Materials Science & Engineering Chapter 13. Types & Applications of Materials

Chapter 13. Types and Applications of Metals
Ceramics, and Polymers

(B5, Metd, 22Xz S7F L S8)

Metal alloys, ceramics, polymeric materials

— Ferrous alloys (& & =), nonferrous alloys (HI& &3)

— Steels (&), cast irons (F&)
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Metal alloys
Fig. 13.1 Metal alloys
a4 sk H =
= ll=— )_Ql =TT .
Ferrous Monferrous
Steels Cast irons
Low alloy Gray Ductile White Malleable Compacted
iron (nodular) iron iran iron graphite iron
High alloy
Low-carbon Mediurm-carbon High-carbon
Plain High strength,  Plain Heat Plain Taol Stainless
low alloy treatable
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Materials Science & Engineering

2) H| X & H| extraction (M&), refining (),
alloying (& 23l) & fabrication (7 3)

3) Ch¥et 7|AIM, 2218 M2
Et&: corrosion susceptibility (5 2101 F[2f)

gitierm

THE UNIVERSITY OF SLIWON



Materials Science & Engineering Chapter 13. Types & Applications of Materials

Steels (&)

L Fe—C alloys + other alloying elements
> C&EZ0| 7|AHA d&o 2 &
Low-carbon steel (KMEtAZ)
Medium-carbon steel (5 EtAZ

High-carbon steel (1EFAZ)

ot

Plain carbon steel (=EtAZ) ~C 0|2|9| CIE ®A= OF

J

o
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Alloy steel (&2 &)~ &2 HAE SH s OIE H
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Low-Carbon Steels

. C &2F0| 0.25 wto% 0O| Bt

Microstructure ~ Ferrite2} Pearlite £& 402 34
( & OF&M(hypoeutectoid) ZA 0|2 2)
Fe-Fe,C 8 EY T &Z (Fig. 10.28)

m
0

. soft, weak but ductility & toughness 1
machinable (7|77} &), weldable (& X 4)
ZF Z=oj| M 7HE x|

S A, I-beam, d2 S L EZ, pipe, Ct2|, can 7
c.f.) High-strength, low-alloy steels (HSLA steels), TZ T XM&2Z

. K{EtAZO|HAM Cu, V, Ni, Mo 5 &2 HAE 10% &

> & MEAZED ZE, B, iR AN
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Composition (at% C)

0
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eCt w, Ferrite o+ FezC
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Table 13.1b Mechanical Characteristics of Hot-Rolled Material and Typical
Applications for Various Plain Low-Carbon and High-Strength,

Low-Alloy Steels
Tensile Yield Ductility
AISI/SAE or Strength Strength | %EL in

ASTM Number |MPa (ksi)] [MPa (ksi)] 50 mm (2 in.)]

Plain Low-Carbon Steels

1010 325 (47) 180 (26) 28
1020 380 (55) 210 (30) 25
A36 400 (58) 220 (32) 23
AS16 Grade 70 485 (70) 260 (38) 21

High-Strength, Low-Alloy Steels

A440 435 (63) 290 (42) 21
A633 Grade E 520 (75) 380 (55) 23
A656 Grade 1 655 (95) 552 (80) 15

Typical Applications

Automobile panels,
nails, and wire
Pipe; structural and

sheet steel
Structural (bridges

and buildings)
Low-temperature

pressure vessels

Structures that are
bolted or riveted

Structures used at low
ambient temperatures

Truck frames and
railway cars
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Medium-Carbon Steels
. C 30| 0.25~0.6 wt% O|BF

Microstructure ~ Tempered martensite

(austenitizing = quenching - tempering)
Mt e 2= 1, 2, deld
T AxutH, H2, 7101, 3™d3 |, 7|AR &, 18 A

o

High-Carbon Steels
. C & &0]0.6~1.4 wt%

Microstructure ~ Tempered martensite
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Stainless Steels

. highly resistant to corrosion
= 284D ~ Cr (M0o{x 11 wt% 0]4f), Mn, Ni, Mo

Microstructure ~ &l &Fof 2t 27
Ferritic stainless steels
Austenitic stainless steels:

CriINiskE 7t =& (- URAE 7tE T 7))
H|XF4 (nonmagnetic)
Martensitic stainless steels
2 pstol ZE, T ME 24 (52 LR, LR AY)
a2, 2ot B E0AM AFE

-

JM

&£ gas turbines, L& steam boilers, furnaces
H[& >, EIIME, HAE UM REE
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Cast Irons (£H

. C &2F0] 2.14 wt% O|4 (E & 3~4.5 wit%)
=

=82k H|1™M %3 (1150~1300 °C)
very brittle > casting (F%x)0| 712 LHHE{0] 7}z 4t

C ST 7 =0 £t 42l cementite7t & £ 2| =04
ferrite &F 2! graphite &2 8Ms7| &

Fe,C =2 3Fe(a) + C — (Fig. 13.2)
A A A

Cementite Ferrite Graphite
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Composition (at% C)

0 5 10 15 98

Tt
L

1400 Liquid
p? — 2500
Graphite

1200 11530C o _
&) v (Austenite) ” )] ™
R = 4.2 wt% C | 5;_;
b 2.1 wt% C s
: -
w® 1000 [— S
@ ) Fr}
=3 v + Graphite g
g g

1500
RRD K 740°C

\--0.65 wt% C

s
g

600 « (Ferrite) _
e + Graphite 1000
| | | | (|
4
s 1 2 3 4 790 100
Composition (wt% C) Graphite

Fig. 13.2 &2t 4f cementite CHAI PF 4 graphite 2 LIEFHH Fe-C 4 EE T
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Types of Cast Irons

. Gray (cast) iron, ductile iron, white (cast) iron
malleable iron, compacted graphite iron

1) Gray iron (Z|F=&)
~ graphite flakes, weak & brittle in tension

stronger in compression, wear resistant
2EM 24 > FTEAMZEA K2
=.-—'.-KHE’° 4 X—I.E:’.', excellent vibrational damping

Time ——

Vibrational amplitude

(b)

N

a) steel (b) gray iron.
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AFEH or TEFH)
~ Mg & Ce2 &7, S14r0| 714 HEH
B|FMECZE, 941
3) White iron (8§ &%)
~ cementite?

F pealite &, B2 very hard but brittle
4) Malleable iron (7+E

- F0jz o

0
Ja
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l ——— gy ——
3
@
L ——— ]
£
2
Commercial cast — ~— FeaC ~C
iron range | | Mg/Ce
Reheat: hold at ~
~700°C for 30 + h Fast cool |Moderate | Slow cool Moderate | Slow cool
U N P+Fe3C| P+Gf | a+Gf P+Gp | a+Gp
Fast cool | Slow cool
a+ Gr

Pearlitic
malleable

Fig. 13.5 F&2| Fe-C 4 HI L dx{2[of (& O[M[F=.

Ferritic
malleable

cast iron

cast iron

Pearlitic gray Ferritic gray
cast iron
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Pearlitic
ductile
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! . o

Ferritic
ductile
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Nonferrous Alloys (H|Z& &

2 =)

Ferrous alloy2| Bt

High density

Low electrical conductivity

Poor corrosion resistance

o

= 7t

O

HFAI-
o

—.

Cast alloy (FZ& &

|=||_;'|')“‘

too brittle, 24 #H¥ 0{E{2 A=
Wrought alloy (Et X &=

)~ A #30| 7t58H M2

S8t
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Cu & Alloys

Copper ~ Soft & ductile, corrosion resistant
cold working (‘1Zt7+3)

Brass (88) ~zZnO| X|&t8 === M7=
35 wt% It K| 7t
FCC 75"8-7‘ _soft & ductile, 7t 712

o|= & Al cartridge case, 27|, radiator, S

o

=1
(]

Bronze (2&) ~ Sn, Al, Si, Ni & &H7IA|IZ!
Stronger than brass, LH5 A
Bearing, clutch disk, gears, springs, &%

=

%
=
_|

-l

=
o
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Al & Alloys

Aluminum ~ Low density (2.7 g/cm?®) €-> Steel (7.9 g/cm?3)
M| MEE & EHEE
LI A1, o4 4

Al foil sheet M= 7+s, T,,,= 660 °C, FCC
Cu, Mg, Si, Mn, Zn 88 H7t5t01 &= > 18%| &

SEEE0k HAEY| SA, S&E4 can, HA XA,

Ats X & (engine blocks, piston) &

| & =22 steel 2Lt specific strength 1

m
>
>
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Mg & Alloys

Magnesium ~ Low density (1.7 g/cm?3)
HCP #+&
AFL-_HX-IOE O=|3|._—;|_ E|-A-I7:||z|\_ !
AR AMEE 0242, E S hot working (&7t 713)
T, =651°C, HlmA 2ot
Fine Mg powder ~ &+ &3

on 0

Al, Zn, Mn S ™7}l =28t

(o]

0I

SS =0k HIAY|, OAY, 71, ROIEH|, RtsA £ &
Audio-video- computer -communications & H|
(ES, 43, TV, FOHE)
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Ti & Alloys

Titanium ~ p=

g/cm3, T, =1668°C (&
ow

o UT 52 88%)
LT, HIZE, A4, LA ¢
487], SFM, QIZH, AR SHEraed

Refractory Metals (LISt=2 %)

Nb, Mo, W, Ta (i =2 87, 2468 ~ 3410 °C)
2 &= X} 7F 2452

k=
- =45 1, o L
wel 8% ZfHE, X-M

—

e -

e R =a|

= oY

83 ©3

y =

Noble Metals (&%)

XM EA

Ag, Au, Pt, Pd, Rh, Ru, Ir, Os (EcI1X §40| A8t 8

Has S0 =¢
: pESEQL -'T'-&!Oﬂ Zst 17} soft & ductile

Ok

#)

2,2~ 7ele 18 Zat
H3 - FUHE AR, T2 HHE YU

23 T4 (thermocouple)
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3 8te| HIE &=

Ni & alloys ~ &Z 2|

= =l
. = (= | A
. TMoFxlg =Tl

=l X ZE (Pb & Sn alloy)

O
™
ol
-

Zn & alloys ~T,, |, StstEtSd 1, F4/0]
Soft (100 °C O|&f0{ M T & ¢ )
FEYEOE AE

c.f.) Galvanized steel (O}PI=2Z): BtAaZ o oleiE2 &
> ZnO| 4 S E|0] steelE EE &t

L
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Types of Ceramics (M2t 2| &F)

Ceramic materials

Glasses Clay products Refractories Abrasives Cements  Advanced
ceramics

Glasses Glass- Structural Whitewares Fireclay Silica Basic  Special
ceramics  clay products

1

Fig. 13.7 S®Ho=Z 223t Al2tY M=
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Glasses (72l

Noncrystalline silicates (HIHZ& &) ~ FH=
Na,O, CaO, K,0, Al,O,, B,O, & &t3tE &%
£ Z&l: Transparent & easily fabricated

Table 13.10 Compositions and Characteristics of Some of the Common Commercial Glasses
Composition (wt%s)
Gilass Tvpe Si0), Na, 0 Ca0O ALO, B.04 Other Characteristics and Applications

Fused silica >99.5 High melting temperature, very
low coefficient of expansion
(thermally shock resistant)

096% Silica 96 4 Thermally shock and chemically

(Vycor™) resistant—Ilaboratory ware
Borosilicate 81 35 2.5 13 Thermally shock and chemically
(Pyrex™) resistant—ovenware
Container 74 16 5 1 4MgO Low melting temperature, easily
(soda-lime) worked, also durable
Fiberglass 55 16 15 10 4MegO Easily drawn into fibers—glass—
resin composites
Optical flint 54 1 37PbO, High density and high index of
8K,0 refraction—optical lenses
Glass—ceramic 435 14 30 55  6.5Ti0,, Easily fabricated; strong; resists
(Pyroceram™) 0.5A5,0; thermal shock—ovenware
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Glass-Ceramics

Noncrystalline glass (HI&H & |2

= GxiC|
x

13} (crystallization) or

oo K

o
S 2|8t (devitrification)

Glass-ceramics (O|M 24 2= o| CtEH M=)

L EdER o

03
—r

Of

MY 1 (L AL ), ME 2

-> Ovenware, tableware, oven windows S0 Al S
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Clay Products

ME, 88 &0, 12 A™(firing)s

0
Structural clay products (X2 & ME ANF)
HE EFQ stz

Whitewares (“”XP) ~aEF Mo = B
 KE2), 271 AT1F

Refractories (LHSHE)

& S280ME 22d B X
20 & or 23l &I 5

Thermal insulation (EFQ)

LiEt ™ E, Alumina (AlO,), Silica (SiO,), Zirconia (ZrO,) &

ex) Furnace linings, FEIAZX, 25 QA 2|, ™A
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Cements
¢ HE, 43|14 (CaCO,), M1 (Cas0,), M3l (Ca0) 58
ZeetEYE
CaCoO, CaO Ca(OH),
LIPS ‘ A A 5| ‘ A2
27t H,0

Portland cement: HE+4 2|4 —1> =2af L =3t A
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Types of Polymers (Z2AMZ 2| 57/)

Plastics (Z2tAE), Elastomers (EtAA|), Fibers (&7)

Plastics

Thermoplastics (&7tAdE T &R
PE, PP, PVC, PS, PMMA, PA, ABS, PET

Thermosettings (43t 1 2%
Epoxies, Phenolics, Polyesters

S SEO| Y
Ex.) Optical transparency: PS, PMMA

Low friction coefficient: PTFE
(& D20 LHStErE 1)
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Table 13,12 Trade Mames, Characteristics, and Typical Applications for 8 Number

of Plastic Materials
Mayerial Type Trade Napie

Acrvlonitrile- Ao
hatadicne-styrene Cyeolac
{ABS) Eralastic

Lustran
Movisilur
Tyhrene

Acrylics [polyimethyl  Acrylite

methacrylate )| Dhiakan
Lucite
Plexiglas
Fluosocarbons (FTFE  Teflon
or TFE) Fluon
Halar
Hosinflon
TF
Meallon
Pedyamides {mylons) Mylon
Bavlon
Durethan
Herox
Momex
Ulliramid
Lytel
Polycarbonates Calibee
Tupilon
Lexan
Makrolon
Merlon
Polyethylenes Alathon
Alkathene
Fartiflex
Hi-fax
Petrothense
Ripnlex
Roaothene
Fendel
Polypropylenes Herculon
Meraklon
Moplen
Poly-peo
Prios-fax
Priopiak
Propathene
Polysiyremes Carinex
Dvlene
Hostyren
Lustrex
Siyron
Veslvron

Mafor Applicarten Charocrerisiies

Thermoplesiics
Ciutstadadaig strenglh and toughnes,
Tesistant to heat distortion; good
clectrical propertics; Mammable and
soluble in some orgamic solvenls

Clutstanding light transmission and
resistance 1o weathering; only Lar
micchanbcal properiics

Chermically inert i abmwost ol
environments, ¢xcellent clectrcal
properiics; low coclficien of
friction; mov be used (o 260 C
(500 F ) relatively weak and poor
cold-low properties

Giood mechanical strengih, abrasion
resistance, and (wughness; low
ooellicient of friction; absorbs waler
and some other lkuids

Dimensionally stable; bow water
absorpiion: transparent; very good
impact resistance and ductility:
chemisal resianes nol oulstanding

Chemically resistant and electrically
imsulating; towgh and relatively how
coelibcient of friction: low sirength
aml poor Fesistance to weathering

Resistant to hent distortion: excelbent
clectrical properties and [atigue
stremgth; ehemdcally inert relatively
imexpemsive; poor resistance to UV
light

Excellent electrical properties and
aical clarity; good thermal and
damensional stabality; relatvely
inexpemsive

Typical Applicartsn

Relrigerator linmgs, lawn and
garden equipment, toys,
highw:l.}' ul'cl}'ljc\iw:.

Lenses, transparen] aircrafl
enchures, dralting
cupuipmcnl, cutdoor signs

Anbicorrasive seals, chemmical
pipes and valves, bearmgs,
antiadhcsive coatings,
high-lemperniure
clectronsc parls

Bearings, pears, cams,
bushings, handbes, and
jacketing for wires amnd
cables

Salety helmets, lenses, light
globes, base for
phiolispraphic Alm

Flexible bottles, toys.
tumblers, Batlery parts, ke
trays, film wrappang
materials

Sterilizable bottles, packnging
flm, TV cabincts, luggage

Wall tile, battery cascs, loys,
imdoor lighting panchs,
appliance housings

{Connued)
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Table 13.12 Trade Names, Characteristics, and Typical Applications for a Number
of Plastic Materials (Continued)

Material Type
Vinyls

Polyesters (PET or
PETE)

Epoxies

Phenolics

Polyesters

Trade Names

Darvic
Exon
Geon
Pliovic
Saran
Tvgon
Vista

Celanar
Dacron
Eastapak
Hylar
Melinex
Mylar
Petra

Araldite
Epikote
Epon
Epi-rez
Lekutherm
Lytex

Bakelite
Amberol
Arofene
Durite
Resinox

Aropol
Baygal
Derakane
Laminac
Selectron

Major Application Characreristics

Grood low-cost, general-purpose
materials; ordinarily rigid, but may
be made flexible with plasticizers;
often copolymerized; susceptible 1o
heat distortion

One of the toughest of plastic films;
excellent fatigue and tear strength,
and resistance o humidity, acids,
greases, oils, and solvents

Thermosetting Polymers
Excellent combination of mechanical
properties and corrosion resistance;
dimensionally stable; good
adhesion; relatively inexpensive;
good electrical properties

Excellent thermal stability to over
150°C (3007 F); may be compounded
with a large number of resins, fillers,
ele.: inexpensive

Excellent electrical properties and low
cost; can be formulated for room- or
high-temperature use; ofien fiber
reinforced

Typical Applications

Floor coverings, pipe,
electrical wire insulation,
garden hose, phonograph
records

Magnetic recording tapes,
clothing, automotive tire
cords, beverage containers

Electrical moldings, sinks,
adhesives, protective
coatings, used with
fiberglass laminates

Motor housings, telephones,
auto distributors, electrical
fixtures

Helmets, fiberglass boats,
auto body components,
chairs, fans

Sowrce: Adapted from C. A, Harper (Editor), Handbook of Plastics and Elastomers. Copyright (© 1975 by
MeGraw-Hill Book Company. Reproduced with permission.
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Elastomers

SBR (Styrene-butadiene rubber)
~ XS &k EF 0|0
7t 0 F (TS, 02, 219 MEH 1)

o
Carbon black 272 2M = $FA

o

Silicone rubbers (AZ[2H 1 F
~-90 °C7II | =2 Fdd (flexibility) & X|
250 °C77t K| HE A (stability) K|

i 1, 20l e KEAd 1
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Table 13.13 Tabulation of Important Characteristics and Typical Applications for Five

Chemical Tvpe

MNatural poly-
ISOPrens

Styrene-
butadicne
copalymer

Acrvlonitrile-
butadiene
copolymer

Chloroprene

Polysiloxane

Trade

(Commeon) Elongation

Names

Matural
rubber
(NR)

GRS, Buna
S (SBR)

Buna A,
Mitrile
(NER)

Meopreng
(CR)

Silicone
(VM)

Commercial Elastomers

(a)
SO0-T60)

450300

S L]

TS0

T0=HIHD

Useful
Temperatire

Range |°C ("F}]

— il 1o 1200
(=73 1o 250)

— 6 1 120
(=75 to 250)

=50 1o 150
{—6i) 1o 300)

=50 to 105
{ =60 1o 225)

~115 10 315
(=175 1o 600)

Major Applicarion
Characterisiics

Excellent physical

properiics; good
fesistance o culling,

gouging, and abrasion:

lowe heat, ozone, and
oil resistance; pood
electrical properties
Good physical
propertics; excellent
abrasion resistance;
nol oil, orone, or
weather resistant:
clectrical propertics
good, but not
ouistanding
Excellent resistance 1o

vegetable, animal, and

petroleum oils; poor
low-lemperature
properties; electrical
propertices nol
outstanding
Excellent ozone, heat,
and weathering
resistance; good oil
resistance; excellent

flame resistance; not s

good in electrical

applications as natural

rubber

Excellent resistance (o
high and low
!l.'l'l'lr.H_' rafures, I[!'l.'-'
strength; excellem
electrical properties

Tvpical Applicarions

Preumatic tires and
tubes; heels and
soles: gaskels

Same as natural
rubber

Giasoline, chemical,
and oil hose; seals
and O-nings; heels
and soles

Wire and cable;
chieni. tank linings;
belts, hoses, seals,
and gaskets

High- and low-
lL"II]P\'.'l'I‘ﬂlLII'I.:
msulation: seals,
diaphragms; tubing
for food and
medical uses

Sowrces: Adapicd from C. A, Harper (Editor), Handbook of Plassics and Elasiomers. Copyright © 1975 by
McGraw-Hill Book Company, reproduced with permission; and Materials Engineering’s Marerials Selecton, copyright

Penton/1PC.
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Fibers

A

SEYIES

!

length/diameter > 100

MK = 7FE S stretching, twisting, shearing & abrasion 23S
> TS 1, EFHE (E) 1, LHOFE A 1

(Polymer chain®| &t =% £ 41} drawing S0 ofal| 7+5)

02
Pl
>

MW 1, 2HESI T 1, M

> eETT 1

OIREO Mg H2 @™ d&(T, & T, )0l 2|l 2

g
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Miscellaneous Applications

Coatings ~ A2 o| M| X 5t= of2 IE2X EHE
paint, varnish, enamel, lacquer =
To protect materials from corrosion or deterioration
To improve material’'s appearance
To provide electrical insulation

Adhesives ~ & IXMRz | £THE A A7|I=0 ALl =&
745HH} Al
=2H O 1.
Mechanical ~ penetration into pores/crevices
Chemical ~ covalent or van der Waals bonding
Films ~ A& Y AZo LIS=E B2 Y 2 FH
low density, high flexibility, high tensile & tear strengths,
resistance to chemical/moisture attack, low gas permeability

Foams — O|M|EF 7|32 BIO| Z&5t1D U= EEAE AE

gitierm
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Advanced Polymeric Materials

Ultrahigh Molecular Weight Polyethylene (UHMWPE)

STFLEE 2R M,) ~ 4 x 108 g/mol
A

o O

& Zl: high impact strength
resistance to wear/abrasion
low coefficient of friction
self-lubricating surface
very good chemical resistance
outstanding sound/energy absorption
excellent electrical insulation

2l 2: bullet-proof vests
golf ball covers
hip implants (acetabular cup)
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Liquid Crystalline Polymers (4 T E£X}, LCP)

x| AEHOIME TEIRIQI HHYO| THS B FHAE ol DER

Semicrystalline Amorphous Liquid crystal
Melt
| l ﬁ,
o T e :j\
L] |
ﬁnmﬂf%’_‘
¥ I
e T )
Solid | H" ] l

{a) (&) fe)

2 B
<
12
oA
Ll
Elil
pal
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Thermoplastic Elastomers (Q7tAM EHER, TPE)

Styrene-butadiene block copolymer (AE|EH 28 Z 3 &)

hard
styrene component

\ / domain ~

(CHZCH)— CHQCH—CHCHz) CH, CH)—

@ / \ soft

butadiene component
domain

Fig. 13.13 Styrene-butadiene-styrene Fig. 13.14 S-B-S ¥7t4d
(S-B-S) Y74 BHER|] R A ErEA el EAE.
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Materials Science & Engineering Chapter 13. Types & Applications of Materials

(Probs.)
13.2, 13.4, 13.6, 13.12, 13.14, 13.21 & 13.23.
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