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INTRODUCTION

RM1565 – MOULD DESIGN

© bpram

Plastics History

General properties: more durable, harder, tough, light.

Typical uses: automobile parts, construction materials.

Thermosets

Examples:

Unsaturated Polyesters: lacquers, varnishes, boat hulls,

furniture

Epoxies and Resins: glues, coating of electrical circuits,

composites: fiberglass in helicopter blades, boats, …

Plastics type
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Elastomers

General properties: these are thermosets, and have rubber-

like properties.

Typical uses: medical masks, gloves, rubber-substitutes

Examples:

Polyurethanes: mattress, cushion, insulation, toys

Silicones: surgical gloves, oxygen masks in medical applications

joint seals

General properties: low melting point, softer, flexible.

Typical uses: bottles, food wrappers, toys, …

Examples:

Polyethylene: packaging, electrical insulation, milk and water bottles, packaging film

Polypropylene: carpet fibers, automotive bumpers, microwave containers, prosthetics

Polyvinyl chloride (PVC): electrical cables cover, credit cards, car instrument panels

Polystyrene: disposable spoons, forks, Styrofoam™

Acrylics (PMMA: polymethyl methacrylate): paints, fake fur, plexiglass

Polyamide (nylon): textiles and fabrics, gears, bushing and washers, bearings

PET (polyethylene terephthalate): bottles for acidic foods like juices, food trays

PTFE (polytetrafluoroethylene): non-stick coating, Gore-Tex™ (raincoats), dental floss

Thermoplastics

Plastics Products

• Plastics can be shaped into a wide variety of 

products: 

– Molded parts

– Extruded sections

– Films

– Sheets

– Insulation coatings on electrical wires

– Fibers for textiles 
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More Plastic Products

• In addition, plastics are often the principal 

ingredient in other materials, such as 

– Paints and varnishes 

– Adhesives

– Various polymer matrix composites 

• Many plastic shaping processes can be adapted to 

produce items made of rubbers and polymer 

matrix composites 

Trends in Polymer Processing

• Applications of plastics have increased at a 

much faster rate than either metals or ceramics 

during the last 50 years 

– Many parts previously made of metals are now being 

made of plastics 

– Plastic containers have been largely substituted for glass 

bottles and jars 

• Total volume of polymers (plastics and rubbers) 

now exceeds that of metals

Plastic Shaping Processes are Important

• Almost unlimited variety of part geometries 

• Plastic molding is a net shape process

– Further shaping is not needed 

• Less energy is required than for metals due to much 

lower processing temperatures

– Handling of product is simplified during production because of 

lower temperatures 

• Painting or plating is usually not required 
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Polymer Melts

• To shape a thermoplastic polymer it must be heated 

so that it softens to the consistency of a liquid 

• In this form, it is called a polymer melt

• Important properties of polymer melts:

– Viscosity

– Viscoelasticity

Viscosity of Polymer Melts

Fluid property that relates shear stress to shear rate 

during flow

• Due to its high molecular weight, a polymer melt is 

a fluid with high viscosity 

• Most polymer shaping processes involve flow 

through small channels or die openings 

– Flow rates are often large, leading to high shear rates and 

shear stresses, so significant pressures are required to 

accomplish the processes

Viscosity and Shear Rate

Viscosity of a polymer melt 
decreases with shear rate, thus 
the fluid becomes thinner at 
higher shear rates 
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Viscosity and Temperature

Viscosity decreases with temperature, thus the 
fluid becomes thinner at higher temperatures 

Viscosity as a function of temperature for selected polymers at a shear rate of 
103 s-1.

Viscoelasticity

Combination of viscosity and elasticity

• Possessed by both polymer solids and polymer melts

• Example: die swell in extrusion, in which the hot plastic 

expands when exiting the die opening

Extruded polymer "remembers" its previous shape when in the

larger cross section of the extruder, tries to return to it after leaving

the die orifice

Extruded polymer "remembers" its previous shape 
when in the larger cross section of the extruder, 
tries to return to it after leaving the die orifice 

Figure 13.3  Die swell, a manifestation of viscoelasticity in 
polymer melts, as depicted here on exiting an extrusion die.

Die Swell


