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L IlC IllCltlllL! 111 .I l”‘l! IIlL’ Cl! \Lll cc~llc\p~“lcl~ to tl1c tl,111\1~~1111,111011 01 <I il,llii 
Ill;ltcl~l,ll. h;l\ lng <Ill clldclecl \ll LIc’tLIIc of <lllLJlcil lllillccLll~ll cll,rlll\. to ;I \l\C’OLli 

lll~Lllll 111 \\ IllCll IllC <II 11ct LII c I\ highI\ r;indl~m: t Iii\ j~lic~io~i~i~i~oti o~xwi\. Lipc)ii 

licdt~iig. dt the melting temperature. I, Tllcic .IIc \c\cr:il lc,itLiIc~ dIhtiIiili\L> lo 

the llIcltlrl~ 01 p”l\ IIICI i tll‘lt ‘II c nc,t II01 lll,lll\ C,hCl \Cil \4 ill1 mct,11\ ,llld cc1 ‘ll?llCC, 

tllcY illi’ cI)I1\c’IlLIcIIc’c’\ 01 tl1c j1~ll~l1lcl lll~~lccLll~ll \I1 LlCtLllC\ dlld l~illlcll,ll il \\t,llllllc 

llloIpllc~lo~\ bll\t (11 All. Illcltlll s !  of poI\ Illr’l\ t‘lhe plclc~ i)\CI <I l<lIlgL’ 01 ti’lllp‘l,l- 

tui LY: 11114 pliciic~iiic~ic~ii I< di~cu~~cd III iilc)ic iictaIl 1~~10~~. In ddiii~ion. the meltiii~ 

17ch,r~ 101 ilcpci~il~ on Ihc hi~~oi \ 01 the ~l~i’c~illci~. in pii 11cLIlar Ilie leIiipeIatLIIe 

;II u11Ich It cI\\t;lltI/cd 711~ thrcl\nc\\ of chain-fotdcd I;II~cII;Ic’ fill deprncl on 

Cl \ st,illl/.ltl~,n tclllpcI<ltLlIC. the tlllc~cl tl1c I~illlcll;lc. IllC lllgllcl t hc lllcltlll~ tclllpril;l- 

tui c. Alid liIi,ill\. tlic ,rplw7ciit ~iii’l~iii, I’ l~cll,l\lol l\ ;I ILmctloll III the 1ati 01 ll~:ltlll~. 

11ic1ca~11i~ tlii\ ~atr rekull\ in dii c’le\dtioIi 01 the meltinu trmpeIatLiIr 

A\ tl1c ~ll~\lC~Ll\ icitlc)ll note\. ~x’l!171cI1c m,l~cllal\ ;11c It’ipoll\i\~ to heat t1r,it- 

lllcllt~ t11,it 1” OdLlCC \lI UctLIl ;rl ,lllll p”‘pcl t\ altcl aticmk An incicaw in laiii~llai 
tliicl\iic4\ 17id\ Iv Induicil 17 dnIicdliIig jLi\l hclo~ ttic Iiiclling IemlxratuIe. .~iinrd- 

111: dl\O 1 Lll\C\ 1llC Incltlllg tc111pc1 ;lttll c 01 1llC po1\ lllc’l 

B III (.I l&!-h 1 l:ro\.bl8 B AiPk 

I hc $as\ tr’~tIl~ltli~ll OC’CLli’~ 111 drllorplloLl\ (01 L$tv.\ ) dild \crlllcl-~\t‘llllIlc p01\111c1 i, 

and I\ due to ;I IrdLlctlc~n II1 InotIon of lxsy Seylleflt~ of mi)leculdr chaIni \\1tt1 

dec~rah~ng temperature. I ipon cooling, the gl:L\\ tI aIisItic3Ii COI I e~lwnd~ to the grail- 

ual tr~ri~t~)rrii~ltIOri troni ,i IICILIII to d ruhlk~\ Iii,ItcI1~11. ,Ind hnall\. tc, ,i l~l!pl Vllld 











(16.7) 

whrre m(f) is the mrasurect tims-deprntlent stress and E,, is the strain kvrl. which 
is mairitairiccl constant. 

Furthrrrnore. thr mayuitucle of the relaxation ~nocl~~lus is a function of trmprra- 
turn: and to mow fully characterize thr %coelastic txha\~ior of :I polyrnrr, isother- 
mal stress rrlasntiun mrasiirrrm~its must lx conducted 0w1- a rangr of temperaturrs. 
Figure 16.1 I is ;I schematic log I’,-\,~r-~us-log time plot for a polymer- that exhibits 
viscoclastic huha\tior: illcludd XI-C XTCIK~I c~rrvcs gmcratcd at ;t variety of tcmpcra- 
turcs. Worth noting from this tigurc arc (1 ) the dccrcasc of F-‘,~(I) with time (corrc- 
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I.~oI:\ll\(; ‘l-l~:c:ll\lc)~ 1,:s 
Quite a varictv of diffcrcnt tcchniqucs arc cmplovcd in the fnrrning of pol!mcric 
materials. IIK. nv2thcxl used for a specific po1ynr~ depsncls on several factors: ( I ) 
whether the niatsrial is thermoplastic or thrrniosetting: (3) if thrrnioplastic, the 
trniprrature at which it softens: (3) the atrnosplieric stabilit!g of the niatrrial being 
formed: and (4) the gxonirtry and size of the finished product. ‘l‘hrrr are nuftit’rous 
similarities between sonit: of these techniques and those utilizrd for fabricating 
nirtals and crraniics. 

Fabrication of polymeric rmaterinls nornially occur5 at rlrvatrci teniperaturrs 
and often hv the application of prcssurc. Thcrmoplaxtics arc‘ fornicd alxn~ thoil 

glass transition tcnipcraturcs. iI. amorphous. or ahovc their melting tcnipcratul-cs, 
if scrnicl-ystnllint: an applied prrssur-e must Ix mainlaind a\; the piece ia cooled 





Ir~jwliorr .lloldirrg 

Injuctinn molding, the pol~mur analoguc nf die casting for metals, is the mosl i\idel!p 
used technique for fabricating thermoplastic matc‘rial\. A schematic cros\ section 

of’ the apparatus used is illustrated 111 Figure 1 h. 19. I’hc correct amount of pelletizcd 
material is fed from ;I loading hopper into a qlindcr b!r the motion of a plunpet 
or ram. ‘I’his charge i\ pushed forward into a heating chamber. at ivhich putnt Ihc 
thcrmopla\tic material melt\ to I‘orm ;I viscous liquid. K’est. the molten plastic i\ 
impcllcd. again h\ ram motion. through a nowlc into the enclosed mold cacilJ7 
pressure i\ maintained until the molding has wliditicd. Finall>. the mold i\ opcncd. 

the piece i\ ejected. the mold IS closed, and the entire cycle i\ rclpcatcd. Protxahl~ 
the most out4tnnding fcaturc 01 tht4 technique i4 the 4pccd with bhtch ptcce\ ma! 
be produced. For thcrtnnplastics. solidilicativn 01 the inlcctcd charge 1s almost 
immediate: consccluuntl~, cycle time for thi3 prow44 arc 4hort (commonl~~ \\ ithin 
the range of 10 lo 30 s). Thcrmosctting polymers ma! alw bc inicction moldcd; 
curing takes place while the material is under pra\urc in a hcatcd n~old, \lhich 
results in lonpcr c!vlc timc4 than for thcrrnopla\tic\. Thi\ lprocce i\ cnmcttmes 
trrmed reaction inlcction moldtng (KIM). 

lhlrlrsir~u 

Thu c\ctruGon procas i\ simply injection molding of ;I \iw)u\ thcrmnplastic throu$ 
an open-cndcd die, similar to the rutrusion of metal\ (Figure 17.2~). 11 mechanical 
bcrcw or auger propels through ;I chamhcr the pcllcti/ed material. which t5 succt‘\- 
sil cl\ compacted. melted. and formed Into it continuous chary of \ iscott\ lluid. 
Extrbsion take\ place as thi4 molten ma\ is lorccd through a die orifice. Solidiftca- 
tion of the cvtrudcd length is expedited b! blo\ber\ or it batur sIxi!’ lust before 
lws+ng onto a moving con\ qwr. The technique i\ cycially adapted to producing 
continuou\ length\ having constant cross-sectional gwmctrics, for csample, rods, 
tubrs. how channcl4, \hcct4. and filaments. 

IIlorr \/oltlitrg 

The blow molding pr(occss fnr the fabrication of lpl;t\tic contatncrs is 4milar to that 
uwd fcor blcwing glass bottle\. as rcprcwntcd in Figure 14.5. First. ;I patiwn. 01 



kll~lh ot J”‘l~lllel tul~ln g  I\ e\truded. \L’hllC still Ill ;I wllllnl~~ltell \tatc, IllC J’;lll\“l1 

I\ ~lJ;~ced ill a trio-piece IllOJd ha\ in8 the dc\~r-cd co1Itii111c1 configul-ation. I‘hc hollows 
[MLXY I\ tormcd h! l~lo\\~ng ;III OI steam under J”LY\LII~ into the p;iri\nll, f’orc~ng 
the rubc \\2ll\ to contom (0 Ihr coIltour\ of tllc IllOld. ot couI’4c the tempcl‘llur~ 

‘I11d \ 1wo41t\ ol the J““‘l”“l1 11111\t hc c‘lrc~llll!r lc~LlI;Itc~I. 

(‘frslirr,g 

I Ihl? lllctal\ ;Illd c~rdllllc\. J”‘l~lllcllc Ill‘Itt‘l l‘il\ lll;l! lx c;14t. il\ \\ he11 ‘I rnc,ltc11 phrtlc 

1llalct IdI 15 pouierl Into 2 mold and ,rllo~~wi to ~oliciil~, 130th thcriii~q2l~~~tic and 

thcr mowtting plastic\ ma! he ca\t. Foi thertiiopl~l~tic~. solidification occu14 iiJx)~I 

cooling f~cmi the iiioltcn \tatr: hm\c\ CI. for thcrniowtx. haidcning IX d C‘O~~C’~~CIII‘C 
01 the XtUclJ J”‘JL lllcri/~ltlOll 01 CUl~illg 131 (Kc‘\\. \\ tllCh I\ U\ll,lJJ\ c‘;Il I Id 01lt at ;I11 

CJeL;ltCd tClllJ~CI-,itUl’C. 
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16.16 FIBERS 



‘I‘hc ~tnol~~ulat- weiyhI of lihcr m;tlcri;ils shoulcl be rclatik’ely high. Als~J. sinw 
the tcnsilc strength increases wilh Jegcc 01‘ crystallinity. the structure :incI configib 
ration cof the chains should willow tlic produi’tiotl cjt’ ;I highI\, cry5talliti2 lwl!;mCr: 
that translates into ;I t-cquir~mcnl I‘or linc;ir iitld ut~l~rnt~ch~d chains that arc symmc~t- 
t-ical arid ha\‘c rcgularl~ rcpzating iiic’r units. 

(‘otivctiience iii Leashing ;itlci ni;tintainiti, CT Clothiti,g dcpCticlx pritiidrilv ~1ii the 
tticrtmal pi-olwrlics of lhc lihcr polyilcr. that is. itx iiiClting and gla5s It-ansition 
tcmp~rratur~s. l~itrthermor~. lihct- lx~lyiicrs tiiuht czhihit cht2tmical stability to ;I 
rather estcnsiw variel!, ~~1‘~ii~iroiiiii~i~ts. iticluditi, 0 acids. Iwses. I~lCacha. cit.\: clcktii- 
itig ‘;olvcnls. and sunlight. In dclitic~ti. tlit2y must bc rClativcl\ nonIl;imm;~hlc and 
atiicnahlc to dt-yitig. 

j [ )II; ‘!,j 11 %\I( ~ ‘J’i,‘( :I pq i(,)i 0 & 

Ttic process hy which lihet-s arc formed t’tr~~tii I7uIk p~l~tiier tii;iterial is tCriiid 
spinning. \‘lost ot’tcti. lihcrs art‘ spun from the tmult~n slate in 21 lwo~~3s callccl melt 
spinning. The tnatcrid to lx spun is fit-st hcatcd unlil il forms ;I t-ulati\‘clv \ ixcou4 
liquid. Neat, it is putmped clown throu$ a plalc called ;I spinnc’wtte. \~hiokcontains 
nunicrous small. ro~ind holes. As the tmolt~n tm~tlcrial p;isscs thrt~ugh each of thcsc 
oriliccs. ;I single lihcr is l’ortiiccl. which solictities alimo~l immdatcly upon passing 
into the air. 

The cryxtallitiity of a spun fiber will ticpcnd on its r’atc ofcoolin, 0 during spinning. 
The strength cjf tihrrs is improved hv ;I pos1forming prow45 cdld drawing, as 
discussrcl in Section 16.4. ,Ayin, dr;tGng is ‘ritnply the mechanical elongation ol a 
fiber in the direction of its axis. During this prowis the nwlrcular chains hCCotmC 
orientrd in the dirrctiun of drawing (Figure lC7.k). such that the tensile strength. 
niod~~li~~ of flasticitv. and toughness ;trc iimprobCd. ,~\lthough the mechuniual 
strength of a drawn fiber- i3 iiiipro\~cd in this axial direction . strength is rtduced iii 
;a tratisvetw or radid direction. II~w~cver. siticc tihcrs arc‘ normally stressed only 
along the ask. this strength differential is not crilical. Thi: cross sccticxl of drawn 
tihrrs is ticarlv circular. and the pi-opcrtic’s arc unifortii throughout the c‘ross section. 

$, [ 1 i j 0 k2 1 7 4, ::i, 
hi ,,I , 

An adhesive is a substance used to join to~(fth~t- the surfaces of two solid materials 
(termed ~~adherends”) to PI-educe ;I joint with 3 high shear strength. The bonding 
forcrs brtwen the adhesi\ c and adhcrcnd surfaces are thought to he eleclrostati~. 
similar- to the scwndaq bondins forces hst\veen th? tmolecu1;1r chains in thcrmoplas- 
tic polymers. E\‘cn though the inherent strength of the ;rdhai\‘e tnay hr much less 
than that of the adhcr-end nlatcrials, ne~~srthsless. ;I strong ,juint ma!; hc prducd 
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gInJot. which is an or&r of magni~udo (i.e.. factor of ten) greater than Ihat of high- 
density polyethylene. In tibcr form, IIHMWPE has the tradcnamc Spectra. Some 
of the estraordinarv characteristics of this matcriat arc as fottows: 

1. An cstremety high impact I-esistance 

2. Outstanding resistance to wear and abrasion 

3. A w-y low cocfficicnt of friction. 

4. A sctf-lubricating and nonstick surface. 

5. Very good chcmicat J-csistancc to nor-iiiatt~ encountered solvents. 

6. Excellent to\~-temperature properties. 

7. Outstanding sound damping and energy absorption characteristics 

8. Electrically insulating and excellent dictcctric propcrfics. 

Howvcr. since this rJJalcriat has a rctativcly tow mctting tcmtxralurc. its mc- 
chanicat propcrtics diminish rapidly with iiicrcasing tcmtwxturc. 

This unusual comhinalion of properties leads to nLJmerous and diverse apptica- 
tions for this matcririt, including: buttcl-proof vcsls. coniposi~u military ht~lmcts, 
tishing lint, ski hottom surfaces. golf lx111 cores. bowling attcy and ice skating rink 
surfaces, l~iomcdicat t~rosltJcscs (Scctioii 73.X). htor~t litlcr’s. Jnarking pen nibs, bulk 
matcJ-ial handling cquipmcnt (for coal. grain. cement, gravel, etc.). bushings, pump 

impettcrs, and wtvc gaskets. 

I I()I II) ( Ii\ h’l \I I’01 \ \II IIh 

‘I’tie liquid crystal polymers (LC‘Ps) arc’ ii group 0f’chcrJJicattv comptcs lind structur- 
ally distinct materials that have unique properties and arc utiiizcd in divcrsc apptica- 
tions. Discussion of the chemistry of thcsc malcrials is beyond rhc scotx ol this 
book. Suffice it to say that I>C-Ps arc composed of cstcndcd, rod-shaped. and rigid 
molecules. In terms of mnlccular arrangcmcnt. thcsc niatcriats do not fall Lvilhin 
any of convcntionat liquid. amorphous. crystaltinc. scmicr-yxtattine ctassitications, 
but may lx considered iis ii new state of matter---the liquid crvstattine slate, being 
neither crystalline noJ- liquid. In the mcll (or liquid) condi;ion. whereas other 
potymcr molccutcs arc randonily oricntcd. IX‘P motccutcs can bcconie aligned in 
highly nrdcrcd configurations. As solids. this molccutar alignmcnl remains. and. in 
addition. the molecules form in domain structures having characteristic intcrmolecu- 
tar spacings. A schcmalic compariwn of liquid crystals, amorphous polymers. and 
scmicryslattinc potvmcrs in both melt and solid states is illustrated in Figure 16.71. 
Funlhcrmore, lhcre arc three types of liquid crystals. based cm orientation and 
positional ordcring~?;mccGc. nematic. and chotesleric; distinclions miong these 
types are also beyond the scope of this discussion. 

The principal use of liquid crystal potyJners is in liq~irf o.\;.s~rrl tlis/ll~y.~ 
(I-CDs). on digital watches, laptop computers. and for other digital disptavs. 
Hcrc cholcstcric types of LCPs are employed which, at room temperature, are 
fluid liquids. transparent. and optically anisotropic. The displays are composed 
of two stlccls of gtass between wtlictl is sandwiched the liquid cryslat Jllateriat. 
The outer face nf each glass sheet is coated with a transparent and electrically 
conductive film: in addition, into this lilm on Ihe side Ihat is to be viewed are 
etched the character-forming nunibcrilcttcr clcmcnts. A voltage applied Ihrouph 
the conductive films (and thus between these two ,&~ss sheets) over one of 
these character-forming regioJls causes a disruption of the orientation of the 
LCP molecules in this region, a darkening of this LC’P material. and, in turn. 
the formation of a visible character. 



1. Jzwellent thermal \t;ibilit!: the), may be used to temperatures a4 III$I 

as 230L(’ (150°F). 

2. Stiff and strong: their tcnailc moduli range between IO and Z-1 (iPa 
( I.4 X 10” and 3.5 X IO” psi). \4,17ile tensile xtrtqth\ arc tram I3 to 
155 hll’a (IS,000 to .37,000 pi). 

3. IIigh impact 5trengths. kfrhich arc rctaincd upon cooling to rrlativrl! 10~ 
tcmpcrnturr\. 

3. Chemical inertness to 3 wide \w-ictjr 01 acid\, wl\eiit\. bleaches, etc. 
5. Inherent flame re5istancc and combustion product\ that are relativcl! 

nontoxic. 

The thermal \tabilit> and chemical inertness of these material\ arc c~pla~ned b\ 

extremely high intcrmolccular interactions. 
The follo\\ing ma> lx \aid about their processin, 0 and tabrication characteiistics: 

1. All con~entionnl processing tcchniclua a\ ailahle for thermoplastic mate- 
rial\ ma\’ be ust~i. 

2. Estremrly 10~~ shrinkage and s\xrpagu during molding. 

3. Exceptional dimrnsioiinl rrpcatahilit~ Irom part lo part. 

4. I.ou melt \ iscosit? \k hich permits molding of thin wctioiis and 1 or cum- 

pies shapes 





Duning the elastic &tor-rnntton ot n cstiitcryctallttic pol~incr thdt I\ sttc\kd in 
tcn\ton. the cotl\tlluctlt rn~~lccLlles elongate I!1 the 5treq7 dlrectlcH1 t7\ the hclldlnp 
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Aclclitt~~n pol~m~tiL,ittoii ~O‘il~l 

AdhA\ e Cildss transttic~ti tctnpetxturc 

(‘l~ll~rant I tqtiiti cry\t;il pl! TI~C’I 
Condensation pal! trier i7atiotl hl~oldttle 
I)r:t\\~tlg I’tn\ttctztlt 

Eta\tomcl Plastic 
Fibci Relawtion modulus 
Ftltcr Spltltlltlg 

I-lame retatdatlt St:thilt/ct- 



16.1 

16.1 

IO.3 

16.4 

16.5 

16.0 

16.7 

16.X 

lb.9 



Ilccc\4ill\ to \pcclf\ l hr \peclItl”l ~3U~C 

length. ,Is I\ the ca;c \4Ith nict;~l\. \\‘h!r i\ 
this w’.) 

10.13 [or each ot the tollon~ng par4 of lx11~11icr~. 
p,lot and Iahel xhrmatic sprc~tic \ olu~tic- 
\~lsus-t~Itl~~rIatuIr curves nn the \;iIllC 

yxph (i.2.. Ittdkc wparatc jlotf tor part4 21. 
Il. and c): 

(a) Sphcrulitic pal! prup! Icne. of 3’f cq 5- 
I;llllnlt!. ;1nd lla\rlll~ ;I \~~eiyht-d\~erd~e 
1110lccul;11 \\ c~ght of 75.000 2 nx~l; \phrt ulitic 
pal! \t\ rune, ot 25’~ CI ~\t,illinit~. and hii\ ing 
>I v, el$it-a\ eragc Itiolccular \\ cizht of 
100.1M) :y tnol. 

(b) (;rdt pol!c( 41~1.cn~~hut;rdIcne) copoly 
I~CI \\ith 10(~ 01 :I\ :r~l~hlc ales cro~dinkrcl: 
I andoni poI\ (stir-cn~-hut‘itii~nr) cupoI~IneI 
v, Ith 15’1 ot ‘I\ dilahlc \ilc\ crwslinhtd. 

(c) I’ol\cth\IcIlC h\ 1r1g ,I clc11\1t\ 01 O.‘)SS . . 

y cni _ arid ii IiuItit~cr~;I~cragc clegrer of poly 
IttcrIzatIcon ot 300: pal\ cth\rlcnc having ;I _ _ 
densit\ of O.Yl.5 g cni’ and d dcgrcc ol polo- 
nir&tIc~n ot 3Ol)O. 

16.14 For each 01 the Ic,llo\~Ing 1x11\ ot lxdymrI\. 
do tl1c tc,llmIllg: ( I ) \tatc \\llctllcI 01 not It 

I\ p’44ll~lc to delcIllllllt2 \\ hethe one [“‘I\- 
nicr ha4 ii highci melting tempernturcl than 
the other: (2) if it i\ po\\ihle. nutcl \5hIclt ha\ 
the higher melting temprIaturr and then cite 
IcawIl(\) for \OLlI‘ choice: allcl (3) It It 14 11ot 

ph\lhlc to cl&r. the11 stat? \fh>. 

(a) Iwtdctlc pI~4Qrcne that ha\ ii dcn\it! 
of I. 12 9 an and d vi eight-a! crqc niolccu- 
1;ii \\cighl of i50.000 g mol: syndIotactIc 
pol!\t>rcnc that ha\ ;I dcn\It> of 1 IO 3 cItti 
and :I v+cigh~;i\ crags niolccular \\ciyht of 
1’5.000 y 11101. 

(b) LincaI pol~etltylene that has a Itutnhcr- 
‘11 f~agr clrgrw of pl! rttcw;itIori of 5,000: 
linrdr drtcl Ixotactic p~~l~~~rq~~lcnc that ha\ 
;I numhrr-,I\ rr-,igr deyrer ot pol~InerI/atIoli 
of 6.500. 

(c) Branchctl dnd i\olactIc pal! \t>reItr that 
llr14 ‘ l \\ c1ght-a\ cr‘lgc dcgrcc of polyllcl- 

udtlon (It 1.000: IIncar and Iv)t:rctIc lxIl\ - 
prop, lcrtc that h,14 ,I \\ eIghtma\ CI age tkgr k 
of polj Illt’l lzatlcln of 7,500. 

16.15 \lakc a chcniafic plot shcwing ho\b the 
riicdulu~ 01 cl;i41icit~ 0I‘ an ~rniorphou~ pol!~- 
nicr dcpcncl~ on the I~,I\\ tr,InsItIon tcmpcI;~- 
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16.31 

16.X 

I 0.3.3 

1 k.3-l 

16.35 

1 h36 

16.37 

10.3X 

10.39 



16.40 

16.41 

16.42 

16.43 

16.44 

16.45 

16.46 

16.47 

‘I’he vulcanization of pnlyisoprenc is accom- 
plished with sulfur atoms according to Eclun- 
Lion lh.0. If 57 wt% sulfur is combined with 
polyisoprene, how many crosslinks will tw 
associated with each isoprcne mer if it is 
assun~ed that, on the average. sis sulfur 
atoms participate in each crosslink? 

For the vulcanization of polyisoprene. com- 
pute the wei@it percenl of sulfur that must 
be added to ensure that SC;i of possible sites 
wl1 be crosslinked; assume that. on the aver- 
age, three sulfur aloms arc associnled with 
each crosslink. 

It is dcsircd that some ruhb~r cornponcnl in 

its final form bc vulcanized. Should vulcani- 
zation bc carried out prior or subscqucnl lo 
the forming opcralion’.’ Why? 

List the two molecular charactcrislics that 
arc csscntial for clastomcrs. 

Which of the following would you cspect 
to tx clabtomcrs and which thcrmosctting 
polymers at room tcmpcraturc? Justify 
each chnicc. 
(a) Epoxy having a nctwnrk structure. 

(b) 1,iphtly crosslinkcd pUl~(sl~rcnc-butadi- 
ene) random copc~ly~i~r that has ;I glass-tran- 
sition temperature of ~~ WC. 

(c) Lightly bran&cd and scmicrystallinc 
pol!!tetrafluorncth~l~n~ that has a glass-tran- 
sition temperature of ~ 100°C‘. 

(d) Heavily crosslinked l”)I~(~thq’lcnc-l~ro. 
pylenc) random copolymer that has ;t glass- 
transition temperature of 0°C. 

(c) Thermoplastic elastomer that has ;I 
glass-transition temperaturr of 75°C. 

In Icrms of molecular structure, explain why 
phenol-formaldeh~~l~ (Bakelire) will not be 
211 elastomer. 

Dcmonstralc, in ii manner similar to Equn- 
tion 15.9. how vulcanization may occur in a 
chloruprene rubber. 

During the winter months. the tcmpcraturc 
in some parts of Alaska may go as low as 

16.48 
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16.52 

16.53 

~.55’%‘ ( ~65°F). Of Ihe elastomers natural 
isoprenc. st~rcnc-butadicnu, acrvlonitrile- 
hutadicnc, chloroprcnc. and pvl$losane. 
which would hc suitable for automobile tires 
under thcsc conditions? Why’? 

Briefly csplain Lhc diffcrrnce in niolrculm 
chemistry between silicone poIymcrs and 
olhcr pol\:nicric materials. 

Silicone polyliers may he prcparcd to csist 
as liquids at room temperature. (‘itc diffcr- 
cnccs in molecular structure bctwecn lhcm 
and the silicone clastoniers. 

Why must fiber niatrrials that are melt spun 
and Ihen drabrn be thtlrmoplastic’.) (‘itc 
Iwo reasons. 

List two important characteristics for poll;- 
mers that are to he used in fib applicxtions. 

(‘itc five important characteristics for puly- 
mars that arc to hc used in thin-film applica- 
tions. 
Which of the following polyclhylcne thin 
films would have the bcltcr mechanical char- 
actcristics: (I) formed ly hlowing. or (2) 
formed hy extrusion and then rolled? Why’! 

16.Dl 

16.D2 

(b) C’ite tour prqtxtic~ (in addition lo hc- 
ing trany~arcnt) that arc iniportnnt for 
this application. 

Write an asa> on p01?nxric materials that 
are uwd in the packacging of food products 
and drinks. Includs a list of the !yncral rcq- 
ui\itc charactrri5tic5 of niatrrials that are 
uwd fol these applications. Now cite a ye- 
cific material that is utilized for each ot three 
diffcrcnt conlaincr thpe3 and the rationale 
for each choice. 


