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CHAPTER 1 FUNDAMENTALS
OF MATERIALS

1.1 Metals and Nonmetals

Perhaps the most common classification that is encountered in materials selection is whether the
material is metallic or nonmetallic''’. The common metallic materials are such metals as iron ,
copper, aluminum, magnesium, nickel, titanium and the alloys of these metals, such as steel,
brass and bronze. They possess the metallic properties of luster, thermal conductivity and electrical
conductivity ; they are relatively ductile and some of them have good magnetic properties. The
common nonmetals are wood, brick, concrete, glass, rubber and plastics. Their properties vary
widely, but they generally tend to be less ductile, weaker and less dense than the metals, and they
have no electrical conductivity and poor thermal conductivity.

About two thirds of all elements found in the earth are metals, but not all metals may be used in
industry”'. Those metals, which are used in industry, are called engineering metals. The most
important engineering metal is iron (Fe), which in the form of alloys with carbon (C) and other
elements, finds greater use than any other metals. It is known that metals are very important in our
life. Metals have the greatest importance for industry. All machines and other engineering
constructions have metal parts; some of them consist only of metal parts.

Why does man use metals still so much today when there are other materials, especially
plastics, which are available? A material is generally used because it offers the required strength and
other properties at minimum cost. Appearance is also an important factor. The main advantage of
metals is their strength and toughness. Concrete may be cheaper and is often used in building, but
even concrete depends on its core of steel for strength. Plastics are lighter and more corrosion-
resistant, but they are not usually as strong. Another problem with plastics is what to do with them
after use. Metal objects can often be broken down and recycled; plastics can only be dumped or

burned.

Plastics have specific properties, which may make them preferable to traditional materials for
certain uses’'. In comparison with metals, for example, plastics have both advantages and
disadvantages. Metals tend to be corroded by inorganic acids, such as sulphuric acid and
hydrochloric acid. Plastics tend to be resistant to these acids, but can be dissolved or deformed by
solvents, such as carbon tetrachloride, which have the same carbon base as the plastics. Color must

be applied to the surface of metals, whereas it can be mixed in with plastics. Metals are more rigid
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than most plastics, while plastics are very light, with a specific gravity normally between 0.9 and
1. 8. Most plastics do not readily conduct heat or electricity. Plastics soften slowly and can easily be
shaped while they are soft.

Their plasticity at certain lemperatures gives plastics their main advantage over many other
materials. It permits the large-scale production of molded articles, such as containers, at an
economic unit cost'* | where other materials require laborious and often costly processes involving
cutting, shaping, machining, assembly and decoration. A plastics article may need to differ in
design and appearance from a similar article made from another material such as metal or wood. This
is due not only to the properties of plastics but also to the techniques employed in fabricating plastics
products. These techniques include injection molding, blow molding, compression molding,
extrusion and vacuum forming.

Although it is likely that metals always will be the more important of the two groups, the relative
importance of the nonmetallic group is increasing rapidly, and since new nonmetals are being created
almost continuously , this trend is certain to continue. In many cases, the selection between a metal
and nonmetal is determined by a consideration of required properties. Where the required properties

are available in both, total cost becomes the determining factor .

Vocabulary
metallic adj. (%) @& (i) 1 sulphuric acid  fif2
aluminum  n. hydrochloric acid ~ £Lfig
magnesium  n. £t solvent n. ¥ adi (£7) W% (J1) M
nickel n. 4 carbon tetrachloride  PUZ fbhik
titanium  n. %k rigid adj. UM, KIPER) oo WIE
alloy n. 54 mould (mold) — n. (V¥ JEW . $51EH])
brass n. P4 B o B, TR, R
bronze n. 7l (#%) plasticity n. ¥tk
luster n. YGF cutting n. 23E, VK
ductility n. GERME, niEME shaping  n. WY
concrete  n. JKIE machining n. HLINT., YIHI
plastics n. ¥1#} assembly . Bl
density n. #E decoration n. HAfi, RE
carbon n. B fabricate ot. & (%), 4/~
appearance . Hhde. S injection molding  VEAMEI (74)
toughness  n. Bk blow molding W9 (i)
corrosion n. J&h compression molding JE¥ (#5), #lk ()
recycle v, & (TEH) FIHF extrusion n. $fJE
dump o fHifE], HEHKL vacuum forming  FUHARE (34)
inorganic acid  JCHLER it is certain to (inf. )  WASR, %
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Notes
[ 1] Perhaps the most common classification that is encountered in materials selection is
whether the material is metallic or nonmetallic. A< 411}t that is encountered ... selection }j
classification [F) @15 M) ; whether ... or ... “Jd----- J2ip -aREEe T, gl RIEN, RRPER

CAEBEFERTAHINS T 2 A di 3k PR A3 AN, KA X Fob R G A LA S s A,

[2] About two thirds of all elements found in the earth are metals 41, found in the earth J: 5}
LOr IR, A all elements (5721, W IFh CHLER DRI FOCE - "L fif two
thirds J&47 “ 202 U7, SeRA AR CEHUER FRBIASFOCE T, K a2 T Re
JBICA , AHIFARTAT B4 s AR REAE T 1k 1.7

[3] Plastics have specific properties, which may make them preferable to traditional materials
for certain uses. )i, which | 218 AR) 6 properties, 4 i) to /R A2 8, B4
AR UBEEATRERTERE , XA SO SBR[ AR G R B A vl B,

[4] It permits the large-scale production of molded articles, such as containers, at an
economic unit cost. such as g W12 S PEIT, Je— RSB RE, I articles i RIS A\ il B 1 at
an economic unit cost fCHG FEIEWT, MEE AL METTEAET . AR
FH PIPEAE Z BER B AR HSL ARSI 1, il an & R a8 25

[5] Where the required properties are available in both, total cost becomes the determining
factor. 41JH1 Where 5| 5AR1EMA], BIEIE in case (£ fL T ) 5 available J& 7w DA%} 5]
()7 o AMIATER PRI AL R RE D i S, SURAU 1 R ETEN K 7

1.2 Ferrous Metals, Nonferrous Metals and Alloys

Metals consisting of iron combined with some other elements are known as ferrous metals'"’ ; all
the other metals are called nonferrous metals. The most important nonferrous metals are copper
(Cu), aluminum (Al), lead (Pb), zinc (Zn), tin (Sn), but all these metals are used much
less than ferrous metals, because the ferrous metals are much cheaper. This means that there are an
enormous variety of metals and metallic materials available from which to choose.

Not all metals are strong. Copper and aluminum, for example, are both fairly weak, but if they
are mixed together, the result is an alloy called aluminum bronze, which is much stronger than
either pure copper or pure aluminum. Alloying is an important method of obtaining whatever special
properties are required ; strength, toughness, resistance to wear, magnetic properties, high electrical
resistance or corrosion-resistance °

Methods of extracting, producing and treating metals are being developed all the time to meet
engineering requirements. Different metals are produced in different ways, but almost all the metals
are found in the form of metal ore (iron ore, copper ore, etc. ). The ore is a mineral consisting of
a metal combined with some impurities. In order to produce a metal from some metal ore, these
impurities must be separaied from the metal, which is done by metallurgy.

Casting is a widely used method of producing metal products, particularly those which are intricate.
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Since molten materials will readily take the shape of the container into which they are poured, it is nearly
as easy to cast fairly complex shapes as to produce simple forms. The metals most frequently cast are
iron, steel, aluminium and so on. Of these, iron, because of its low melting point, low price and ease of
control, is outstanding for its suitability for casting and is used far more than all the others.

A relatively wide range of nonferrous alloys can be die-cast. The principal base metals used, in
order of commercial importance, are zinc, aluminium, copper, magnesium, lead and tin. The alloys
may be further classified as low-temperature alloys and high-temperature alloys; those having a
casting temperature below 538 °C, such as zinc, tin and lead, are in the low-temperature class. The
low-temperature alloys have the advantages of lower cost of production and lower die-maintenance
costs. As the casting temperature increases, alloy and other special steels in the best treated
condition are required to resist the erosion and heat checking of die surfaces'®’. The destructive
effect of high temperatures on the dies has been the principal factor in retarding the development of
high-temperature die-castings.

Another factor governing the choice of alloy is the erosive or solvent action of the molten metal
on the respective machine parts and dies. This action increases with temperature , although it is more
pronounced with some alloys than with others. Aluminium, in particular, has a destructive action on
ferrous metals and, for this reason, is seldom melted in the machine, whereas the copper-base alloys
are never melted in the machine.

Aluminum alloys are best known for low density and corrosion resistance. Electrical
conductivity, easy of fabrication and appearance are also attractive features. Magnesium alloys have
even lower density than aluminum and, as a result, appear in numerous structural applications such
as aerospace designs. Aluminum is an fcc material and therefore has numerous slip systems, leading
to good ductility. By contrast, magnesium is hcp with only three slip systems and characteristic
brittleness. Although more dense than Al or Mg, titanium alloys have a distinct advantage of
retaining strength at moderate service temperatures, leading to numerous aerospace design
applications. Titanium shares the hcp structure with magnesium leading to characteristically low
ductility. However, a high temperature bcc structure can be stabilized at room temperature by
certain alloy additions such as vanadium. Copper alloys possess a number of superior properties. The
fcc structure contributes to their generally high ductility and formability. The mechanical properties

of these alloys rival the steels in their variability.

Vocabulary
ferrous adj. (&) BKH) ore n. # (1)
ferrous metal 2 A4 H mineral n. Y adi. HYH
nonferrous metal £ (4,4 J& retard o, (fi) IEZLE  n. HER
lead n. 4% copper-base alloy 4344
zine n. % fcc  (face-centered cubic) [fj.Lo37 )7
tin n. 4 hep  (hexagonal close-packed) #HE/SH
extract vt. HEfkR, ZKEL impurity n. Z%f, A4
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metallurgy n. 154 (R) destructive adj. BEIR (HE) B, HEHW
casting (s) n. %#E () bec  (body-centered cubic) {&.(337 7
die-casting (s) n. E&% (4) stabilize vt. {FRFE, {H'REH

molten adj. 1§ (R, 1) B vanadium n. £

pour v. BETF formability n. FJEYE

erosion n. fi§ (2. £5) il rival n. XF v Heeooo FHVCEL

heat checking #BL, EH

Notes

[ 1] Metals consisting of iron combined with some other elements are known as ferrous metals.
Hrf, consisting of BB IHBNAKMIEM ALK, 55 M 515 4B I AE 53 18] 5615 1 Metals
MG BEE . AFK)IETER are known as, A AT “ BRI AMT RS S 4UK
KRR ROEE

[2] Alloying is an important method of obtaining whatever special properties are required:
strength , toughness, resistance to wear, magnetic properties, high electrical resistance or corrosion-
resistance. H.#', M /] whatever special properties are required J& obtaining [{)E1E, 4H)A] %
R BRGNS R AR R R E R, R, B, PUBHE. Bt
e R B R R i

[3] As the casting temperature increases, alloy and other special steels in the best treated
condition are required to resist the erosion and heat checking of die surfaces. /fJH7, in the best
treated condition &4 17415, f# alloy and other special steels FETE, £~ “TERMLFG T L
TG SRR ; M sb. /sth. is required to +inf. , F N “X A B EY TR
Zeel o AR AR “HEERE LR, FERS S EELS K G S W H AR
Fofv R R HIE T XA L 32 THT PO P A B

1.3 Polymers

1.3.1 Polymers

There is no generally accepted definition of a plastic, but it can be regared as a material
containing a synthetic high polymer as the major constituent. Polymers are materials of high
molecular weight formed by joining together many (poly) small molecules. In some plastics the
polymer may be the only constituent, but more usually a variety of other substances are incorporated
such as fillers, pigments, antioxidants, plasticizers, etc. These additives will enhance specific
properties and/or facilitate processing. Almost all commercial plastics at present are based upon
organic polymers. The word plastics is closely associated in many minds with cheap, brightly
coloured products of limited life. The time has probably come to adapt a new name more worthy of
the exciting range of polymer materials with many different  properties which are available to

engineers''’ .
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From the production point of view, the main advantage of plastic materials is their relatively
low melting point and their ability to flow into a mould. Generally there is only one production
operation required to convert the chemically manufactured plastic into a finished article. Contrast
this with metal where generally many operations are required to convert the raw material into its final
shape 2.

It is convenient to divide plastics into two groups depending upon the geometrical form of the

polymer molecule. The first group is the linear polymers which are the basis of thermoplastics.
1.3.2 Thermoplastics

In linear polymers the molecules are synthesized in the shape of long threads. They are called
thermoplastics because they soften upon heating and harden upon cooling in a reusable fashion. In
the melted state they are rubber-like liquids, and in the hard state they are glassy and brittle (e.
g. Perspex) or partially crystalline (e. g. Nylon). The latter type decreases in volume upon
solidification by several percent which must be taken into account during processing”®!.

Properties of some of the thermoplastics are given below in the table 1-1.

Table 1-1 Properties of thermoplastics

Pokiiace Tensile Compressive Machining Chemical
Strength Strength Properties Resistance
Nylon Excellent Good Excellent Good
PTFE ( Poly-tetra-fluoro-ethylene ) Fair Good Excellent Outstanding
Polypropylene Fair Fair Excellent Excellent
Polystyrene Excellent Good Fair Fair
PVC ( Polyvinyl-chloride) (rigid) Excellent Good Excellent Excellent
PVC (flexible) . Fair Poor Poor Good

e Tensile Strength: Excellent 55 N/mm®  Poor 21 N/mm?.

e Compressive Strength: Excellent 210 N /mm?  Poor 35 N/mm?’.

Thermoplastics can be processed to their final shape by plastic moulding or extruding.
Extruding is often used as an intermediate process to be followed by vacuum forming or machining,

for example. We will consider each of these processes in turn.

1. 3.3 Thermosetting Plastics

These polymers set solid after being melted to a liquid state by heating; hence the term
thermosetting plastic. This process of solidifying is known as curing. During curing, all the small
molecules are chemically linked together to form one giant network molecule. Hence they are
distinguished from the linear polymers (thermoplastics) by being called network polymers.

The change from the liquid state to solid is irreversible and further heating results only in
chemical breakdown; not melting. All the common thermosetting plastics are synthetic resins like

epoxide,, melamine, phenol, polyester for example, which in the hard state are invariably glassy and
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brittle in nature. Their structures are based upon carbon like the linear polymers. The silicones,

however, are another family of materials whose structure is based upon silicon, not carbon. They are

usually grouped with the common thermosetting plastics, the properties of some of which are given

below in the table shown at table 1-2. It will be noticed that fillers are given below in the table to

improve or modify the mechanical or chemical properties of the resin, or in order to give cheaper

malerials.

Thermoseltling plastics are processed to their final shape by moulding. This may be followed in

some instances by machining. We will consider each of these processes in turn.

Table 1-2 Properties of thermosetting plastics

Compressive Machining Chemical
Polymer . :
Strength Properties Resistance
Epoxy Resin ( glass fibre filled) Outstanding Excellent Good Excellent
Melamine Formaldehyde (asbestos filled) Good Fair Good
Phenol Formaldehyde  ((hakelite) Good Fair Fair
Polyester ( glass fibre filled) Good Good Fair
Silicone  (asbestos filled) Outstanding Good Fair Fair
o Tensile Strength: Excellent 55 N/mm?  Poor 21 N/mm’.
e Compressive Strength: Excellent 210 N /mm®  Poor 35 N/mm?>.
Vocabulary

polymer n. ROV, ZEY

lincar polymer ZARE 9

network polymer — [WAR 5 754
thermoplastic — FAPP|: 74}
thermosetting plastic — H [ PE 93 )
synthetic —adj. {YIRIY, AN
constituent  n. 4LHLHBSF, BIr
filler n. @SNy, WOk

pigment n. Fi{, Fik

antioxidant  n. Bj 5L

plasticizer n. H§#15|

facilitate v fliF¥Ly, {li -

in one’s mind e L H Ry, B INEERFS
raw adj. JSUUGTR, AT
perspex  n. ATHLBEHS

enystalline  n. Z58 . SR {E

nylon  n. JE&JE

solidification . BEIH, [E1k, 45hh

compress . JEH4f

PTFE ( poly-tetra-fluoro-ethylene)  n. R LK
polypropylene  n. N/

PVC (polyvinyl-chloride) — n. R LM
polystyrene  n. AL

moulding n. FifE, FHENIE

curing n. fifk, 24k, Rk
ireversible adj. FAEE), AT
resin  n. BEAE, RIARTHIAD

epoxide n. HE L)

epoxy resin ARG

melamine n. #iE, ZEF () K&
formaldehyde n.

asbestos  n. A14f

phenol n. () M@

bakelite n. JRA, WA Rk
polyester n. FH5

silicone  n. (f1#L) & (BHF)
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Notes

[1] The time has probably come to adapt a new name more worthy of the exciting range of
polymer materials with many different properties which are available to engineers. 4iJH1, to adapt a
new name more worthy of A AN kG, &N -4t AT B W BT 447
which 5| S if M BEW] properties , AT iEdy . LRRNIT L 28 RE AR A 25 FlAS [F] 1 il 1 5
FRPEE, DU — A~ 15 126 U 4l o 119 2 e AL I 140 2“7 A s BE L kI ™

[2] Generally there is only one production operation required to convert the chemically
manufactured plastic into a finished article. Contrast this with metal where generally many operations
are required to convert the raw material into its final shape. A</f]H1, contrast M with N /554 M
Y5 N MILEES, contrast i8], where 5| S iff WAEM metal , 4030 “4E80RHIN T
A E A IR, A m i T, SO R i LRI T S 2 17

[3] The latter type decrease in volume upon solidification by several percent which must be
taken into account during processing. H1J 1, the latter type S 5 # A M 93 L BE [&] 1, decrease
by. .. & “WUDEL, /N, which G SEWT M B several percento #UHAYIEY . Y
PEXURLEE B AR S /IN A Jr 2L, XA IES I Az

1.4 Mechanical Properties of Materials

One material can often be distinguished from another by means of physical properties, such as
color, density, specific heat, coefficient of thermal expansion, thermal and electrical conductivity,
magnetic properties and melting point. Some of these, for example, thermal conductivity, electrical
conductivity and density, may be of prime importance in selecting material for certain specific uses.
Those properties that describe how a material reacts to mechanical usage, however, are often more

"' These mechanical

important to the engineer in selecting materials in connection with design \
properties relate to how the material will react to the various loading during service.

Mechanical properties are the characteristic responses of a material to applied forces. These
properties fall into five broad categories: strength, hardness, elasticity, ductility ( plasticity ) and
toughness.

|2

Strength is the ability of a material to resist applied forces Elevator cables and building
beams must have this property.

Hardness is the ability of a material to resist penetration and abrasion. Cutting tools must resist
abrasion, or wear. Metal rolls for steel mills must resist penetration.

Elasticity is the ability to spring back to original shape. All springs should have this quality.

Ductility ( plasticity) is the ability to undergo permanent changes ( plastic deformation) of
shape without rupturing. Stamped and formed products must have this property.

Toughness is the ability to absorb mechanically applied energy. Strength and ductility determine

a material’s toughness. Toughness is needed in railroad cars, automobile axles, hammers and similar

products.



