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Materials: Plastics

‣    The plastics are among the 
most versatile and useful of 
all materials known to man.

‣    Plastics can be made to look 
like, and take the place of 
various materials like wood, 
glass, china (porcelain), cloth, 
rubber, jewels, varnish etc.

‣    For this reason, plastics find 
wide use in industry and for 
craftwork. (Ashby and Johnson, Materials and 
Design)
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Polymers

‣      Although nature’s polymers-woods, wools, 
leather are the oldest of the world’s 
materials, the main polymers of today have 
little that is natural about them.

‣      They are derived from the 
imagination of the chemist

‣      Almost all are synthesized from 
oil (although they don’t have to 
be)

‣      They are composed of the simplest atoms: 
carbon, hydrogen, oxygen, chlorine and 
sometimes nitrogen and fluorine. (Ashby and 
Johnson, Materials and Design)
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The First Plastics
‣      The first plastic, cellulose nitrate (called   

Celluloid) was developed by John Wesley 
Hyatt, an American printer.

‣     This was the only plastic of commercial 
importance until Casein plastics were 
introduced about 1900 in France and 
Germany.

‣     Leo Baekeland, a Belgian scientist, 
developed the phenolic plastic Bakelite in 
1909.

‣     That discovery marked the real beginning of 
the plastics industry.  During and after World 
War II, the growth of the plastics industry 
was phenomenal. (Ashby and Johnson, Materials and 
Design)
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Plastics: Naming Conventions
‣     In most cases, plastics are named for their 

basic chemical compounds. 

‣     Plastics produced by more than one 
manufacturer (e.g. GE, Monsanto) are given 
a trade name.

‣     Lucite and Plexiglas, for example, are 
trade names for the plastic 
polymethylmethacrylate. (Ashby and Johnson, 
Materials and Design)
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The Plastics Industry:           
Who’s Who?

‣      The plastics industry is relatively young and still 
growing.

‣       Old types of resins and manufacturing techniques 
are constantly being improved, and new resins and 
techniques are developed monthly.

‣       Plastics manufacturers produce the molding 
compounds, laminating materials, casting resins, and 
other materials used by the plastics industry.

‣       From Chemical companies, the manufacturer of 
plastic raw materials obtains the ethers, alcohols, 
esters, acids, and other raw materials for resins.

‣       The processors of plastics convert the basic 
plastics compounds into useful forms.  Processors 
include the molders, the extruders, and the 
coaters. 

‣      Fabricator convert the various forms into 
finished products. (Ashby and Johnson, Materials and 
Design)
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Some Common Uses of Plastics
‣     Many common, and not so common items 

manufactured by industry are made of plastics.

‣     Stereo radio and TV cabinets may be entirely 
of plastics. So may telephones, steering 
wheels, and watch straps.

‣     Rubber-like plastics become shower curtains, 
raincoats, beach balls and toothbrush handles.

‣     Manufacturers make plastic bristles bristles for 
toothbrushes, paintbrushes and brooms.

‣     Sporting equipment and tennis racket strings 
may also derive from plastics. (Ashby and Johnson, 
Materials and Design) http://www.dexigner.com/database/images/designs/tv_serie-01.jpg
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Some Common Uses of Plastics
‣     Glass-like plastics are made into lenses, 

reflectors (cars), costume jewelry, and 
dentures.

‣     Plastics resins also make glass shatterproof, 
plywood waterproof, and adhesives strong 
and durable (epoxy)

‣     Layers of paper or cloth impregnated with 
plastic and molded under high pressure 
become gears for automobiles and bearings 
for the propeller shafts of ocean going ships.

‣     Styrene, a snow-like foamed plastic is 
produced in board form for various industrial 
uses. It is also handy for modelmaking. (Ashby 
and Johnson, Materials and Design)
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Elastomers

‣       Elastomers were originally called ‘rubbers’ 
because they were used to erase pencil 
marks.

‣     Unlike other solids, elastomers remember 
their shape when they are stretched-some 
to five or more times their original length. 
Hence, they are thermosets.

‣     This allows for conformability lending their 
use in engine gaskets and seals.

‣     High damping elastomers recover slowly, 
whereas low damping recover quickly and 
are ideal for springs, catapults etc. (Ashby and 
Johnson, Materials and Design) http://www.prepol.com/images/nanofluor.jpg
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Elastomers

‣     Elastomers are popular mainly for their 
conformability, and are used for 
footwear and pneumatic tires. Think of 
damping as ‘cushioning’.

‣     Tires are the single biggest use of 
elastomers; the second is footwear, 
followed by roller, belts, cushions and 
sports equipment. (Ashby and Johnson, 
Materials and Design)
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Elastomer Properties: Why Tires 
are Black

‣      There are probably more than 100 grades 
of elastomer.

‣      While conformable, elastomers are subject 
to UV and chemical degradation. For this 
reason, they are mixed with carbon-black 
(soot) to protect against UV.  Conversely, 
rubber is vulcanized (mixed with sulphur).

‣      Elastomers are thermosets,in other 
words they can’t be remolded once cured. 
but they can be made to mimick 
thermoplastics. 

‣     The material behaves like an elastomer, but if 
heated  so that when PP melts, it can be 
remolded and even recycled. (Ashby and Johnson, 
Materials and Design) http://h1071118.hobbyshopnow.com/
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Identifying Polymers:  Symbols and 
Icons

★The symbols in the table below belong to the 
SPI resin identification coding system, 
developed by the NA Society of the Plastics 
Industry in 1988.

★Most plastics can be recycled, but they have to 
be separated into their different polymer 
types. Because of the difficulty and expense of 
sorting, collecting, cleaning and reprocessing, at 
the moment it is only economically viable to 
recycle PETE, HDPE and PVC. Thermoplastics 
can be re-melted, but thermosetting plastics 
can only be crushed and used as insulation. 
(Source: Wikipedia).
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Identifying Polymers:  Symbols and 
Icons

★The symbols used in the code consist of 
arrows that cycle clockwise to form a 
rounded triangle and enclosing a 
number, often with an acronym 
representing the plastic below the 
triangle.

★When the number is omitted, the symbol is 
known as the universal Recycling Symbol, 
indicating generic recyclable materials. In this 
case, other text and labels are used to indicate the 
material(s) used. (Source: Wikipedia).
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The Versatility of Plastics

     Three important facts account for the 
variety of forms that plastics can take 
and for the uses for which plastics can 
be put. These facts are:

1.   There are at least 30 different types 
of plastics, each suited for particular 
uses.

2.   Plastics can be combined with other 
materials to widen the range of uses 
for both.

3.   Many different methods can be used 
to   form plastics into finished 
products. (Ashby and Johnson, Materials and 
Design)
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The Composition of Plastics

‣       All plastics are synthetic organic 
compounds. They are synthetic because 
they are man-made and organic because 
they contain carbon.

‣      Other elements, including hydrogen, 
oxygen, chlorine, and sulfur, unite 
with the carbon to form various 
compounds suitable for use in 
plastics.

‣      The basic materials used to produce 
plastics come from common sources 
including coal, petroleum, and the cellulose 
of cotton fiber.  (Ashby and Johnson, Materials 
and Design)
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The Composition of Plastics

‣      Plastics chemists specify the amounts 
of various ingredients needed for each 
type of plastic.

‣     The raw plastics that result are made 
in various forms, including syrup, 
powder, flakes and pellets.

‣     Note: Raw plastics are usually 
called ‘Resins’. (Ashby and Johnson, 
Materials and Design)
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Resins Combined with         
Other Materials

‣     Resins are basic plastics.  
Manufacturers usually add other materials to 
resins to give the plastics qualities needed to 
produce different objects such as shower 
curtains, steering wheels or t.v. cabinets.

‣     Fillers are usually added to resins for 
products that need to be molded. Typical 
fillers include wood flour, cotton, asbestos, 
mica and clay. 

‣     Each filler imparts special qualities necessary 
for finished products. For example, canvas or 
cord would give plastics a high impact 
(compression) strength. (Ashby and Johnson, 
Materials and Design)
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Resins Combined with         
Other Materials

‣    Resins can also be dissolved in solvents. 
Such plastics are spreadable, somewhat 
like paint.  These plastic solutions are 
often used to coat surfaces for protection 
against weathering and hard wear.

‣      After the solution is applied, the solvent 
evaporates, leaving a surface film of plastic 
on the surface. (Ashby and Johnson, Materials 
and Design)
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Resins Combined with         
Other Materials: Plasticizers

‣     Plasticizers are added to resins to make 
them flow better into molds. They are also 
added to resins that ordinarily produce a 
rigid product.

‣     Such resins can then be used to make 
flexible, rubber-like objects.

‣     Colouring agents are added to resins so 
that the finished product will be coloured 
throughout.

‣     In this way, plastics have an advantage over 
wood or metal, to which colour can be 
added to only the surface through coatings 
etc. (Ashby and Johnson, Materials and Design)
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Reactions of Plastics to Heat: 
Thermosets vs. Thermoplastics

‣     Most plastics are described as being 
either thermosetting or 
thermoplastic. These terms indicate 
the reaction of a plastic to heat.

‣     Thermosetting plastics soften 
with heat but stay soft for only a short 
time.  They set, or harden if the heat 
continues. No amount of heat will make 
them soft again.

‣    Thermoplastic  plastics also soften 
with heat but remain soft if the heat 
continues. They set only when cooling 
and can be softened again by reheating.  
(Ashby and Johnson, Materials and Design)
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Reactions of Plastics to Heat: 
Thermosets vs. Thermoplastics

‣      Manufacturers choose plastics for these 
qualities. 

‣      They select thermosetting plastics for 
objects that must withstand heat. 
Plastics of this type can be heated to 
temperatures of almost 500 degrees 
Fahrenheit before they begin to char. 

‣     Thermoplastic resins are used for 
articles not subjected to unusual 
temperature changes. These plastics soften 
or even melt at temperatures near 200 
degrees Fahrenheit. (Ashby and Johnson, Materials 
and Design)
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Materials: Fibers
‣     Fibers allow us to be clothed, they 

carpet us, cushion us, and insulate 
us from excess heat.

‣     Fibers have the virtue of being 
strong and flexible

‣      When spun into a rope or weaved 
into cloth, the strength of the 
individual fibers is multiplied.

‣     Metal fibers can be made and are 
used in radial tires for 
reinforcement.

‣     Some fibers are stronger and lighter 
than others and allow for the 
creation of novel materials.        
(Ashby and Johnson, Materials and Design)
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Fibers:  Types
      Glass Fibers: Glass fibers are made by drawing molten 

glass through a spinner, giving continuous fibers of diameter 
between 10 and 100 microns.

‣       Their perfection gives them exceptional strength in 
tension, yet are flexible. They can also resist 
temperatures up to 250 C)

‣       Their typical uses are thermal insulation, fire-resistant 
clothing.

      Carbon Fibers: Carbon fibers are made by pyrolising 
organic fibers (e.g. rayon, petroleum pitch). They come in 
diameters of 10 microns.

‣       Carbon fibers have high strength and stiffness with 
low density

‣       However, they oxidize at high temperatures.

‣       Typical uses: brake pads for aircraft and cars, 
decorative car parts (Ashby and Johnson, Materials and 
Design)
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Fibers:  Types
     

      Aramid Fibers: Invented by Dupont and known as 
Kevlar, aramid fibers are produced in such a way that the 
polymer chains are aligned parallel to the axis of the 
fiber.

‣       They are available in low density/high strength 
forms.

‣       Typical uses: a woven cloth, protective clothing, 
bomb and projectile protection, bulletproof vests. 
(Ashby and Johnson, Materials and Design)
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Polymers: (PE and PP)
Polyethylene (PE) 

‣       PE was first synthesized in 1993.

‣       PE is commercially produced as film, sheet, rod, foam and fiber.

‣       Drawn PE has strong mechanical stiffness and strength, used in textile and 
structural uses.

‣       PE is cheap, easy to mold and fabricate.

‣       Uses: Oil containers, milk bottles, toys, beer crates, food packaging, 
squeeze tubes. Low density PE (LDPE) is used for film and packaging.

Polypropylene (PP)

‣       PP was first produced in commercially in 1958, is the younger sibling of 
PE and can be used at higher temperatures.

‣       PP has exceptional strength and resilience; it is also resistant to water.

‣       Uses: Ropes, automobile ducts, garden furniture, artificial turf, thermal 
underwear.

Polystyrene (PS)

‣       PS, in its simplest form is brittle.

‣       PS can be made in a high-impact variant, or as polystyrene foam.

‣       It is easy to mold, has the ability to be coloured and has extreme clarity 
like glass

‣       There are medium and high impact versions as well.

‣       PS has a weak tensile strength and can crack easily (think of CD jewel 
cases)

‣       Common uses include food containers, and packaging, ceiling tiles, molded 
parts (e.g. refrigerator trays) (Ashby and Johnson, Materials and Design)

http://www.global-b2b-network.com/direct/dbimage/50063602/
Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_
Waterproof_Sheets__CPE_.jpg

http://www.global-b2b-network.com/direct/dbimage/50063602/Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_Waterproof_Sheets__CPE_.jpg
http://www.global-b2b-network.com/direct/dbimage/50063602/Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_Waterproof_Sheets__CPE_.jpg
http://www.global-b2b-network.com/direct/dbimage/50063602/Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_Waterproof_Sheets__CPE_.jpg
http://www.global-b2b-network.com/direct/dbimage/50063602/Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_Waterproof_Sheets__CPE_.jpg
http://www.global-b2b-network.com/direct/dbimage/50063602/Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_Waterproof_Sheets__CPE_.jpg
http://www.global-b2b-network.com/direct/dbimage/50063602/Dynamic_Chlorine_Polyethylene_Colored_Macromolecule_Waterproof_Sheets__CPE_.jpg


Polymers: (PE and PP)
Polystyrene (PS)

‣     PS, in its simplest form is brittle.

‣     PS can be made in a high-impact variant, 
or as polystyrene foam.

‣      It is easy to mold, has the ability to be 
coloured and has extreme clarity like 
glass

‣      There are medium and high impact 
versions as well.

‣      PS has a weak tensile strength and can 
crack easily (think of CD jewel cases)

‣      Common uses include food containers, 
and packaging, ceiling tiles, molded parts 
(e.g. refrigerator trays) (Ashby and 
Johnson, Materials and Design)

http://www.doranpackaging.com/images/871.jpg

http://www.doranpackaging.com/images/871.jpg
http://www.doranpackaging.com/images/871.jpg


Polymer Types:  ABS
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‣    Acrylonitrile-butadiene-styrene 
(ABS) 

‣      ABS is tough, resilient and easily molded. 

‣       It takes on an opaque form, although some forms can 
be transparent and pigment. It can even take on 
integral metallic finishes.

‣      ABS-PVC alloys are stronger than standard ABS, and 
can be used in casings for power tools and equipment.

‣       ABS has good chemical and temperature resistance as 
well as high-impact resistance.

‣       By adding fiberglass, the rigidity can be 
increased.

‣      ABS also has good transparent qualities (up 
to 90%)

‣      Typical Uses: cases for computer and TVs, 
telephones, food mixers, vacuum cleaners, bath trays, 
plumbing pipes, RV parts, shower stalls, sports 
equipment. (Ashby and Johnson, Materials and Design)
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Polymer Types:  Nylon
‣Polyamide (PA), Nylon

‣     History: Nylon was developed during the Second World 
War as a substitute for silk. Hence, it was used for 
garment design. Today, nylon is used for ropes, 
reinforcement in car tires and roofing materials. It is also 
used for bearing gears and other load bearing parts

‣      Features: Nylons are strong, durable and have a low 
coefficient for friction. Nylons have useful properties over 
a wide scope of temperatures (-80 to 120C). It is easy to 
injection mold. 

‣      Nylons can also be used in light duty gears, bushings, car 
fenders, ketchup bottles, and book bindings.

‣       Nylons can be reinforced with minerals, glass powder and 
glass fibers increases the modulus, strength and density.

‣       Nylon can be transparent or tinted with pigment. (Ashby 
and Johnson, Materials and Design)
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Polymer Types:  Acrylic
‣Acrylic (PMMA), Acrylic

‣      History: Acrylic has a long history, having been 
developed first in 1872 and commercialized in 1933. Its 
main application was for aircraft cockpit canopies in World 
War II.

‣       Features: Acrylic is as hard and stiff as polymers can be. 
It is easy to polish but sensitive to stress concentrations. 
Like glass, it can be fragile. Acrylic can be produced in 
several forms, including sheet, rod or tube.

‣      Acrylic can be made in clear and coloured panels up to 
4 inches thick. 

‣       Acrylic can be joined with epoxies, polyester or nitrile-
phenolc adhesives. 

‣       Acrylic scratches much easier than glass, but this can be 
overcome with coatings.

‣       Main Uses: Eyeglass lenses, aircraft windows, domestic 
baths, lighting, automotive tail lights, advertising signs. 
(Ashby and Johnson, Materials and Design)
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Polymer Types
‣Polycarbonate (PC)

‣       History: PC is one of the ‘engineering’ 
thermoplastics, meaning that they have better 
mechanical properties than cheaper polymers. 

‣       Features: PCs have good unique characteristics of 
optical transparency and good toughness/rigidity, even 
at high temperatures

‣      Uses: PCs are used to manufacture Compact Disks, 
housings for hair dryers, toasters, printers and power 
tool housings, refrigerator linings, car parts, hockey 
helmet visors, and police riot shields

‣       Structure: PCs can be stiffened by the incorporation 
of embossed ribs or through adhesives and ultrasonic 
welding.

‣Polyvinylchloride (PVC)

‣      History: PVC or Vinyl is one of the cheapest and most 
versatile polymers.

‣       Features: In its pure form- PVC is rigid, but not very 
tough; its low price makes it a cost-effective engineering 
plastic. It can be made into lightweight panels for 
automobile interiors.

‣       Uses: elPVC, a material with rubber or leather-like 
properties and is used as a substitute for both. PVC can 
also be used for pipes, fittings, profiles, road signs, 
garden hoses, medical tubes, and dolls.
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Polymer Types
‣Polyurethane (PU)

‣     History: Polyurethanes are symbolic of soft, stretchy 
materials and fabrics (e.g. Lycra and Spandex). 

‣     Features: PUs can be easily foamed: some 40% of all PU 
is made into foam by mixing it with a blowing agent. 

‣      The foams can be open-or closed- cell microcellular or 
filter grades. They can come in high and low density. It is 
also slow to burn and used for fireproofing materials 
(aircraft interiors)

‣     Uses: PUs are cheap, easy to form and have good 
structural performance and resistance to hydrocarbons. 
PUs are used primarily for garment materials, (Lycra) 
insulation in fridges and crash protection in cars..

‣     Structure: PU can be bonded with polyurethane, nitrile, 
neoprene, epoxies and adhesives.

‣     Structures: Silicones molding resins are compounded 
with inert fillers to allow the production of flexible parts 
with high heat resistance. (Ashby and Johnson, Materials and 
Design)
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Polymer Types
‣Silicones 

‣     History: Silicones are high-performance, high cost 
materials.

‣     Features: Silicones are the most chemically stable 
of all elastomers, with good electrical properties, 
but rather low strength. Silicone resins are 
expensive and difficult to process.  They have 
properties similar to rubber, but a different chemical 
structure.

‣     Uses: Wire and cable insulation, mold release 
agents, lens cleaning tissue coatings, adhesives, 
insulation, breast implants and seals for swimming 
goggles.

‣     Structures: Silicones molding resins are 
compounded with inert fillers to allow the 
production of flexible parts with high heat 
resistance. (Ashby and Johnson, Materials and Design)
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Polymer Types

‣Polyesters (PET)

‣     History: Polyesters are derived from the 
combination of ‘Polymerization’ and ‘Esterification’.  

‣     Features: Polyesters are thermoplastics.  They are 
flame-retardant, glass-fiber reinforced and mineral-
filled. PET can withstand high pressures from within 
e.g. pop bottles. They can also mimic the 
characteristics of elastomers.

‣     Uses: PET is cheap to produce, it is used for 
carbonated drink containers, oven-proof cookware, 
windsurfing sails, brushes, boats, and automobile 
parts. Other uses include videotape, and decorative 
film.

‣     Structure: Modified polyesters can be made UV 
resistant and heat resistant with minor alterations. 
Polyesters can also be made conductive by adding 
30% carbon fiber. Mylar is used for magnetic tape 
(cassettes).(Ashby and Johnson, Materials and Design)
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Polymer Types
‣Epoxies: 

‣     History: Epoxies are thermosetting 
polymers with excellent mechanical, 
electrical and good resistance to heat and 
chemical attack.

‣     Features: Epoxy is commonly used for 
creating pattern or mold material. They have 
high or low viscosity allowing for easy 
molding.

‣     Uses: Epoxy resins in laminates, epoxy 
glues, tooling fixtures,  and gears.

‣     Structure: The addition of fillers gives 
epoxies improved machinability, hardness, 
impact resistance and thermal conductivity. 
(Ashby and Johnson, Materials and Design)
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