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Natural Polymers

ÅFound extensively in nature

ïLife could not exist without polymers

ïCome in various shapes and sizes

ÅMade of sugars, amino acids, nucleic acids

ÅExamples: wool, silk, cotton, wood, paper
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Polymer Classification: Terminology

ÅWhile we have chosen an 
applications perspective 
on polymer classification, 
many alternate schemes 
are widely used.  

ÅThese are usually 
composition/property 
specific, as opposed to 
applications oriented.
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Some Naturally Occurring Polymers
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Synthetic Polymers
ÅMade from monomer synthesized from fossil fuels

ÅFirst manufactured shortly before World War II

ÅSynthesized using addition reactions

ïAdd monomer to end of polymer chain

ïBuild very large polymers
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Polymer Materials
Å Polymers are classified broadly as
ï thermoplastic: form after heat. Over and over again.
ïǘƘŜǊƳƻǎŜǘΥ ǎŜǘ ŀŦǘŜǊ ƘŜŀǘΦ hƴƭȅ ǎŜǘǎ ƻƴŎŜΦ /ŀƴΩǘ ǊŜŦƻǊƳ

Å Thermoplastics
ïcrystalline: polymers arranged in a regular order
ïamorphous: polymers arranges randomly like coil

Å Thermosets
ï low molecular weight monomers that crosslink and polymerize to for polymer 

network

Å Elastomers 
ïCan be either thermoplastic and thermoset

ÅThermoset elastomers: natural and synthetic rubbers
ÅThermoplastic elastomers: plastics that mimic rubber (EPDM, TPO, TPE)
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Thermoset 

(Duromers)

Polymer can be divided into 4 groups according 

to their deformation properties in the solid 

state:

POLYMER

Thermoplastic

Elastomer 

(TPe)

Elastomer 

(vulcanized rubbers)

Plastomers 

(thermoplastic)
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Thermoset Matrices

Thermoset resins have been 

traditionally used as composite 

matrices, being utilised in many 

forms. We will look at;

ÅCommon Thermosets Matrices

ÅTypical Physical Forms

ÅThermoset Rheology

ÅThe Thermoset Cure Reaction
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As compared to TPôs, TSôs are brittle at room temperature, andcannot be reshaped 

due to the strong cross-linking covalent bonds.

However, their comparative advantages include;

ÅHigher tensile strength and stiffness

ÅExcellent chemical and solvent resistance

ÅGood dimensional and thermal stability

ÅGood creep resistance

ÅExcellent fatigue properties

ÅLow viscosities, simplifying physical processing

Common examples of thermoset polymers include glues, paints, and other surface 

coatings. We will consider laminating resins, those commonly used as composite 

matrices.
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General Properties and Characteristics

of Thermosets

ÅRigid - modulus of elasticity is two to three 
times greater than TP

ÅBrittle, virtually no ductility

ÅLess soluble than TP in common solvents

ÅCapable of higher service temperatures than 
TP 

ÅCannot be remelted - instead they degrade or 
burn
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How Cross-Linking is Done in TS 
Polymers

ÅThree categories:

1. Temperature-activated systems 

2. Curing agent-activated systems 

3. Mixing-activated systems 

ÅCuring is accomplished at the fabrication 
plants that make the parts rather than the 
chemical plants that supply the starting 
materials to the fabricator 
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Temperature-Activated Systems

Curing is caused by heat supplied during part 
shaping operation (e.g., molding)

ÅStarting material is a linear polymer in 
granular form supplied by the chemical plant
ïAs heat is added, the material softens for molding, 

but continued heating results in cross-linking 

ÅMost common TS systems 

Å¢ƘŜ ǘŜǊƳ άǘƘŜǊƳƻǎŜǘϦ ŀǇǇƭƛŜǎ ōŜǎǘ ǘƻ ǘƘŜǎŜ 
polymers
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Catalyst-Activated Systems 

ÅCross-linking in these systems occurs when 
small amounts of a catalyst are added to the 
polymer which is in liquid form

ÅWithout the catalyst, the polymer remains 
stable

ÅOnce combined with the catalyst it changes 
into solid form 
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Mixing-Activated Systems

ÅThe mixing of two chemicals results in a 
reaction that forms a cross-linked solid 
polymer

ÅElevated temperatures are sometimes used to 
accelerate the reactions

ÅMost epoxies are examples of these systems 
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Thermoset Definition
ÅThermoset materials are polymers that under go a chemical 

reaction to build molecular weight and viscosity.

ÅThermosets are set or crosslinked with heat and can not be 
reheated for forming repeated forming.
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Thermosets History 
ÅThermosets are polymers that undergo a chemical reaction 

during the polymerization.
ÅThermosetting reaction is not reversible under heat.
ÅEpoxy
ïStandard epoxy is based on bisphenol A and epichlorohydrin. 
ïOthers based on phenols and formaldehyde or aromatic amines 

and aminophenols
ïCuring can occur at room temperature with the use of 2 

component systems.  Curing at elevated temperature with use of 
one-component.
ïProperties include good adhesion to many substrates, low 

shrinkage, high electrical resistivity, good corrosion resistance, and 
thermal.
ïProcessing is achieved without generation of volatiles.
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4.2 Physical Forms for Manufacture

ÅTwo piece liquids - Vast bulk of mixture formed by the bulk resin), with 

catalyst. Mixing carried out by the user. 

Thermoset resins are processed in various physical forms. High performance resins 

have very high viscosity, or may be actually solid at room temperature.

Bulk polymer  +

catalyst

Mix

Cure

Initiated

Catalysed

Liquid

Crosslinked Solid
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