
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


V02FT3 

Unittd Nattons Industria! Development Organization 

Insti" vution 
LI i ITFi.' 

12 ¡-ay I97I 

Or girali WßGUm 

Alimi ï?»iiîin% FrQ¿taí¡ff;a in Hastia 
SvchftQlogjr for feveloping Countri« 

Vitan», Ävtstria    *7 H*y - *6 July 19Î1 

mi»!.:.» «ramai -MCf mm. 

flu 

, Ott . fiêïMHI 

***•• 

t/   The views a&d opinions •xpr*»s*»d in this paper are thos« of the author 
mnd do not ..ecessarUy reflect the vi«*« of the secretariat of UÍID0. 
This docuwHr:t ims be---:. r*»procuced without formal editing. 

ià.H-ï'-Aà 



W&i 

m SSI 
m M§f»t chM •«•» of cho pogos I» tho aicroficho 
MM «f tkU roport My not b« up to th« prooor 
Inibii it y ttonrfordi, mi though tho bost post ibi • 
cofy «M IMWI for paparini tho «attor ficho. 

tf 

X «¡asá^ 



I 

The m„m scope of the-o lectures   in   to f/iVp . r¡ -wnvll  picture of 

polymer science  . ni. to rtiyuss the corr-;^ .t.ionr, between  the   ''^c"]}S-} 

structures of tun differert   pL.ntics a. t»>rL;r    r, '  ^.y:-ir. ± ¿y-'^iïï>?R* 

Furthermore  it  wi-1  be  naoi-r   th..t   ;.ny  sor.rújle ,. : ;.U • ti 3r.fi  of  nl.ntioi 

nu.terit.lB depend  .A-, the excot k.iowle^e of ti.o ìn..nges'  oft t.te properties 

with temparvture.   tim<=>    oto. 

'Te.king into account time periods  (up to lb6Q#  1880-1910-   ly!0--13?()- 

1920-1930    i;i0-1^40-   lj^~V)ÙÙ    1>6C-}  the histórica deve i opinent of 

polymer science vili be shown. 

; gret>.t number of different pjt>81 ic-fu- teris 1B which ar* now on the 

a«y.rket will be dismtesed concerning, their oyiemic fcl . s t.roture.,   their 

Ifc.nuf. ^titrinr„..proeegseß ci well m their ^gplicvtionni.    Tni* theeretied 

p,ri will be euspleaented by u gre^t number of si idos .ni origin»! «Ample«. 

lypic&l exejfipleü of three different w*ys to build up raderono leciti«« 

(ài^h pölyisei*«) will be fairly well explained! 

«) rolymerizetion ir;he^ic<:l re¿.<ctinr,8 in which the molecule» of 

monomers  (low moleculer weight compounds) ore link«d toge her 

to form moleculea of high' molecule" voight.     [n c restricted 

senne there ,,re the chemic;.! re..et ione in which mononera non- 
t 

tcining carbon-c r'h<m unRoturtted bo: -IF  , re linked together to Ì 

form po1jxern. ; ¡ 

b)  \ o ly condense, t ion  'revotions  it. which  •-. Recules of   aonowera .re 

linked together with tJte eli"in»tion of v;. te' or other tur* le 

molécules,} 

e) Poly addition (in a restricted cense cheraic.1 reactions in which 

polymers ..'.re forssed by .idi tien« of rinomerà other tht« those 

conti.init*£ e..rbon-cirbon urifl^tur«. ted bonds involving hydride 

transfer. ) 

SeMde» c.n» lytia 1 .aotftodg whiah tre well kr.jwn Clemento.ry 

¿m. lye is    <. tornir retios    -«».n «oleculir weight)  •.. brief nurvey of the 
i 

poet  important  s*nd moderr  at-1 hods   ( m.. fi s spectrometry,  vapour phtee I 

chrom¿ topT.'.phy,   thcrmogr.vir.etr;,,   diff^rr-ntul  t^n. •. n. IJHí.J,    :-rty '< 

structure . n. 1;, *IB,   infr.red ; neotronrcpv,  f-lectAu. spin «r.d nuclp^r • 
# 

afognetir resonunce )  will   ;,e riv*»n.      ..mop  fr.r<-c "f \.t"n? methods 

! 
Í 
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(vapour phase chro!n^toci-  ph;--, íif ferenti. 1   ti. p.r y>   a. l,.^i.    ,.'*. i.ir. ro.3 

spectroe ;opy)  ,-re used  J    11 .no.i^rr, L.bc¡\ toricn,   it will  be nhovr   to 

which e/.tent these .. rv_ lytic,„1 rietnods a r, help to f,,in import nt results. 

Prsctio.-.l  experiments  will be Cv rried out. 

The  retsonn for the well-known eubdivieion of plcstics  into 

*)       elastomers'    (nv-t oriels tlu.t ,t room temperature a n be 

stretched repeatedly to ,.t  le^t twice their origin.!  length 

Uftd, upon immedi.te relet.ee of the stress,  will return with 

force to their approximate originel length), 

fc)     ' ' t herMool fc& t i .eg ' •  (meter ids Cs.pt.ble during process ine °f beinfe 

repe&tedly aofttned by increpe of temperí-ture u»d h&rdenedl 

% deer««« of temperature) ¡und 

°)    >;*h»i*»«etttng .plMtlct;"  (atteria?* c^ble of being ohè*g©A 

lato substantially insoluble, infusible, eroselinìcetl producili» 

when cured by net or by other WEüRB such LB ridiati©« 

etttlysts etc.) 

util be •xpUined.    The ^«mrpimml, '-«eai-cnr»t, Uine   «nd ;-erergtaMr««* 

«tute of order will be discussed. 

Furthermore the physiciI meaning of the two import, fit transition 

points will be explain««!: 

i)   flu» tryyitlon t«>jPT»twf 

Uli« te»perfa*«r« ebxraeieriief the tre »»iti©» of .tfsorphou« aal 

««•i-erystalline pelyMre fro» their solid «tut« to u viscous 

or rubbery «me or vie« verst.   This transition generally ee«ur§ 

©ver è- rel»tively narrow temperature region end is similar to 

the Mliitftcitio« of £  li^id to (. «lcsay st,te*, it i« not a 

ph¿se tr¿wsttIon.    Hot only do h. ran—m und brittle»®»* undergo 

r-pid ctungee in this temperature region but other proportie« 

such è« thermal expansion «tó specific best also ohi-ng« rapidly. 

Ai« i« the *e»ptrfcture which ch^rcoterii«« tb« truwiti©« of 

aemi-cryst«jllinc or crystalline polymers from their rubbery or 

viseo«* st^te in the former ctse and fros the solid etcte in 

the Utter Os.se to ¿ lio^iid state or vice vers... 
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It will be deraonstr toi which eructar   i   p.r ..ì*t*rs   iceount for eh***« in 

glass  tivnßitiuii   t*»ra,«T. tu-f? .';  re-li     3 -mlti-vp  tamper.ture,     lirdl;, 

it will bp ahowr   ir, uhicl; xu.y ihr  two  ch„r. oter^4 ic tm:,or_turer mentioned 

cbovc change  if Cv^ol^merc  (thos*    ro  polymerr:  in which two  or mare 

chemic-.Uy non-identicr 1 monomelic unit«    re  ¿»reseat  in xrTe*~dUr ^r 

unknown sequence)  or polyolenda  (nhysxc.,1 maturos of structur. lly 

different homo- or copolyiaora)  ~re .-onf.idcrcd. 

The method*-, ¿Vi-iUble . nd ncadly ured to eternine 

*)    port toit »iff. 

^)    mrticlf. »lie, distribution «..nd 

o)   tioleoul,yr sly« distribution 

»ill be described. 

The important  influence jff aolccuUr weight (dctpte of polyweri- 

•fction) on the properties will b* lin^ussod.     ipe¿i i attention will 

be dr» wn to the correi-tior. betv»»r, aoieoul r •,.-e»ftt «.nd tentila strength. 

The physic«.:. awNJiinr of t   *er*er« Uy v  lii but «spin« 1 equ-tion wxll be 

expliinert.    The fundtev^t 1 difforme« betwr^r wai£ht «.vrr^t -«¿ number 

¿vame «oltcuUr weigh   will to diseuaocd.      l-.fl ti-e factor jf nonur.if orm- 

iti will be rocnttonr» i.    Further-. >rr t,»* •iiiTerc.t ¡.o-:ia'.Uitir>s to 

determine aecr» nolecuUr wft.-nU: of hiph ',*ihx*vi--  n. ton   1J >»il;  UU 

described  (   i«ht  tettrr in.',    •r.-sti"  .-r- .a«!.-",   ¡l».r r/rrtnfu,/,  i.--';mtn- j 
1 

Ut ion, diffusion,  viscosity), 

Bvsed on «Ut*, of polyolefines est.blishei empirie-lly but nevertheless 

useful in practice will be mentioned    nd di scurivi. 

„)    the corrc.l*.tiot- between j.;l-:c-iltr w-;i£i.t   nd molroulcj" ¿eight 

distribut icn, 

b)    the correlvtiTì between solecuL.r w* u-rtt 'tulecul~r weight 

distribution) *..»i cryat..lliutty, 

e)    the correction between melerai .r w*-*¡fct distribution *»»d 

limurity of th« v rr^molf<?uiret 

d)    the correlation b*»tw#i(?r. uh*«is   1  strv tur*    nr* dn^rc-e of 

er/st falliti i ty    nd 

m)    the sonstli-tior: between st*reore#*LLritj ¡nw tUtt of ares». 



Then dQn3Ìt.Y   (terrifie volun^  . r.<ì t^app.r^turo  dorv-ndo» r*. ,,r , 

criterion of 

a) thermal  expansion, 

b) plcBB tr-no it ion tenpere tur* ¿a woll  , •". melting temperature and 

c) degree of erysttllinit^ , 

will bis considered. 

i-gfr^ctive index (usually determined «.t PO  j tnd with monochromatic 

light oí  wavelength 5092 t) will be mentioned because with its help e. 

quick qualitative détermination of un unknown pU-.stic iattorit.1 cua be 

B«d«.    Fro» the v&lues of refractive index J two différent wavelength« 

(4Ô61 *jid 6563 5) the optici,! dispar» ipn oda bo c«.lcul*t©d. 

From the thermal properties specific, heat  (the tpêntlty of h**>t 

which au3t be supplied to the mtas unit of „ materici in order to r<4«e 

it« teapertrtur« by on© degree),  thermal conductivity (the rtte of he«.t 

flow under ste&dy condition« throufh unit cjpo* per unit t««pertture 

gradient  in the direction perpondisul*T to the ¡.reJ und coefficients 

of.JUneax ta well ¿a of cubic theraul expansion (the former being the 

reversible ohtnge in length of fc. mi-teriil per unit   length per ilegre* 

chi-ngo in t«ap*r&ture «id thelfttte» beiàf the reversible eiiunfc in 

volume of b nitteri&l per volmie unit per d%*rce ah*.n§e in tenner*, ture) 

will be discussed , nd the importent difference» to the traditional 

»*tarlila illustrated,    attention will also be given to the teapeffctur« 

dependence of the therml propvrtl«»*    Furthermore correlations between 

choreic:. 1 structure tnd tft^orw-ture of deeonpositlon tm well «4 iSSMSL^" 

ture of deflexion under load (the temperature »t which t speei«en 

submitted to A given bending stress and hctted f ccordinf to a specific 

tempori-ture pre-grcase rc-che« «. certain deflexion) »nd 'JìCìA iwftgn.tm: 

point  (the teapsr&ture at which <* standard fUtenei needle under ¿ 

specified io*4 end « uniform r„tc wf temperature rise penetrates t 

specimen to *. defined áenth) will be shown. 

. nota«r group of   ropertie« to be fi irly woll discussed is jfcter 

fcb#ery%ieft. witter vtpeur «bsorptjen, wtter vapour tr^nsmissiç-r», &s well 
hB gg* permeai! ity tnd ^as diffusion. 



^peoi.,1 attention will bo. (Uvrn  te   the >J¿£}£}£¿}   propertleg of 

plasties  .-ruteri-lr..      In tr.ie rtsp-ct   diel oc try ronsL-ll  lthc  rUo of 

cps.citc.roc  of  <,   c.r^ritor  in whiih   cho  r. ,.<-o letwt^n  MYì  ,r<und  trie 

electrodos  is  entirely «-.nd exclusively filloa with tho  ir. .ul ti^ 

»eteri, 1   in question to  tho c-pacit, ,nc<: of tnr r, sto  cïnf i£ur, t ion of 

electrodes  in v, cuus),  dijêlcrtrio di^sip- ti.-n i  ctor  '.tno  ^r.rnt of t'l€ 

Ions cngle by whica th*  ph^f?& shift b<nwcnn current    n.l vcitt[Je of" 

condenser filled by   tne respective T., tori..i  levic t.-a iron " /?),   £H£^s£R 

reciBtivtty  (it   ir  the electric patent Ul ¿T Aient p,r«aiel  to the 

direct ior» of the curr«rt flow ^lor^  ite surf«, a« divided by the curant 

per unit width of eturfioe), volmae regiBtiyity (it  i« the electrice 1 

potential 'grcdiiìiìt   p.r«.llol  tn  the direction cf the ¡-urrorit  flow in the 

•i.tcri«l divided by the current density),  dui or trie ntrength fit  is the 

property of *   dielectric which opposes <. disruptive Hiscrwrge),   ^rc 

ff e tutine;  (on the murtten ?{ the apecinen between two electrodes ¡r, 

electric wrc is produced by t.l tempting current whose newer ¿.nd duration 

are incre*sied in « specified manner),  breJtdown vo 11fagg (the voittpe 

mesamry to preduco ¿ ^irruptivo dicoh*.r£c between two conductors 

(electrodes ecp«T ted by th^ cpc-.:xmen)  i nd tr "king ;tras  if the formation 

of ,.  carbonized conducting p tit ,erere the ::irf. .;o <"f tr,  insula tir« 

mtteriiJ   between electrodes -s^int. ined „t .   ttiv»-n potor.ti. 1 difference) 

will be theoretic, lly cxflcinrd    nd  *.ho measurer.«, nt1- jf ther-e properties 

dt«eiattr«.ted in pTi-etiee. 

One ptrt  of the   introductory  lectures  IB b«,srd -in .   detailed 

discussion of viscos ity.    Therefore viscos ity co of i io ici.t,  viscosity 

number  (reduced vifoo^ity)  :.»id Irait jig V"V?II
,
">H .it; _ jM+¿:r_r  "vi-tri .-.nie 

viscosity) will  be explained.    Vurthorraore      If   ¡-1er.  itile ..raount     (in 

t,T<ma)    of ,.   fused •her::.'d  ;*ti" m-. ti.riwl whi• ..  *. '  ,oesnud under ßUn- 

d«.rdiaed temperature <. nd pressvro roniations tr-ougn .   sprue, or orifice 

of specified dimension within t.--.n œinuton) will   fco diituseod end its 

MMfuroncnt dosonstr^ted. 

i a essential p«. rt of the lecture* will t>- ccmco trf.ted on the 

McJu-nicäl properties": 
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Bell indent.gt ion ht rane s r   ( toc K well  h¿rinrsp) 

The indentation depth of ... steel  Uli of ntuncUrd  size pressed 

under estende rd condition on  the  ~urf-.ee of the specimen.     The 

1at.ll  indentation hardness  ie   the  iOiotieM of the  lo«.d t.nd the 

¿rev- of the  spheric. 1 indent: tion.     The  .bckwcll hcrdncso   is 

expressed in RCì.1« unito. 

Compressive strength * 

The cbility of t.. trctorit-l to with.att.nd comprese ivo strepe, 

Defeynn.tion under lo<-d .by coisp'qefllon 

The compression of i. specimen effected by loí,d exú «xpreoncd in ,:> 

of the initial haight of the «yoiaen. 

Hoâttlm of «le-atioity in ooj6pr»».«ion 

Flexurtl strength 

The ..Mlity of c. nuterUl to withstand flexur-vl atre©« 

riayur*.! atrc3a «.t r given deftly ion 

In ctee of m¿t«rltla showing ur.d^r lo*d *  marked cr««p the flexura 

etreea ¿.t      given d^flexi^n i» ma..»ur*d lnntetd «f th« flaxurcl streae 

tit break« 

flexur^l a fold strength 

The etross   -1 t   point on .   lo«it-4eflexion ourve ~t whicr. the lo-d 

does not   increase with    r. t»cr'v.ae-  in d*fle7ion. 

î'odulua of cibatici tv in flcnciun 

Tans 11 e.. a t re ngt h 

The fcl-ility of .   T t«:ri. 1  •> withatend t*nsü» «tr»»»»%. 

Elongation at Fti*xiïïiug lo»-d 

Elongation of e specimen i*t th« moment ¿t whieh the atraaa-strvin 

curve reaches the lUtioua tensile etreea. 

Elongation, -t. brade 

Elongation during th© tenail« teat ju ;t before the specimen breaks. 

lodala« of elasticity in tan»ion 



'çyr rcoi^t. ncc 

The     bility  of       •;;, t-ri, 1   ii'iln;   to  with--.;:' 

omplex  function    1   its  ultimate  rrfunU neu  t- 

t   ii 

tur«. 

^ecr j)ro.f>< je,, t io^jrçsis1 ; ppç. 

Tj»e r.bility of c   m. inri  i  to withstand •-   prop^,. tion of . r. existing 

sir.çle slit  or nick until  rapture of the specimen. 

•'??. ct   utrr-ru-tl. 

The    bility   of ..  Lì  ¡..ri. 1  t,  KItastanti aloe;  lo..dirH'»     In î>r..etice 

three different  tet;t rno+ri';ds    re used. 

,.)     Impact  test   (Ch.rpy) 

t)    Imp*, et toftt  % i2'"ì) 

e)   r.iUiif b,.ii UJ\. 

Torsion«; 1T Bh«. r »tronjrth 

Tho .bility of .  meter x* 1 to withstand torsion.. 1 sheer streßs.    The 

she¿.r strength is c Icul. tod fror the nu/imusi lot à iurin* L she. r 

or tornior  test  ,. ni  if   b acá on  vhr origin. 1 croc s-r.oe tion ^rc   of 

tho specimen. 

Log:ri.thniic décrient »f scrunici .Unr-xng 

In c. i-,r- of escili., tir^ -cforRu t io*i : the lof. rithmic '.leorenwnt of 

meen .nie- I «Unpin* ir: thr .,< tur 1  log, rith/.ì of  tli-   r. tio oí tfe«o «ub- 

Pfiquent  t-nplitu'os of o^ill  tion. 

Torsiorjk.,l_, tPOdulur! 

^tresa-etrrin curve 

. di../=r. m in which correrpoudinf vduoe of et rea» «M »trfci» m» 

plotted «,fct.iriEt <. oh other. 

)    Ooj>ond_enrr on thlc'^ruigg of Epccimen 

fc)    Dependonoc or a try in r.-to 

Tho slope of the f tji«a-ntr ir. curve    t   r<y spooified «tra» «r «tra»» 

>ec nt modulus 

Tho Elopo of tho »oc. nt   ir wr. frc-n th.- origin to ^ specific point 

on the Rtreßj-s*rt ir, "um. 
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Yield point 

The lowest otroBB in t. incterú.1 t nd 1ère thur. the nuj-imum ¿ tt, in .bio 

stress,   L% *rhi.ch ,n incrD.ne  in stri in occurs without ¿n incre.-ao in 
otresa. 

Po in| of rupture 

Cold flow (creep) 

The slow deformi tion of u stressed m.tori.l ,.t temper, turps within 

ino working r^nge of the raitcriel; 
£ i    dependence ¿>n Xo¿• d 

b)    Bepondencp on tempere ture 

°^    nependeiice on time 

Iiyt^ntt.ieotts...recovery in creep 

The deert se in strain oeeusr^i innediitelj u^m unlo. din¿>; 

»fK>ei»en before . ny creep recovery tuces pL ce. 

The ti»«-»dependent portion of the deem se in strain following un- 

loading of - speoiaen* 

The »tress thet e,ua«s t five* weep in ¿. given time in u riven 

environment. 

ftti1g^te 

The process of progressive loc;.li2cd pcrtitncnt atruoturrl chenue 

occurring in ¿ nuteri; 1 subjected to fluctuating stresses -tià B%T<. ins 

which «i^r culnimto in crocks or complete frtcture. 

litigue life 

The nuaber of cycles of etresa or strcin of ,. specified ohí^rcoter 

Mut e  given specimen austcina before f- ilure of .   specified m ture 

occurs, 

Fctigue limit 

The limiting vtlue of the median fatigue strength if the number of 

cycles becomes very Urge. 

For the s*)ee of coaplotenees it should be mentioned tiu.t tain p..rt is by 

no «OîJîS ¿ theoretical one, beciuoe several instructivo experiments will 

be pc formed. 
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•pcci: 1   - ttention v/ill 1c Jr. wn to iv^-tjicc^tp, cold,   rcoiet  rico_to 

he>t_ (the highest  temperature which .   m. tori. 1 c, n tom.wr rily   Jr por-- 

m. ncntly withot< nd  without  • pureei. bio deterior tion of its properties;, 

lifiht resist., nee,   .rtif \^i_J_ . nd n.. tur-.l wc. tiioring • nd , r_iri¿. 

Under the  influence of firo the beh. viour of Pl. stic«  is effected 

by numerous  outside f. e tors    nd by  come specific   nro^ertiefi of  the 

m tori. Is.     The correi  tion between Chemie 1  structure -nd y£.}2£jí_J¿E?. 

of thorril.A componiti on wita evolution of fj. ..jji^lo_¿¿££" V7Íl1 bo 

erpl: ino-i.     / in- llj   ^-.perimente concerning infL mobility, burning, r,to, 

self-ignition tender, turc cnû, inc^ndûaoonce resistance will bu m, do. 
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