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Tensile and
impact strength

Property

Viscosity
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Molecular weight, degree
of polymerization
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Stress

Rigid and
brittle
(melamine.
phenolic)

Tough and ductile
(ABS, nylon)

- ——
Soft and flexible
/ (polyethylene, PTFE)

Strain
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Deformation
is reversible!

initial: amorphous chains are
kinked, heavily cross-linked.

Xbrittle failure

plastic failure

elastomer

w

final: chains

8 are straight,

still
cross-linked
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Metals/ Graph!te/

Ceramics// Polymers
Alloys .

Semicon

Composites/

fibers

ﬂs)

2000
o Steel (4140)at y
>>
~~ 1000 — 8 Oy(metals)
(qv —1 .Ti(5A1-2.55n)3 ‘» O
a 70—° (pure) g >> O (polymer
600 — ¢Cu (71500)CW % o y p y

2 500 — 'Mo((pure; . 5 8_§
< el | :

> _ 3 ~0 P2 P 1
o 300 e Al (6061)29 g § g X3 buzxo sloo jo (pwlojl

~ 500 —] °Steel (102007 3> 7S o
= Thpwer g ¢ 22
"5) *Cu ("?1500)hr S E g ég a = annealed

ot s o3 hr = hot rolled

C 100 — s|2 Do

Q — G|® dr 9 G 2 ag = aged

S Tl=  PC 28 ¢d = cold drawn
& 60 o Al (6061) e H N)‘_Ion 6, s -

¢ 50— PET @ i £ S cw = cold worked
Yo) 40 — iz\;c 2 g qt = quenched & tempered
= 30— HDPE <

(()] 0 £
o D 20 — 'E
D=

10 o Tin (pure) I LDPE 11



Tensile strength, TS (MPa)
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Metals/ graph!tell | Composites/ ®
Alloys eramicst - yolymer fibers
Semicond /\
— C fibers
- spanis | ¥ TS(ceram)
~ | eSteel (4140)at ~
140 ® AFRE(|| fibfer) TS(met)
pr— oW gg‘&lll‘ze?ss eDiamon .GFRE(” fib l")
—]ell 0 ®CFRE(|| fib
— é{?gﬁg‘“ Si nitrige UL
-Sudisonht Jaioxice
—1®Al (6061) ag
Ole ure
- pure) L
oAl (6061)2 . :
= izr% st ; + Nylon 6 % wood(lIfiber) 1 5 — annealed
— - PC =
= o107 $hve GFRE(Lfiber)| DT =hotrolled
- PP CFRE(Lfiber)| ag =aged
= . HDPEI AFRECLTBED T od = cold drawn
. Graph't+ LDPE cw = cold worked
] qt = quenched & tempered
— AFRE, GFRE, & CFRE =
f— aramid, glass, & carbon
1 fiber-reinforced epoxy
I ewood(Lfiber)]  composites, with 60 vol%

fibers.
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Graphite

Metals . Composites
Allovs Ceramics [Polyme fibers
¥$  semicond
1208
800 — I Diamon
600 —
Si carbifde
400 —] e Tungsten Al oxid Carbon fibers only
®Molybdenums S; nitride
. ) .
200 — "?g?ﬁglwrln e CFRE(|| fibers)
Platinum Si crysial -
. icu alloys <100> Aramid fibers only
—J¥7 ]
80 — ,iiR/%JIGoId eGlass-$oda FREf(lLl fibers)*
60 — umlnu‘m lass fibers only
40 — *Yignesium. FRE(]| fibers)¥
e Concréte
20 — FRE*
FRE*
10 — e Graphite FRE(L fibers)*
g ] CFRE(Lfibers)*
POIEEtET AFRE(Lfibers)*
S }PET
PS
2 — PC Epoxy only
(]
4 — eFibpe
0.8 —
0.6 — e eWood(_l grain)
0.4 —]
0.2 o| DPE

ceramics
> Emetals
>> Epolymer

Composite databased on
reinforced epoxy with 60 vol%
of aligned

carbon (CFRE),
aramid (AFRE), or
glass (GFRE)
fibers.
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Elongation Poisson's
in 30 mm ratio
Material UTS (MPa) F (GPa) (%) (1)
ABS 28-55 1.4-2.8 79-5
ABS (reinforced) 100 7.5 0.35
Acetals 55-T0 1.4-3.5 T9-20
Acetals (reinforced) 135 10 0.35 0.40
Acrylics 10-75 1.4-3.5 50-5
Cellulosics 10-48 0.4-1.4 100-5
Epoxics 35-140 3.5-17 101
Epoxies (reinforced) T0-1400 21-52 4-2
Fluorocarbons 748 0.7-2 300-100 0.46-0.48
Nvlon H5-83 1.4-2.8 20060 0.32-0.40
Nylon (reinforced) 70-210 2-10 10-1
Phenolices 258-70 2.8-21 2-0
Polycarbonates 535-70 2.0-3 12510 0.38
Polycarbonates (reinforced) 110 0 G4
Polvesters 55 2 300-5 0.3%8
Polyesters (reinforced) 110-160 8.3-12 3-1
Polvethylenes 740 0.1-0.14 1000-15 0.46
Polyvpropylenes 20-35 0.7-1.2 50010
Polypropylenes (reinforced) 40-100 3.6-6 4-2
Polystyrenes 14-83 1.4-4 G0-1 0.35
Polyvinyl chloride T-955 0.014-4 15040

24



Sk Sgo PlgS 2 B (3939 il | 22

9 oo (S d) (plss 9 Slasnino TMol § ki lp B (F3938] glgil @
oS e b 50938l .aigds oo adLa! LosT ay b youdy ( SilSo

(Fillers) b cusos p -

(Plasticizers) b cuioS o 5 -Y

(Stabilizers) b cusss jlaul -Y

(Pigments L Colorants) S5, olgo —¥
b F3g33! ylw -0

25



Souls Ogo (olgd 3 1 (F09 1 5l |

cu.wLw EY) wsLO.o ‘LS)L':Z'E 9 M ,nlS.”L’fu»‘ Ooale Cp> 100 > J‘g.o —
)99 0990 Jas.w ® asls| Lé).o.».b LY ‘SOL'J' 9 ‘sa)bk 6)‘»\Jb 9 ;.o).oa
)Q 45 KO- ) QSJ‘O' ‘Slﬁ Owﬁ. ‘&T ti;-w 9 &ls ‘w GW

ek axe 3l A (3R les Mol g egdle 8ylge 31 (55l

Mé‘s.ou&lb")JMuMgoM

26



Syoal 3190 oled w1 H3g381 Wb | 2

Logos .asdd o Sgnte |y S0y g 0y oy Blasil 100isS o) lgo —
S 0y o Wil SzgS b Jgsdg0 45 0091 o5 (JoIge (i3 b (Sl

Slod jo a5 Wigy (o0 0 (2 jouds j0 Slgo (] WS (o lo jouls Sy

Iy @l adads bod glod 0ucS oy dlgo (PVC wiilo) wdiwd oy b
ol solaw!l bl b 0 b dauxo (oo j0 b yous B ools padls

27



Syoal 3190 o193 w1 (89391 pili

g oo slyglo 2lld jg9 (om0 50 1 ooy &y o T 3l oS Hlauly Olge -
WS (0 Sl Ol
G»alé Og.l’. 9 tja') s&‘dﬁ) 9 053) C’)s.»o 44.).0.».‘) 4{ OM &u‘ lg :‘SS) Q‘s.o —

(Accelerator) suows LU cs">9}9‘ ¢|9_° J'?.L“" —

(Flame Retardant) sl jlasl st

(Antioxidant) suwwsS| oo
(Antistatic Agent) o5 lo diocws wSJl 0o

28
(Reinforcement) cuocS Cu ols



