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Problem M25
In addition to chapters 4-7 of Ashby and Jones Engineering Materials. You may also find the

chapters on polymers in Ashby and Jones, Engineering Materials 2, helpful (this is a green

covered book, available in the Aero-Astro library).

a)

b)

c)

d)

f)

Define the term polymer; list three engineering polymers. A polymer is a large
molecule made up of smaller repeating units (mers). Typically polymers have carbon
“backbones” with side groups consisting of other organic atoms (C, H, O, N).

Engineering polymers: polyethylene, polystyrene, epoxy

Define a thermoplastic and a thermoset. A thermoplastic softens dramatically with
increasing temperature. A thermoset does not. Thermoplastics consist of long
polymer chains with no covalent cross-links between the chains. The chains are
bonded together by Van der Waals bonds. Thermosets have covalent crosslinks

between the chains.

Distinguish between a cross-linked and a non-cross-linked polymer. See above.

Thermoplastics are non-cross-linked and Thermosets have covalent cross-links

What is the glass transition temperature?. The glass transition temperature is the
temperature at which the Van der Waals bonds melt. It is the temperature at which

the elastic properties drop dramatically in thermoplastics.

Explain the change in moduli of polymers at the glass transition temperature. The Van
der Waals bonds “melt” at this temperature, i.e. the thermal vibration exceeds the
ability of the bonds to hold the molecules together. Thermoplastics rely on Van der
Waals bonds for their elastic response at low temperatures. If these bonds are
removed, then the polymer behaves viscoelastically, with the elastic component

coming from entanglements between the polymer chains.

What is the range of temperature in which Tg lies for most engineering polymers?.
100-500 K.

g) How would you increase the modulus of a polymer? Introduce covalent cross-links.

2



Increase degree of crystallinity. Increase alignment of polymer chains.



ol | 1151 A S

em——

i

L

Ummea Fm:m F2 Slben | Rl 53 ="

VoV Wy E

D J.Fbcu B g %TLJF’V 7 r{fﬁ. L-Jﬁ:?} /‘L;;;? 3 ‘;‘J‘

F....m A=2guw)2y, ALy ——
4, - 1.;"*?- A \_ﬁk |

-

2 b:,ﬁ . Je 20, |

F’i » {‘.} é !l'ﬁ-bs-ﬂa I"l» m‘.lrn-l" ::L-j} #i;—rgu

32,
DAL € s =2V wmfid)< O ]
) At pist =

WV -0 7 V=0

oo 8V VoY = y=0 3 Y229, [==4))

e) Vileibls st bt Basd D are 2V, o - divahiom, .
:{,rnf:.ni- :rzl'rci:.ng #Ffﬂﬂ' Yo bt fﬂ"'l'r'd"n Ei".':. fvhgf-‘lef:‘.

;._‘_-\.HI‘"

J) Bt Bpatd ,Hl.v Jm" 4 ﬁnﬁq: ;L:F
y A

7% \ PV sub
"\

| sk ot mpraa] e ppateX W P AR
Lock of norwa| rrpou : r_jx
(Yeck 1 LII;;'.L.'# L P:hhvfz j ;
-?P;me?—ﬂ v =7 'li-.'ﬂﬁ

gpw'c{ !-'»{E'Efi’ ..-....::;!{'1"' 4-'5 rnfaiﬁn?t :‘,;&r %4 l-fﬁu'?r ﬁf-ir
Tobrler Pl 5 2V, = dredin

:l-;:r-.fi‘,’,m&




S8 B IEED DRt

i

Durees Foiss VB2 S| Fur b

b) Zn leal ,ﬂéﬂ L v g~ cohed
fFFSE
o = zFVS‘%

- DY - fFfESC ' 'IFI-"ES rggj4ﬂdf5'{';!]
P)- IPS( ) [-MT:: L0056 ]

|
%mﬂ :HE{tﬁ'lEl" I‘-I.-"I;‘.;:Ja ﬁ 'F'({‘) L,, +"-|F§rq:.

Cﬂ:u Flra-ir Ff&} i V‘rf:.} p,;IlH I'; Al .13
Or wle Wt PO 0¥ 5, Pt PY)

Ve
P
814
Pt T
Wi
54 rpidly with speed
— v






