wirein water,
w =weight of totally immersed sinker (if used) and partially immersed wire
2) Tensile Properties (ASTM-D 638)

Tensilegtrength, e ongati on and tensile modul us measurementsareamong the most
important indications of strength inamaterial. Tensiletest, inabroad sense, isa
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measurement of theability of amateria to with stand forcesthat tend to pull it apart
and to what extend the material stretches before breaking. Tensiletest dataand
gragph providesinformation about theresilience and toughness of materia. Dumbbell
shaped specimen are used for tenslletest. Specimensfrom thermoplastic & thermoset
can bemoulded by Injection, compression or transfer moulding process.
Equipment

Atendletester / Universad TestingMachineisused for measuring thetensileproperties
of the plastic specimen. It isfitted with load cell and extensometer to record load

and extension accurately.
%;————- Testing Machine
mi Fixed Head
A

Fe————— e Specimén
’->- Gouge Marks
i

Testing Machine
Movasle Head

Procedure

Dumbbell shaped specimens as per the
specifications are prepared and thewidth

and thickness of each test specimen in s
narrow parallel portionismeasured. Mark ===
Gauge length on the specimen and the
specimens are placed in the grips of the St
tensiletester or Universal TestingMachine & \ ' &
(UTM) at aspecified grip separation and -
pulled until failure. Attach extensometer
with specimen for measuring extension.

Fig: 3.6.1 Tesiletesting

Force (load) (N)
Original Cross- section areaof thespecimen (mm?)

Tenslestrength =

Changein length (elongation)
Original length (gague length)

[Elongation at yield, strain(€) = |

Percent Elongation =€ %100
3) Flexural testing ASTM D 790

Flexura strengthistheability of amaterid to
Sample  Force with stand bending forces applied

X __od : : L :
%__-: _Ei_ ”__:—7<, perpendicular to itslongitudinal axis. The
L

. stress induced due to flexural load is the

Flexural test with combination of compressive and tensile
e pain. oadng stresses. If amaterial isusedintheformof a
Fig: 3.6.2 Flexural testing beam, flexurd testismorerdevant for design

than atensiletest
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Equipment

Universd testing machinecons sting of flexura test fixture such asspecimen support
and loading noseisused. Machine consistsof load cell and internal extensometer
for recording theload and deflection of specimen. Rectangular shaped specimen of
recommended Sizel27mmx 12.7mmx 6.4mmisprepared by moulding or machined
from sheets

Procedure

Measurelength, width and thickness of specimen accurately using amicrometer.
Adjust span length between two supportsequal to 16 times of specimen thickness.
Place specimen on the support centrally with |oad axis perpendicular to loading
nose. Thetest isinitiated by applying aload to the specimen at aspecified cross
head rate.

CdculateHexura strength by using following formula:
Flexural Strength=3 PL/ 2bd?
Where P=LoadinN
L = Distanceof supportsinmm.
b =Width of specimeninmm.
d=Thicknessof test specimeninmm.
4) Impact tests

Impact testsmeasuresthe ability of the plasticsmateria toresist arapidly applied
stress. Thetest iscommonly performed by striking aplastic bar with pendulum or
hammer at aspecified speed and then measuring theload to break. . It isexpressed
inJYm or Kg. Impact test isdirectly related to thetoughness of material.

Therearetwo major types of pendulum impact tests
1. IzodImpact

2. Charpy Impact.

Izod impact tests

Izod impact test indicates the energy required to break
notched specimens under standard conditions. The
pendulum of the machineis cantilevered upward and the
notch of the specimen should face thedirection of impact.

. ) Fig: 3.6.31zod Impact
The pendulum is released and the force consumed in Testing

breaking the sampleiscalculated from the height of the
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pendulum that reechesonthefollow through. 1zod valueisuseful incomparing various
typesor gradesof plastics.

Charpy impact testing // Soackien <
The charpy impact test uses a 2 N
rectangular bar whichisstruck by Notch e
apendulum or hammer. Theimpact =g

strength may be expressed asthe 7 oo o
amount of energy needed to break / 7
aspecified bar. Thesampleunlike /| _W e

Izod test issupported at both ends
and hasanotch at the other side of
the specimen, whichisstruck centraly.

5) Hardness Tests

Hardnessisdefined astheresistance of amaterial to deformation, indentation, or
scratch. Different test methods are used for measuring the hardness of plastics.
Principleof any hardnesstest method isforcing an indenter into the sample surface
followed by measuring dimensions of theindentation (depth or actua surfacearea
of theindentation).

The Durometer hardness test (ASTM D 2240

The Durometer hardness tester consists of a pressure foot, an indenter, and an
indicating device. Theindenter ispring loaded and the point of theindenter protrudes
through the holein the base. Thetest specimensareat least 3 mm thick and can
either be moulded or cut from asheet. Thetest is carried out by first placing a
specimen on ahard, flat surface. Thepressurefoot of theinstrument ispressed onto
the specimen, making surethat it isparallel to the surface of the specimen. The
durometer hardnessisread within 1 sec after the pressurefoot isin firm contact with
the specimen. The hardness numbers derived from either scale arejust numbers
without any units. Two types of durometersare most commonly used -TypeA &
TypeD. TypeA durometer isused for soft material. Type D durometer isused for
hard material

Rockwell Hardness ASTM D 785

Rockwell hardnessnumber isderived from the net increasein depth impression as
theload on anindentor isincreased from afixed minor load amajor load and then
returned to minor load.

Fig: 3.6.4 Charpy impact testing

Thetest specimen of 25mm x 25mm x 6mm isplaced ontheanvil of the apparatus
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and minor load isapplied by lowering thestedl bal onto the surface of the specimen.
Theminor |oad indentsthe specimen dightly and assuresgood contact. Thedia is
adjusted to zero under minor load and the major load isimmediately applied by
releasing thetrip lever. After 15 sec themgor load isremoved and the specimenis
allowed to recover for an additiona 15 sec. Rockwell hardnessisread directly off
thedia withtheminor load still applied.

6) Thermal tests

Therma propertiesplay avitd rolein evauating the product performanceaswell as
predicting the processability characterigticsin plasticsfor specific gpplications. These
propertiesareof grest importanceto the processengineersand designersindesigning
the machinesandtool for shaping of plastics. Thefollowing aretheimportant thermal
testsconducted on plastics

6.1 Heat Deflection Temperature (HDT)

Heat Deflection Temperature (HDT) isarelative measure of amaterial'sability to
perform for ashort time at € evated temperatureswhile supporting aload. Thetest
measuresthe effect of temperature on stiffness. It isdefined asthetemperature at
which astandard test bar (5 x ¥2x Yainch) deflects 0.010 inch under astated |oad
of either 66 or 264 psi when heated at the rate of 2°C/minutes. Specimens of
dimensions 127 mm inlength, 13mmindepth cut should beconditioned at 23
2°Cand 505% relativehumidity for
not lessthan 40 hrsprior totest.

Thetest specimens are positioned
edgewiseintheagpparatustoensure ~ Thermometer
that they are properly digned onthe
supports. Carefully apply theload
66 psi or 264 psi isobtained onto
the specimen. Five minutes after
applying the load, adjust the
deflection measurement deviceto
zero position. Hest theliquid heet-
transfer medium at a rate of 2.0
0.2°C/min. Record thetemperature

. ) Fig: 3.6.5 : 3.6.5Apparatusfor the
of theliquid heat-transfer medium J determinatiorrmj%fHDT

at whichthespecimen hasdeflected
the specified amount at the specified stress.
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6.2 Vicat Softening Point (VSP) ASTM D 1525

Thetest determinesthetemperature at which astandard indentor penetrates 1mm
under the surface of atest specimen under load. Dataobtained by thistest method
may be used to comparethe heat-softening qualities of thermoplasticmaterias. This
test method is also useful in the areas of quality control, development and
characterization of plastic material.

Test method

The specimen shall beflat, between 3 and 6.5
mm thick and at least 10 x10mm in areaor 10
mm in diameter. The test specimens shall be
conditioned at 23 2°C and at 50 5% relative
humidity of not lessthan 40 hrs. Thesampleis
immersed inthe heating bath of thevicat gpparatus.
A flat-ended needle placed in direct contact with
thetest specimens. Thespecifiedweight of about "™ "™
50N is applied to the load carrying plate. e
Temperature of the bath israised a theuniform Fig: 3.6.6 Vicat Softening point
rate of 500C/hr. Theliquidisstirred well during Apparatus

thetest. Temperatureof the bath at which theindenting tip penetratesinto the specimen
by 1.00 mmisrecorded asthe Vicat softening temperature of thetest specimen.

6.3 Melt flow index (MFI) ASTM D (1238-70)

It isdefined asthe amount of materid flow in ten minutesfrom astandard dieunder

Depth gouge

Lood

Oil bath level e

I g prescribed conditions of temperature and
i pressure. Theunit of MH isg/10min. Themdt
Tharmometsr index va ues hel pto distinguish between the
== different gradesof apolymer andisindicative

of themolecular weight of apolymer. A high
molecular weight materid ismoreresistant to
flow than alow molecular-weight materid.

Theextrus on plastometer consstsof avertica

Fisten - cylinder withasmall dieof 2 mm at thebottom
and aremovablepiston at thetop. Themateria

| e  isloaded in to the preheated cylinder. The
P :? piston placed on top of the molten polymer
: ~ and itsweight forcesthe polymer through the
Fig: 3.6.7 MF apparatus dieand onto acollecting plate. Loadsused

N
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are1.2, 5and 10 kg. Theamount of polymer extruded after aspecificinterval is
weighed and normalized to the number of gramsthat would have been extrudedin
10 minutes.

7. Environmental stress crack resistance (ESCR)

Environmental Stress Crack Resistance (ESCR) ﬂ"
describesthetendency of poly ethylene productsto Wk
prematurely fail inthe presence of detergents, water, I
sunlight, oil eicunder conditionsof train. Itisaphysica |
phenomenon that involves no swelling or similar I '
mechanica wegkeningof themetd. Thetestiscarried I
out using 1.5* 1/2 inch specimenscut fromthesample. H
It isbend through 1800 fixed to aholder. Holder is ! l
insertedintoatest tube. Fill thetest tubewithsoapor bl
any organicliquid. Thetubeisplacedinaconstant g 3 6.7 Environmental stress
temperature bath. Test specimensareremoved after crack resistance (ESCR)

specified timeand observed for cracks.

P -

Tesl specimen
aher benaing

DETAILING OF PRACTICALS
1. Demonstration about personal, machine & eectrical safety whileworkingon
plasticstesting machines
2. Determination of Tensilepropertiesof plastics
Determination of Density/Specific Gravity
4. Determination of Impact strength
Procedure
Theprocedurefor thepractical inthisunitisdetailedinthesection 1 - 7 of thisunit.

w

ASSESSMENT ACTIVITIES
Practica evauation
Ord Evduation
Classtest

Theory Evaluation Questions

1) What arethecommon thermal testsdone on plastics?

2) Explainthelzod and Charpy impact testson plastics

3) Describethetensleand flexural property measurement of plastics

4)  ldentify the equipment used for measuring the hardness of plastics

5) Explanhow todeterminethespecific gravity of aplastic sampleinthelaboratory

N
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Module IV
FIBRE REINFORCED COMPOSITES

Overview

Fibre-reinforced plastic (FRP), isacomposite material made of apolymer matrix
reinforced with fibres. Thefibresare usually glass, carbon, or aramid. Other fibres
such as paper, wood or asbestos etc wererarely used. The polymer usedisusually
an epoxy, vinyl ester or polyester thermaosetting plastic. Combining fibreswithresin
matrix resultsin compositesthat are strong, lightweight, corrosion-resistant and
dimensionally stable. They aso provide good design flexibility and requirelower
tooling costs. Because of these advantages, compositesare being used inagrowing
number of industries, such asaerospace, automobile, civil infrastructure, wind energy,
marineand sports. Their high strength-to-weight ratio and design flexibility make
themided in structurd components. High-strength lightweight premium composite
material s such as carbon fibre - epoxiesare being used for aerospace applications
and in high performance sporting goods. Composite'ssuperior eectricd insulating
properties also makethem ideal for appliances, tools and machinery. Tanksand
pipes constructed with corrosion-resi stant composites offer extended servicelife
over thosemadewith metals.

One of the advantages of compositesisthat, their components- fibreand resin
matrix, complement each other. Whilethinfibresare quite strong, they arealso
susceptibleto damage. Plastics arerelatively weak, but are versatile and tough.
Combining thesetwo componentstogether, however, resultsinamaterial that is
more useful than either is separately. With theright fibre, resin and manufacturing
process, designerstoday cantailor compositesto meet fina product requirements
that could not bemet by using other materids.

Thismoduleisdivided intofiveunits. Thefirst unit coversthefundamentasof Fibre
reinforced composites, bas ¢ featuresand gpplications. Then different reinforcements,
matrix materialsand other additivesused infibrereinforced compositesdedlt in
detail in second and third unitsrespectively. Fourth unit is dedicated to the various
manufacturing processesused for making FRP products. Thefifth unit dedswiththe
design of FRP products, materia s selection, mould or pattern making and repair of
composites.

N
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Unit I

Introduction to Composites

Over view of the unit

Thisunitisanintroductionto composite materids. It dealswith the basic features,
components, propertiesand gpplicationsof fibrerenforced composites. Classfication
of different composites, advantages, disadvantages and comparison of composite
materialswith conventiona materialsarea so covered.

Learning outcomes
Thelearner :

411  Explanscomposites, itsbasic features and constituents of composites,
roleof matrix, reinforcement and interphase

412  Classfiesdifferent composites based on matrix, structure, and type of
reinforcements, orientation and applications

Introduction

Compostesaremateriad s made by combining two or moredissimilar materias. One
phaseistherenforcing phase and the other phaseisthe matrix phasein which the
reinforcing materialsisembedded. Thereinforcing material may beintheform of
fibres, particles, or flakes. The matrix phase materialsare generaly continuous. The
matrix phaseislight but weak. Thereinforcing phaseisstrong and hard and may not
belight inweight. But the combination of the two exhibitsthe best of individual
propertiesaswell asenhanced propertiesthat none of theindividual components
POSSESSES.

Example: helmet

Helmetismade of glassfibreand polyester resin. Both glassfibreand polyester are
brittleand cannot individually withstand theimpact energy in an accident. However
thetwo together as group can haveitsimpact resistanceincreased several folds
absorbing theenergy by devel oping numerousmicro cracksand preventing theshock
fromtranamittingtothehead andbrain. Itislight inweight and canbemoulded essly.
Constituents of composite material

Reinforcements:

Reinforcementsgivehigh strength, stiffnessand other improved mechanicd properties

to thecomposites. Also their contribution to other properties such asthe co-efficient
of therma expansion, conductivity etcisremarkable.
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Matrices:

Matricesgives shapeto the compositesand the rel nforcement fibres are embedded
init. It keepsthe fibresin place and transfer stresses to the fibres, protects the
reinforcement fromtheenvironment, such aschemicas& moisture, protect thesurface
of thefibresfrom mechanica degradation, and act as shielding from damagedueto
hendliing.

Fibre-matrix interface:

Whentheloadisapplied on acomposite materid, theload isdirectly carried by the
matrix and itistransferred to thefibresfrom the matrix through fibre-matrix interface.
S0, itisclear that theload-transfer from the matrix to thefibre dependson thefibre-
matrix interface. Thisinterface may beformed by chemical, mechanical, and reaction
bonding. In most cases, more than onetype of bonding occurs.

Advantages of composites

a Highresstancetofatigueand corrosion degradation

b) Highstrengthtoweight ratio

c) Canbetailor madeto meet thedesign requirements

d) Highresstancetoimpact damage

e) Simplified manufacturing processes

f)  Closetolerancescan beachieved without machining
Disadvantages of composites

a Compositesaremorebrittlethan metals

b) Reuseanddisposa may bedifficult

c) Directiona dependenceof properties

d) Matrixisweak, thereforelow toughness

€) Matrix issubjectedto environmenta degradation
Applications of composites

1. Aerospace

2. Landtransportincludingroad and rail transport

3.  Marinevessasand ocean structures

4. Buildingand civil engineering construction including agriculture, agquaculture,
irrigation, water treatment, sewerage disposal and railway track construction
Chemical plantsand corrosion resistant productsand structures
6. Electrica dectronicsand communication gpplications

o1
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7. Mechanicd systems, machinedementsand energy appliances

8. Biomedicd appliancesincluding prosthetic and orthotic devices and hospital
appliances

9. Sportsgoodsand consumer durable goods

Indian composites scene

*  Indian compositesindustry started in 1962 at Coimbatore

*  Hemet production started in 1964 and chemica Plantswere madein 1965
and marine application Started in 1967

* R& Dincompositesstartedin 1969 at VSSC and 1971 at NAL

*  FRPresearch centre(the present composite Technology centre), [T madras
started in 1974 for teaching, research and design

*  Industrid production of FRPin 2001 was 55,000 Tonnes

*  Thereare1200 FRPfabricators4 glassfibre Manufacturersand 91 res n manu-
facturers

Classification of composites

Composites have been in the nature before man made composites came into
existence. Wood, bamboo, bone, muscle, shell of beetle, horn of rhino, coconut
husk etc areexamplesof natura composites. Polymer matrix compositesare made
using resinssuch as polyester, epoxy, vinyl ester etc and fibres such asglassfibre,
carbonfibreand aramids

Composite materials can be classified based on the type of matrices, type of
reinforcement and their orientation.

Classification of composites based on matrix

Thema or compositeclassesinclude Organic Matrix Composites(OMCs), Metd
Matrix Composites(MMCs) and Ceramic Matrix Composites(CMCs). Theterm
organic matrix compositeisgenera ly assumed toincludetwo classesof composites,
namely Polymer Matrix Composites (PMCs) and carbon matrix composites
commonly referred to as carbon-carbon composites.

Classification of Composites based on reinforcements

Based ontheform of reinforcement the compositesare classified asfibrereinforced
composites, laminar composites and particul ate composites. Fibre Reinforced
composites (FRP) can befurther divided into those contai ning discontinuous or
continuousfibres.
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FibreReinfor ced Compositesarecomposed of fibresembedded in matrix meterid.
Thesearefurther divided into short fibre and continuousfibre compositesbased on
thelength of thefibresused. Depending onthefibredirection and orientation uniaxia,
biaxial, woven fabrics, knitted fabrics, braided fabrics, chopped strand matsetc are
used in composites.

L aminar Compositesare composed of layersof materialsheld together by matrix.
Sandwich structuresfall under thiscategory.

Particulate Compositesare composed of particlesdistributed or embeddedina
matrix body. The particles may beflakesor in powder form. Concrete and wood
particleboards are examples of thiscategory.

COMPOSITES
[MULTIPHASE | [MULTI LAYERED |
| COMPOSITES | COMPOSITES
. " 8 " » ——————
——— -~
e e e | Upk sl Bi axial

FIBROUS COMPOSITES LAMINATES

- '-_;\

FLAKE FILLED
COMPOSITES SANDWICHES

PARTICULATE il D 5 1
COMPOSITES : o

.."..- l

BRAIDED KNITTED

Fig: 4.1.1 Different typesof Fig: 4.1.2 Different formsof
composites reinforcement

DETAILING OF PRACTICALS

Prepare asample FRP sheet using the given compounded polyester resin and glass
fibre.

Procedure

Taketwo clean OHPfilms. Apply one coat of rel ease agent (wax or PVA) ontothe
surface of the OHP films. Now apply athin gel coat of compounded resinon one
filmusingapaint brush or roller. Place onelayer of glassfibreand wet thoroughly

N
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with the compounded resin. Build successive layersto get the desired thickness.
Then apply asecond gdl coat. Placethe other film abovethisand consolidate using
rollers. Keep it undisturbed for about haf an hour to alow theresinto harden. After
30 removethe OHPfilmsand finish the FRP sheet by trimming the edges.

ASSESSMENT ACTIVITIES

1) Assignment of theapplication of composites.
2) Chart - Classification of composites

Theory Evaluation Questions

1) Helmetsaremadeof Fibrereinforced plastics

a. Explainhow thecombination of resin matrix and reinforcement fibre effec-
tively protectsusfrom head injuriesduring an accident.

b. ldentify themateridsusedintheconstruction of helmets

2) Many automobilecomponentsare nowadays made of FRP materias. Discuss
the advantages and disadvantages of FRP materials.

3) FRPmaterialsconsist of matrix and reinforcements. Explaintheroleof eachin
asuccessful FRP product.

4) Classfy the FRP productsonthebasisof matricesused for construction?
5) Classify the FRP productson thebas sof theform of reinforcements used?
6) Discussthe advantagesof FRP materid sin aerospace, agriculture, and marine

aoplications
7)  Which of thefollowing combinationisan essentia part of acomposite?
a) Hillerand pigments c) Plasticresin and reinforcements
b) Catdyst andlubricants d) Resnand stabilizer
8) Which of thefollowing aremagjor advantages of composites
a) Unlimitedmouldingsze ¢) Highdtrengthtoweight ratio
b) Low capitd investment d) All of theabove
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Unit II
REINFORCEMENT FIBRES

Over view of the unit

Reinforcingfibresareakey component of polymer matrix composites. They impart
high strength and stiffnessto thematrix materials. Thisunit dea swith different kinds
of reinforcement fibres used for making Fibre Reinforced Composites. Different
fibressuch asGlassfibre, Carbonfibre, Aramid fibresetc and thedifferent formsin
which they are used in compositesare also discussed. Theterminologiesused in
fibrescienceare a so provided understand thefibre characteristics.

Learning outcomes
Thelearner :
4.2.1  Explansthefunctionsand propetiesof renforcingfibresusedincompostes

4.2.2 ldentifiesthedifferent typesof fibreslikeroving, continuousfilaments,
chopped strand mats, woven fabric etc

4.2.3  Describesthepropertiesand gpplicationsof different typesof glassfibres,
carbon fibre, Aramidfibre, Boronfibre, UHMWHDPE fibres, and different
natural fibresused in compositesand their gpplications

Reinforcing fibres

Reinforcingfibresareakey component of fibrereinforced composites. They impart
high strength and stiffnessto the matrix material and shareamajor portion of the
load acting on the composite structure. Proper selection of thefibretype, volume
fraction, length, and fibre orientation isvery important, sinceit influencesthedengty,
strength, stiffness, eectrical and thermal propertiesand cost characteristics of the
composites. Thefibregenerally occupies 30% - 70% of the matrix volumeinthe
composites. Thefibrescan be chopped, woven, stitched, and braided. They are
usualy treated with sizing such asstarch, gelatin, oil or wax toimprovethebond as
well astoimprovethe handling. Themost common typesof fibresused in advanced
compositesarefibreglass, aramid, and carbon. Thefibreglassistheleast expensive
and carbon being themost expensive. The cost of aramidfibresisabout thesameas
the lower grades of the carbon fibre. Other fibres used in composites include
polyethylene, aromatic polyester, boron fibresetc. In addition to thiscertain low
cost fibressuch ascotton, jute, flax, Ssd, ashestosetc areusedinlow cost composite
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Functions of a reinforcing agent

Thefunctionsof areinforcing agent are:

1. Thesearethemainload carrying constituents.

2. They contributethe desired propertiesto the composite.
3. lttrandfersthestrength and stiffnessto the matrix material.

Requirements of reinforcement fibres

* HighModulus

*  Finediameter (flexible, smaller sizedefects)
»  Highaspect ratio (length to diameter ratio)
e Stableduring processing conditions

- themdly
- chemicdly

- physcdly (mixing, pressing, injection operations)

Terminologies used in fibre reinforced composites

Thefollowing termsare frequently used to describefibre characteristicsand hence
itisnecessary to know theseterms.

Staplefibre
Hlament
Strand
Roving
Tow

Yan
Szes
Coupling agents

Brading

Representsdiscontinuousfibre

Representsasingle continuousfibre

Representsabundle of 204 untwisted fibres (filament)
Combination of strandsto form thicker parale bundles
Representsbundleof untwigted filamentsinlargenumbers,
say 2000 to 12000 filaments.

Represents bundle of twisted fibres (strands).
Representsathin coating of chemica applied onfilament

surface to protect the fibres from damage and
environmentd effects(e.g., polyvinyl acetate)

Used to get good bonding between fibreand matrix (e.g.
chromecomplexes, slanes)

Two or moreyarnsareintertwined to form an el ongated
structure. Thelong directioniscalled thebiasdirection or
meachinedirection.
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Choppedstrands  : Fibresare chopped to variouslengths, 3 to 50 mm, for
mixingwithresins,

Chopped strandMat : Randomly dispersed chopped fibresor continuousfibre
strands, held together with abinder.

Cord . Ardativdythick fibrous product made by twisting together
two or morepliesof yarn.

Denier :Aunitof linear density. Itistheweight in gramsof 9000m
longyarn.

Knitted fabric . Oneset of yarnislooped and interlocking to form aplanar
Sructure.

Warp : Lengthwiseyarninawovenfabric.

Weft : Transverseyarninawovenfabric. Also caledfill.

Woven Fabric . Flat, drapable sheet made by interlacing yarns or tows

Wovenroving . Heavy, drapabl efabric woven from continuousroving.

i

-

§ N \ _)

Filament Strand Roving

Nt

Fig: 4.2.1Fibreforms
Glass fibres

Glassfibresarethe most common of all reinforcing fibresfor polymeric matrix
composites(PMC). Theprincipa advantagesof glassfibresarelow cogt, hightensle
strength, high chemical resistance, and excellent insulating properties. The
disadvantagesarerddivey | ow tenslemodulusand high dengity, sengtivity toaorasion
during handling, relatively low fatigue resistance, and high hardness

Thethreetypesof glassfibrescommonly used in thefibre-reinforced plastics (FRP)
industry are E-glass S-glass and C-glass. E-glass has the lowest cost of al
commercially availablereinforcing fibres, S-glass, hasthe highest tensile strength
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amongadl fibresinuseandismoreexpensvethan E-glass. C-glassisusedinchemica
applicationsrequiring greater corrosion resistanceto acids.

Table4.2.1 Chemical compositionsof E- and S-glassfibres

Composition of Glassfibres (wt %)
Type SO2 Al203 CaO MgO | B203 | Na20
Eglass 54.5 14.5 17 4.5 85 0.5
Sglass 64 26 10

Theprincipal ingredientinall glassfibresissilica(SiO2). Other oxides, such as
B203 and Al203, are added to modify the network structure of SIO2 aswell asto
improveitsworkability. Variousingredientsin the glassformulation arefirst dry-
mixed and melted in arefractory furnace at about 1370°C. The molten glassis
extruded through anumber of orifices contained in aplatinum bushing and rapidly
drawnintofilamentsof ~10 umindiameter. A protective coating (Sze) isthen gpplied
onindividua filamentsbeforethey are gathered together into astrand and wound on
adrum. Thecoating or Sizeisamixtureof lubricants (which prevent abrasion between
thefilaments), antistatic agents (which reduce static friction between thefilaments),
and abinder (which packsthefilamentstogether into astrand). It may aso contain
small percentages of acoupling agent that promotes adhesion between fibresand
the specific polymer matrix for whichitisformulated.

Table4.2.2 M echanical propertiesof glassfibres:

Properties E-glass S-glass
Specific gravity 2.60 2.50
Modulus GPa 72 87
Strength MPa 3450 4310
Percentage tensile elongation 4.8 5.0
Co-efficient of thermal expansion pm/m/°C 5.0 5.6

Thebasiccommercia form of glassfibreisastrand, whichisacollection of 204
pardld filaments. A rovingisagroup of untwisted paralle strands (also called ends)
wound onacylindrica forming package. Rovingsare used in continuous moulding
operations, suchasfilament winding and pultrusion. They can aso bepreimpregnated
withathinlayer of polymericresnmatrix toform prepregs. Prepregsare subsequently
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cut into required dimens ons, stacked, and curedintothefina shgpein batch moulding
operations, such ascompression moulding and hand layup moul ding.

Chopped strandsare produced by cutting continuous strandsinto short lengths. The
ability of theindividud filamentsto hold together during or after the chopping process
dependslargely onthetypeand amount of the size gpplied during fibremanufacturing
operation. Strandsof highintegrity are called "hard" and thosethat separate more
readily are called "soft.” Chopped strandsranginginlengthfrom3.2to 12.7 mmare
used ininjection-moulding operations. Longer strands, upto 50.8 mminlength, are
mixed with aresinousbinder and spread in atwo-dimensional random fashionto
form chopped strand mats (CSMs). These mats are used mostly for hand layup
mouldingsand providenearly equal propertiesinall directionsin the plane of the
sructure,

Glassfibresared so availablein wovenform, such aswoven roving or woven cloth.
Woven roving isacoarse drapabl e fabricinwhich continuousroving arewoven in
two mutually perpendicular directions. Woven cloth is weaved using twisted
continuousstrands, called yarns. Both woven roving and cloth providebidirectiona
propertiesthat depend onthe style of weaving aswell asrelativefibre countsinthe
length (warp) and crosswise(fill) directions. A layer of wovenrovingissometimes
bonded with alayer of CSM to produceawovenroving mat. All of these formsof
glassfibresare suitablefor handlayup moulding and liquid composite moul ding.

Carbon fibre

A carbonfibreisathin, longfibre composed mostly of carbon atoms. Carbonfibre-
reinforced composte materia sareused to makeaircraft and spacecraft parts, racing
car bodies, golf club shafts, bicycleframes, fishing rods, automobile springs, and
many other componentswherelight weight and high strength are needed.

Carbon fibresare classified by thetensilemodul us of thefibre. Low moduluscarbon
fibreshave atensile modulus below 250 GPa. Other classifications, in ascending
order of tendlemodulus, include"standard modulus," "intermediatemodulus,” "high
modulus," and "ultrahigh modulus.”" Ultrahigh moduluscarbonfibreshaveatensile
modulus of 500 - 1000GPa. Asacomparison, steel hasatensile modul us of 200
GPa). Thus, the strongest carbon fibresarefivetimes stronger than stedl.

In general, thelow-modulusfibreshavelower density, lower cost, than the high-
modulusfibres. Among theadvantages of carbonfibresaretheir exceptionaly high
tensile strength-weight ratiosaswell astensile modulus-weight ratios, very low
coefficient of linear therma expansion (which providesdimensiona stability insuch
applicationsas gpace antennas), high fatigue strengths, and high thermal conductivity
(whichiseven higher than that of copper). The disadvantagesaretheir low strain-
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to-failure, low impact resistance, and high eectrica conductivity, which may cause
"shorting" in unprotected e ectrical machinery. Their high cost has sofar excluded
them from widespread commercial applications. They are used mostly in the
aerospaceindustry, wherewelght saving isconsidered morecritical than cost.

Table4.2.3 Mechanical propertiesof carbon fibres:

Low Intermediate | Ultra-high
Specific gravity 1.8 1.9 22
Modulus GPa 230 370 900
Strength MPa 3450 2480 3800
Percentage tensile elongation 1.1 0.5 0.4
Co-efficient of thermal expansion  pm/m/°C -04 -0.5 -0.5

Theraw materia used to make carbonfibreis called the precursor. About 90% of
the carbon fibres produced are madefrom polyacrylonitrile (PAN). Theremaining
10% are made from rayon or petroleum pitch. All of these materialsare organic
polymers, characterized by long strings of molecul esbound together by carbon
atoms.

The processfor making carbon fibresis part chemical and part mechanical. The
precursor is drawn into long strands or fibres and then heated to a very high
temperature with-out allowingit to comein contact with oxygen. Without oxygen,
thefibre cannot burn. Instead, the hightemperature causesthe atomsin thefibreto
vibrate violently until most of the non-carbon atomsareexpelled. Thisprocessis
called carbonization and leaves afibre composed of long, tightly inter-locked chains
of carbon atomswith only afew non-carbon atomsremaining.

After carbonizing, thefibreshave asurfacethat doesnot bond well with the epoxies
and other materia sused in composite materials. To givethefibresbetter bonding
properties, their surfaceisdightly oxidized. The addition of oxygen atomsto the
surface provides better chemical bonding propertiesand a so etches and roughens
the surfacefor better mechanical bonding properties.

After the surface treatment, the fibres are coated to protect them from damage
duringwinding or weaving. Thisprocessiscaled Szing. Coating maeridsarechosen
to be compatiblewith theadhesive used to form compositematerias. Typica coating
materialsinclude epoxy, polyester, nylon, urethane, and others. The coated fibres
arewound onto cylinders called bobbins. The bobbinsareloaded into aspinning
machineand thefibresaretwisted into yarnsof varioussizes.
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Aramid fibres

Aramid (aromatic polyamide) fibreshavethelowest density and the highest tensile
strength-to-weight ratio. They are commonly known by thetrade name Kevlar.
Aramidfibresareused in many marineand aerospace goplicationswherelightweight,
high tensilestrength, and resistance to impact damage areimportant. Like carbon
fibres, they a so haveanegative coefficient of thermal expansioninthelongitudinal
direction, whichisusedin designing low thermd expansion compositepanels. The
mgor disadvantagesof aramid fibrereinforced compositesaretheir low compressive
strengthsand difficulty in cutting or machining.

Kevlar filamentsare manufactured by extruding an acidic sol ution of aproprietary
precursor (apolycondensation product of terephtha oyol chlorideand p-phenylene
diamine) from aspinneret. During thefilament drawing process, Kevlar molecules
become highly oriented inthe direction of thefilament axis. Weak hydrogen bonds
between hydrogen and oxygen atomsin adjacent molecules hold themtogether in
thetransversedirection. Theresulting filament ishighly anisotropic, with much better
physical and mechanica propertiesinthelongitudina directionthanintheradial
direction. Oneinteresting application of Kevlar fibresisin soft lightwei ght body
armorsand hemetsused for protecting police officersand military personnel. Kevlar
fibresdo not melt or support combustion but will start to carbonizeat about 427°C.
The maximum long-term usetemperaturerecommended for Kevlar is160°C. They
have very low therma conductivity, but avery high vibration damping coefficient.
Except for afew strong acidsand dkalis, their chemica resistanceisgood. However,
they arequite sensitiveto ultraviol et light. Prolonged direct exposureto sunlight
causes discoloration and significant lossintensile strength. The problemisless
pronounced in compositelaminatesin whichthefibresare covered with amatrix.
Ultraviolet light-absorbing fillers can be added to the matrix to further reducethe
problem. Kevlar fibres are hygroscopic and can absorb up to 6% moisture. Absorbed
moi sture seemsto havevery little effect on thetensile propertiesof Kevlar fibres.
Kevlar 49 and Kevlar 149 aretwo grades of commercia aramid fibres.

Table4.2.4 Mechanical propertiesof Kevlar fibres:

Properties Kevlar 149 | Kevlar 49 | Kevlar 129 | Kevlar 29
Specific gravity 1.44 1.44 1.44 1.44
Modulus GPa 186 124 96 68
Strength MPa 3440 3700 3380 2930
Percentage tensile elongation 25 2.8 33 3.6
Co-efficient of thermal expansion pm/m/°C -2.0 -2.0 -2.0 -2.0
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Extended chain polyethylene fibres

Extended chain polyethylenefibres, commercially available under thetrade name
Spectra, are produced by gel spinning ahigh-molecular-weight polyethylene. Gel
spinningyiddsahighly oriented fibrous structurewith exceptionaly high crystdlinity
(95%-99%) relative to melt spinning used for conventional polyethylenefibres.
Spectrapolyethylenefibreshavethe highest strength-to-weight ratio of dl commercid
fibresavailableto date. Two other outstanding features of Spectrafibresaretheir
low moisture absorption (1% compared with 5%-6% for Kevlar) and high abrasion
resistance, which makethem very useful in marine composites, such asboat hulls
and water sKis.

Themdting point of Spectrafibresis147°C; however, sincethey exhibit ahighlevel
of creep above 100°C, their application temperatureislimited to 80°C-90°C. The
safe manufacturing temperature for composites containing Spectrafibresisbel ow
125°C, sincethey exhibit asignificant and rapid reduction in strength aswell as
increaseintherma shrinkage abovethistemperature. Another problemwith Spectra
fibresisther poor adhes on with resin matri ces, which can be partially improved by
their surface modification with gas plasmatreatment. Spectrafibres provide high
impact resistancefor compositelaminateseven at low temperaturesand arefinding
growing applicationsin ballistic composites, such asarmors, helmets, and so on.
However, their usein high-performance aerospace compositesislimited, unless
they areused in conjunction with stiffer carbon fibresto produce hybrid laminates
withimproved impact damagetol erance than al-carbon fibrelaminates.

Table4.2.5 Mechanical propertiesof UHMWPE fibres:

Properties Spectra 900 | Spectra 1000 | Spectra 2000
Specific gravity 0.97 0.97 0.97
Modulus GPa 70 105 115
Strength MPa 2600 3200 3400
Percentage tensile elongation 3.8 3.0 3.0
Co-efficient of thermal expansion  x1 0° pm/m/°C =70 =70

Natural fibres

Examplesof naturd fibresarejute, flax, hemp, sisal, coconut fibre (coir), and banana
fibre. The components of natural fibresare cellulose microfibrilsdispersedinan
amorphousmatrix of lignin and hemicellulose. Depending on thetypeof thenatura
fibre, thecelulose content isinthe range of 60-80 wt% and thelignin contentisin
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therangeof 5-20 wt%. In addition, the moisture content in natural fibrescan beup
to 20wt%. Theuseof naturd fibre-reinforced composites areincreasing because

*  They are biodegradable, and unlike glass and carbon fibres, the energy
consumptionto producethemisvery small.

*  Thedensity of naturd fibresisintherangeof 1.25 1.5 g/cm?® compared with
2.54 g/cmifor E-glassfibresand 1.8-2.1 g/cm? for carbon fibres.

e Themodulus-weight ratio of some natura fibresisgreater than that of E-glass
fibres,

e Naturd fibrecomposites provide higher acoustic damping than glassor carbon
fibre composites, and thereforeare more suitablefor noi se attenuation.

*  Naturd fibresaremuch lessexpens vethan glassand carbon fibres.

However, thereare severa limitations of naturd fibres.

*  Thetenslesrengthof natura fibresisrelatively low.

e Low mdting point and high moistureabsorption.

*  Attemperatureshigher than 200°C, natural fibres start to degrade.

Natural fibre compositesare now used in automobile door inner panel, seat back,

roof inner panel, and soon.

Boron fibres

Boron fibreshave extremely hightensilemodul us, in therange of 400 GPa. Coupled

withther relaively large diameter, boronfibresoffer excellent resistanceto buckling,

which in turn contributesto high compressive strength for boron fibre-reinforced

composites. Thehigh cost of boron fibres sometimes even higher thanthat of many
formsof carbonfibres, restrictsitsuse afew aerospace applications.

Boron fibresare manufactured by chemical vapor deposition (CV D) of boron onto
ahesated subgtrate (either atungstenwireor acarbon monofilament). Itiscontinuously
pulled through areaction chamber in which boron is deposited onits surface at
1100°C-1300°C. Commercia boronfibresare produced in diametersof 0.1, 0.142,
and 0.203 mm, which are much larger than those of other reinforcing fibres.

Surfacing tissues

Itisan overlay mat used asatop layer inlaminates. Surfacing Tissueor surface mat
or veil consistsof athin randomly distributed fibrousmat. They areavailablein
different thicknessesranging from 0.08 to 0.34 mm manufactured from C glassfibre
or synthetic fibres such as PAN or PET. Pattern, trade name and design can be
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printed onto the surfacetissues. Surfacing tissuesmay be used to reinforcethe gel
coa andisappliedimmediately after thegel coat whiletheresinisstill wet andlightly
rolled to displacetheair bubblesoutwards. The advantagesof surfacingtissuesare

*  They provide aresin rich finish with improved chemica and weathering
resistance.

*  Ensureadequatebond betweentheresinrich surfacelayer andthebulk laminate
*  Heptomask thepattern of theunderlying glassreinforcement

*  Provideadegreeof dadticity tothesurfacelayer toimproveimpact and abrasion
resistance

* Itpreventsfibrefrom protruding fromtheresnand givingahairy finish

DETAILING OF PRACTICALS

1) Determinethedenier of thegivenfibresample.
Procedure

From thegivenfibre samplecut alength of 90 cmsand placeinan ovenat 70° Cfor
1 hour. Cool inadesiccator and weigh. From thisweight find out theweight of 9000
metersof thefibreand report asdenier.

2) Prepare FRP sheetsusing Continuous Glassfibre and Chopped strand mats.

Taketwo clean OHPfilms. Apply one coat of rel ease agent (wax or PVA) ontothe
surface of the OHPfilms. Now apply athin gel coat of compounded resinon one
filmusingapaint brush or roller. Place onelayer of continuousglassfibreon oneand
chopped strand mat on the other. Wet thefibres thoroughly with the compounded
resin. Build successivelayersto get the desired thickness. Then apply asecond gel
coat. Place onemore OHP film abovethisand consolidate usingrollers. Keep it
undisturbed for about half an hour to alow theresinto harden. After 30 removethe
OHPfilmsandfinish the FRP sheet by trimming the edges. Comparethedirectiona
propertiesof both the sheets.

ASSESSMENT ACTIVITIES

1) Assignment - Comparison of different fibres
2) Group discussion - Different forms of reinforcement.
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Theory Evaluation Questions

1) CGlassfibresarethemost used fibresin FRPIndustry.
a. Comparethedifferent typesglassfibresused inthe FRPindustry.
b. Listthevariousformsof glassfibrereinforcement.

2) Which of thefollowing fibresare most suited for Aerospace applications

a) Glassfibre c) Carbonfibre
b) Kevlarfibre d) Polyester
3) Prepregsisa
a) Reinforcement c) Curing agent

b) Pre coated reinforcement d) Rel ease agent

4) Carbonfibresarethehighest strength fibres usedin aerospace application.
Discusstheadvantages and disadvantagesof carbonfibre

5) Ligfournaturd fibresused for making FRP productsand suggest oneagpplication
for each

6) Carbonfibreand aramidfibresarehigh strength fibres. Comparethe properties
of carbon fibresand aramid fibres

7) Discusstheadvantagesof using surface mats or veil
8) Definethefollowing
a) FHlament b) Strand ¢) Roving
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Unit III
MATRIX MATERIALS AND ADDITIVES

Over view of the unit

In composites, theresin matrix actsasabinding agent which holdsthefibrestogether
and assiststhefibresin carrying theloads. Polyester and epoxy resinsarethe most
widely used resinsinthe FRPindustry. Apart from thisother thermoset resinssuch
asphenolicresins, polyurethanes and certain thermoplasticslike poly ether ether
ketone, nylon, poly ether imideetc area so used asmatrix materias. Thermoplastic
composites are used in small quantities and hence are not included in this unit.
Thermoset resinsrequire curing agents, cata ysts, filler, pigmentsetc, todevelop full
functional properties. In addition to thiscore materials, which arewidely used to
enhancethe stiffnessand reduceweight and saves materia sarealso covered inthis
unit.

Learning outcomes
Thelearner :

»  Describesthe propertiesand applications of epoxy resins, polyester resins,
phenolic resisnsand vinyl ester resinsused in composites

»  Describesthe curing reaction, gelation, gel time, curetime and curerate of
different thermoset resins

»  Describesthefunctionsof variousadditivesused in composites
*  Explainstheuseof different corematerialsin composites
Introduction

Theresin materialsused in FRP industry are available in avariety of forms, as
powders, liquid resins, solutionsin organic sol vents etc covering awide range of
viscosity. Resinsthat can be used at low pressures are preferred for FRP asthe
manufacturing equipments mostly involvelow pressure, less costly and smple
machines. Theimportant res nsare epoxies, polyesters, vinyl esters, and phenalics.

Functions of matrix

Inacompositemateria thematrix materia servesthefollowing functions.
* Holdsthefibrestogether

*  Protectsthefibrefromenvironment
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»  Didtributestheloadsevenly between fibresso that al fibresare subjected to
thesamestrain

*  Enhancestransversepropertiesof alaminate

*  Improvestheimpact and fractureresistance of acomponent
e Helptoavoid propagation of crack growth

e Caryinter laminar shear

Thermosets and thermoplastics

Both thermosetsand thermopl astics are used as matrix materialsfor composites. A
thermosetting material isonewhich when cured by heat or chemical reactionis
changed into aninfusible and insoluble material. Thermosetting resins undergo
irreversible chemical crosdinking reaction upon application of heat. On the other
hand thermopl astics do not undergo crosslinking upon application of heat. They
simply melt on application heat and can be shaped by application of pressure. They
can berepeatedly softened by heating and hardened by cooling. Different types of
thermoset and thermoplastic resinscommonly useareasfollows.

Table4.3.2 Polymer matrix materialsfor Composites

Thermosets Thermoplastics

Epoxyresn Polypropylene

Polyesters Nylon

Vinyl ester Poly ether ether ketone (PEEK)
Phenolics Poly ether imide (PEI)

Epoxy Resins

Epoxies generally out-perform most other resin types in terms of mechanical
propertiesand resi stanceto environmental degradation, which leadstotheir dmost
exclusveusein arcraft components. Asalaminating resin their increased adhesive
properties and resi stance to water degradation maketheseresinsideal for usein
applications such asboat building. Theterm 'epoxy' refersto achemical group
consisting of an oxygen atom bonded to two carbon atomsthat area ready bonded
Insomeway.

Usudly identifiableby their characteristic amber or brown colouring, epoxy resins
haveanumber of useful properties. Boththeliquid resin and thecuring agentsform
low viscosity easily processed systems. Epoxy resinsareeasily and quickly cured at
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any temperaturefrom 5°C to 150°C, depending on the choice of curing agent. One
of themost advantageous properties of epoxiesisther low shrinkage during cure
which minimisesfabric 'print-through’ and internal stresses. High adhesivestrength
and high mechanical properties area so enhanced by high electrica insulation and
good chemical resistance. Epoxiesfind uses asadhesives, caulking compounds,
casting compounds, sed ants, varnishesand paints, aswel aslaminatingresinsfor a
variety of industrid gpplications. Epoxy resnsareformed fromalong chain molecular
structuresimilar to vinyl ester with reactive sitesat either end. Inthe epoxy resin,
however, thesereactive sitesareformed by epoxy groupsinstead of ester groups.
Theabsence of ester groups mean that the epoxy resin has particularly good water
resistance. The epoxy moleculed so containstwo ring groupséat itscentrewhich are
ableto absorb both mechanical and thermal stresses better than linear groupsand
therefore givethe epoxy resin very good stiffness, toughness and heat resistant

properties.

Chemistry H
Epoxiesare characterized by the presence of oneormore R HéJCHZ
epoxidefunctiona groupsinthepolymer chain. Figure4.3.1 i
showstheepoxidefunctiona group, where R1 represents O
thefunctiondized molecule. Fig: 4.3.1 Epoxide group

Epoxy resinformed by the reaction between bisphenol A and epichlorohydrin, known
asDiglycidyl ether of bisphenol-A (DGEBA), currently commands a 75% share of
theepoxy-resin market.

OH
ca-cn.~E @—c —@—o—cn.—c'n-cm 0—
n
—@— & -@-o——mrcucu.
cia b

Fig: 4.32 Structure of Diglycidy! ether of bisphenol-A (DGEBA)
Hardener (Curing agent)
Theepoxy resins can be cured by aminetype or anhydridetype curing agents.
Amine type

Aliphatic amineiscuring agent for epoxy resin ant ableto curea room temperature.
Thecured resin hasexcellent properties, and its heat resistanceis 100°C. Aromatic
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aminehasbeen devel oped to achievegreeter heet resi stance and chemicd resstance
thanthoseof diphaticamine.

Aromatic aminehasweaker basicity than aiphatic amineand dowly curesat room
temperature dueto steric hindrance by thearomatic ring. Thecuring virtualy stops
inthe B-stage of alinear polymer solid duetothelargedifferencein thereaction of
primary and secondary amines. Normally, the curing of aromatic aminerequires
heating intwo steps. Thefirst heating iscarried out at arather low temperature of
approximately 80°C so astolessen heat generation, and the second hestingiscarried
out at ahigh temperature of 150°Cto 170°C.

Anhydrides

Anhydridesused as epoxy-resin curing agents have been used as curing agentsfor
electrical insulating materials. Anhydrides require severer curing conditionsthan
amine-based curing agents, but are suitablefor making large mouldings, asthey
havealong pot lifeand form cured resinshaving relatively well-balanced e ectrical,
chemical, and mechanica propertieswhilegeneratingasmall quantity of hest.

Polyester resins

Polyester resinsarethe most widely used resin systems, particularly inthemarine
industry. Unsaturated polyester resin isathermoset, capable of being cured froma
liquid or solid state when subject to theright conditions. Polyestersare produced by
the condensation reaction of di acohols, such asaglycol, with di-basic acidssuch
asterephthalic acids. Thisreaction, together with the addition of compoundssuch
assaturated di-basi c acidsand cross-linking monomers, formsthe basi ¢ process of
polyester manufacture. Thereisawiderange of polyesters madefrom different
acids, glycolsand monomers, al having varying properties. Therearetwo principle
typesof polyester resin used asstandard laminating systemsinthecompositesindudtry.
Orthophthalic polyester resnisthe standard economic resin used by many people.
Isophthalic polyester resinisnow becoming the preferred materia inindustriessuch
asmarinewhereitssuperior water res stanceisdesirable. |dedlized chemicd structure
of atypical polyester isgiven bel ow.

o1 o B
G0 C-C1H0-CC=CIC 0} C—C-OH
NI/~

*denotes reaclive sites Ester groups ne3tob

Fig: 4.3.3 Chemical structure of typical |sophthalic polyester
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Most polyester resinsare viscous, pal e coloured liquids consisting of asolution of a
polyester inamonomer whichisusudly styrene. Theaddition of styreneinamounts
of upto 50% hel psto maketheresin easier to handle by reducingitsviscosity. The
styrene d so performsthevital function of enabling theresnto curefromaliquidto
asolid by ‘cross-linking' themolecular chains of the polyester, without the evolution
of any by-products. These resins can therefore be moulded without the use of
pressure and are called ‘contact’ or 'low pressure' resins. Polyester resinshavea
limited storagelifeasthey will set or 'gel’ on their own over along period of time.
Often small quantities of inhibitor areadded during the resin manufactureto slow
thisgelling action. For usein moulding, apolyester resin requiresthe addition of
severa ancillary additiveswhichinclude Catalyst, Accelerator, Thixotropic agents,
Pigments, Fillers, Chemical/fire/ UV resstant additives

Catdyssareaddedtotheresin sysem shortly beforeusetoinitiatethe polymerisation
reaction. The catalyst does not take part in the chemical reaction but smply activates
theprocess. An acce erator isadded to the catal ysed resin to enablethereaction to
proceed at workshop temperature at agreater rate. The molecular chains of the
polyester can berepresented asfollows, where'B' indicatesthereactivesitesinthe
molecule.

| | |
— A = B — A— B —A —B —A —
| |

Fig: 4.3.4 Schematic Representation of Polyester Resin (Uncured)

Withtheaddition of styrene'S', andinthepresenceof acatalys, thestyrenecrosdinks
the polymer chains at each of thereactive sitesto form ahighly complex three
dimensiond network asfollows:
| |
—A—B—A—B—A—B—A—
| :
S S S

| |
~A-B-A-B-A-B-A-

Fig: 4.3.5 Schematic Representation of Polyester Resin (Cured)
Gresat careisneeded inthe preparation of theresin mix prior tomoulding. Theresin
and any additives must be carefully stirred to disperse all the componentsevenly

beforethe catalyst isadded. Thisstirring must bethorough and careful asany air
introduced into theresin mix affectsthe quality of thefinal moulding. Itisalso
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important to add the accelerator and cata yst in carefully measured amountsto control
the polymerization reaction to give the best materia properties. Too much catalyst
will causetoo rapid agel ationtime, whereastoo little catalyst will result in under-
cure. Colouring of theresin mix can becarried out with pigments. Filler materidsare
used extensively with polyester resinsto reducethe cost of themoulding and to
impart specific propertiesto themoulding

Fillersare often added in quantities up to 50% of the resin weight although such
additionlevelswill affect theflexura andtensilestrength of thelaminate. The use of
fillers can be beneficia inthelaminating or casting of thick componentswhere
otherwi se cons derabl e exothermic heating can occur. Addition of certainfillerscan
a so contributeto increasing thefire-res stance of thelaminate.

Phenolic resin

Phenolic or PF resinswerethefirst polymeric resins produced commercially from
simple low molecular weight compounds. These are prepared by the
polycondensation between phenol and formal dehydein the presence of either an
acid or a base catalyst. The nature of the product is dependent on the type of
catalyst and themoleratio of reactants. Theinitia phenol-formaldehydereaction
products may be of two types, novolacsand resols.

Novolacs are prepared by reacting formal dehyde and amolar excess of phenol
under acidic conditions. Novolacs do not contain any reactive groups and hence
requirethe addition of acrosslinking agent and heat to achieve cure. Thenovolacs
aredsoreferredto astwo-stageresins. A resol isprepared by reacting phenol with
anexcessof forma dehyde under basi ¢ conditions. Althoughinitia methylol formation
isrgpid, subsequent condensationisdow. Thisresultsinlow molecular weight liquid
resols containing 23 benzenerings. Whentheresol isheated cross-linking viathe
uncondensed methylol groups occurs. Resolsare also known asone-stageresins.

Phenolic resins have high temperature resi stance of up to 250°C and have good
mechanicd strength, dimensiond andtherma stability, high chemica res sance, and
good di€l ectric properties. Some of the disadvantages of phenolic resinsinclude by-
product generation during curing, high shrinkageon cure, and porogity inthelaminates.
Vinyl ester resins

Vinyl ester resinsare the most recent addition to thefamily of thermoset resins.
Therearetwo basictypesof vinyl estershaving commercia significance. viz. generd

purposelower molecular weight vinyl estersand the high heet resistant vinyl esters.
Generd purposevinyl estershaveexcellent mechanical propertiesand outstanding
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chemical resistanceto acids, bases and many solvents. Heat resistant vinyl esters
have 10 -30°C higher heat resistance than the general purpose ones. The
disadvantagesof vinyl estersare: vinyl estersare not as good asepoxy resinswith
regard to bondability to other surfacesand high cost.

Gelation, curing & post curing

On addition of the catalyst or hardener aresin will begin to become more viscous
until it reachesastatewhenitisnolonger aliquid and haslost itsability toflow. This
isthe'gd point'. Theresinwill continueto harden after it hasgelled, until, at some
timelater, it has obtained itsfull hardness and properties. Thisreactionitself is
accompanied by the generation of exothermic heet, which, inturn, speedsthereection.
Thewholeprocessisknown asthe'curing' of theresin. The speed of cureiscontrolled
by theamount of accelerator in apolyester or vinyl ester resinand by varying the
type, not the quantity, of hardener in an epoxy resin. Generally polyester resins
produce amore severe exotherm and afaster devel opment of initial mechanical
propertiesthan epoxiesof asimilar workingtime.

With bothresintypes, however, itispossibleto accd erate the cure by the gpplication
of heat, sothat the higher thetemperaturethefaster thefina hardeningwill occur.
Thiscan bemost useful when the curewould otherwisetake several hoursor even
daysat room temperature. A quick ruleof thumb for the accel erating effect of heat
onaresinisthat a1l0°Cincreasein temperaturewill roughly doublethereaction
rate. Thereforeif aresingelsinalaminatein 25 minutesat 20°Cit will gel in about
12 minutes at 30°C, providing no extra exotherm occurs. Curing at elevated
temperatureshasthe added advantagethat it actually increasestheend mechanica
properties of thematerial, and many resin systemswill not reach their ultimate
mechanica propertiesunlesstheresinisgiven this'postcure. Thepostcureinvolves
increasing thelaminate temperature after theinitial room temperature cure, which
increasestheamount of cross-linking of themol eculesthat can take place. To some
degreethispostcurewill occur naturally at warm room temperatures, but higher
propertiesand shorter postcuretimeswill be obtained if el evated temperaturesare
used. Thisisparticularly true of the material's softening point or Glass Transition
Temperature (Tg), which, up to a point, increases with increasing postcure
temperature.

Additives and Modifiers

A widevariety of additivesare used in compositesto modify materialsproperties
andtailor thelaminate's performance. Althoughthesematerid saregeneraly usedin
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relatively low quantity by weight compared to resins, reinforcementsandfillers, they
perform critical functions.

Catalysts, Promoters, Inhibitors

In polyesters, the most important additiveiscatayst or initiator. Typically, organic
peroxidesuch asmethyl ethyl ketone peroxide (M EKP) isused for room temperature
cured processes, or Benzoyl peroxideisadded to theresin for heat-cured moulding.
When triggered by heat, or used in conjunction with apromoter (such as cobalt
naphthenate), peroxides convert to areactive sate (exhibiting freeradica's), causing
the unsaturated resin to react (cross-link) and become solid. Someadditives such
as TBC (tertiary butyl catechol) areused to dow therate of reaction and arecalled
inhibitors. Acceleratorssuch asDMA (dimethyl aniline) speed curing.

Additivesused inthermoset and thermoplastic compositesincludethefollowing:

*  Fireretardants Combustion res stanceisimproved by proper choiceof resin,
use of fillers or flame retardant additives like ATH (alumina trihydrate),
bromine, chlorine, borate and phosphorus.

« Air release agents: most laminating resins, gel coats and other polyester
resinsmight entrap air during processing and application. Thiscan causeair
voids and improper fibre wet-out. Air release additives are used to reduce
suchair entrgpment and to enhancefibrewet-oui.

*  Viscogty control: inmany compositetypes, itiscritica to havealow, workable
viscosity during production. Lower viscosity in suchfilled systemsisusualy
achieved by use of wetting and dispersing additives. These additivesfacilitate
thewet-out and dispersion of fillersresultingin lower viscosity.

»  Electrical conductivity: most composites do not conduct electricity. Itis
possibleto obtain adegree of eectrical conductivity by the addition of metal,
carbon particlesor conductivefibres. Electromagneticinterference shielding
can be achieved by incorporating conductive materials.

*  Toughness: can beenhanced by theaddition of reinforcements. It canaso be
improved by specia additives such as certain rubber or other elastomeric
materids.

*  Antioxidants plasticsare sometimesmodified with antioxidants, which retard
or inhibit polymer oxidation and the resulting degradation of the polymer.

* Antistaticagents. are added to polymersto reduce their tendency to attract
electrical charge. Control of static eectricity isessential in certain plastics
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processing and handling operations, aswel | asinfinished products. Satic charges
on plastics can produce shocks, present fire hazard and attract dust.

»  Foaming agents. arechemicasthat are added to polymersduring processing
toformminute cdlsthroughout theresin. Foamed plasticsexhibit |lower density,
decrease material costs, improve electrical and thermal insulation, increase
strength-to-weight ratio and reduce shrinkage and part warping.

* Pladticizers. are added to compoundsto improve processing characteristics
and offer awider range of physical and mechanical properties.

»  Sip and blocking agentsprovidesurfacelubrication. Thisresultsin reduced
coefficient of friction on part surfaces and enhancesrelease of partsfrom the
mould.

* Heat stabilizers: are used in thermoplastic systems to inhibit polymer
degradation that resultsfrom exposureto heat.

* Ultraviolet stabilizer s: both thermoset and thermoplastic composites may
usespecid materia swhich areadded to prevent lossof gloss, crazing, chaking,
discoloration, changes in electrical characteristics, embrittlement and
disintegration dueto ultraviolet (UV) radiation. Additives, which protect
compositeshby absorbingthe UV, arecalled ultraviol et dbsorbers. Maerids, which
protect the polymer in some other manner, areknown asultraviol et stabilizers.

Colorants

Colorantsareoften usedin compositesto provide col or throughout the part. Additives
canbemixedinaspart of theresin or gpplied aspart of themoulding process(asa
gd coat). Also, awiderangeof coatings can be applied after moulding.

Release Agents

Releaseagentsfacilitateremoval of partsfrom moulds. These productscan be added
totheresin, applied to moulds, or both. Zinc stearateisapopular mould release
agent that ismixed into resinfor compression moulding. Waxes, siliconesand other
rel ease agents may be applied directly to the surface of moulds.

Thixotropic agents

In some processes such as hand lay-up or spray-up, thixotropic agents may be
used. When"a rest", resinscontaining thixotropic agentsremain a e evated viscosities.
Thisreducesthetendency of theliquidresintoflow or drainfrom vertical surfaces.
When theresin issubjected to shear, the viscosity isreduced and theresin can be
easly sprayed or brushed on the mould. Fumed silicaand certain claysare common
thixotropic agents.
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Fillers

Useof inorganicfillersin compositesisincreasing. Fillersnot only reducethe cost of
composites, but a so frequently impart performanceimprovementsthat might not
otherwise beachieved by thereinforcement and resiningredientsaone. Fillerscan
improve mechanica propertiesincluding fireand smoke performance by reducing
organic content in compositelaminates. Also, filled resinsshrink lessthan unfilled
resins, thereby improving the dimensional control of moulded parts. Important
properties, including water resi stance, weathering, surface smoothness, stiffness,
dimensional stability and temperatureresistance, canall beimproved through the
proper useof fillers.

Thereareanumber of inorganicfiller material sthat can be used with composites

induding:

e Cdcdumcarbonaeisthemost widely usedinorganicfiller. Itisavailableat low
costinavariety of particlesizesand trestmentsfromwel |-established regional
suppliers, especidly for compostegpplications. Most common gradesof cacium
carbonatefiller are derived from limestone or marble and very commonin
automobileparts.

*  Kadlin(hydrousauminumsilicate) isthe second most commonly usedfiller. It
isknown throughout the industry by its more common material name, clay.
Mined claysareprocessed ether by air flotation or by water washingto remove
impuritiesand to classify the product for usein composites. A wide range of
particlesizesisavailable.

e Aluminatrihydrateisfrequently used whenimproved fire/smoke performance
isrequired. When exposed to high temperature, thisfiller gives off water
(hydration), thereby reducing the flame spread and devel opment of smoke.
Composite plumbing fixture applications such as bathtubs, shower stallsand
related building productsoften contain auminatrihydratefor this purpose.

e Cdcdumsulfateisamgor flame/smokeretardingfiller used by thetub/shower
industry. It hasfewer waters of hydration, and water isreleased at alower
temperature. Thisminerd filler offersalow cost flame/smokeretardingfiller.

Other commonly usedfillersincludeMica, Feldspar, Wollastonite, Silica, Tac, Glass
microspheres, Flakeglass, Milled glassfibresetc.

Advantagesof using Fillersin Composites
*  Fillersreducethe shrinkage of the compositespart.




Reference Book [}

*  Fllersinfluencethefireres stanceof laminates.

*  Fillerslower compound cost by diluting more expensiveresin and may reduce
theamount of reinforcement required.

*  Fllerscaninfluencethe mechanical strengthsof composites.

*  Fillersservetotransfer stresses between the primary structural components of
thelaminate

»  Uniformity of thelaminate can beenhanced by theeffectiveuseof fillers.

»  Crack resstanceand crack prevention propertiesareimproved withfilledresin
systems.

*  Low-dengtyfillersareused extensvely in marine putty and thetransportation
industry. They offer thelowest cost of filled systems, without theincreases of
welight that affect the performance of thefina product.

Core Materials for Sandwich Structures

Sandwich composites are becoming more and more popul ar in structural design,
mainly for their ability to substantially decrease wei ght while maintaining mechani cal
performance. Thisweight reduction results in anumber of benefits, including
increasad range, higher payl oadsand decreased fud consumption. All haveapostive
impact on cost aswell asadecreased impact on the environment. These benefits
are possible because, as haslong been known, separating two materialswith a
lightweight materia inbetween increasesthe structure'sstiffnessand strength. This
distinction, along with many
other material characteristics High compression strength
available through strategic

choiceof corematerial - such - + —
as thermal insulation, low N

water absorption, sound and Z‘:ﬁ: -« -
dielectric properties, among

others- benefit awiderange

of industriesand applications,
including wind, marine, aerospace, transportation and industry.

Sandwich composite

Skin —- m—

High shear strenath

Fig: 4.3.6 Sandwich composite structure

Corematerialsare used to provide stiffness, thermal insulation and light weight to
compositestructuresespecialy in boat and wind blade congtruction. Thesematerias
include balsawood, plastic forms of PU and PVC, PET, PES and honey comb
gtructures.
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Gel Coats

Gel coats are considered resins but have avery special purpose. A gel coat isa
specialy formulated polyester resinincorporating thixotropic agentstoincreasethe
gel coat'sviscosity and non-sag properties, fillersfor flow properties, pigmentsto
givethedesired color, and additivesfor specific application properties, such asgel
timeand cure. Gel coatsare primarily used for contact moul ding (hand or spray lay-
up). Thegd coat, usudly pigmented, providesamoulded-infinished surfacethat is
weather and wear resistant. The gel coat helpsin hiding the glass reinforcement
pattern that may show through from theinherent resin shrinkage around the glass
fibres. Considerationsused for the proper selection of age coat are compatibility of
theunderlying FRP materia sto ensure good adhesion of thegel coat, aswell asthe
operating environment. Themaost common current usage of gdl coatsin"in-mould
applications.” That is, thegel coat is sprayed into the mould and thelaminateis
applied behindit. Adhesion of thelaminating resintothege coat isacritica issue.
Thickness of thegel coat can vary depending on the intended performance of the
composite product. Gel coats are typicaly applied by spray application to
agoproximatdy 16-20 milswet film thickness. Whilegel coatsdo not add any structurd
strength to the FRP part, gel coats should beresilient. Gel coats should be ableto
bend without cracking. They should beresi stant to thermal cracking (cracking that
maly occur with dramatic changesin temperature). The primary measurements of
resilienceareflexura modulusand e ongation. Gel coats should be UV stableand
pigmented sufficiently to provide good opacity.

Gl coatsare used to improveweathering, filter out ultraviol et radiation, add flame
retardancy, provideatherma barrier, improve chemicd resstance, improveabrason
resistance, and provideamoisture barrier. Gel coats are used toimprovethe product
appearance such asthe surface of aboat hull or golf cart. A unique benefit of gel
coatsisthat they are supplied in many colors by theincorporation of pigments per
the specification of the engineer.

DETAILING OF PRACTICALS

1) Study of resin curingreaction
Procedure

Polyester resin: Take 100 gms of unsaturated polyester resin and add sufficient
quantity of catalyst (MEKP) and accel erator (Cobat ngphthenate). Mix it thoroughly
and kept undisturbed for curing. Observethe curing exotherm, gel timeand cure
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Epoxy resin: Take 100 gm of Epoxy resin and mix it with aminetype hardener and
heated to establish the curing. Difference the curing pattern of both epoxy and
polyester resin arereported.

2)  Study of sandwich composites
Procedure

A sandwich composite structureis made by using polyester and glassfibreand with
PVC form as core material. First the gel coat is applied then the glass fibre
reinforcement is placed and consolidated. Itisthenwet withresinandthenaPVC
form coreisplaced on one half of thelaminate and the other half isleft done. The
other surface of the coreiswet withtheresinand then glassfibrereinforcement is
used asthe same as bottom layer and the gel coat isapplied. After curing observe
the stiffnessin the sandwich portion and non sandwich portion.

ASSESSMENT ACTIVITIES

1) Seminar oncorematerias
2) Groupdiscussion- Different thermoset resinsand applications

Theory Evaluation Questions

1) Epoxy and polyester resinsarethe most used resin matrix materiasin FRP
Industry.
a. Comparethedifferent propertiesand applications of Epoxy and polyester
resins
b. Comparethecuring/ hardening of Epoxy and polyester resins.
2)  Whichof thefollowing Resinisthemost used in FRPindustry

a) Epoxyresn ) Unsaturated polyester resin
b) Vinyl esterresn d) Phenolicresin
3) Which of thefollowingisacuring agent used in polyester.
a) Aliphaticamine ¢) Anhydride
b) MEKP d) Tertiary butyl catechol

4) Inadditiontofibrereinforcement, fillersareaso used in FRP composites. List
theadvantages of using fillers FRP products
5) Which of thefollowing thermoset resin give very low shrinkage on cure

a) Polyester ¢) Furanresin

b) Epoxyresn d) Poly urethane

6) Gd coatsgivegood surfacefinishand protectionto FRPlaminates. Explainthe
preparation of gel coats.
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Unit IV
MANUFACTURING METHODS

Over view of the unit

Reinforced plastics compositesareacombination of resin matrix, fibresandfillers,
whichwhen cured producesasolid structure. Thereare plenty of methodsto produce
acompositestructure. Each method hasits own meritsand limitations. Selection of
parti cular manufacturing processisbased onthetypeof matrix and fibres, temperature
toform and curethe matrix, the geometry of the end product and cost effectiveness.
Thisunit coversthe various manufacturing methods used in the FRPindustry.

Learning outcomes
Thelearner :

e Describesdifferent open mould FRP manufacturing processes such asHand
lay-up, spray-up, and filament winding.

*  Explainsthepreparation FRP productsusing closed mould processessuch as
compressi on moul ding, vacuum bag moul ding, pressure bag moulding, auto-
clavemoulding andinjection moulding.

*  Describesthe preparation of prepregs, SMC and DM C compoundsfor FRP
processing.

*  ExplainstheResintransfer moulding and Vacuum assi sted resin transfer moul-
ding methods

e Explansthecontinuous processes such aspultrusion and braiding.

*  PreparesFRP productsus ng different manufacturing processes.

Introduction

Thefabrication of compositesisacomplex processand it requires simultaneous
condderation of variousparameterssuch as component geometry, productionvolume,
reinforcement & matrix types, tooling requirements, and process and market
economics. The most widely used manufacturing methods for polymer fibre

compositesareasfollows.
Open mould processes
e Handlay-up

*  Spraylay-up
*  Hlamentwinding

Closed mould processes

e Compressonmoulding
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e Vacuumbagmoulding

*  Pressurebagmoulding

*  Autoclavemoulding

* Injectionmoulding

*  Regntrander moulding

*  Vacuumassstedresintransfer moulding

Continuous processes

* PRultruson

* Bradng

Open mould processes

Hand lay-up method

TheHand Lay-upinvolvesthefollowing operations:

*  Themouldiscoated with arel ease agent, to prevent sticking of the moulded
part tothemould surface.

*  Theprimesurfacelayer of thepart isformed by applying gel coat.

*  Alayerof finefibrereinforcingtissueisapplied.

»  Layersof theliquid matrix resin and reinforcing fibresinform of woven fabric,

roving or chopped strands are applied. Theresin mixture may be applied by
ether brushorroll.

»  Thepartiscured (usudly at room temperature).
*  Thepartisremoved fromthemould surface.

Therearetwo methods of Hand Lay-up:

Wet Lay-up: Dry reinforcement (fibre mat or woven cloths) isfirst gpplied tothe
mould, andthenissaturated with
liquidresn Mould

Dry Lay-up: Reinforcement : _

and resin (thermoset) are ‘“Simysesmoom TR G Sl SR BT
. . or soft roller Allow to gel. or soft roller

applied simultaneously as a

pre-impregnated fibre tape :

(prepreg) The resin in the @ %

prepreg sheetsis'B' staged (i.e. N o oo

solidified and tacky but only  Essesmmee ) 72 R bed ol

i
Repeat (b, (c] and {d) until required
o

partldlycured) build-up 15 achieve

Fig: 4.4.1 Hand Lay-up process
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Advantages

e Simplest method, low-cost tooling, and widerange of part sizes.

»  Design changescan bereadily made.

e Minimuminvestmentinequipmernt.

e With skilled operators, good production rates and consistent quality are
obtainable.

Disadvantages

*  Low concentration of reinforcing phase (up to 30%)

*  Low densfication of thecomposites (entrapped air bubbles)

e Labourintensve

e Difficult tocontrol thehand laminating process

Application

Boats, tanks, bath ware, housings, Bus, truck, auto components, architectural

products, and many other productsranging from very small to very large parts.

Spray lay-up

In spray lay-up method, thefibreischopped in ahand held gun and fed into aspray

of catalysed liquid resin directed at themould. Theresinwill wet thereinforcement

fibreswhich are simultaneously chopped in the same spray gun. The deposited
materia sare cured under standard conditions.

Advantages

e Low costway of quickly depositing fibreand resin

*  low-costtooling

Disadvantages

e Laminates tend to be
resinrichand therefore
excessively heavy.

e Onlyshortfibrescanbe
incorporated which
[imits the mechanical
properties of the
laminate

* Resinsneedsto bein
low viscosity to be

Fig: 4.4.2 Spray Lay-up process

Sprayable.
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Filament winding

Filament winding consists of winding resinimpregnated fibresor roving of glass,
aramid, or carbon on arotating mandrel in predetermined patterns. The method
makesvoid free product possible and gives high fibrevolumeratio up to 80%. In
thewet method, thefibre picksup thelow viscosity resin either by passing through
atrough or from ametered gpplication system. Inthedry method, thereinforcement
isinthepreimpregnated form.

After the layers are il e v i i e
wound, thecomponent is _ . I O
cured and removed from
themandrd. Thismethod
is used to produce — T
pressure vessels, rocket
motor cases, tanks, ————T ) ‘
ducting, golf club shafts, s
and fishing rods Fig: 4.4.3 Filament Winding
Thermoset resinsusedin

filament wound partsinclude polyesters, vinyl esters, epoxies, and phenolics. This
method can be automated and provides high production rates. Highest-strength
products are obtai ned because of fibre placement control. Control of strengthin
different directionisasopossble.

Rotating Mzndral ez

To Cresl

Closed mould processes
Compression moulding

Compression moulding iscons dered asthe primary method of manufacturing for
many structura automotive components. It isdoneby transforming sheet-moulding
compounds (SMC) into finished productsin matched moulds. It hasthe ability to
produce parts of complex geometry in short periodsof time. It dllowsthepossibility
of eiminatinganumber of secondary finishing operations, such asdrilling, forming,
andweding.

Themoulding compound isfirst placed in an open, heated mould cavity. Themould
isthen closed and pressureisapplied to force thematerial to fill up thecavity. A
hydraulic ramisoften used to produce sufficient force during the moul ding process.
Excessmaterid ischannelled away by the overflow grooves. Theheat and pressure
aremaintained until themateria iscured. Thefinal partisremoved from themould
after curing. Themoulding pressuremay vary from 1.4 to 34.5 MPaand themould
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temperatureisusualyin Compression Molding
the range of 130°C to

160°C. |

There are two different PPt movale
mold half
typesof compoundsmost

frequently wused in Charge
compression moulding:  Lower fixed
Bulk Moulding mold half
Compound (BMC) and _
Sheet Moulding  Ejector pin —————>

Compound (SMC). SMC Fig: 4.4.4 Compression moulding
costs higher but can be

pre-cut to conform to the surface areaof themould.

Sheet Moulding Compound (SMC)

Sheet moulding compound isacomposition of resins, fibers, pigments, fillersand
other additivesthat have been compounded and processed into sheet formtofacilitate
handlingin the moul ding operation. The sheet moul ding compoundiscut to ashape
whichisdlightly larger than the mould areaand i s placed into the bottom mould
cavity. Both top and bottom cavitiesarekept at an elevated temperature. The press
isthen activated and the materid ispressed into the cavitiesunder high compression.
The heated cavitiesactivatethe curing of thematerid. The part isthen removed and
sometimes post curedin apost cureoven.

Bulk Moulding Compound (BMC)

Bulk Moulding Compound (BMC) isathermosetting resin mixed with reinforcement,
fillersetcinto aviscouscompound for compression or injection moulding. The Bulk
moulding compoundispreformed into the shapeof themould cavity. Thispreformis
placed inthelower mould cavity and moulded under heat and pressureto get the
product.

Prepregs

Prepregsare high quality reinforcement fiberswhich are pre-impregnated with a
resin system and partially cured to B stage. Prepregs are prepared by passing the
fibrethrough aresinrich solution which isthen dried to removethe solvent. The
excessresinisremoved using adoctor bladeand then the cured to B stage. Prepregs
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reduce the handling damageto dry fibers, reduces the voids and improvesfiber
wetting. Thedisadvantagesof prepregsare higher cost and limited shelf life.

Types of Compression Moulding
1. Hot pressinginwhichthemoulding chargeisheated while shaping.

2. Cold pressing which usesawet lay-up processand the product is pressed to
therequired shape, but cured without the application of hest.

Advantages

Good finish on both sides.
Faster production.
Uniform product quality.
Lesslabor.

a b w DN PE

Very littlefinishing operationsrequired.
Disadvantages

1. Thisprocessisnot suited for low volumeof production because of high cost of
mouldsand press.

2. Theprocessisasonot suitablefor very large sized products.
Application

Automotive exterior panel sespecialy for commercia vehicles, Radio & appliance
knobs, ashtrays& electrical parts.

Vacuum bag moulding

Themechanica propertiesof open-mould laminates can beimproved with vacuum
bagging. By reducing the pressure inside the vacuum bag, external atmospheric
pressure exertsforce on the bag. The pressure on the laminate removes entrapped
ar, excessresnand compactsthelaminae. A higher percentageof fibrereinforcement
istheresult. Additionaly, vacuum bagging reduces styreneemissions. Vacuum bagging
can beused with wet lay-up laminates and prepreg advanced composites. In wet
lay-up bagging thereinforcement is saturated using hand lay-up, then thevacuum
bag ismounted on the mould and used to compact the laminate and remove air
voids.

Process

* Inthesmplest formof vacuumbagging, aflexiblefilm (PVA, nylon, polyethylene)
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isplaced over thewet lay-up, the edges sealed, and avacuum drawn.

e Pullingavacuum fromwithin the bag usesatmospheric pressureto eliminate
voidsandforceexcessresinfromthelaminate.

»  Theadditionof pressurefurther resultsin high fibre concentration and provides

be Clamp Rubber bag  Clamp

‘Bived’ cloth

Fig: 4.4.5Vacuum bag moulding

Advantages

e Vacuum bag moulding can produce laminates with a uniform degree of
consolidation

«  Removeentrapped air, thusreducing thefinished void content

*  Completefibrewet-out can be accomplished if the processisdone correctly.

e Improved core-bonding.

*  Higher percentageof fibrereinforcement

*  Reducesstyreneemissions.

Disadvantages
e Wall thicknessisdepend on operator skill
Pressure bag moulding

Pressurebag mouldingissimilar to thevacuum bag moul ding method except that air
pressure, usualy 200 to 350 kPa, isapplied to arubber bag, or sheet that covers
the laid up composite to rressre

foroceout entrapped air and N , B Rubbetsheet
excessresin. Pressurized - e W ey
steam may be used
instead, to accelerate the
cure. Coresand insertscan
be used with the process,

and undercuts are

Laminate

Mald

Fig: 4.4.6 Pressure bag moulding
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practica, but only female and split moul ds can be used to makeitems such astanks,
containers, and wind turbine blades.

Autoclave moulding

Autoclave moulding isamodification of pressure-bag and vacuum-bag moulding.
Thisadvanced composite process produces denser, void free moul dings because
higher heat and pressureare used for curing theresin. A non adhering film of polyvinyl
acohol or nylonisplaced over thelay-up and sed ed at themoul d flange. Autoclaves
are essentially heated pressure vessal sinto which thebagged lay-up onthemouldis
placed for curing. Curing pressuresaregeneradly in therange of 350 to 700 kPaand
cure cycles normally involve many hours. The method accommodates higher
temperaturematrix resinssuch asepoxies, having higher propertiesthan conventiond
resins.

Autoclavesizelimitspart size. Itiswidey used inthe aerospaceindustry tofabricate
high strength/weight ratio partsfrom preimpregnated high strength fibresfor arcraft,
spacecraft and missiles. Many large orimarv structural componentsfor aireraft. such
asfins, wing spars and skins, RIS L S

fuselages and flying control

surfaces, aremanufactured by - —
thismethod.

The starting material for

autoclave moulding processis /
prepreg. After layup, aporous i }
release cloth and afew layers k Thecrmosougile
of bleeder papersare placed on

top of the prepreg stack. The O

bl eeder paper isused to absorb
theexcessresininthemoulding
process. Thecompletelayupis
covered with another Teflon sheet and then athin heat resistant vacuum bag. The
entireassembly iskept insidean autoclave where acombination of pressureand
temperatureisapplied and thepliesare converted into asolid laminate.

Prepreg under Pressure

Fig: 4.4.7 Autoclave moulding

Injection moulding

Injection moulding isaclosed mould processin which molten polymer (commonly
thermopl astic) mixed with very short reinforcing fibres (10-40%) isinjected under
high pressureinto amould cavity through an opening (Sprue).
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Process

e Pdymer-fibremixtureinformof pelletsisfedinto annjection Mouldingmachine
through ahopper.

«  Thematerid isthen conveyed forward by afeeding screw and forced into a
split mould, fillingitscavity through afeeding sysemwith spruegateand runners.

*  Screw actsasaraminthefilling step when themolten polymer-fibremixtureis
injected into the mould and then it retracts backward inthe moul ding step.
Heating elements, placed over thebarrel, soften and melt the polymer.

e Themouldisequippedwithacooling

Injection Molding

system providing controlled
coolingand solidificaion Split mold
of thematerial. 3
Pellets N7
*  Thepolymerishddinthe \\//é
. . . Pt Ejector
mould until solidification \ % ik

and thenthemould opens /
and the part isremoved

frorn the mOUld by q'&tor Screw motions Screw Heaters Barrel Nozzle Sprue
pins. Fig: 4.4.8 Injection moulding

Advantages

e Highly productivemethod

*  Highaccuracy and control of shape of the manufactured parts.

e Profitablein massproduction of large number of identical parts.
Disadvantages

e Limitedlengthof fibresdecreasing their reinforcing effect.
Applications

Containers, household goods, auto components, el ectronic parts, flower pots.
Resin Transfer Moulding (RTM):

Resintransfer moulding isalow pressure closed moulding processfor moderate
volume productions. Dry continuous strand matsand wovenreinforcementsarelaid
up inthebottom half of the mould. Preformed glassreinforcementsare often used
for complex mould shapes. Themould isclosed and clamped, and alow viscosity,
catalyzed resinispumped in, displacing theair through strategical ly located vents.

Theinjection pressure of resinisintherange of 70-700 kPa.
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Resin Transfer Moulding (RTM)

1. Preform Manufac uring 5D

&

=

Lay-up and Draping

Mixing Head

Fibre Pack

4. Resin Injection

3. Mold Closure

Catalyst Resin

Fig: 4.4.9 Resintransfer moulding

Advantages and limitations

RTM processgives better control on product thickness and good finish on both
sides. Metallic moulds are not necessary because the product curingisgeneraly
doneunder ambient temperature. By applying gdl coatson both sides, the product
will haveasmoother finish on both sides. When theinjection pressureisincreased,
thereisatendency for fibrewash. Thistendency can be countered by using continuous
strand mats or specia woven performs. Other advantages can belisted asfollows.

1
2.

3.

o N o g &

10.

Controlled usageof fibreand resin reducesthe material wastage and unit cost
A variety of mould shapes and sizes can be moul ded sequentially.

A widerange of resin systems can be used including polyester, vinyl ester,
epoxy, phenolicsetc.

Styreneemissionispractically eiminated during resintransfer into themoul d.
Low labor cost and lower capital cost

Closetolerancesin the product

AsRTM isaclosed mould technique, the moulded partsarereproducible.

RTM produces parts at aratethat is5-20 timesfaster than open moulding
technique.

Low Void Content - Void content lessthan 1% can be consistently achieved
withRTM.

Low Operator Skills

Someof thelimitationsaregiven below:

1.

Since, thisprocess can devel op pressuresup to 5to 10 bars, tool rigidity and
clamping techniqueshaveto be designed for such pressures.

&
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Handling of large and heavy moul ds requires adequate lifting equi pments.
Unlikein compression moulding, post trimmingisrequiredfor thisprocess.
The processismore costly than hand lay-up for small production runs.
Thetooling can get complicated for cavitieswith projectionsor undercuts.

Partshaving open cell cores (inside) such ashoneycomb cores porousfoams,
tubular structuresaredifficult to makeby RTM.

7. Theprocessmay become uneconomical for thinand smaler parts.

o g s~ wDbN

Types of RTM machines

Therearetwo types of RTM injection equi pments based on position of mixing of
catalyst withresn.,

Two pot system

Thissystem hastwo equal volumecontainersor pots. Inoneof these potstheresin
ismixed with accelerator. Intheother pot theresinismixed with the catalyst. Two
pumpsare used to pump these mixturesto theinjection pointswherethey are mixed
well inthemixing head.

Catalyst injection system

Inthissystem the catalyst isnot mixed with theresin until it reachesthe entry pot
attached tothemould. Theresin mixed with accel erator ispumped into theinjection
chamber. Thecatalyst istaken separately into the chamber by meansof controlling
vave. Inthissystem thegel and curetime can be controlled by varying the amount
of catalyst used.

Resin + Accelerator Resin + Catalyst Resin + Accelerator Catalyst

Mould

Mould

A two pot RTM machine A catalyst dispersing type RTM machine

Fig: 4.4.10RTM Machines

&
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Application

RTM isavariation of compression moulding and isparticularly used for moulding
intricate shapes. It isal so useful when metal inserts haveto beincorporated asin
electrica components. Itisused frequently when the mould sectionsarevery delicate,
when the moul ded parts hasthick sections 3.2 mm or more, or whenaninsertis
retained inthe cavity for mouldingin place. Inthe semiconductor industry, package
encapsulationisusudly donewith transfer moul ding dueto the high accuracy tooling
and low cycletimeof the process.

Vacuum Assisted Resin Transfer Moulding (VARTM)

Thismethodisasoreferred to asvacuuminfusion process(VIP) moulding. VARTM
isaccomplished on asingle open mould. This process has been used to make both
thinand very thick laminates. Fabricsor core materidsarelaid up asadry stack of
materiadsasin RTM and covered with ped ply and aknitted type of non-structural
fabric. Thewholedry stack isthen vacuum bagged, and once bag |eaks have been
eliminated, resinisallowed to flow into the laminate using vacuum. Theresin
distribution over thewholelaminateisaded by resin flowing easily through thenon
structural fabric, and wetting thefabric.

Process

Themould iscleaned with acetone
and release agent is applied. Dry
fabricpreformsor coremateridsare
laid onthemould. Spiral tubesare

then laid on the two sides of the M
mould, onefor resininfusion and e
Vacuum

other for suction. The completed
lay-up is covered with avacuum Fig:4.4.11 VacuumAss_isted Resin Transfer
bag and sealed. The resin is then Moulding

infused by connecting one side of the tubeto theresin tank and applying vacuum
through other side. Theresin flowsand fillsthe cavity. When theresin flows out
through theother sde, theresinflow iscut off and the vacuum ismaintained until the
resincures.

Materials
Resns:  Anyresinwithlow viscosity, e.g. epoxy, polyester, vinyl ester
Fibres: Fabricsmadefrom carbon, Kevlar, Quartz, glassand polyester fibre.
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Advantage

e Vacuumasssted resintransfer moulding (VARTM) isided for themanufacture
of large-scae composite structures.

e Theadvantagesof theVARTM processover the RTM processare sca ability
and affordability for thefabrication of large composite structures.

»  Cored structurescan be produced in one operation.

*  Cost-effective: Much lower tooling cost dueto one half of thetool being a
vacuum bag.

Disadvantages

* Rdativey complex processto performwdll.

e Resnsmug bevery low inviscosty, properties, thuscompromising mechanical

*  Un-impregnated areas can occur resulting in very expensive scrap parts.

Application

VARTM applicationsincluding marine, wind mill blades, ground transportation and

infrastructure parts

Continuous processes

Pultrusion : Pultruded compositescong st of fibrespredominantly inaxid directions

impregnated by resinsin order to form amost efficient composite product. Surface

mats are used for surface appearance and a so to improve chemical and weather

res stance. Polyester resinsarewiddy usedinthe pultruded products. Thepultrusion

processgenerally consistsof pulling of roving/ matsthrough apreforming fixtureto
takeitsshape of the product and then heated wherethe sectionis cured continuoudly.

Thefollowing arethe partsof pultrusion machine

Creel - Creel generally consists of bookcase type shelves where roving from
individual packagesarepulled out for aresin bath. Metal book shelvesarebest.

Resin bath: Theresinbathisatank which containsresinthrough whichthefibres
are passed to get impregnated with resin beforeforming. A grid or comb is attached
at theentry and exitsof resin bath in order to maintain horizonta aignment and also
toavoidtheexcessiveresin.

Preforming Fixtur es: Thesefixturesconsolidatethe reinforcementsand movethem
closer tothefina shape provided by thedie. Generaly, fluorocarbon or ultrahigh
molecular weight polyurethanes are used as fixtures since these are easy to

manufactureand alsoitiseasy to cleanit for later purpose.
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Heated Dies: Thechrome plated el ectrically heated matched metal diethrough
which thefibreimpregnated with resin are pulled and extruded. In case of thick
section the curing can be speeded up by using both radio frequency (RF) radiation
and conductive hest.

Pulling Section: A pair of continuous caterpillar belts containing padsare used for
pultrusions. A doubleset of cylinderswith pad pullers can be synchronized for an
intermittent pull.

Cut-Off saw: A conventiona saw with an abrasive or acontinuousrim diamond
whedl with coolant isgenerally used for cutting thedesired product.

The pultruded sheet consistsof both continuous strand roving aswell asmat layers.
Mat layers are added to increase the transverse strength. Generally, the matrix
materialsused in pultrusion are polyester and vinyl ester from thermoset polymers
(epoxy haslong curetime) and PEEK and polysulfonefrom thermoplastic polymers.

UN-DIRECTIONAL
GLASS

SURFACING CUT-OFF
VEIL SAW
GUIDES HEATED DIE %

L L

RESIN BATH PREFORMER THE PULLER
CONTINUOUS
STRAND MAT

Fig: 4.4.12 Pultrusion process

Thereinforcingfibresare pulled through aliquid resin bath to thoroughly wet every
fibre. Thereinforcementsarethen guided and formed, or shaped, into theprofileto
be produced before entering adie. Asthematerial progressesthrough the heated
die, whichisshaped to matchthedesign profile, theresin changesfromaliquidtoa
gdl, andfindly, intoacured, rigid plastic.

A pulling devicegripsthe cured materia and pullsthemateria throughthedie. Itis
the power sourcefor the process. After the product passesthroughthepuller, itis
sawed into desired lengths. Although pultrusionisideally suited for custom shapes,
some standard productsinclude solid rods, hollow tubes, flat sheets, hat sections
bars, angles, channels, and I-beams.
Applications of Pultrusion:

» Electricd gpplicationincludingtransformers.

e Supportsin bridgesand structures.

e Automobiles.
* Pipesandrods.
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Advantages of Pultrusion

Pultrusionisthemost cost-effective method for the production of fibre-reinforced
compositestructura profiles. The primary advantagesof pultruded FRP profilesare
listed asbelow:

*  Productioniscontinuous.

e Material scraprateisiow.

*  Therequirement for support materid iseliminatedi.e., breathers, bleeder, cloth,
separator film, bagging film, edgetape, etc.

e Labour requirementsarelow.

*  Productswith high fibre content can be produced

Disadvantages

e Limitedtoconstant or near constant cross-section components.
*  Heated diecostscan behigh
e Wear of dieishigh.

Braiding

Thebrading processinvolvestheweaving of fibresinto shapeby repeatedly crossing
them back and forth over amandrel. The use of braiding processin the aircraft
industry isgenerally restricted to non-structural applications. The braiding process
has been utilized extensively for covering of thee ectrical wiresand fuel lines. The
primary advantageisthat braiding offersisarapid, automated method for forming
aninterwoven structure. Thebraiding carriersfollow azigzag pathinalargecircle
surrounding themandrel. The surface of themandrd istightly wovenwith thefibres
inahelical pattern. Dueto highlevel of conformability and the damageresistance
capability of braided structures, the composite industry had found structural
applications of braided composites ranging from rocket launchersto automotive
partstoaircraft structures.

Thicknessisbuilt up by over braiding previoudy braided layerssmilar toaply lay-
up process. Braiding can take place vertically or horizontally. A schematic of a
horizontal braider is shown in Figure Axial ',fams Camier track

4.4.13. Althoughbraidingissimilar Guide ring

to filament winding, the major =\ Mandrel hoider
difference between braiding Forwar 2t \

&
andfilamentwindingisthdt ~ “Feams 7
braids are interlaced ﬁ}aa
structures having as many \ Braiding carriers
as144 or moreinterlacing

per braiding cycle.

Gam

Fig: 4.4.13 Schematic of ahorizontal braider

b7
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DETAILING OF PRACTICALS

1) ProduceFRProofing sheets by hand lay-up process.
2) Produce FRPwinnowsusing handlay up
3) Produce FRPflower pots
4) Produce FRPkitchenzincs
5) ProduceFRP Sheetsby vacuum Infusion
6) Fddvigttofilament winding, pultrusion, marineproducts manufacturing units
Procedure
Theprocedurefor the manufacture of FRP productsare detail ed under manufacturing
methods
ASSESSMENT ACTIVITIES
1) Fddvistreport on FRP manufacturing methods
2) Group discussion — Faults causes and remedies in FRP processing.

Theory Evaluation Questions

1)

2)

3)

4)

5

6)
7)

A number of FRP manufacturing methods areavailable. Classify thevarious
methods as open mould, ¢l osed mould and continuous process

Hand lay-up isthe simplest FRP processing method.

Explainthe hand lay-up processfor making laminates. Discussthe advantages
and disadvantages of hand lay up

Which of thefollowing FRP product ismade by filament winding

a) Tanks c) Tubs

b) Pipes d) All of theabove
Which of thefollowing processrequirelow labor content

a) Handlay-up ¢) Resintransfer moulding
b) Vacuumbagmoulding d) Pultruson

Vacuum infusionisan FRP processing method whichisgaining importance
today. Explain thevacuum infus on process?

Discussthefaults causes and remediesin hand layup process.
Discussthe advantages and disadvantages of pultrusion process
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Unit V
QUALITY AND SAFETY IN FRP PROCESSING

Over view of the unit

Theessentia difference between FRP compositesand amost al other structural
materiasisthat, whilst the chemical composition and propertiesof other materias
e.g. sted or duminium, aremainly determined by the manufacturer, withreinforced
plastics, thefabricator determinesthese propertieshimself i.e. hemakeshisown
materid. Qudity control isthereforeextremdy important if high quality mouldings
areto be produced consi stently, economically and safely. This section dealswith
aspectsof quality control from thestorage of materia sthrough thevarious stages of
moulding productionto the ddivery of quaity moulded parts.

Learning outcomes

Thelearner :

e Identifiesand practices safe storage of FRPraw materials

*  Practicesgood housekeeping and follow work instructions

*  Observeshedth and safety practices during FRP processing.

*  Explansthedifferent processcontrol parametersin FRP processing.
*  Preparesand maintain smplemouldsusing plaster of paris

*  Doesminor repairsof FRP products

Storage of raw materials

Resins, curing agents and associ ated sol vents should be stored separately, in cool,
dry, well ventilated placesaway from theworking area.

Resin should bestored inthedark in suitable closed containers. It isrecommended
that the storage temperature should belessthan 20°C where practical, but should
not exceed 30°C. Ideally, containers should be opened only immediately prior to
use, and should never beleft open. Where containers haveto be stored outside,
they should be protected to prevent any ingress of water, or possible early
polymerisationfrom theeffectsof direct sunlight.

After severa monthsor years of storage, polyester resinswill set to arubbery gel,
even at norma ambient temperatures. Thisstoragelifeor shelf lifevariesdepending
ontheresintype, but provided that the recommendations abovearefollowed, most
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Crysticresnswill haveastoragelifeof at least 3months (for pre-accelerated resing)
or 6 months (for non-accel erated resins).

Organic peroxide catalysts should be segregated from resins and accel erators.
Containers should be stored in awell ventilated, flameproof areaat amaximum
temperature of 20°C. Bulk storage should ideally bein asecure brick building, but
smaller quantities can be stored in suitablemetal cabinets. Containersshould be
opened only immediately prior to use, and should never beleft open.

Accelerators should be stored in awel | ventilated, flameproof areaat amaximum
temperature of 20°C. Containers should be opened only immediately prior to use
and should never beleft open.

All storage areas should be kept clean and freefrom combustiblematerial ssuch as
rags. Good standards of hygiene should be observed. Any accidenta spillagesmust
bededtwithimmediately.

Reinforcements can be kept in the main workshop aslong asthey are stored and
tailored away from the moulding area. All reinforcements should bestored in their
original packaginginawarm, dry, dust freeenvironment.

Stock Control

All containers and packaging should be appropriately marked, designated and
documented. Good stock control isimportant asthe use of stocksin strict rotation
hel psto avoid storagetimes|onger than the manufacturer recommends, thusensuring
that materia sarealways used intheir optimum condition.

Workshop Conditions

Any building where composite manufacturing iscarried out should bedry, adequatdy
heeted andwel | ventilated. Idedlly, the building should bespacious, to dlow adequate
room for all operations, and have ahigh celling. Thetemperature of the building
should be controlled between 15°C and 25°C, at all times, and fluctuationsin
temperature must be avoided. Ventilation should be good by normal standards, but
draughts should be avoided. Doors and windows should not, therefore, beused for
ventilation control . Although diffused daylight lighting i sthe preferred type, fluorescent
lightingisan acceptabl eaternative andismost commonly used.

Theworking areashould bedivided into sectionsasfollows:-
1. Reinfor cement Preparation area

Itisimportant to tailor reinforcing fibresin acool, dry environment away fromthe
generd moulding and trimming/ finishing areas. Moistureand dust must beavoided




B POLYMER TECHNOLOGY

asthey may affect the moulding characteristics of thereinforcement, resultingin
poor quality mouldings.
2. Compounding & Mixingarea

The compounding and/or mixing of resinsisbest kept to a separate section of the
workshop, preferably inthe charge of oneresponsible person. Accurateweighing
gpparatusand alow shear mechanica mixer arerequired, aswell assuitablecatalyst
dispensing equipment. If accelerators and catalyst are to be added, separate
dispensersmust be used ascata yst and accel erator can react with explosiveviolence,
All measuring and mixing should berestricted to thisonearea, which should be kept
asclean aspossi bleto prevent contamination.

3.Mould Preparation and Moulding area

Thelayout of theworkshop can befairly flexibleto allow for different typesand
sizesof moulding. Aswith most other kinds of manufacturing operations, it isbest
for the operatorsto remain in one place and the mouldsto move from station to
gation asthemoulding operationiscompleted, although thisisnot awayspossible.
Itisimportant to keegp mouldsaway from direct sunlight, asthismay causepremature
gelation of theresin. Any fluorescent lighting should beinstalled asfar abovethe
mouldsaspossible, asit can aso affect the cureof theresin. Cleanlinessisimportant
for the health of the operators and for preventing contamination of resin and
reinforcement. Containersof resin, solvents, etc. must not beleft open. Any spillages
should be attended to immediately and contaminated waste material should be
removed and disposed of safely.

The health and safety at working atmosphere and isa so important, in particul ar,
attention should be paid to the concentration of styrene vapour in moulding shops.
Devel opmentsin resin technol ogy mean that resinswith low styreneemissionsand
low styrene contents, are now available. Although theseresinssignificantly reduce
theamount of styreneintheatmosphereduring lamination and consolidation, adequate
extractionfacilitiesarestill essentia inthisareaof theworkshop.

4. Trimmingand finishingarea
Effectivedust extractionisessentia inthisareaof theworkshop, and should preferably

be of the downdraught type. A good standard of cleanlinessisalsoimportant, to
prevent contamination of partly cured mouldings.

Mould Care
The production of quality compositemouldingswill depend to agreat extent onthe
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quality of themoulds used for their manufacture. It isthereforeimportant to ensure
that mouldsare properly maintained throughout their life. M oulds should be cleaned
regularly, particularly wherewax rel ease agents are used, as any wax build up may
resultinadulling of themould surface. Thiswill then transfer to the surface of the
moulding, creatingdull aresswhicharedifficult, if notimpossible, toremove. Impacting
the back surface of amouldin order to remove amoulding isnot recommended as
it canresult in cracking of the gdl coated surface of the mould. Whilst these cracks
will not affect themould structure, they areunsightly and will transfer to the surface
of any mouldingstaken from the mould. Greet care should betaken when repairing
any damageto moulds, particularly inthegel coat surface, and repairs should be
carried out as soon asis practical after the damage occurs. The development of
mould re-surfacing products, such asthoseinthe Crystic range, meansthat thelife
of mouldscan now beextended evenif thegel coat isdamaged beyond repair.

The Curing Reaction

Different resntypesexhibit different cure characterigtics, but whichever resntypeis
being used, it isimportant that therecommended cure cycleisfollowed. Thecure of
apolyester resin will begin assoon asasuitable catalyst isadded, but the speed of
curewill depend ontheresinand theactivity of the catalyst. Without the presence of
an accelerator, heat or ultraviolet radiation, the catalysed resin will have apot life of
hoursor sometimesdays. Thisrate of cureistoo dow for practical purposes, sofor
room temperature conditionsan accd erator isused to Speed up thereection. Although
these daysthevast mgority of resnsare pre-accel erated by the manufacturer, some
of themore specialised resin systems still requiretheaddition of an accelerator to
facilitate cure. In these cases, the quantity of accelerator added will control thetime
to gelation and therate of hardening. For many of today's processes, the limited pot
lifeof acatdysed resnisimpractical, and intheseinstancesit isadvisableto add the
accelerator to theresinfirst. Theaccel erated resin will remain usablefor daysor
even weeks, and quantities can be catalysed as and when required. The curing
reaction of apolyester resin isexothermic, and thetemperature of an unfilled resin
casting canriseto over 150°C, though thistemperature risewould be considerably
lessin alaminate. Theresins and catalysts avail able today have been specially
devel oped to dramati cally reduce exotherm temperatures, enabling mouldersto
producelarger and thicker composite structures without the problems associated
with heat buildup. There arethreedistinct phasesin the curing reaction of apolyester
resn:
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1. Gd time. Thisisthetime between theaddition of the curing agent (catalyst or
accel erator/catalyst) and the setting of theresinto asoft gel.

2. Hardening Time. Thisisthetimefrom the setting of theresinto the point where
theresinishard enoughto alow amoulding to berel eased from its moul d.

3.  MaturingTime. Thisisthetimetakenfor themoulding or laminateto acquireits
full hardness, chemical resistance and tability, and can vary from hoursto days
to weeks depending on the resin and the curing system used. Maturing will
take place at room temperature, but post curing a moulding at elevated
temperatures will accelerate this process. When post curing is used, it is
recommended that the moulding isallowed to mature at room temperaturefor
aperiod of 24 hours before exposure to elevated temperatures. Figure 16
shows equivalent post cure times and temperatures. Resin properties are
improved by post curing. For critical applications such asthose requiring
maximum heat resistance, post curingisessential, preferably by increasing
temperature in stages up to therequired operating temperature.

Hot Curing

Polyester resins are often hot moulded in the form of dough or sheet moulding
compounds, or in continuous processes such as pultrusion (see Processes section).
However, asmplehot moulding formulationis possible, using Benzoyl peroxideas
the catalyst. These catalysts, which normally contain50% benzoyl peroxides, are
availablein powder or pasteform, and should be added at 2% into theresin. The
catalyst must bethoroughly dispersedin theresin, and the catal ysed mix will remain
usable for about aweek at room temperature (18°C to 20°C).Cure should take
place at temperatures between 80°C and 140°C, but for most applications, 120°C
will besatisfactory. Theactual moulding timewill depend onthebulk or thickness of
themoul ding, thetype of resin used, and the heat capacity of themoulds. Insufficient
heat or timewill resultin an under cured moulding. Whilst the resin cannot be over
cured, itisnot advisableto rai sethetemperature above 140°C.

Cold Curing

The great majority of composite mouldings are manufactured using cold cure
techniques, and adequatecureisvitd if high quaity moul dingswith optimum properties
areto beproduced. Most of today's polyester resinsare pre-accel erated, and require
only the addition of asuitablecatayst to initiate the curing reaction, though some
morespeciaised resnsgtill requiretheaddition of an accelerator aswell asacatadys.
Cobalt accel erators are the most common, though others, such asthose based on
tertiary amines, areal so used. Themost common cold curing catalystsare methyl
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ethyl ketone peroxides (MEKP). Theseare supplied asliquid dispersionsdiffering
onlyinther activity, reactivity and hardening rates. Cyclohexanone peroxide (CHP),
availableasastable paste dispersion, and acetyl acetone peroxide (AAP), aredso
widely used in applications where their effect on cure characteristics are more
appropriate.

Resin to Glass Ratios

Resintoglassratio hasmoreaffect onthephysica propertiesof afully cured laminate
than any other singlefactor. Asageneral guide, ahigh glasscontent will resultina
high strength laminate, whilst ahigh resin content will producealaminatewith better
chemical, water and weather resistance.

Process Control

Irrespectiveof the processing method, thefollowing parameters haveto be controlled
for achieving good qudity products:

Binder solubility

Fibrewetting

Pot life-gd time

Peak exotherm temperature

Curetime

Viscogty

Degreeof cure

No g ~wDdPE

Binder solubility time (BST) isthetimetaken to dissolve the binder in Chopped
Strand Mat by the matrix resin. Bindersare used in chopped strand matsto hold the
fibersin position. CSM with higher binder solubility isused wherecompletewet out
isrequiredin ashort timewith short gel timeresins. BST Dependson types of
binder, viscosity of resin

BST <WEettingtime< Gel time

WEetting timeisthetimetaken to completely wet thefibrelayers. Wetting isto be
ensured in moul ding compounds and prepregs during their preparation and not at
the process ng stage. Wetting time dependsontypeof fibre, typeof size, mat thickness
/rovingsize, BST of CSM and Viscosity of resin

Pot lifeisthetimefrom addition of catdyst/hardener to gel time. Pot lifedependson
Reactivity of Epoxy Resins, Inhibitor in USP, Catayst in USP, Heat / Temperature.
Pot life can be adjusted by selecting hardener / moul ding temperaturein epoxy ,
percentage of catayst inUSP
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Peak exotherm temp. (PET) isthe maximum temperature reached during cure due
to the heat of reaction. PET depends on Reactivity of resin, Amount of catalyst,
Heat dissipation during cure Type of catalyst. Excesstemperaturedueto PET can
cause shrinkage, warping, residual stress, degradation of polymer ,smoke, resin
cracking or even fire. PET can be reduced by selecting a low exotherm resin,
controlling catay<, controlling heat diss pation

Curetimeisthetimefrom addition of catalyst /hardener until intheresinatainsinitia
cureof 95% of tota cure. Curetimedependson reactivity of resin, hardener system,
type and amount of catalyst, exotherm, external heat. Faster cure causes shrinkage
of the product, increase peak exotherm temperature. Curetime can be controlled
by sdlecting the suitable hardener, using highymedium reactivity resnsand controlling
mould heat

Viscosity of aliquid indicatestheres stanceto flow of liquid. Whenviscosity ishigh
resstancetoflow ishigh.

Polyesters haveviscosity around 400-800 cP, where as epoxies haveviscosity more
than 1200 cP. Viscosity of polyesters can be reduced by adding more styrene. But
high styrene content than what isrequired for reaction isnot good. Viscosity of
epoxies can bereduced by heating and/or by adding reactive diluents such aslow
viscosity glycidyl ethers. Fillers, chopped fibres, thixotropic additivesand chemical
thickenerscanincreaseviscosity

Degree of Cure

Somevariability in properties can be caused by differencesin the degree of cure of
aresin. Severeundercurein alaminatewill be obvioussincethelaminatewill be
noti ceably soft, and will have acharacteristic smell reminiscent of almonds. Slight
undercure, however, isoften moredifficult to detect, and whilst theremay belittleor
no affect on mechanical properties, undercured laminates exposed to weather will
deterioraterapidly. A surface hardnesstest isthe most practica method of ng
degree of cure under workshop conditions, and the best instrument for measuring
thisisaBarcol Impressor. Although Barcol hardnessisnot an absol ute measure of
cure, it can highlight differences between well cured and poorly cured laminates.
Fully cured, unfilled cast polyester resinsgeneraly exhibit aBarcol hardnessfigure
between 40 and 50 (35to 45 for gl coat resins), and averagereadings of lessthan
25 onalaminatewould suggest undercure.

Tooling for composites
The mouldsused for forming composites, aso known astools, can bemadefrom
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virtually any material. For parts cured at ambient or low temperature, or for
prototyping, wheretight control of dimensional accuracy isn't required, materials
such asfiberglass, high-density foams, machinable epoxy boardsor even clay or
wood/plaster modelsoften aresuitable.

Tooling costs and compl exity increase asthe part performance requirementsand
the number of partsto be produced increase. Plaster of Parismould isgood for one
piece. Wooden mould requiresfinishing after every cycleof moulding, FRPand cast
epoxy mouldsare good for intricate shapesand last for up to 300 pieces. Metdlic
mouldsarerequired for making large number of pieces, intricate shapesand for
heeting.

Sometimes, the shape of the part that you want to copy meansthat you can't make
asimpleone-piece mould and inthis caseyou will need to makeamulti-part 'split
mould' which can be bolted together to lay-up the part and then unbolted and split
apart toremovethepart.

Preparation of fiber glass moulds

Fiberglass moulds can be created in many different shapesand forms. Like any
other mouldsit ismost important to have no blind or reverse anglesthat can trap
your subject within the moul d. To accomplishthiswe must planto createthemould
insections. Using arel ease agent that workswith theresinisa so very important.

The process of mould making starts oncethe patternisready. The pattern can be
made with plaster of paris, wood or aproduct itself, if wearegoingtoreplicatean
existing product. The pattern hasto be coated with amoul d rel ease agent such as
wax or PVA. Oncethe mould rel ease has been applied, then we can start applying
theresin, glassfibrelayers. Firstagel coat or atooling coat isapplied and alowed
todry for 30 minutes. Abovethissuccessivelayersof fibreglassand resinaregpplied
to build up themould. Oncethedesired thicknessisachieved, theresinisalowedto
cure. Oncethewhole system solidifies, themould can berel eased from the pattern
andfind finishing isdone beforeusing for production.

Repair

Somemoul ding faultscan berectified a thetrimming and finishing stageof production.
Cracks, dentsand small holesinthegel coat surfacecan berepaired usinggel coat
filler (such asthat inthe Crystic range), amixture of lay - up resinandfiller powder
or, wherebetter 'gap-filling' propertiesarerequired, arepair dough consisting of
resin and chopped glassfibre strands.
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Repairing Gel coat Scratches

1. Ensurethedamaged areaisclean, dry and freeof oil, wax or grease, then tape
round with masking tapeto protect the surrounding surface.
Mix therequired quantity of gdl coat filler and pigment pastethoroughly.
Add the gppropriate amount of hardener and mix thoroughly.

4. Usingawooden spatul a, pressthegel coat filler firmly into the scratch, filling
proud of thesurface. Removethe masking tape beforethefiller sets, and leave
to curethoroughly for at least two hours.

4.  When cured, rub down with wet and dry paper then use polishing compound
torestorethe surface gloss.
Filling Dents and Cracks

Cracks, dentsand even small holes can berepaired using mixturesof lay-upresin
andfillers. Careshould be takento usefiller gppropriate to the application - in boat
hullsfor instance, glass bubbles should beused asmost other fillersabsorb water.

1. Removeanylooseresinand reinforcement and ensure the damaged areais
clean, dry and free of grease.

2. Mix pigmented resinwithfiller powder or glassfibresuntil apasteof therequired
consistency isachieved.

3. Addthecorrect amount of hardener (based onresinweight NOT resin/ filler
weight).

4. Tapearound thedamaged areathenfill thedent using theresin/filler or resin/
glassfibremix.

5. Leaveto harden, then sand using progressively finer grades of wet and dry
paper, and use polishing compound to restore surface gloss. Reparing Laminate
Damage

When damageisnot confined to the surface, resin and reinforcement should belaid
up, overlapping the edgesto ensure good adhesion over awidearea. If thelaminate
isfractured, thefollowing procedure should be used, to effect arepair.

1. Removethedamaged areaand chamfer theedges so that the holeislarger on
thegel coat sidethanonthereverse.

2. Abradeand clean the surrounding areato ensure adhesion.
If alarge surfaceareaisinvolved, atemporary mould should be built up onthe
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exterior surface (see Figure 21). For smaller areas, polyester rel easefilm can
be used asamoulding surface.

4. Wheredamageisextensve, themoulding should beplacedinitsorigina mould
beforerepairsarecarried out.

An example of Laminate repair method
Dearagenl arest cul vul Damaged area repaed

-
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~

Undamaged hmmV

lemporary mould of release fim

Fig: 4.5.1 Repair of laminates
Thevisud ingpection of mouldingsshould scrutinisethefollowing:-
1. Surfaceimperfectionsand genera appearance.

2. Entrapment of air bubblesin thelaminate. The use of non- pigmented resins
facilitatesthisinspection.

3. Dimengions- assessment of any shrinkageor distortion.

Thephysical testing of |laminates, i.e. mechanical and chemical testing, canbea
problem for thefabricator, asit involvesthe use of specidised test equipment. These
tests are, therefore, normally carried out by either the raw material supplier or
independent test houses.

The propertiesconsidered to be of most importanceare:-
Ultimaetenslesrength

Tenslemodulus

Flexura strength (al so known asbend or cross breaking strength)
Modulusinbend

Impact strength

Shear strength

Noneof these propertiesshould beconsideredinisolation. For instance, itispossible,
by using ahigh glass content, to produce alaminate with ahigh tensile strength.
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However, such alaminate would be so thinthat it would lack rigidity, sowould be
unsuitablefor use. Minimum thicknessand resinto glassratiosarethereforea so
important properties.

DETAILING OF PRACTICALS

1) Prepareasample FRP mould with Plaster of paris
2) Performaminor repair on an FRP laminate.

ASSESSMENT ACTIVITIES

1) Laboratory work
2) Assignment of the health and safety practicesin FRPindustry.
Theory Evaluation Questions

1) Briefly explainthesafety practicesto beobserved inthestorage of FRPraw
materids

2) Explantheprocessof gel coat repair onan FRPlaminate.
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