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Material Selection ProcessMaterial Selection Process

Understanding Material BasicsUnderstanding Material Basics

Structure
Properties
Applications
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Polymer StructurePolymer Structure

Polymer chemistry
How are polymers derived? 
How do they differ in their structure? 
PE vs. PS vs. Polyester vs. Phenolics
Thermoplastics vs. Thermoset
Crystallinity 
Branching
Mechanical effects of structure 
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Chemical compounds formed when many small 
chemical units (monomers) combine to form large 

molecules with a regular repeating structure. 

Polymer

Heat

Catalyst

Monomer
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PolymersPolymers

Thermosets
(Cannot be melted)

(Phenolics, epoxies, etc.)

Thermoplastics
(Can be melted)

Amorphous
(No structure)

(Polystyrene, polycarbonate, etc.)

Semi-Crystalline
(Structured)

(Polyethylene, PET, nylon, etc.)
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What Molecular Factors What Molecular Factors 
Control the Solid and Melt Control the Solid and Melt 
Properties of Polymers?Properties of Polymers?

1.) Chemical  Composition

2.) Size of the Molecules

3.) Shape of the Molecules

4.) Organization of the Molecules
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Methane   =   CH4 Gas

Size of the Molecules

Octane     = C8H18 Liquid 

Paraffin Wax = C50H102 Solid

Polyethylene = C2000H4002 Polymer
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Along with chemical structure, MW determines
material properties.

An increase in MW  generally results in:
Tensile Strength ↑ Tensile Modulus ↑
Flexural Strength  ↑ Flexural Modulus ↑
Elongation  ↓ Creep  ↓
Melt Flow ↓ Viscosity  ↑

Impact Resistance ↑ Chemical Resistance ↑
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The MWD also affects material properties.

An increase in MWD generally results in:

Tensile Strength  ↓ Yield Strength ↓
Elongation ↑ Creep ↑
Fatigue Resistance ↓ Melt Strength ↓

“Processability” ↑ Shear Sensitivity ↑

Extrudate Swell ↓ “Shark Skin” Formation ↓
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Shape of the Molecules
Linear

Branched

Long-Chain Short-Chain

Cross-Linked
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Thermoplastics structure vs.Mechanical propertiesThermoplastics structure vs.Mechanical properties
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Organization of the Molecules

Solid State Structure of Thermoplastics

Amorphous

No polymer structure.

Examples:  Polystyrene
Polycarbonate
PMMA

Semi-Crystalline

Contains both crystalline 
(ordered)and amorphous 

polymer.
Examples:   Polyethylene

Polypropylene                 
PET
Polyamides (nylon)
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Crystallinity and effect on propertiesCrystallinity and effect on properties

Transparency and Optical properties
Mechanical properties
Thermal properties
Chemical properties
Electrical properties
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Crystallinity and TransparencyCrystallinity and Transparency
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Amorphous Polymers Semi-Crystalline Polymers

Generally clear.
Depends on polymer chain 
entanglements for strength.
No specific melting temperature.
Low shrinkage on freezing.
Cooling rate has a moderate effect 
on properties.
Orientation has a low to moderate 
effect on properties.
Low to medium chemical 

resistance.

Generally  cloudy to opaque.
Crystallinity provides strength 
up to the melting temperature
Specific melting temperature.
High shrinkage on freezing.
Cooling rate significantly 
effects properties.
Orientation has a strong effect 
on properties (anisotropic).
Good to high chemical resistance.
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Because of these easier flow
characteristics, crystalline resins have
an advantage in filling thin-walled
sections, as in electrical connectors.

Source: Bayer
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Material Selection ChallengeMaterial Selection Challenge

Large Data base……….50 major types – 500 suppliers –
50,000 Grades 
Standardization issues….Tests, test specimen, testing 
organizations
Difficulty in comparing data on equal basis
Lack of multipoint measurement data
Overzealous sales and marketing efforts
Limited educational material availability
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Material SelectionMaterial Selection
Material Selection Pitfalls               

• Datasheet interpretation

• Synergistic effects

• Economics

• Supplier Recommendations

• Application checklist
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Material Selection ProcessMaterial Selection Process

Define requirements
Narrow down choices…process of 
elimination…clear  vs. opaque….High 
Heat
Rigid, flexible, elastomeric?
Specific application? Medical?
Material selection guidelines
Specific property requirement…
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Narrowing the choicesNarrowing the choices

Clear Thermoplastics

Polystyrene
Acrylics
Polycarbonate
SAN
Polysulfone
ASA
Polyurethane

High Heat 
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Material Selection ProcessMaterial Selection Process
Identify application requirements
Mechanical (Load, Stiffness, Impact etc.)
Thermal ( temperature range, Maximum use temperature, etc) 
Environmental considerations ( Weather, UV, Moisture)

Identify the chemical environment
Define the chemical stress, temperature, contact time, type of chemical

Identify special needs
Regulatory (UL, FDA, NSF, etc.)
Outdoor or UV exposure
Light transmission, Fatigue and creep requirements

Define Economics

Define Processing Considerations
Type of Process (Injection Molding, Extrusion, Blow Molding, Thermoforming, etc.)
Define Assembly requirements
Painting/Plating
Shielding
Search history for similar commercial applications
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Identifying Application RequirementsIdentifying Application Requirements

Physical Properties
Specific Gravity
Mold Shrinkage
Rheology

Mechanical Properties
Tensile Strength
Tensile Modulus (Stiffness-Resistance to bending)
Tensile Elongation/Ductility
Impact strength
Fatigue Endurance ( Resistance to high frequency cyclic loading)
Creep resistance (Resistance to long-term deformation under load)
Thermal Properties
Deflection Temperature Under Load (DTUL,HDT)
Thermal Conductivity
Thermal expansion coefficient
Continuous Use Temperature (Relative thermal Index)
Regulatory Performance
Flammability (UL 94)
High Voltage Arc Tracking
FDA

Source: GE Plastics
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Identifying Application Requirements Identifying Application Requirements (cont.)(cont.)

Environmental Considerations

Exposure to UV, IR, X-Ray
High humidity
Weather Extremes
Pollution: Industrial chemicals
Microorganisms, bacteria, fungus, mold

The combined effect of the factors may be much more severe than any single 
factor, and the degradation processes are accelerated many times.

Published test results do not include synergistic effects…always existent in real -
life situations.
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Identifying Application requirementsIdentifying Application requirements (Cont.)(Cont.)

Chemical Behavior/Chemical resistance

Resistance of Thermoplastics to various chemicals is dependent on:

Time (of contact with chemical)                         
Temperature
Stress (Molded-in or External)
Concentration of the chemical

Chemical Exposure may result in:

Physical Degradation - Stress cracking, Crazing, Softening, Swelling, Discoloration
Chemical Attack – Reaction of chemical with polymer and loss of properties
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EXAMPLES………….ACETAL……PU
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HOW DO I MAKE SURE 

THAT I HAVE CONSIDERED 

EVERYTHING?
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Why Reinvent the Wheel?Why Reinvent the Wheel?

Search history for similar commercial applicationsSearch history for similar commercial applications
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Other Important   ConsiderationsOther Important   Considerations

Cost
Product design
Tooling
Shrinkage
Secondary Operations
Assembly
Interpreting Data Sheets
Prototyping and Testing
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Material Supplier Data SheetsMaterial Supplier Data Sheets

Material supplier data sheet - purpose
Origination of data sheets
Meaning of reported values
How are the values generated
Interpretation of the data
Application of the data for practical use
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Typical data sheetTypical data sheet
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TypicalTypical
DataData
SheetSheet
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Typical Data SheetTypical Data Sheet
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Purpose of a data SheetPurpose of a data Sheet

Compare property values of different 
plastics materials (Tensile strength of 
nylon vs. Polystyrene, Impact strength of 
ABS vs. Polycarbonate)
Quality control guidelines for material 
manufacturers
Purchasing/Material specifications
Initial screening of various materials
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Data Sheets Are Data Sheets Are NOTNOT Meant to Meant to 
Be Used forBe Used for

Engineering design
Final(ultimate) material selection

Why?

Reported data generally derived from short term 
tests
Usually from single point measurement
Laboratory conditions
Standard test bars
Values are generally higher and do not correlate 
with actual use conditions
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Factors affecting PropertiesFactors affecting Properties

Type of plastic - Thermoplastic or 
Thermoset
Processing (Fabricating) conditions
Morphology
Molecular Weight
Additives
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HDT  vs.  CONTINUOUS USE HDT  vs.  CONTINUOUS USE 
TEMPERATURE(UL TEMPERATURE INDEX)TEMPERATURE(UL TEMPERATURE INDEX)

Material HDT Continuous Use Temp.

Ryton R-4                        >500 ° F                     338 ° F
(Polyphenylene 
Sulfide)

Radal
(Polyphenylsulfone)          400 ° F                       300 ° F
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HDT (DTUL)    TESTHDT (DTUL)    TEST
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Commercial HDT measurement apparatus
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HDT    Test   
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Continuous use TemperatureContinuous use Temperature
ULUL’’s relative Thermal Index based upon s relative Thermal Index based upon 
historical recordshistorical records

Material                                    Generic Thermal Index   °C

Nylon (type 6, 6/6, 6/10, 11)                                   65 
Polycarbonate 80
Phenolic 150
PTFE 180
RTV Silicone 105
PET Film 105
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Material Selection using WebMaterial Selection using Web

Matweb www.matweb.com
Ides                 www.freemds.com
Plaspec www.plaspec.com
M-Base http://www.m-base.de

Consultek www.consultekusa.com

http://www.matweb.com/
http://www.freemds.com/
http://www.plaspec.com/
http://www.m-base.de/
http://www.consultekusa.com/
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Where to Get More InformationWhere to Get More Information
BOOKS & Design Guides
Deanin, R.D.,  Polymer Structure Property & Applications, Cahners Books, ISBN 0-8436-1202-9
Shah, V. H., Handbook of Plastics Testing Technology, John Wiley & Sons, www.wiley.com
Product Design Handbooks
GE,  BAYER & TICONA

SEMINARS
University of Massachusetts Lowell Continuing Studies and Corporate Education, Lowell, MA
www.continuinged.uml.edu/plastics
Paulson Training Programs, Inc.  www.paulson-training.com
A. Routsis Associates Inc.  www.traininteractive.com
Society of Manufacturing Engineers,  www.sme.org

TRADE PUBLICATIONS
Injection Molding Magazine      immnet.com
Plastics Engineering                   www.4spe.org
Plastics Technology                    www.plasticstechnology.com
Modern Plastics    www.modernplas.com

PLASTICS TESTING LABORATORIES
Plastics Testing Laboratories, Inc.  www.ptli.com
Delsen Testing Laboratories, Inc.   www.delsen.com
CRT Laboratories, Inc. e-mail, crtlabs@pacbell.net

http://www.wiley.com/
http://www.continuinged.uml.edu/plastics
http://www.paulson-training.com/
http://www.traininteractive.com/
http://www.immnet.com/
http://www.4spe.org/
http://www.modernplas.com/
http://www.ptli.com/
http://www.delsen.com/


49

Plastics Engineering Technology Certificate

This three-course certificate program provides practical instruction applicable to 
materials, processing, product design and tooling. The program is targeted to 
technical and non-technical audiences desiring to acquire basic knowledge, expand 
their horizon, enhance their career or simply take as a refresher course. The main 
emphasis is on practical aspects of Plastics Engineering Technology without being 
extremely technical so that the knowledge achieved can be applied in day-to-day 
applications.

PLASTICS: THEORY AND PRACTICE WINTER

SCIENTIFIC INJECTION MOLDING SPRING

PLASTICS PART DESIGN/Tooling FALL

WWW.CEU.CSUPOMONA.EDU

CAL POLY POMONA 

COLLEGE OF THE EXTENDED UNIVERSITY
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Any Questions?
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