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2. Material selection

The right choice

Material selection — There is no such thing as a bad material-just the wrong material
for a particular application. Itis therefore essential for designers to know the properties
of the competing materials inside out and to test them all carefully in relation to the
factors affecting the injection moulded part.

Conventional thermoplastics

The materials most frequently used in injection-moulding are thermoplastics. These may be
subdivided into amorphous and semi-crystalline plastics (Fig.1).

These two groups differ in molecular structure and in all the properties that are influenced by
crystallization (Fig. 2).

As a broad generalization, semi-crystalline thermoplastics are used mainly for components that are
exposed to high mechanical stresses, while amorphous thermoplastics are more often employed in
housings because of their lower tendency to warp.

Thermoplastics
|
amorphous semi-crystalline
PS Polystyrene POM Polyoxymethylene
(Polyacetal)
ABS Acrylonitrile-
butadiene-styrene PAG6
PA66 Polyamide
PMMA Polymethyl PA11
methacrylate PA12
PVC Polyvinyl chloride PBT Polyester
PET
PC Polycarbonate PE Polyethylene

Thermoplastics

Fig. 1
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Fillers and reinforcing materials

Thermoplastics are supplied in unreinforced, glass-fibre-reinforced and mineral- and glass-sphere-
filled forms. Glass fibres are used primarily to increase strength, rigidity and service temperature;
minerals and glass spheres have alower reinforcing effect and are employed mainly to reduce
warpage.

Glassfibres affect processing, particularly a parts shrinkage and warpage behaviour. Fibre-reinforced
materials cannot therefore be replaced by unreinforced thermoplastics or materials with low
reinforcement content without dimensional changes occurring (Fig. 3). The orientation of the glass
fibresis determined by the flow direction. This produces a change in mechanical strength.

amorphous semi-crystalline
Mechanical properties 0] +
Tendency to creep + 0]
Chemical resistance = +
Flexural fatigue strength - +
Critical strain 0,4%-0,8%

Notch sensitivity =

Service temperature (0]
Onset of melting Softening range
Shrinkage 0,3% - 0,8%

+ favourable O satisfactory - unsatisfactory

Property comparison of thermoplastics
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To demonstrate these effects, test bars were milled from injection moulded sheets in the longitudinal
and transverse directions and their mechanical property values were compared in atensile testing
machine (Fig. 4).

In the case of 30% glass-fibre-reinforced PET, there was a strength loss transverse to the direction
of flow of 32% for tensile strength, 43% for flexural modulus and 53% for impact strength.
These losses must be taken into account in strength calculation by incorporating safety factors.
A wide variety of reinforcing materias, fillers and modifiers are added to many different thermoplastics
to alter their property profiles. In material selection, the changes in properties produced by these
additives must be checked very carefully in brochures or databases (e.g. Campus) or, better still,
technical advice should be sought from specialists employed by the raw material manufacturers

(Fig. 5).
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Effect of moisture

Some thermoplastics, especially PA6 and PA66, absorb moisture. This may have considerable effect
on their mechanical properties and dimensional stability. Particular attention should be paid to this
property in material selection (Fig. 6- 7).

Other selection criteria

Other requirements relate to processing considerations and assembly. It is also important to investigate
the possibility of integrating severa functions in one component so saving costly assembly operations.
This measure can have avery beneficial effect on production costs. It can be seen that in price
calculations, it is not only the raw material price that isimportant. It should also be noted that
materials with higher rigidity permit thinner walls and so result in faster cycles.

It isimportant to list all the criteriafor material selection and evaluate them systematically.

A rough material selection flow chart is shown in Fig. 8.

Electrical properties + *
Effect of moisture
Fig. 6
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Fig. 7
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List all essential Desirable
requirements requirements
specifications, stresses, tolerances, appearance, gloss
chemicals, service environment ... would be an advantage if...

\ 4

List and evaluate
possible materials
use Campus or other
material databases,
product literature ...

4

Profitability analysis
Prototypes wall thickness and production time,
multifunctions,
injection moulding conditions,
number of mould cavities,

predrying pellets,
Test methods recycling sprue waste ...

. 4

Classification of
usable materials

mould, model

Similar components
experience in operation,
by specialists
or raw material supplier

Material chosen for use

Material selection flow chart

Fig. 8
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Du Pont de Nemours (Belgium)
Antoon Spinoystraat 6

B-2800 Mechelen

Tel. +32154414 11

Telefax +32 1544 14 09
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Serviced by
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See under Osterreich.
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CZ-15500 Praha 5— Jinonice
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DuPont Magyarorszag Kft.
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Tel. +36 23 509 400
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Maroc

Deborel Maroc S.A.

40, boulevard d'Anfa —10°
MA-Casablanca

Tel. +212227 4875
Telefax +212 226 54 34
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Tel. +47 2316 80 62
Telefax +47 23 16 80 62
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Biesterfeld Interowa GmbH & Co. KG
Brauhausgasse 3-5

P.0.Box 19

AT-1051 Wien

Tel. +4315123571-0

Fax +4315123571-31

e-mail: info@interowa.at

internet: www.interowa.at

Polska

Du Pont Poland Sp.z 0.0.
ul. Powazkowska 44C
PL-01-797 Warsaw

Tel. +48 22 320 0900
Telefax +48 22 3200910

Portugal

Biesterfeld Iberica S.L.
Rua das Matas
P-4445-135 Alfena

Tel. +351 229 698 760
Telefax +351 229 698 769

Romania
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Biesterfeld Interowa GmbH & Co. KG.
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ul. Krylatskaya 17/3
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Tel. +7 495797 22 00
Fax. +7495797 2201
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Tel. +41 61 201 31 50

Telefax +41 61201 31 69
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Biesterfeld Interowa GmbH & Co. KG.
See under Osterreich.

Suomi/ Finland

Du Pont Suomi Oy

PO Box 54 (Keilaranta 12)
FI-02150 ESPOO

Tel: +358 207 890500

Fax: +358 207 890501

Sverige

Serviced by

Du Pont Danmark ApS.
See under Danmark.

Tiirkiye

Du Pont Products S.A.
Buyukdere Caddesi No. 122
Ozsezen Ismerkezi, A block, Kat: 3
Esentepe, 34394 Istanbul

Tel. +90 212 340 0400

Telefax +90 212 340 0430

www.plastics.dupont.com

Ukraine

Du Pont de Nemours
International S.A.
Representative Office

3, Glazunova Street
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Tel. +380 44 294 96 33/ 269 13 02
Telefax +380 44 269 11 81

United Kingdom

Du Pont (UK) Limited
Wedgwood Way
Stevenage

Hertfordshire SG14QN
Tel. +44 1438 734000
Telefax ++44 1438 734109

South Africa

DuPont de Nemours
Societe Anonyme

South African Branch Office
4th Floor Outspan House
1006 Lenchen Avenue North
Centurion

Pretoria 0046

Tel. +27 0 12 683 5600
Telefax +27 0 12 683 5661

NORTH AMERICA

USA

DuPont Engineering Polymers
Barley Mill Plaza, Building 26

P. 0. Box 800026

Wilmington, Delaware 19880
Tel. +1.302 992 4592

Telefax +1302 992-6713

DuPont Automotive

950 Stephenson Highway
P.0.Box 7013
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Tel. +1 248 583-8000

Canada

DuPont Engineering Polymers
P.0. Box 2200

Streetsville, Mississauga
Ontario, Canada L5M 2H3
Tel. +1 905 821-5953

Mexico

DuPont S.A. de C.V.
Homero 206

Col. Chapultepec Morales
11570 Mexico D.F.

Tel. + 525 557 221 000

SOUTH AMERICA
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Du Pont Argentina S.A.
Avda. Mitre y Calle 5
(1884) Berazategui-Bs.As.
Tel. +54 11 4239-3868
Telefax +54 11 4239-3817

Brasil

DuPont do Brasil S.A.

Al Itapecuru, 506 Alphaville
06454-080 Barueri-Sao Paulo
Tel. + 5511 7266 8229

ASIA-PACIFIC

Australia

DuPont (Australia) Ltd.
168 Walker Street

North Sydney NSW 2060
Tel: +612 9923-6111

Fax: +612 99236011

Hong Kong/China

DuPont China Ltd.

26/F, Tower 6, The Gateway,

9 Canton Road

Tsimshatsui, Kowloon, Hong Kong
Tel: +852 2734 5345

Fax: +852 2724 4458

Shanghai/China

DuPont China Holding Co. Ltd.
15/F., Shui On Plaza

333 Huai Hai Road (Central)
Shanghai 200021

Tel: +86 21 6386 6366

Fax: +86 21 6386 6333

India

E.I. DuPont India Limited,
"Arihant Nitco Park" Sixth floor,
90, Dr. Radhakrishnan Salai,
Mylapore,

Chennai 600 004

Tel: +91 44 28472800

Fax: +91 44 28473800

Japan

DuPont Kabushiki Kaisha
Sanno Park Tower, 11-1
Nagata-cho 2-chome
Chiyoda-ku, Tokyo 100-6111

Japan.
Tel: +813 5521 8500
Fax: +81 35521 2595

Korea

DuPont (Korea) Ltd.

4/5 Floor, Asia Tower

#126, Yeoksam-dong, Kangnam-Ku
Seoul 135-082

Tel: +822 2222-5200

Fax: +822 2222-5470

Singapore

Du Pont Company (S) Pte Ltd
1 HarbourFront Place #11-01
HarbourFront Tower One
Singapore 098633

Tel: +65 6586 3688

Fax: +65 6272 7494

Taiwan

DuPont Taiwan Ltd.

Hung Kuo Building, 13th floor
#167 Tun Hwa North Road
Taipei 105

Tel: +8862 2719-1999

Fax: +8862 2719-0852

Thailand

DuPont (Thailand) Limited
6-7th Floor, M. Thai Tower
All Seasons Place

87 Wireless Road
Lumpini, Phatumwan
Bangkok 10330

Tel: +66 2 659 4000

Fax : +66 2 659 4001
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