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The m.in scope of these lectures is to give o dvercll picture of
polymer science . ni to dis~uss the corral tiong betwesn tie coaeriscl
structures of tne differert yl.stics norteri lc !l oiayeicos soonerties,

Furthermore it wi.l be cucvr thet wr senmicle (7 slic tions of nlosties

metericls depend ur the evcet xoowulelge of the cuoages of t.ie properties

with tempor.ture, time otc,

Tcking into :ccount time periods (up to 1060, 1880-191C° 1y10-1720;
19201930 1,30-1,10: 1,;'9-1J60 1J6C-) tne historicc.l devei~pment of

Em,ar gcience vill be chowm,

; grect number of different plastic-mctsricls which ure now or the

merket will be discussed concerning their coemicel structure, their

gepuf. ~turing proceeser -8 well os their _prlic.tions. Thi® tneoretic:l

pert will be sunplemented by u grect number of slidas .nd originel samples,

Typical examples of three different weys to build up mucromoclecules
(high polymers) will be fiirly well explained:

a) Polymerisetion {(chemiccl resctions in which the molecules of
monomers {low moleculer weight compounds) ore linked toge her
to form molecules of higu moleculc reight. In < restricted
genre there cre the chemiccl recctions in which monomers con-
tuining carbon~c.rbon unseturceted honde .re linked together to
form polymers. )

b) lelycondens.tion (re.ctione in which mulecules of wonomers .re
~ lioked together with tie eli~in.tion of w.ter or other aim.le
molecules. )

e) Polysddition (in a restricted sense shemic:l recctions in which
polymers ore formed by .dditicae of monomers other then those
conteining corbonecirbon unswtur:ted bonds involving hydride
tr.nafer. )

Besides enclytici] methods which cre well krown (slementury
enclysis ctomie retios. mecn mclaculer weight) o brief survey of the
wost importcnt wnd moderr methods (mcss spectrometry, v.pour phese
chrome togr:phy, thermogr:vitetry, differenti.l trerroun. lysis, ferey
structure .n.lysis, infr red t pectroscopy, clect®r spin urd nuclear

megnetic resonance) will be given. .ince three of thene methods




, *
(vepour phuse chromuto,r by, iifferertil tie~w aclisas o0 aofi el
spectros ;opy) .re vsed .t 11 modern Liherotories, it uill be shovr to
which e tent these .n.lvtic.l netaode oon help to g.in import nt results,

Practi:il experiments will be c.rried cut,
The recsons for the well-known subdivision of nlostics into

&) -elestomers’ (m.teri.ls thit .t poom temperiture c.n be

atretched repo.tedly to .t leust twice their origin.l length
ond, upon immedi. te relecse of the stress, will return with

force to their .prroxim.te origincl length),

b) thermoplistics” (mctericls c.peble during processing of being
repectedly softened by increcse of tempercture wnd herdened
Wy decrecse of temper.ture) ind

¢) “thermosetting plestics” (matericlm copuble of being ohunged
into substintially insoluble, infusible, crosslinked products,
when cured by he .t or by other meuns such .8 ridiution
citulysts etc.)

will be expliined. The cmorphous’, ‘semiw-cryst lline’

stete of order will be discussed.

und _crystulline”

Furthermore the physic:l meuning of the two import.nt tr.nsition
points will be explained:

¢) @liss_trepsition temper. ture
This tenperiture chiracterises the trinsition of umorphous and

semi-orystalline polymars from their solid etute to & viscous

or rubbery one or vice vers;.h This tronaition generally oceurs
over & reletively nurrow temperature region und is similer to
the solidificition of ¢ liquid to ¢ glcssy st.te; it is not a
phese tr.nsition, Not only do h rdness cnd brittleness undergo
repid chunges in this temper.ture region but other properties
such :# thermcl exp.nsion and specific hect ulso chinge r.pidly.

b} melting-temper. ture
This is the tempercture which chor.cteriges the trunsition of
semi-crystalline or cryst.lline polymers from their rubbery or
viscous st.te in the former c.se «nd from the solid st.te in

the lotter cose to ¢ liquid state or vice versc.




snters cceount for ch.nge in

fir. 11; '

It will Ye demonstr. tel which structur o por
glass trineition teaper. tase o vell o a melting temper.ture.
it will be showr in whicl wey the *wo shes cterictic teaper.tures mentioned
Jbove chunge if cupslymerr (these .re polymers in wilch two Or more

chemic lly nor-identic:l monomeric units re oreseat in irresuler o
unknown sequence) or polyblends /nhyeic.l mistures of structur. 11y

different homo- or copnlviers; .re onnfidered.

The methods ¢v.il.tle .nd nora.lly uced to determine

«) poerticle size,
b) perticle sige distribution .nd

size distribution

¢) moleculer
will be described.

fhe important influence of molecul.r weight (degrec of polym
gction) on the properties will be disoussed. dpesi 1 ittention will
be driwn to the gorrel. tion betucen molecul r veight cnd tensile Strength.
The physice meunirg of . gener:lly v 1id but empiric.1 equ. tion will be
expliined. The fundiment 1 difference betweer woight sver.ge cnd pumber
. will be diseussed. . 1sa the foctor of nmonuniforw-

Aty will be gﬁnt“}“”i* Purther-ope tue differcnt poasililities to
determine mecn moleouler weishts of high polymeric actericls will be
described ( .ight se.ttering, owmotie presaure, altr centrifuie, aelimen—
tetion, diffumion, viacoaity),

Bused on deta of polyolefines emt.blished empiric.lly but nevertheless
useful in prictice will be mentisned .nd discussed:

<) the correlition butweon woloeuler weight .nd moleculir weight
distriduticon,

b) the correlition between molecul.r weisnt (moleculur weight
distribution) «nd crymt.llinigy,

¢} the correl:tion between scleoular weight dictribution end
lineerity of the m:eromolesules,

d) the correl.tion between chemic | str.cture -nd degree of
erystallinity nd

the sorrelitior batween stercoregul.rily emd stute of order,




Then density 'sprcific volume (rd teaper,turs depandoien e o

criterion of

3) therm. 1 nxpunsion,
b) #loes tronsition temper.ture os well (= melting temperature and
¢) Aecgree of crystcllinity §

will be considered,

nefrcective index (usuclly dotermined .t 22”5 nd with monochromatic
light of wuvelength 5852 L) will be mentioned bec.use with its help -
quick qualitotive determinetion of wn unknowrn plestic meteriil con be

maede. From the velues of refroctive index .t two different w.velengths
(4B61 cnd 6563 ?;) the opticcl dispersion cun be celculated,

From the thermal properties specific heat (the quantity of heot
which mu3t be supplied to the meass unit of . matoriel in order to r.ise
its tempersture by one degrce), therm.l conductivity (the rote of heet
flow under stecdy conditions through unit .re¢ per unit tempercture
gredient in the direction porpondiculer to the ire.) und gcoefficicnts
of linear c8 well ¢a of cubic thermul expension (the former being the

reversible chenge in length of ¢ mitericl per unit longth per Jdegree
change 4n temperzture and the latter being the reversible chunge in
volwne of & niterial per volume unit per deprce nhenge in temner. ture)
will be discuseed . nd the importint differences to the tr.dition.1
metericls illustreted. .ttention will alse be given to the tempeguture
dependence of the thermcl properties. Purthermore correlations between
chemic:1l structure «nd iempereture of decomposition «s well 8 temperc-

ture of deflexion under load {the temperiture .t which « specimen

submitted to a given bending stress and hected :ccording to ¢ specific
tempercture progrimmc ro.ches o certuin deflexion) «nd Vicut softenin
point (the tempersiure &t which « stenderd fl.tened needle under ¢
specified lowd end & uniform rote of tempercturc rise peneirates o

specimen to & defined denth) will be shown.

.nother group of vroperties to be fiirly well discussed is weter

ebsorption, weter vepour cbsorption, weter vepour itronsmission, s well
ue g8 perme.ility end gas diffusion.




Spericl cttention wiil e gaven to ine ilpctrzcil oroperties of
Lthe rotio of

plastics mecteri_ls.  In tnis respret dielectri: const ot

-

copiciteres of o oopecitor in whinh che o o0 latweon oomid o epound tne
clectrodes 18 entircly ond evelusively fillel with the inul o ting
metericl in question to the copacitince of torn £ me confagurc tion of

electrodes in v. cuum), diclectris limsip ti o o ctor (toe tor ent of the

-~ .

loss cngle by whicu the phupe ohift betwesn current nl viltoge of
rondenser filled by tne reapective = tericl devicine tron | /2), surfece
repistivity (it ir the electiric potenticl v %icnt norollel to the
dircotion of the current flow <long its surf.ce divided ¥y the current
per unit width of surfice), volume resistivity (it i¢ the electricel
potenticl grodient p.rillel to the direction ¢f the current flow in the
matericl divided by the currert demsity), dielectric strength (it is the
property of : dielectric which opposes . disruptive dischorge), .r¢
resistenco (on the surfece of the specimen between two electrodes rn
electric «rc is produced by wltermuting current whose power and duration
are inorecsed in o specified nanner), bre.kdown voltege (the voltege
recsssery to produce & dirruptive discherge between two conductors

(electrodes seporited by the specimen) wnd tro oking {this ie the formation
of . carbonized conducting p.th corees the surf.ce of on insuleting

miteriul between electrodes maint.ined ot . given poterti.l difference)
will be theoreticilly exrleined cnd the mewsurements of these properties

demonstreted in prectice,

One pert of the introductory lectures is bescd on . deteiled
discussion of viscosity. Therefore viscosity coofficient, viscosit

pumber {reducrd viecomity) und limiting viscomity nmumber {1ntrinsic
vigcomity) will be expliined. Iurthermore ».1t i»dex {the .mount (in
crems)  of o fused *herzonl tic metericl whicn 19 ressed under ston-
dirdized tempeor. ture .nd pressvre conditions trrough . spruc or orifice
of specified dimension within ten minutes) will be discuseed cnd its
me: surement demonstr.ted,

{a essentigl pert of the lectures will be conce troted on the

mech.nical propertice:




Bell indentztion hordncse | iockwell nerinese)

The indentction depth of o stecl Lo11 of #tonderd aize pressed
under stend:rd conditisng on the ~urf.ce of the s~ocimen, The
b1l indentetion hordness is the ructics o of the locd ond the
ire. of the apheric 1 indesntstion. The .ocuwell heriness iz

expresged in scele units,

Compressive strength .

The c¢bility of ¢ metoricl to withst.nd compressive strees,

Deformgtion under locd by compression
The compression of : gpecimen effocted by locd ond expresaed in

of the initial height of the snecimen,

Hlexurcl strength
The «bility of « m.terial to withstend flexwl atress

In cese of mﬁtgri; 1s e&&:ﬁg urder load ¢ murked crecp the flexural
stress ot - given deflerion is me.sured instecd of the flexurel siress
&t breck,

Flexurcl ; teld strength

The etress -t ¢ point on . lowd-deflexion curve .t which the lo.d

doce not increase with .rn incyscge in deflezion,

Hodulus of elesticity in flexion

Tensile strength A

The ¢bility of . w terii] to withstend tensile sirees,

Elongotion of & specimon st the moment .t which the stress-siruin
curve reaches the acximum tensile strees,

Flong.tion .t breck
Flongetion during the tanaﬁa test just before the sgmiﬁa& breaks.

Modulue of elcsticity in tension




Sour resitt. noc

The bility of  wot-r1 )} (filmy 9 with o0 teron, toaas

eomnlexr function - ite ultim te reaint.oneo o rurture,

Teer pronsotion resist o nec

- . . , s . . . wymed 3
Tne «bility of : m teri 1 1o withst.nd . propos.tion of . cuisting

sirgle slit or niek urtil rupturc of the specimen

E’iﬁ noct 5 t!’c}h&*t 1

The ‘bility of . . toricl to withstund shock loodinge In proctice

three differont test mefhods . re used.

«) Impuct test (Churpy)
) Impect test (lzod)
e) Folling boll test.

'orsjon: 1 she. r_strongth
The .bility of . matericl to withetund torsion:1l shocr stress, The
shecr gtrongth is orloul: ted fror the mezimum lo. d during o shecr
or torsior test .nd is boged on the oripincl aﬁss«—sactiaﬁ cre.. of
~ the gpecimen.

, ie deoroment of mechenic:l domping
In cise of ceeilliting dcformotion: the log. ritimic decrement of

moct.nio: 1 dimping is the nctur.l logirithm of thr r. tin of two sube
sequent emplitudes of osrill tion,

s

Lodiegrom iﬁ xésieh %&%‘I‘?&&iﬁf valuoe of etrese urd striin are
: giatici «&uinet e.oh etaer,

The slope of the ctress-str. in curve .t «ny epecified strocs or stroin,
Jec: nt_modulus

The slope of the sec.nt dr wn from the origin to Ny specified voint

on the streea-gtriin curve,




Yield point
The lowest otross in ¢ mctericl (nd lers ther the merimum < tt. in ble
stress, .t which (n incr: se in striin oscurs without «r incre.se in

stresa.

foint of rupture

Cold flow (creep)
The slow deform:tion of . stressed m teri.l ot temper: tures within
tiuo working ringe of the m-tericl: '

¢) Dependence on lo.d

b) Dependence on tempor. ture

c) lependence on timeo

Inst.nt. 1eous recovery in creep
The deorc.se in sir. in occuming immedictely uvon unlo. ding

specimen before (ny crecep recovery tikes pl.oce.

ire oD racovery ,
The timo-dependent portion of the decrecse ip str.in following un~
locding of . mpecimon. '

Greop strongth
The stress thot c.uses ¢ given orcep in . given time in o given
environment.

The process of progressive loc.lized permunent structurcl chnge
ocoourring in c miteri: 1 subjected to fluctu.ting stresses .nd striins
which m.y culminite in cr.cke or complete fricture.

Fetigue life

The number of cycles of stress or strcin of « specified ohurcoter
thet o given specimen sustoing before f:ilure of ¢ l%&ifi&d neture
ocoure,

Fct limit

The limiting vilue of thc medicn fotigue strength if the number of
eycles beccmes very l.rgo.

For the s.ke of complcteness it should be mentioned thot tais p-rt is by
no mezns ¢ theoretic.l one, besiuse sever.l instructive experiments will
be performed.
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peci 1l . ttention will Yo dr o wn to rezirt nee to cold, resist nec to

5 14 . . . .
ne.t {the highest temper. ture which . m teri 1 cor tompor rily or por-
m nently withst. nd witiout . npreci ble deterior tion of it: properticr),

light resist. nee, .rtifici 1 ond notur.l we. thering  nd . ging.

Under the influence of fire the beh viour of pl o sties is ffectod
by numerous outside [.ctors nd by come speeific aroperties of the

m tori.ls, The corrcl. tion betuecn ciiemic: 1 structure ond le pcs. ture

of thermil d-composition wita cvolution of f1 i.ble gasor wili be

oypliined. .'inclly nxperimente concerning infl mn.bility, burning r.te,

golf-ignition tomper. turc cnd inccndcgconce resist.nce will be mode.









