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It it important  that   -krvolcpinf countries k«tp wp te dato iß 

dtvclopmonts in new pelynors as those products will be rïiorc mû «©r© 

uiod for fabricating finished pro duo4 s  .T *hoy may alsu compota with 

thf more convention-1 pi'si ics production cf which has already boon 

Ottabliehod in th..   dovoUpmg ccuntr.v concernai1. 

« list  of the  now polymore is then given showing tho mr.jor producers 

end their current  statue ae  -  commercial venture  and,   m somo cases,  the 

raw met«rial required. 

Poly 4-fiiethylpentcnu 1  (TPX)   is interesting in view of its lightness 

and transparency,  pelybutene 1  (isotatic)  in  still  at the development 

•t&ge but  shews promis«.-  in regard to its environmental  strosB crocking 

%J    The views and e pinions oxprosfed in this paper are these of the author 
and do not  necessarily reflect the views of the secretariat of UNIDO. 
This document has been reproduced without  formal  editing. 
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i  fie  ! 1 ; repl-co 

i\   ti(.rno,l;.«tic-,   .a-?-.Vu-v-i   f euHitige with 

x'.r  will   "• ,spt+i   with uylcn,   -.H-l/'-cctyl 

•  v.\c -A ^ibiì ity eh   its svnthfEie froui 

v   t    (-!f_r tuf,w reilitrvnoe. 

Ï ne .re   -TK,  -jc-pclyncn of t thy! cu»   Willi .-.erylic -.ci.li neutrali tod 

w ... o >i m.  They -re cf eoñiidcr-.bU via in p-mk^ing in view of their 

. U  i\ ..)s»  n.-:t. 

-hi nr. t. •.       ;   . :•. 

ï'iv   1  tu.r. 

jr".turr.tc'd _^ hvst- r;;, whif- 

:«:oellent aifin-. .nar .^¡n r- ii 

'J*d even aoiiit thvii/tcsc t c. 

hylen 9 i« of mi ,.:i\.st dui 

Bt '   be"il r-il. 

Vrogrvad T u«-'ic';  is  •   trr.nep.M\n-   ,xl; tr FT de  by  cemlensing 

•rihcvi.Kl.hylcn<.-íü". inw *it!s  Urcpi.th- lie  •• cid it, -MI expensive plr.atic with 

V-I.U-VJU- .„nfin^-crinéí pre pert it <i. 

Fhonjrltuf   oxicu.  p: .••..¡„•re '-.v.. cvir~i-.nein«' h„ci  reoi¡>t-\nce rjnd,  blended with 

polystyrene,   -r-   b--co. .ir. r      CL,.íI.KIV.í~1  preposition. 

Polysulph.nes h-\-.    gr,u   i-ccful   i. I; .trie  1   prcperli-'.c. 

Pülyiiidtt:   -IV-  IN.ir .h,n.• .11. ;:    r-     rn,':ir g.'tun of  i.e.apor".turc resistant 

¡.-reducia with,   ir.    .h'itiD'i,    icdlau   •. U.rtric: i  rrcpvrtUc.    Thoir high price 

lint their utu   ,'    ^ptci;,ii-: •     -divticn. 

In the next   Etcti.n o;-  ih    p-.per nr:,   ;iCir developments  in synthetic 

fibres rro ¡.unt:onv.d. 

.'. UG (¡ilk lik,.   iilr,    llir,-H  is  buievu'. f   bo -   poller ..btr.incd by the 

"..;àcnR"tien rf dede.-.;..   , ley.rh,;;/1 io  -cid   ^nd  i:e  urn , : d<~'- .ancoyclchcxyl ) 

i.icthf.ne.    It  he    In-. ,.;y ¡ -...I,   ¡ixd prv.gr, sr  in f shit u f'bric... 

Poly p.-r-A:thoxt bv.nr.j  te h, j he«„i. deVeJepvi. in J~.p-n -i; :   silk like fibre. 

rctni-oouvnerci-.l  procer':-   , rf  '-rione   -rid  synAio,   ctic H/C  fibres "re renort  d 

while r. wool-lü..;  fibre    ) ,&d en -. ván/lchl, ride - vinyl  riconti  or-pcly:.«ör hvn 

been produced  m J-.p.-n. 

U.vUr selubl«   pol;--,,    n    re next   : ? icfly considered r.nd .-. short  oecticm 

ir  dovetU *<-•   t !.. r. ¡e;!-P. . o  elrxtuncv. 

^oly4-V-tideß,   ph'he;í lytnerî: "M   rr.dir.tion polymérisation mr,kc up the 

fined pt.rr.grr.phe of the ¡u per. 
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liltottd Producers of ;,@w Polyntrs 

A«Plftgtict 

1. Commoc'it.v  mi.'   engineering 
PJ,»itlcu 

4-methy s pent er.e-1 

Polyvalent —1 

Ionomers 

Chlorinated Polyethylene 

Injection Mouldable 
Polyesters 

Nylon 9 

Bylon 12 

Trogwid T 

Polypeptides 

Pyoduqere 

ici Ka) 
Mobil  (u::,) 
flue in (*?;ro) 

":>u Po;.t  (US) 

Hoechst  (?7C) 
Bow (to) 
ICI   (ifK) 
Showa   )enko 
(Japan) 

AKV (!T o llana; 
Olanzstoff ( C-íO 
Teijin (Japan) 
Hoeohrt   ( *r{(i) 

U.r>.   '*f-parimor,t 
of Agrien] tur < 
Hue la   (i'lfG) 
Itas er 
(Swit: or l unì ) 
Dr.   Plate (.-'ÌÌG) 
Toyo Iicyon 
(Japan) 

Dynamit  .obel 
(FHG) 

Several 

ot»tUd 

Commercial 

oemi- 
Sommercial 

Commercial 

Ma. 

Propylene 

•".utene-1 

üthylen* 

Commi-re ial 
Commerci; 1 ^thyleru— 
Cerni-commercial  Chlorine 
'ommercial 

î ommercial 
''onmercial 
commercial 
C ' 'fn i -c ommercial 

envelopment 
Commercial 
•"omworcial 

Commercial 
Commercial 

Commercial 

Semi-commercial 

2. High Temperature 

PPO, ioryl 

Polysulfone 

01 (US) 

Union Carbide (US) 
Du Pont  (UL) 
Monsanto (US) 

Commercial 
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Polyiiaid»« 

Polyamide-Imid@e 

3. Hater Soluble 

Polyethylem Oxid« 

Po ly&cry 1 cara i ti e a 

Polyethylenimxne 

4. Thermoplastic ¡Hast ornera 

B. Fibrcr 

Ciana 

Polyesterether 

Polyvinyl alcohol/PVC 

Casein-acrylonitrile 

Polylactonen 

PVC ( i ne 1 ud i ng sy nd i o~ 
tactic) 

C. Photopolymers 

5. Printing Fiâtes 

Amertean Cynnamid (Ur) 
Rhön*5 Piulan'' (¡Taíic«>) 

Amoco ('I: ì 

Union Carbide 

•Vveral 

DAFT (/i:u) 
Dow (Vi) 
(; hem i rad (US) 

Shell 

Dtt Pont (Us) 

Polyester-ether 
Fibre Dev.Co. 
(Japan) 

Kokoku Rayon and 
Pulp 

Toyo Rayon 

Konegafuchi 

Rhone Poulenc 
(Prance) 
Montecatini (Italy) 

W.R.  Grace (US) 
Du Pont (US) 
Time (UL) 
Union Carbide (US) 
PMC  (US) 
Bayer (PiiG) 
BASF (PIÎC) 
Showa Denko (Japan) 

Commercial 

Coraeroial 

Commercial 
Comiere i al 
Commercial 

Commercial 

Commercial 

Semi-commercial 
Semi-commercial 
Semi-commercial 
Semi-commtrcial 
S em i -c omm e r c i a 1 
Semi-commercial 
Semi-commercial 
Semi-commercial 
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Paly 4H>cthyl»pent«no-l 

In !%!> l';i  introducta "TT»" 4^«thyl~pûnt©tte~l polymar». The BWSSWP 

fop those  S-.1 eri oregular polyoltfirm in made by polynu. risati or  of provient.. 

ÏPX provi (iff; ?••»-.  ml- r a* mg balance or propartida - low dennity (ü.é3) 

tran spi _r> n< y,   trou-   • •ap- iat-*r    r     is't.m«    ,     a-'   -1   rtri'i     rop*rti< a..   Th 

¡»e,t<riul   ir hi^L pri<t-  (      .wii-  i.t< •']'• ,\   1,,    T - 1 .-• 1 ¿\   l,v po  t   load bearing 

propelli-     ui '"   r     «..«t.aa-- ,   . .v*. il i       . c . t... -as  a,,» ,,ir . •„*•«» r   -a... gw- per- 

meabili ty.   ite  prop<-rti«.-  have   -.Ur. en ¡       ..>.-. ¡or lae e + ici: moulded  trans- 

parent   ir   w r. ,   i rn>     a. U- ia*a ,  •>i 'if 1   eea.pr-,   .1   ,     I. af ri '• i     <-. j on at,2, 

automotiv    liga*   hou-mg -    .. v  r* I   1 a»à..*gir„: -ppl*- i* ie.,s ar-   vu.'«r   lov» lof - 

ment  v   nr>   --opoivri. r ;    -hie!   ot I L :    îr.pia-.e   p; ip< r» 1    -,   la1, wr» ,  medical 

(e.g.   t?ynng>a^  "tu!   ^utoi..otiV.   appi ir \t i :>¡a     í'.g.   •i">.'f   hoar :ng"i  apikal" 

to offer the greatest  opportma   -     .    'lì-    nigh  cost  ana   silect<d property 

diaadvantac--t; ,, u   limit   fP;*   to speciality   application-  rather  than as a 

replacement  tor the   iarg>:   volume,   commodity plastics ruch an  polypropylene. 

Poly Luton'-;-.! 

Isotact ir  polybní en.-l   (calle.1  polybutyl •- ne  i.,   Hor.e countries.)   iá a nomi- 

commiroiai   olei'ir polyr.-r with promani^ propcrti'-E m.:icat ma une  ir. pip»-, 

film,  vire coating,   ad  esi\a s,   injection  an-'  'loe muí*l'Un.r,   11 -s.dxng, 

colouring ano   oí '.,.-•  api lieation .   '-'c tr.rn-re iclir. t 4  ».   . i       • » r.   nlo-ad   ly 

processing problems  r-- 1 :tt > >1   to  Mais  polyr-. r':    na., ir.,    a*;'; u-11 m      pimi * j 

tho lu eu   l'or copolymer     1:    e« riait,  spplieatior     .i.*1  r- Wiv   ly  1 i**l.  n w 

material  and polymeria- Lion corta rOativ-.    fa e»i   r t 1     m a»riv   '  polym» xa . 

The advantages  of polvi ut, n1-:   in- lud. a  , xcM'-'i'     nv.rca. rn.i   . 4 v 1 .   rr -e-, 

£»nd  COlí'   flow   resistane   ,    111 gì-   temp, rat uà-    o-.|elll"l      ,      .1 î   goni   >-ur>st 

and tear strength.   In   tu   Unit'. :  .-tat'e  po\\i.ut   a -s   , .p«   Sa.   t •• ». u.   1  for 

several  engineered j.up__   appi ìep» loa.; (< .g.   va t - a   M"tri - u+ ion '  .ti'.   1.   Oí. i  r 

evaluation  for  ot!.- re   (   ot   wat  r  pip     in   parte   ¡1   r»,    la   ' oi aj • ,   li rg* 

diameter polybut"ne-1   .   tt  ajid   industrie]   pip.    ar     " ..«   r . v.-il    ;»   or.  ? Ur 

applications  und<-r  stud;,   iaeluia-   i\rtili.,.r  t.-'-a,     o,    >io  r-  pr->la>      1*4-   an 

shrink  film (meat).   Cono yaicra   for  c 3atia^ of       1* .r     a:        i rur      '      e1«- 1 

speede)  hat;  bean under d .veiDpra-a t;   high irol.'UÎ-j   v.-. igh»   pel;»* .'»!v-l 

may compete against  the pclyisobutylene  for hct^^rsu^l »   au h> .1 w j_,   .t   \& . «mg 



amt^Hmm 

M/Ü 

blended with ItDPË and polypropylene to  «jinanee impact  strength and pro- 

©•suability. '• •o X o ur e owtjpo und i 1i j-  ir another potential outlet RB higher 

filler loadings  reduced mixing time ami good wetting properti*'; havo 

buen noted,   hyectioiiand  idu*   moulding    will  probably  i.-e-  limited  to 

large  items s-ueh as milk -..ratt .,.   í'TKH-:  in flu- s,;;,  currently arc  in the 

*0.30-0.4o/li-,   r-Tjigi- and  might   U-  HP   loe aa   ..^0.20   in  tin   future dep«ndinf 

on several   factor.'  such an plant  suae,  raw materiel  cord, 

lonotnerc 

The polymers, were  introduce-'  in lyoS by rm Pont  ("ÜURLYV")«  They 

ar« essentially  ocpolymery of  etliylene with methr.cryìio  or acrylic rcid 

partly neutralized with  ratio:,... sacs ac  ".odium and   zinc.  '¡bey of for a number 

of property  improv>. -ments over Polyethylen--,   particularly  m packaging,  no- 

tably suprior  t<   oil   earner,   "larii.y an!  punctur^ r> ^mlanee.   r'or  in- 

due tri." 1   raouijuug;-,   f-x» t'il»-';f   ir,]>r_i •      »rength  i.-   -,  ;r..ior  f 1 tributs. . 

Packaging application,   prdbar ly aecount «-a  for w^n   over   >0,   0i'  196" 

coneumption (< .g.  CA«ru¡non cali:,    si*  pep« r an-',  foil-.,   ¿din and   blister 

packaging)   ; ut   u¡.-e for  Uou meulde.-i  conte mers,   injection moulded com- 

ponent",   footwear (boxto's,   ton   lifts.,   ¡loi- -^,   S o am ( mrulst ion),   nd- 

hefuvf-a,   porten-.   t.-.cp:uidi •••(   in->. .   Tri;!. -   ir,   Ì /Ca   wert,    u,  th<-   sîO-'îOets./lb, 

rangf but   coule    iecdme   Ulou  dOctr ./lb.   ao   volume   n ereaatua. 

Chlorinated polyt»t>^lern   ( •[' ,\ 

Althoug!.  is«   " ,rw"  (isHchsi   i..  Germany has   otf-re-.l  PVC/CPT compounds 

for many y» ar; >  ;'p;: das ¿r.-ún« o   mere seing acceptance    in the U.S.  and 

•or»   recently   m J.-1 pan  a.-  :.n   impart  moUfur   for FV>" .  ; V    m   produced 

by gar, plana   or  slurry  eblormatior, of KbFr (b'i  '   is  u-ed by one  firm). 

Th*  typ«   and „lojeeulsr  weight   siatrinution of  t'a   P'   ehiorine content, 

distribution,   crystal 1 nu iy  ite.   influence  rmal   proper4 ma,   ,   large 

m*ber ot   grader  can be producer  ly ecmtrolling these vaj, ml leu.  Most 

comercial  Ci :    polymer;.  aja-  based  on   10-40     chlor in: t ion.   bricen   in the 

U.b.  are   >0-m f-t^./lb.   Modification  oi   rigid  fm   for outaoor building 

produite  (e.g.   pipe,   short.,   floor tile,   umulowc,   rainwtsir,   etc.)   loomo 

ae the most   important  application area.  ('I'd provides much   improved 

treat h «ri rig characteristics over competitive modifiers,  \ hile enhancing impact 
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and proceening. Calendered i'il» and oheot may la :   major outlet an flexible 

proeuote with minor anouni e  of pitici;-er have b,-en m&de - replacement  of 

FVC would  be ti.«.•  lo£*irf:.i   ta-plac.aa at,   m Japan,   bhoa?.    *>n!'o hefi developed 

ACS,   (the C   ne .mal :"      :i.i   i ^plae« ::  th>   butadiene  or b portion  of AU>) 

which report-.dly e.rhvi^  bet.'rr a-alle ring and flame rtaiatance. 

Inj ect i e.. I lot; 1 b, i -1 c jjQ 3_.y£e ' '" evo 

Teenníe. i   iraa-ova. :ue  i     bur op--   Mu Japan have led to proceasable 

thermopl ar.tr- pc1 v.;:- ; » ••.•.•    .h-*  h ..ve exeollnit  atronpth,  hardneas,   aear re- 

sistance,   low aoi.-trnt.   .,;,ea:ai'.or:t   ¿joo.1   electrical  ana  temperature  properties. 

Theee raterial.-, ar-    exped : b   to  co~ue U   ulti,  other  « agiaeereb  pl,-¿"ticn   uueh 

ae nylon an"  poiyaae+a!  an-1   tof.-   te-moaein.    Jimnriion o<" ¡TI'VIOUí pro- 

ceLBin^ problème Ku,:'   been  achieved  t,    tin- coi.b !..•••   rration ol* nucleating 

egente  - (;iar<;  fibre,   íaeicaeinf rnoler.uler va iah4   -ai.i  dev^lopinf  apocini 

Moulding cervi it ion: .   Tn<   ^ivaenfc  ob  merfn  ¡v    polyester r,- a material a  ror 

fibreíí  in meay <-e>mtri.-  rrr :;<»:.   fh    p ' l r-ctiveiu-rr  of  relucid  prices   £'or the 

therraoplaa* ir   prba.aa.rr   {}'     ala:a.   bil..-a   ty;>- a  '-*e   priced   rt  about   iO.60- 

.£s,70ct'-./n .   in Jap'n-.   Ir, J¿pan,   tia'cao; ••!:••   a.'  .nil   -,   cnpíiK ering thermo- 

plr.atice, ar«    th¡   :  -M--    of poly,   '.r nar..e,  b>>volopment,   particularly  for 

electrieel  aut omo .-'••-. i  other   iauu, trial  componente,   hi europe-,   appi i - 

catione  incluí ¡n.'^i.nni'-    i  pr-obuata (a.--,   gcare).   ¡rrauare (e.g.   handler); 

chemical  (o.¿>. vaivén);   •ppliarae houaer and  eleotrieel   items. 

"felon K 

This butadiene  t   ne     poly. ••-•>• exhibit.- the lowest  density melting point 

and water ahsorption c     he available polyamide-.,  lie prico/property balance 

points to competition a'   h  nylon.    ". 1  en-1  ''10 (hot!-  of which ar-   dérivée   f i om 

price  eenr.itivo n^un1   ---aaar oil;,   aoaeve«f   it   ie  aot  Hitely to  replace 

«ither   in all  applica tu    *   ri-w   it-  pvic-   i a   -hh   -ugh a? id  what   appeara 

to be minor property bub     • net;-  -r* i-<ltp   , b<   a« pi,    er, -n*   very dií'ficút. 

Production  ie  piaaanfly   i        u-e-,      Vl ,,'.«.    ,,   '    j-r   a   .   will  in^lud" . uto- 

motive  ami   indu-   ->•>]   : ua  ,, ,.   }1  ri _    ti-  lb";   a.Tb-  ,   pioda<ia  requiring 

good dimensional   : bbaa4,      :..*:    p   • •  • .,-n- r*        '",,;v;   monof i lament 

end  fluidized   }»-i'   ,udi.^;      bead ivt'y   lit"' 1 *    :*<'ps ;'''-na-tít   nf   the   cheaper 

OOlTOodity nylonn ((»,   o/v)   ¡i eapoe^ea,   thu.;  limit.n/' nylon  lb to a high 
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priced .-.ptcir.nty m -.-¿«rial. A k«jr a«t««iinejit in futur« $»ioinf m«y hm th« 
suoceoB of new butadiene U;a«d fibres which utilise the aam-e  iut«médiat«« 

required for synthetic of rylon 12.  TU-ir imccese might  lov/ur material  coat a 

considerably.  To rial.,   ¡ç'UU   • : ha i; i ee., mon*   rucconcful   ir,  -.-plnoing nylon 

11   in Lurop, .  It.>  succ ¿a against .<ylou 61C (ana II)   ii. the   Luted -¿tut«» 

has teen negligible. Japanese promotional  efforts r.re. underway. 

The U.".  Department  of AiTyn.ltturc- haß synthesized nyloii •; fro« soy- 

bean oil r.L- a potential  loi; coni r •terir.l  ;dth propertu    akin to those 

of the other low  doasity,   lo;: auioture ayloau.  * i'V^J opnu'nt   i     continuing 

with economic utilisation of byproauete  e+i]l a proti -aa.   Ja   ; ht- USSR nylon 9 

(fibre) repurtedly hau ifi-u produced by  i.elonerinatioi, of ethylene. Japan«ae 

scientiatr ha-e  synthesized nylon v  ;y osoly.-.in of   .pern cii. 

Tro gam id "I 

This European prodi   p.Iy.T.i-     :     tr;juaar> i.*     ;,    hi     rood  surface 

harones;;,   shrinkage  • .VL   ir>    -r  .-. ,   -r. : ,-i:    • rw.r nlr-t    a-  auch 

as polycarbonate,   polya« et; '.   •-.     ,vlu\     .   ;•   . -„.  :   -t:.jt. proh.rt 

of TID (trihoxai.Kthyiui.  -i.m: i. .'••.••; ¡ "...i ;     -    i.,   ,.n      '     '-.out 

¡"1.70/To.  /utur-   priera;  ,a,r       p. a    a  :.,¿;'   v    < .    •     -ta.  » .r-    )i   the 

TTÎD which  ir   oxpemuv       "- I-JT . « ;.. -iL.i   :,  ¡.-. j ¡n   lyfi8. 

Polycarbonatet;,   metric a., i   * .-<"<  ]L.r    x't-a   <:*!.•!     y"M ,     ;;¡i     .the 

replacement  target  of Tr.,,;',a:        .   ' : \ • i   a'un.;    s.r-    -y     -.-r  r- : iii-.«.l 

include transparent  bouam^n,     ieetneei   a;;-.'   in'.uBfi; 1  esponenti-. 

Phenyl ene Oxide Polymer.- 

Phenylone oaid^ polyrii re   eav  cere.:«,rriaii„ed by On>.rnì  electric 

in I964 and trad«-narked   "1 iV .     -¡ey  ,• r<- highly fuiha.-c!    I-P.IUBI  of 

their high temperature prop* r+ .. .   an!  ,.ov- Ì  polymeri ;:? t i-a^  *   enm-nitì - 

oxidative coupling «  1 + i 1 i r    «   a    t h< 11    -yntheti..    .».     u, -.*qu. nt  .m;- 

covery that  hip!    concentration:-  of  pul,yrtyr. nr-   f     p,   '•••"   )  •',„.] |  he 

blended with PPO   lou to  an lotpai t-ion ef   t;,,   <•; i«cirv.i   "dumly'.   Those 

polystyrene modified reams  trat amarkee   "ì.oryi" :  u't-tie   -.o«,   o!   th« 

high performance properties of PPO but  their iovnr eort  ¡bus.   rot ardano« 
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and food nil-round ^eruuiicpl proper* i<r r* emit  in a favomuU*   prirr/pro- 

perty br.irxc'.   and hc.vr *v-intc  ntr*   $r .eerp-u-nci   i;. mrjiy  r.ppi i •;.t io;.r- pr ~ 

viQUi ly   spi r\ I'yir.f   •• • t   !,   cyl'".,   ; í 'y-';.r"'Hi¡.t      -.n •  .'        --tr.   Cirr-'ì t ìy  PPO 

(iU""h   MI   
:lfl       .il',,   j.v.y •» y-, j.-   '   !   .•.->••!;. '.Iîï

1
    tri- « 'i   :    l.^'1.-.'   roi U; 

lifted mcinly   u,  v   ice*.-.:.4  '¡i^, t >.-mpi r¿ i nr<  •-,l«-et n<..--1 / »'loctror.ic,  v.rtor,  mi- 

litary cru'*  tr.cdicfU  '.pplicr t ion. ;    .     •   >i J n "     T/'   i       p.. Tifi, -t  ; »r   i numi • i 

Of  rrdio  aiH,   t oicvi. -¿oí.   o utnpoi : »:, t    •   ••.  ¡,y  " •;   IM,-'     -• .> !.:•:•    h<<u.;)?>»". ;      ppllM»' 

parti*   water  oonpont-ntv,   (»,ë,   •%.-•;    ,     pr.;;\l-  - •   •- .    v.r.m: .   •'.•   *. r i .T.ì V Ì   *- 

ironic  component...  . cry!   ( i,,, r i • 1   .     i     pn.    .   . i\>v,     .'»•-•       .'     '. : .    .;. .  :.• ..- 

fradcb tre   i-xpcct«.-     to   K<   prie-    »'•... r   -.   ,: .-,   •        ru\p- ' •    \i''    lup!.  \   • •.   M ' 

Miti relet i?-i   "cnjnrno. i •y"  polymer..^.   .'•;.*  t:»>.   mi-,   iy/O';.. consumption ot   -nodifieJ 

phanyle;;»:-  oxi>.i-   poly»« n   ^oiuc p¿.r?.   1 >,000-JO,000  torn   in  the UniWd 3t .ter. 

alone,   ihf   further -• rvelopma.t   of  oxidative coupling porttndt- further break- 

throughs   i»,  pelym-r   -yi.theric. 

Poljculfonv 

Un i or.    erb! :-   introduced thi# high tempe rotur« mr.t«rial in 1Ç65 

(it  i     •'•.'   ••'.:    ipj-hviinj   .'. ur,     iìcKlorodip..tnyii ali oii<-i.  ..ppl \ci txonr 

heve t'   :.    o»v •:.•!'.•• .   ' \ *)•    •'!     1 rn .• 1 '• ! t" * ro.>. ;       .i   li í<.£.  c«nmctor: ) 

and pint«1'    ,pp¿,  v.-      c p<>:. t,* -,     >.«nrr '-v       ;     -¡r r..*   p-r*.-,   "..    .;*•'1   Jn> 

•c-vcrf.i   .••]".< i   . , :   i  J i"     .   '    .     .(.-*,  pr.   •        . .   .    .    .       :      :    . 1 ¿r     * c  p-*m - 

trate wirv  coating rv v     Ur.it-. u   miti.-d   ;d<n  •(•   i.-y.    t MUí  .",000 to«..:   in 

I960.   .U-|jleuof;».nt   'tf  th-rooPi-t.    iy.g.   :..p*-iUtl   purpos«-  ¡.Kfnolf,   ""äF)   ir 

eloctricftl   proî'.urtc;  uuer   :.;• f-u'-'iut   '..r- akcr;   may  i.fXpimi  proiSuction  in th« 

futuri... 

Poly Ingoiti, Polyc/..^ u-iraa,-..,   r'olyiütcr-imi,.-^ 

Ußftif«.   oi' *h*ït.•• h 10.  t^mi-.^r- * ui-*- polynn ri   !ifv= b«oj. canotntrat^ in 

«ltctrictl,   ;i«*ros*"îc-.   ;„     .i« .¡.i  ry m^rk.-tt: -.,-h-n   pt.-rformivnno rr.ther thmi 

price die*   too m;,n-Fi\ì     jcmi--   noi,,  ¡".li   t!.r. t   »,<t.-rial,-  aro \m>--ñ  tu for 

wir« ariti cabli» v-mi^h--;;  ' .4C   -r'-'i:.« ì,-;   poJyimi:"(. -   ••.!".   predominati-  i'^r hiQjki 

itmp^Tt.tiir-.-   siim,  mt>ulu.-ij  - ociporii-rns',   n*!s.i*8iv« :f  ¡^,,1  r«-mi orr^l lùantit* 

bnulcr: .    l'ht   prtyira'«       •••     .1      :•• ••.•tion product/   nf   ;laruiytlricc«  auch a« 

pyTvBii, 11111 r J.iaudiydridi     iV •:'•  -.»»e   J,   )',   4»  4*   - b-ntophunone tetra- 
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••'•rborylic acid dianhydri'fi (^U),  and diamincn auch aa o-phcnyleno dia- 

min-   ar methyl  •••.   •liaiiiliru.    '.,   imi-' -in.id- s  -\r<.   baaed on trimellitic an~ 

"yiri.i   [ r?.\ i  . .     i or*:.i;,   a. mm- .;•;   ti.c  poly, rt' r-imieb. r- arc produced by 

reacting TMA or other aeb^iiuie» \-n*\. aromatic eiumin. -•-. rind polyalcohols. 

-'ire  cnaft«-1  mc vrrraah* e vai?  continui-   to  U   the  ^..r^'.'i   outlet   followed 

by  iaeulat ioî.  . llr.;   UP^   for    chr-rav. ;:  and  re inforca  pl-adac V inders  in 

truperoonic  aircraft   i?   »xpceted  to  incrctu...   í-uh---tant ir lly.  Proprietary high 

cost   equipment  i.   r^quireu  for  ¡ff nuLtion  of  filn,  moulded prrt¿  rmd co- 

ver»!  othi~r  item; .   .-.nie:' volume will  f.   iow but  dollar value will  be high. 

Polyiauet   fibres ax\ under development. 

Fibres 

Ciane 

Du Pont  announced this new "silk-like"  fibre  in ly6;i.  Initial use 

was  in women* ; Li gii fashion fabric-,   Hut  futriré-  irrle." art expected  to 

include a mucl. wider uc-gnu-nt  of ti.,, consumer app-.r- 1  fit If and  eventually 

industrial   fabric;.   TL-.   fire:   ."onpl«.e  Oí   '¿'ine   ìndiert .-'•    ulk-lif»   pro- 

p-rti.e:ípiu.   feo«,   colour,   cL-urity,    ' Jic j.. îO:C-1   .-ta'. ìlity,   ir-.p> ,   crinkle, 

piert  an..: cr.-:  .<   n «ist anc  e..e    -e    of , - re .   Introductory pnces   were 

«5-<'/lr. Qi'-iu-   er  prob,; : ly Graved   from e >d. cane iio-  ecu.1    jvi tie   diamine 

tac (d-Munceyelonexyl)  :r,< th  n    (Pf^f).  'fh-,   e-a.«   i:   syr.th laz.d  from bu- 

tadiene   uid   T..-   -íir-jum     .ron -aulin,.  a,vi   formal    Ly>b .  fom   forecast o in- 

dir:, te, - volumi   of  iOO-fOO million poundr  by the  leti   l'.>?0* c-.  Other silk« 

lik     fibroc  e,v-   '"•  -.n  *,yrth     izc<!   in Japan ar  not „d below. 

Poly-..rur~etht r 

Ttie-   I-pan-.,   comperici - latsubUhi Che-mica 1 Industries,  Kokoku 

ììojjpen ani1 Pul-   ¡ e.  and  r>aiwc Spinning fo.   formed the Pclyestjr-cther 

Development  company to promo'.<   t\w.ir join*   efforts on r. ¿ilk-like 

fibre  "A-7« 1 Ì".   .t tiding fror., .dunoi,   1 h.   cynthaae yi   1 tfi +ho  linear 

polyw<T poly i parr.ethoxy'-« e.-e-a , ¡   ci- p.". .   "fport^dly,   tic- fibre hi s 

tetter alkali   r  netance   Lfm.  polye-nti r   .'ibree.,   rjcc. K  nt   w athor ro- 

¡Utctanee,  good - la-*1 le lty,   hi^h ch-inka^.   and   it. readily dy-.atU,.   Prices 

wore about   ^4.%/lb.   in  lv6tì.   Du^geated applications  include  clothing, 
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household fabrics -.nu industriel items. 

jhycton..  Based Fibres 

l'i ores based Oí. polypiralactone hr.vc been produced in semi-comrrcrcial 

quantities i¡; Jaran ana the bri ted Ctrtos. Other potential end uses include 

für: aim n..(,tj radicai RUlua ai... meuld-.x producís. Gne- Japanese firr: m- 

dicr.tv.-t that the-a fibres may be competitive with ^panueX. bov,ral lactor.es 

have been under s. udy - piralolactone appears to he favoured because of its 

superior hydremic resistance. 

FVC 

PVC homopolymcr and copolymer fibres have ben produced for limited 

usa¿e wher,   their chemical resistance,   flame ret-rda.ice,   low molting point 

collectively w.r, desirable,  fer, recently  firms  in  Italy, i-Tnnco  ana other 

countries hav,   developed  syndiotcctic PVC  polymers  which  reportedly  can  be 

used as hi-  i.s  13C°C without   shri^hanv,   thereby  ,nhancin¿- w.shm.    in hot 

water  rrul   ..xposure   te   r,est  dry   cleonin,.  solvents.   Continued onUiast  in 

flamc-r.tardant  fitrer-  is   likely  te  increase  PVC  bas.d  fibre  blends.   Low 

temperatura   polym^riz-ticn   is   a  hey aspect  in  the   synthesis, of  these  syndic- 

t r.c t i c  po lym t, r s. 

PVC/Polyvin_yl  âlcokcl 

A  vinyl  chloride/pelyvinyl  alcohol ¿raft  copolymer has been developed 

by Toy o  CUr.ic- 1 eenp^.y  in Japan. Called "Cordela-,   the fibre reportedly 

has wool-lik,-  properties.  Sever.-1 yjuid.s have  been  announced,   including 

a type  which  i ci Self-extintuishi;it.,  emily dyeable,   and has t;ood stability 

and abrasion resistance,    >brics where  flame retardaneo  is needed will be 

r. mejor objective  -f   this  fibre. 

Wevtv^r^ SojLublc_ _Poly v.u. r s 

iolyeth.ylene-oxxde,  Polyacrylamides,  .and polyothylcnimines arc not new, 

but thuy have  all undergone   renew-d growth in r. Cent  year* due to  expansion 

of old markets and  deVelonm. nt  of IKW ones.High molecular weight polyethylene 

.°.XÍ¿£  is us'-ti for  sizing ci  ¿1~HS fibre an! other J^JjJLeßi friction re- 

duction  and coagulation  (mining,  ptirclotr),   imujLtrial  and agricultural film 
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and ieveral speciality uses,  including pharmaceuticals.   Prices are K>.60~ 

ll.50/}b.   in the United States;   Polyacrylamides are the  largest volume 

material of the  three  (U.S.  consumption abrut   i o, 000 ..IT   in 1968);   they 

are used as coagulants  in -., ..er  t.-eat: m,t ;   ;.,i!mt;   as dry  strength resins 

and retention aids  ¡>y  the  paper  u.duotry;   fcr friction reduction oy pe- 

troleum producers.  Acryiamidu;;   .rt   :«;:;    used   m a  number ~f water  insoluble 

applications,   Po lyetny lem::;; r,^ have  iVund vadeáis- use  as a paper  industry 

drainage a^e,   fiucciùent,   adhesive  ->\u.  for various textile uses.   Collec- 

tively mere  than  3'V'iK    cc:¡r    '1* + ^ese polymers will  be used fcr water 

soluble applications   ,.\ the 'Jniled States by  1974- 

Thermoplastic ülastc mer..; 

Styrene-butadiene-styrene block copolymers commercialize I by Shell 

Chemical offer the properties of elastomers: arid pmcessability cf thermo- 

plastics,   other firms  (e.£.   Phillips Petroleum)  fiavu developed compe- 

titive products.   While volume  is  Ptill  relative!,}   ornali,   rapid ^r«*vth 

is expected during   che   next  decade.   With rnly  su,-ht adjustments,  con- 

ventional  injections moulding machinery can  be   i;-ed  fcr   the  SBS polymers. 

Most  cf the   196t  production was diverted  t--   slue   solxtit   applications, 

sponge  soling and processing aids;   in future years  ether -rowing  outlets 

will include coatirvjs,   adhesives,   hot  melts,   pharmaceuticals,   various 

extruded products,   toys,  wire and cable. 

Polypeptides 

Several advances have benn made m polypeptide derived polymers. 

Production of proteins from petroleum has received considerable publi- 

city.   Less has been said on polypeptide  fibres,  films and  synthetic 

leather.   In Japan,   polyglutamu acid and polyalalme  fibres are under 

development.   These  silk-like raterial:   are  readily dyeable.  U.S.  research 

groups have produced  films frrm polypeptides with ,::ocd mechanical and tem- 

perature properties,   Several   iaoarese  firms are now manufacturing synthetic 

leather based on poly  (R-methy!-L-¿rlutamate)  which is vsed fcr  shoes,   in- 

terior home  furnishings,  etc.  This relatively new product   is expected to 

achieve farther commercial success in other countries. 
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Photopolymers 

Phctopclyraers are used in the production of printed circuits,  integrated 

circuite,   industrial etching,  and more recently for plastic based printing 

platee.   The  latter application is intensive effort  in many countries fcr news- 

paper print 1%- (photoengraving cr photolithography).  A diverse  number of sub- 

strates and phi topo .Lymer  syste.ns have  been presented to the printing-  industry 

for evaluation.  Polymers used include nylon,   polyester,   acrylic,   polyacetal, 

polyethylene oxide-phenolic,  DAP and others.   The plastic plate  is in+^nded 

to eliminate  seme of the  steps currently required in newspaper printing. 

Radiation 

Radiation polymerisation is gradually becoming commercially feasible 

for an expanded number of products. Already it is used for curing of paints 

and certain fabricated plastics; graft polymerisation for textile fibres; 

crosslinking nf polyethylene foam, film and other substrates; wood/polymer 

building items; production of "hard-to-make" copolymers, polymer degradation, 

p.nd more recently polymerization of polyethylene and polyacetals (semi- 

commercial). 
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