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. Friends, wo are c&thurod horo today to answer the call of tho United 

Nations to extend a helping hand to all our neighbors, tho nations of the 

world. — -     .                 -  .             - ....   ...  .... 

Some of us arc rno.-e  adequately endowed with money, materials and know 

how than others.    Alone: with these ¿ifts,  comes a responsibility of generosity. 

Each of us could do better,   all  of us c^n become ,:reat.    In every one of us 

i3 the deaire to succeed.    ToJay,   wo will endeavor to enkindle a technical 

spark and to  li.fdvt up the  fire  of renewed faith m o'irsulvcs by our dis- 

closures tc  each other durin0   this Meeting. 

WG are  ¿¡oing to talk abeut  the practical methods of polymerization of 

atyreno which have  ceci used  ever the past 3C years.     First,  a brief history 

of seme of these proceros,   their advantages and disadvantages,  how they 

work a::d the  types of aateri -.Is that they j.roduce.     Then we  ./ill   review 

in seme   de Lai 1,   ley cert  methods  fc? mucins polystyrene  th.t  ar^   ample, 

sound,   and require   li".:;1 e  ¿op'-n stielt ion on  the  pert   of the   operators and 

t \e tcclnioal manpower run- in- 4himj  plant',.     The wore  practical   of these 

aetho>io  -rid  so.  ; ù\SLC>   vc:n;'nic  eoMpc.r'son of  .danta  t~-  produc«    polystyrene 

will  felici,     finally,  va  w.il   rvcicrr,  et.ey mounted,   low coot  polystyrene 

plante  f— your considerai " Cr. and r.a>e  ruComne:icjT iono  PC  that  technically 

oriented pecplo of your countries will  bt able to tr.ako a dec:, si oft. 

Hip^or'oal 

The comercial ape of polystyrene i e abeut  30 yean Lut history haa 

n corded th..•  j. g.im called :,c.-a: err: fron ctrtcir.   t-^ca.     Host-.re and 

Siramcr a  (i'jW ,  describe  f... r:¡rtnu   ir. which  styrène monomer was  changed 

irto higher order mater; -1  "Styrjl Cxide".    Hoffnan    aid   31yth.   heated 

ityrenc  m  reale!  tv.U : « ,   ?<VC  and  a,>*ai.n..d  rdid   presets  in   .645.     In 

191!,  ?*atth,w3  fikd  -. Untiti.   ..Uii   10,27/  which described a thermal and 

eatalytie   ¿Ton:;-  for   . ••. ";/J A. r: ;;.• ir :. of -tyre-.,  'ori'^r to yield  a eubatance 

for the production of article:,;  forieri,,  I¿AL <Y«n celluloid ¿lase,  hard 

rubber,  a*-, '  wooh 

lîany of   ».hi. re  t.-.rly polyr:v.is u< r«.  low t,rade and  suffered from impurity 

,f th- ro,r-tr ,.nd  it  was not   antil ":ure*u and Defraissc  (1922)   fou.d 

that  the aronatic win. £ and   a. eneln  inhibited  the.   polymerization of styren«, 

that cfria*ent dii-'-UUti jn  i_nù  inproved Ptora¿,,  cpcm4 up  the   styrenc oarket. 



totwmielmwky, in a Rusiian Physical Society Journal end Inter in com« 

patents to iîaugatuck Chemical Company,   showed  thc.t v. noue materni] ft wert. 

obtained from different  rolymeriwition  ;.rorccats and  thr.t  IOVA r  Unperaturts, 

produced better r-.sins.    Ostromislensky also   in th-   \ci>.   ?0n,  used   the 

peroxides for  \i.\:-   ;-r>lymcriz:-tion work. 

The polystyrene  raterial s  in the  PCs  ..rid  the  30s hvd ;:  tendency  to 

craze and creek  rfter ;   week or  t-„o of commercial  uc<   and neehanicnlly 

they were inferior. 

By 1937  in the U.   3.  Dov;s   followed  by Ilonsanto and ,AJce Uto, 

started to  GU^.1;-  polystyrene  to  the  yd^.tic   tr-du   übt  in  193c  there 

were only ?0C,C0C  rounds of iolystyrouc.     Also,   m Germany,  during  the 

mid 30c,  six cr  3even varieties of rn^te-U. 1  cUlv.d  Jrolitul  wer.   bang 

offered to the  trc.de  and these were varieties  of molecular weiuht  ..nd  in 

some instances,   copolymers with ...cry lût en.     historie,.! hiu;;.li¿ht..   ;j-c 

given in Figuro I. 

The second  world war put  a ; rcat  ei,:/.hasis  on the U.S.A.   on  styrenc 

for synthetic rubber.    At  the  end of the wr.r,   tremendous amounts  of 

styrcne ncnomcr were available.    !"any research dc ;.-.rtiV.cnte.    ere  doing 

work with styrene  through the  late  3Ce and  e^rly 40s.    Whereas  1938 

produced only 2CC thousand rounds,  by the  end of v.-crld v^r two,   it  v:as 

estimated that  there was close  to 50 million     oundc,  an incr.ac-^  of 

25O times.    By 1961,   this reached li thousand Million pounds,  and  by 

I960, the production of rolystyrcnc and  its r.iany Vc.rioti-s reached 

2 thousand million pounds.     It  is predicted  that  the 3 thousand 

million pound market  in the United Stetes will  be reached by  I969.    A 

quick review is yiven in Figure II of U.S.A.   production. 

Folymerigetion techniques 

Kost of the early works of Gatromislenoky,   Lonoinc and Kon3tcin 

were done wit41 ¡„aas  /olymcrizaiion techniques,   primarily by h.eat alone. 

With the  discovery  th. t  peroxides  could u.i.10  initiate  radicc.1 

polymerization,   the   field opened up  considerably  m  the  formation of 

polystyrene.    In the mid 30s,  a tremendous oxiount  of work was st¿o*ted 
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ir? mm$ of the nation» on ormi «ion polymérisation, u«in%- a v¿ritty of 

tachnt'ju« ;: whiea .»litn^d u,a.-  to m. )*-•   synthetic  mi'xr w. ich by  19>0 MM 

appro*.'* ir*., tiK   Rei natur.-i  r a-. Urial   in proptrti-, s j\d v.» !*r.     It wi,c in» 

ovita-.i     with thi.    tn.    aer.,0   , v : ;•   , rou;,ht   rn  ay world  w, r  ÎÎ»   that  othor 

U'cru.t.;u-..¿*  P.,/  r,:     , -.. lynuri :. "; + ion of polynero «a.d •_.,„ eciai iy   'polpstyrent- 

WOUld   be   ii'. vr iop...d. 

it ti>«   B:   ..  of   •   >   naes re-a: ' inns _;rtw,   it  wiio ooviou..  tu  almost 

everyone   Lì:  t  it  >; -, inprtiaie   1  f<    ,TOUUCC  lar.;c ..noiuv:-   of  ^clyetyrenc in 

any amale -ant.     The  firat U,S.  ce, Jácrcir. 1 a/.,.lie- tion w ,;   t.ic  eo called 

Can proceso cf Bow 'Jher.uo.--l O.. ]...ny wheae  the polymeria xicn wer, carried out 

in a ser.n.n of baihs increasing m temperature hotwc n ahout   7C°  to  17CeC. 

Cans were successively aoved  xo a r.ijhcr and higher tempi.. ...ture and ..ftcr   ' 

tho polyrntrisat   or. waa completo, the tia was stripped  fron the  polystyrene 

block and  tuie  uaa  mahicri.,   aavelatilizcd  by  be in,'; heated and  passed under 

a  vacuum  to  ronera   ta*,   rc-idu..!  low volatile  ..laten-ais. 

In  thi.   late   ÌOz and   n.    ...aria  40s,   the   fumane practiced  a 

polymérisation   tccliri'Ue  •. r.ich    eia, axed tac   ; G ly¡:a. nautica   ir.  rather  lar^G 

stirred  v».ara la  to ceproxiu<.tf 1-- }%  polymer and  then the maturi .1;;    wore 

run dov.Ti  through .towers anion ia/i  ia-atiny and tremendous  cooling edacities 

built  in tc  than    .ad the v.:,; vieaouc   liquid aa tcriala   .,crc   run off into 

a mova'.1*:  belt  whiea. p.a.: y a   thca under heat  and vacuum to rénove the 

volatil r. of t.ic  .reduci   line.    Each cf the  two „icntioncd processes 

obviously felt   tlu.t the     r,.atest  dut.rent  to the  polymerisation was the 

removal  of ,i.„j.t   . ror.i   Ida   Mans  product.     Since  the  eir.uj.Eicn  polymerisation 

techniques did not  sufher from tin.,  ^articular difficult;/;   he-cause of tho 

water avaiL.hlo  to  remove cxa-ear; hta.t,   iiameaK.Uiy attempts  acre made to 

polymeri.,'.  styrene  in v.er,;:llu   formulations by a.odif ic^tica  of the rulbcr 

tcchniqu.. a   tlu.t  weia   Uar. ,v;il,.  lo»     however    -ol;r;tyr<..ae r..:d-.  in this way, 

v/aa t   very high noKraiar wei ,'::   .,nd. did not   rrovc xo  he usable  in the 

machines and the   appi i e tionr. that va.re then beim, tried out  for the infant 

polystyrene  bus ini os. 

Persistence  however,  alontJ tht.ee  lines finally developed  suspension 

polymeria, tion .ad one c.   tec  .-rly publications of this work is (Hohonstein) 

in Indian Rubber World where by using finely divided trics.lcium phosphate, ho 
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ftW« to product A b« d or sugar polymer »fhieh had excellent molding 

ofearactoriRticK.     In suspension,   th*» prir.tr problème that  CM ri   xr\ mpm: 

polymer.» «ft ton,   *ha of removal  of ;«.«.: t,  w- >.: not  encount erod.    '.lion the 

Blispunsion  ;p':;tee> », B   il-o  coupled wi* h   ike use  of ,-•   peroxide,   the 

polymer lap Mon  could   oe  run   below  '.he  boiling point  of  w: ter ; nd  this 

made for midi erfn.r e per ••Men than hod Leon the practice  in  the I.«..CR 

polymerization  Technique,   which used  cas or r. ccntmuour tower  in 

combination vnth koities for polymerization. 

..p  carl,y nasa polymerize . ion  technique paosed the  prcpolymerized 

polymer  into a tra;/ or press   -;here the pic.tens served   >o cool  the 

reactantcg.     '.::  lon(~ :.a. a largo area per unit  volunte v:   -.  built   into these 

press procesóos,   LUMP  fair control   was  experienced,     oowevcr,   the press 

reactors rs  the;; were run through the early /K-s •."'.nd [jOc,   left  much to 

be desired from a safety viewpoint  and also  from the preparation of the 

best  types of materials,   bcc.use oT local  overhec tin.% 

As techniques improved,   the mass polymerization and the   suspension 

polymerization  proved tr  be  the moot   economically attractive methods of 

preparing ¿-ood polystyrene:;,     .'.long with the improvements in the poly- 

merization  system,  also  came   improvements  in the  feed mechanisms and the 

ability to  degas or devolatili se many materials which were high in 

volatility.    The advent of the vented, estruder helped    . lot   in this area. 

Along with the development of the techniques of polymerization for 

polystyrene which gave good and acceptable commercial   types of material, 

aleo  came many advances in the understanding of the actual mechanism of 

the reactions and what  one must  do   in the  polymerization in reference to 

time,  temperature and other variables to malie the   most   acceptable products. 

A g: eat deal of time and effort  through the 40c and early rfs vient 

into the  study of the physical properties of the polymers and the various 

techniques for the manufacturing of these polymers.     It  was early evident 

that the crystal material,  because of its shattering nature,   had to be 

improved  in impact qualities and many attempts at  polymerization of styrcne 

with rubber and of rai:cing styrene with various rubbery materials were made. 
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Types of Materiali; 

Ao th... scphiotícctioñ of t.c onci uter developed .,nd the Knowlodg© 

acquired by  the m..t. r1¿.l manufacturer*? became cletp,   it w. s olivi ou«  tiwt 

no en,   type  of ^u na,  would   fill  the  nc „do  of  all  of  the  poly.tyreno u.c. 

of  the- early  <,Cc.     It  w.c  , lso  ap^re-nt  th, t   the   cryyt,,!  ci.   r m.ture  of 

polystyrene •,, ., an  Vedute  adv. nt^e  but   tíu t   th,   Ehrtt, rmt or bnttloncw 

of  the matcii.,1  i.„s  ma  of  its  -a.jor dira avantagea. 

Inanoli   tely llenas  of  -olystyror.c and  ruob-or  bu  an  to appear on  the 

rru-rkct  in  the  It.  40B and   ,,rl.   SOs ...nd although  tluoe  trials   1 .ft 

much   i.o be  d.rurcd  in th.  actual   Mending,   they v„re   immediately .o.epted 

by the  tr.de  ..B intact, nr.terialu and ac their uce  fercw,   BO did  the  knowledge 

of polyulcndii.j t.chavues.     It  «.s  not  lonj  before  it  Was  ir.unodu.tcly 

obvious that  if .   p,rGOn wanted  te mix materials  to the bast .¿vantage,  he 

should ^aehow nix   th,:„ at  r   .oint  wh.rc their visco,ity were  rennet 

equal. * This  immediately   ctart. e  people running viscosités en polyctyruno-s 

end rubb.ro u,d trym,  all  combination, of the   articular methods, of 

operation,    eventually,   it   ,rov, d tat if ¿ raix ._s  ^ on .   tw0 rol]  mU> 

somewhere .round 1ÓC°C  with a ooodyaar type  1CC6  ,and an  coy  flow  typo  of 

polystyrene,   th,.t  a  fairly    ood and  controlled blend could be  made  which had 

the  bet  grübln  rhynical   pretties.    It  „..,  not   lon^ ,fter t!as that  the 

technique of master  batclun2 were  5# rubber c.nd  ^  polystyrene were  pre- 

pared on a two roll  mill  e.nd  tuen this v;as let  down  from five to one  to nine to 

one, n ,ith „ere  „, ey  flow   ,,oly£ tyren, cry^l  to manufacture the    better 

grades of impact  polybl.nd  polystyrene  that  were  in  the market  m the  e.rly 
50s. J 

At  the  same time,  this hiendan, technique: w..c   bcin¿: developed,  werk 

wa, ,oinf; on i, tK,   ,tu^ of t- polymerization of styrene nonomer i„ the 

prcounce of vario-is rubbers. 

Propertieq 

It is extremely importent that one undorut^ds the ¿hyoioU properties 

of polyotyrcnc ,M how they rcl,tc to the «.Houle, weight.    Ao the molecular 
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t       »(' t •      i.    • •      m 

"•   *    • l    i    i • t       t 

i i  t% 

* *• r    - ijr 

*o-.,    *#; 

,   M*. 1 « h 

P *r '-.   -4.. ,r t. , v   *< 

i't   it t'    ;   , -  .,      , .   ;     j'..   ' 

'      ' .If'-,  i-lllii     .r.      :•<,,. 

*      I«-  î ,.., , 

t*< ».'• '..• f.. .. * î on   v ': '   • 

;.  *    '   * urpou«   f      ,. h 

•'    «'fcr.,1 le:;   . nú   II    xi... . 

' -      .V    uri , vi     • t     ' ; *••' 

tlf'ni       f <K. , m.    :       ¡ . 

. u       i 'uHi4,ii!      •)•;».   .        j 

;M?;,?,ru-       H..:  1    a,M-  I-,..,,-.   m;.t. r ,.    In 

'     '   in   t h,    ' i tv î-, tu-. , 

'    l'i   5 -'h   ..!'(     U8U. 

-    'h  thin 

»-- t fil! torti, 

f «r * h f • t< ri« ¡. 

ri. • t. ,.   MK, ,1., 

t.- !•<!• r. tur. .:• 

4 - »j. r. m-. 

,V   M. (U ill«.-I    ay    :     ViBCOHlty 

V'"«-   m  toluene   by   ,.ith. r       •••, trom.+, r   tube 

or r. ßrookficld vi scorti, u r,   th.    cii...t r , l,ut j f>n  of  t h-   m«-'    -n'-r »• î . . - .-.u..i .«i  ui   T.,1.. nn.i.'-ui.-.r  W*î -.ht   iv. also 
quite  itiiLiorteJit.      Iti i'i   ur.   •>-><'..*   + « 

'   •'m     l»   '-    "•••:t V. pc e of M,.teri{.lv. for   the   three- 



\'-:-'r, S-..-.S ,hw. 

Hyoonirrlrrr      - ;n»l   hoM,     %r<   »ill   h,     t*ut     n 

portion '•-f ri-, ••• ì %ì • -• , »   ,,     . * H»- »i-.iii       : 

r^u/.l   !    ii   of 

•« • .    I        '    -v.      .ir 

i>r *      i -n •' -vit»     ••«*".-i   ,.t 

pl«Btti   i -"« -. 

**t#t    4,-.. r i t ai ,    4;.       .'<, 

»»•»jut:, »•   . -vir   {".!> », ; 

PE-Í »<fi   -:• >* n*    , ,-<\ f  * 

%0  ST. i y; • '• rvvt     ìA    v.'Ui,!       ,i K~ K' 

:*rc*t  ..hi--   ;   rrt;
i4 t.- ;-p   , *   ,.    „* •. . 

«und Ih«« m n\if  -..-,.-ir       t   '.-.o       , ¡ 

of ü»<    fr«.r  T    ; 

*""   «*   ! | <     fît   1      l ¿i  S      i"    fir* 

Ï-.        ..   1,  .-   .      ? 

r*> 

Mi H . ,   r ' ¡;:   i    .irnu;    ~t ¡ri»   «. 

of thf»   ••- • -i    *    ;•/  *:•;•   tf.,   ¡ .• • -.ir,_ 

th« a»' i'-'-ui   r   wi,"   -„-*.! i   .ir     ,   i- - 

Kr «•it-; 

« u 

•; • KTUI   r  wt'ifhi 

•   ì '.--•*• T î?r 1 1   ;i   >;n «;,<fr. 

'• . •"•   •- '•-    'K--   •   ' i»    ii   11    î Xf. 

5    '        .      •    '    i       f    1,-Mù.i, . 

' - •      '      •¡•••rv   :ï...    r.-die   I 

*i •"'• i.      . ' ••     ri' ." .,'tTv . ta!". 

t        î   «'-s1   ' «' ,iT. tnr, .      .'!;•    r,:.'.i,,cul   r 

h?   .....u: i «       !'•;*•    "   t, 1 v.;t 

r       -í'ül|:     •    î        •   r    î , ;;       ,••  t     ' /. , t       ,: . 

l'   *   •'•»* "V-!'-r.:tiv r ut-i^ht   :>ro, ••'i-i'.i, 

•    ä .      •   !v   -lUT   1',   t    the 

> 

in e©fc;**ït i* i». •. 

thaï t',.«ri-   » -.  wi » •   i. ,-,   .        i 

WOll^lt    Iù   i   v. r'ïrl, *-* i   -...] 

OOBCoritr.it,-.;   m*   . r-ctic.l   ch¿.nt*ct 

*\ii«n§' i. r r wenn,    «»'-..T  turc,    • 

It  ê,-«r,   r»,u ii.   h"wr\ . r  f« r   th..   e< ;.,i   i 

viaecaitj   ..f    : .t<..,-i. i-.  r,!!   wui.i'f.   ; i. n,   ; ,-     • !..•,.„   -,   -,. ;,.,;lii   r  weicht 

OOVtrcl   .':u!     ÎîH    t,-   ¡U.M*  rare  tV •    *\w   vrl:»ility   f ;. 1 !   within  n;.ul;'.r 

liait.-,  l'(-r caci,   ,; w-   orr'oiU   , <..  ?,^;c  turc wfî- i   ti-c '»,;, t   cürt - rt icn 

end tho «u-jj.lotenecii of ;»lyr,iori8--.t \-.n ;.re sat r ¿.rtc-ry in the màv.utri'vl 

end «ne. 

livret   t.y;>oü 

Ueing techniques br.god en orvotrl  pcljnnoriïi Uon aome improvement   in 

tho kip-.ot ü+.'cnßth win obtained  by blonaing ruhberr.     Tt did net  corn- 

pi ic.-.ic  the engineer! \g rjxd  the oheniBtr;-  \m   much ,.nd  it  WCB quite can;; 

to produco nuch polyt-t. .uno ucinp citlior pclyiati-IZí-.t.ion toclmiquotì by the 
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.14 30...    TWroh tr rrcdur;   hi*,r ^ct  peimyr#M by eu,pon8ion 

pol3P.ri«rtlc.   „f , Hbl^.....r,„     . lut ,, r, w „     „WM dlfflcult  prcblcnl 

andr«qu:r. !    j   nn .  -, i,   -...,   .    rr    f   Wt-intrr,fd «ffort of „tJV 

people tf. n ;•     -it. ,-rt ,  ...       ,.   , .„ .. , 
* !      •     !   *     •     ".i-«rt-i  t.. t  once I tern and 

Waters t r a -,    , >     -..*,,.., 
' ' :-  *a   ••      '•fr¡  ; ¿riDiít   icmeäK tel y a 

great n,,r,,  .......     r    ,. 

suspens 11- r,  P Vr T r,¡r-,   : u   ,,(;¡- 

much mor,    hf« i.-\.i <   t 

raeritctic,   .3t...bil 12U..TP  in 

At  th<   saat   t u.iv,   th. 

the rubber:, .• ] B« 

*'  r •'•   ' .-lrtol."  yoivnerize   in   -table 

-   '   II     w-       '-   "^'- = "  W    rubber.     It  was 

*.*••    -   -^      rvhl-i-r.'.     ".ut   va,h  todaa-'e  ooly- 

• i   nue-.. m,itn  e"ete-m,   even  this  13   • c .sslble. 

i,,v,c-raz',t:.--n  te-hmouos IKTL  Lei»e improved, 

•íi  *!°     0-.riy urea  KO;  hot   rubberr  aa.vc way in 

tn<-   ..raient  .      ..n-î  rome  U' tic- ecld  rubben,   followed 

by an 36*   and <vontua.il- -he  butadiene type,   winch ,rc  now clmct  eX- 

M-'iienc   type cr rutterò ffive a 

>r«. vt 

rapid succession  t<   +: 

clueivcly used  m  :h,   Uruttd :t----:.    ?ho 

rauch botter   irr-r.t     *   low t¡-;r^r»'irr^   -»-:   -,.    ,. * *    .L ->•", cr,... are- k.na .. r. nere efiective  m producing 

impret  th.-,-.  the previously used  rvb, rr.     'bout  aC,   cf r   hut-dienc  rubber 
Will  f;ive   <ho  ^,,0   lin)rct   (f.i:l   <)0Uj¡,   ;.cr  inch  of netch)   ^ thc  provious 

100Ó or arvlono i'ô. 

In genera,   the  -avo of  i,,ct   yolvstyrenc that  ore on  the merket are 

a medium  impact of .bout  , .3 foot  peu,^,   the 1.2 te  1.,  myact,   which is 

the genero!   purpooe  mpact  m today'r narket   rnd r high heat  distortion 

material  „Wich  u  recommended for :^U .near that require heat  balance, 

and heat  resmancc.    Usm* the t.cr ,quC, thn ï,,vc ,-rcviouoly  aeon 

described  m crystal   type-, molecular weight   changes cr.n be affected to 

make a material  easier or harder  fUw,   „vr« or leen ?lrstieiScrc can be 

added however,   it   io  r*enor~lì" frit     1, ••   r, «      + , , ..entran,,   Uit   . h  t   fir  e/t.runion rnatenolr,   plaaticizors 

:i!ur.iur.i belcw ?'.     Injection Molding ,û:.tenais can should be  kc^t   t< 

stand 3ub; t ant 1 - 11 y -is're, rauch   ..:;   lV,J.  of  al- StlCl Z(:T. 

With  rubber  in polystyrene  oontamuv; th,   .utodienc  unariur.atcd-bond, 

it wae  inport-M  tlot  both h., t  .tobil^er   .nd antioxidants w, re added into 

the impact   aolyctyrcne  al.oct   frcr,  the very  beginning of  the polymerization 

to protect  the rubber BO  it would not be degraded.     It was also  crtremelv 
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iaportant in the working of any impact materiel that the temperature 

should not  exceed about  22C°C  in preceding,  co that the rubber would 

not be killed.    With the protectants available,   effective use of 

impact materials was possible.. 

¡lore recently ..atonals known as the third generation polystyrenes 

(impact raterial.3)  have been developed where heat  distortions have 

been raised to 105o to  108°C and where  impacts arc possible between 

4 end 5 foot  rounds.     á good deal  of this  is processing techniques 

along with catalysts  and programing of temperature,   with possibly 

the use of sonic cross  linking agent   in very small amounts and the   '     • 

reduction of volatile matter to a minimum. 

The possibility of making .".BG types of materials by impact 

polystyrene know how is very important.     It probably is true that 

the lower grades cf ;_2S,  possibly up to the eight  to ten foot 

pound level,   can readily be manufactured by impact polystyrene know 

how which avoids the basic emulsion systems of the early .TG's. 

A nuiaber of .people, in the United States are Manufacturing by this 

technique,    ¡'ore recently blends of ¡JAI: and especially prepared 

emulsion high butadiene content  rubber malee even the higher ft./lb. 
.".BS's possible. 

The patent situation 
/ 

The patent situation must be answered by the patente in effect 

in each individual country. In the United states, a number cf Court 

actions have indicated that the use of TCP in suspension polymerization 

as practiced in the United States seems to be relatively open art. 

In a recent suit of Keppers against Pester Grant, the Court has 

doclnred ¡Coppers' patents invalid and the appeal has been rejected. 



ID/HQ.34/26.R.V.1 
Page 12 

•»•re ia one pètent to jjac«, îtcSurdy and rtelutyr« cf Dew, U.S. 2,694,6?! 

which seems to cruce somo concern in tho iapaet polystyrene field.    This 

patent clainn the use of shearing in the prepclyncrizcticn system in 

ordor to make a good ,..ipect  polystyrene.    Tho torching of thic peient 

is correct  and u.0 bent   impact  is .v.adc with -arri;' -€itrtitn  ¿n the Pre- 

polymoriar.tion kettle.    Tina pr.tcat,   iscuod in 1954,   io therefore m 

forco until   l?7lf  cccordin^ tc tho seventeen year l.-.w cf   „ho United Stati 

What will  be decided  .a thii cr.se  ir Ccurt  is conjecture.     Î   v: merely 

calling it  te  -ho .:.f,air.tîi.i: cf the people who rv-3  thin article. 

In the  field cf ..:•;,  tho P.ct   that Unìcn C-rbiùo md flrrben were 

in .interference has caused the patent  tc Union O-bide to  be  issued 

in 1S65 and the pc.tcn  to , .arten <o   bo  icsuod in 19-«.   and  because of 

"hen c  patents this,  the .'_;:,  prient" have to rui un;il   1Ç"2 r.nd ISC3. 

issued earlier m zcr,o ether ccunincs.    :.'ith this   'iE technology 

pretty well  ^tented by Union  'ari lie  ..nd haaben,   it   is r.ci   ou.-priainf 

to find the   impact  tcchn:aac method  cf making  'J2C  attractive  and boin* 

pursued by the  raw nr.l-nalc pocplc   m  *hc Ctatcc. 

How each countries p.-tc-^c aro   iseuod coult" net  be discussed 

here but at  least thcec najcr highlights chould bo raentionod. 

Description of n^cc  -,z 

A brief description of the tacna process lor polymerization ôf impact 

material followc:    rubber is cut and dissolved in ntyronc end r.fter pessing 

through a filter to remove gola and unwwitcd emulsion aids, the polveriu¿*ion 
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i» Marte* i. e ntrmê «rto«l¿* «til tue r»lF*f wwtent r#acfc## 

«r «th the help rf celemí,  cither benzyl  peroxide or 

MoHsiacbutylnitrile    vr ci*il,-r ncterx.-.l-..      .ftcr    :*,ut 41** 

•°Udj thc "-^«.-.1   »*  Pirccu  into   r  prete or run into  .. 

eentinucuc   t:wr »Acre  ftuMicr /l^c  i,rticn trJtoc piace. 

IH  tho   preSC,    il    if   run   ,-t   - br»u +   <** cr   *, , . ^  o * ? ,u"  <-*    «out   ^    c tnen  r'lrcd tc   1 ?^ c 

Cad th«n   i,j   IX   C   to   noi .-olite   <thr.   noi «„ri.-»,- «   , ^   , 'ulL   -'^ P°*-jnoriz"ti(.n ir apprcriactoly 
12 to 14 hourn.     In c. cc.H inuou£  tower t'-r   -i-t-,*..~i   - -. """•   ^wer lue   ii-torir.l phases dem 
through  rmc:,.   -JBUTH'  f ur T t     t   or G    ' -a0    it/"' 

2M> C.     In  the  uc cllcd prese  block nctlxd,  thc rvttri.-xl   it 

r«wod fron the prcos,   jr vjid,   -.nd ortruded and tho volatile 

content reduced by a vented extruder.     Li the continuous 

proeeea,   the .nr.tcn.-l   is   .'ev ilr.tiliscd over r thin film 

evapcrator or r. herringbone ~cc r devoirtililCr  ~,M thc vclr.tile 

murici recycled to the  :,rcccc3.-iftcr the <lcvU-.„iiitc.ticn        " 

is complete,       goer tyre  nunp coi punjp thc mf.tcnalr through 

Q •pinncretto end thc finr.l  pellot  uedc.     ïiowevcr, quito often 

thc operation uso3 .A extruder  inotcr.d of r. gcr.r type pump 

and foes through tho c^.ct imo precoce th.-t thc block pcly- 

mmrltc.'Aon materiel s gc-  through. 

In A suspension procos,'1er mpr.ct,   rigure VI tho opcrc.Uon» 

are tLiilar until  tho 4Cf pclyner IB rno.de rjid then thc material 

i» euspondcd into r. wr.tcr TCP nrcpr.rcd kettle  in about   5G-5Ü 

proportions era with r. scries   >f temperature rices,  from %° 

to II5    to 130"  ir r penod of C to  K 'hourt,  the polymer izr.tion 

ie completed r.nd uouclly thic  ic  in    he presence c; tw.  cc.tcüystc, ' 

*uek ?.6 benzoyl  peroxide and ditcrtiary butylpcrbcnzoctc.    The 

ac.ttrir.1 then  1    flushed cut of thc  rector onto  - mechanical 

•cptrc.tor which separates tho 41C mesh T ?  from r.pnrcxmc.tcly 

the 80 ncoix  iapect  beads,    î'-tcrials <\rc then wrched through 

ft eentnfugc,  dew£.torcd rjid pr.ceed through a, drier where the volatile 
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.2* whtikc or  lower if h,rt   r m** R{ . t r,   , , ' ,l" 

la tac nanuf«cturw  of cr^3t:.l  (rlwr,   Víx)  t.     ì#,       # 

«•• • u   -.»c   v..,.,   ...,cnrn»K.r   la   cur»'«-- -<   ->i»«.*f 

estala« t*    -p     rA  i,  .      ,      , *       ^ir%rtiJf   lnt°  ^f  *"•* «*icà 

>ko  po^tyrsr       -   trer   f . ~   "'  *' ***   ' ^^  -lrtCtl* *• -»•     »»    •'••-    - --     wren  ir     T.IV? ^ •   •»»-#•.. 

»^      *w "A" *   4in"'9  of  th'*   •>ctu».p|   -.irti IR  rpr's -f • *,.  attr•.» 
&wi with crr-tri -r      v.«, - axirr%r 

,   '»...t.,  v-.ry accurate   control  of •>•-  ,.»* 
J<m can put   en 4C  t- 60 me ,h  ,~ , " Ji   "Cfc'íl>  th*< 
of the kcfl       ,t  •,„  , t ^   -r>  t, i  cca.g ou« 

&uid inth km  tr-r   in n,_t-. „ •-^r.t,d  «y HCl 
•r—  10  p.j-te Pcr million of iron,  m-'   it   -..,      ... 

centrifuga ,x,d - ^ricrt''    v '     ^'  thpo«4* **• 
*~ JriCd"    Ko^vcr,   drying of crystal  i« ^ «ort r    dn 

•CC0.pli.hcd   thUí   xr.p,_ct   rnlvstvrenr        TV, • , ^ * «-<- i-¿jrotyrenc.    The rubber c-n« t,i >,«i,i      I  * 
»ter and it   is  -   ^  flv    + * t0 hoid a lot ••*« ^  ....u.  i ív». to   rsevon  timen n-   í-.^  »^  ^ 
poliscono. ° dry *• Cryct' i 

?>^£ of method 

In gtncri-.l,  thçrc ere ctrt-i^  -,*„    * 

the* presse      ~r      '' , ^* 'M "«*"««*• i« ^h ,f 
-"-*   "... -  .r.v.^t continuous troccim An r>*+  ». i 

u"   •••s tnc  -uepcnaion  procesc -rr'  *v  • 
m the Polymuri^;ion  .3 -.pcp.t«.  ttu-t  >. U..4 

.mor     ~. y 5U1- " bit hl^->- by r.c much rs 7?° to 
100 C.    llls malees it mcr„ dlf,icult  tc  .c.„ 75    t0 

-«»o _ti0n of dc,,olr3U,s,,ion s;rt;.
L   : r.'T""1 ;in" th0 

thMtm
- ^ °•«<* or dtvoletlll2 tlM;„ ,.;\;"'c;ÍJld tfc'= —« 

»«Ufocturc  of , eult,jU  .0l,.,.tyrt.c   "CtU -1  P—-   f" "•' 

a continuous  operi ti on—rr   ! ^  '    ''°W"   ^quiraicnts of pert_xiono ,.rc  lowor.     The   irr-s  orom, -. » 
«o -1* --i ln countri.s u;Krc ccenor„       ,".^-C"    -P•- ^.^-.cntc 

«- -3 Pro_ ::: 0;r r;;-:
h::-f 

ì:°— — — i. -,,M) 

wU,uru_^lC   in    Sene    in^+'nr-.c    -^J    ti. 
Practioed in CJrcat Britein -,^  ,     r. E -nd thl3 10 

e.-  » Wt ustlUl, you car, cvold thc  Uit of C^KICU= ^ ^ 

¡lift Stf-'í'' 
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*«rexii«,a «ntf 
~„„4   , *m.rvi-oro inherently eoi h^vc e lower 
».Uru.la eoct th£ji the cuepcnsxon proofs. 

T»c «ijxniion proc,« undouUctíly h¿.o  th.   ^ttrr h     •   * •   • 
# ^ *•*-" *r,t-   -**ter h--ut history 

"      '" "' ti--' lOVCT   ÍH. -  t     .  XT-n  •ur,      th    n     ir,    *i * 
**d pr,...s .rr.. . -»    * -  r    « .   » continuo** 

it atlc   to ke  p th,. 4roct8E t(,^f tur.- -'-,«••• 
" ^4.ctly  en  s,t with no 

©rtriid. .    Howvvir,  u- t, r   -o, s   -t,in     --P+. 
^   *'-r *-   rid     .nd  k;uri,c ..tin, n 

«were overa 1  ht d, iiu r«   , . ^   * "      -KUv.rj  x, ,xp,ct,dt   thc CUEp€R3l0n procccB  IB ^ 

„, cpo "   '   Uf " tLr'"'   "*  foll°*    -">-   r^-Ml, «thout 
viJV eroe« eont^in, tier    «H   .   •      . k      * 
h    t „. d '    -    Lh  °f ^  fI°* --ould   rollo», ,   fc-tch of hi«h 
•cet dictartion   utimi<i    „.   «-„  ,,* * riai-J»  «-«-• m any continuo•  jroc-er,  tiu.r.   h&a 
to be cno*»1    ti-     tv,        •   - 

fl 
8-ffl-t^'-->  t.iiu   1-  , 0 much   ,;.c  24  to 

43 hours.    In   thir  r   - tv     tv     - 
•i-  i...n,,   th.  ««pension  procer.;- can  reduc, 

faciliti.,,  hold   .p   „11(;  ^llv r      M     t 
-.   . J  ••na   lt  K   ^t*-«1  -aid  in  the United 
States tfvt   i>   ;-JUM  b»   ,,tUr to t*t."li-h  f-,^    f_* r   • 
rwnn,,   . ,      4 

iU   fU''   f0rt-V   '''    fnty   million 
Pound .tjil.  ,-t  ar^s of cene« r»rat ion nf     , . 

•xiiion  JOUnd   "-i  r.t   in --«r- , «« 

••-pp.,, or ,v. r 7, , ..,„ 1B ,u rjnit d .iat r wui(¡ u ^ -^ 

"» cjyr une  location. ' 

Althoach  there ..re KCAy fexcts^to tlu   pclvmrii-t 1 nn   t  „ 
none, of tàtm ore ro crn-H^ft, <  *v * 

^.0 c-n4licetMi th_t   it would not  be  .aaxljr understood 
^ emr country  m th,  «rid rhere  -  ch .matrv or r. m-   , «-»*.„,iBlrj  or cremet 1  cn^meerin« 
courte i8 tfcU¿ht   ;n th..  rchools.     In   r  f• r rr     t     ^ 
ÄMl *     ln  r-f-r.nc,  tu  th,   cuspfc.n¿ion proc.ac. it m, r^ln, th,.t t ¿cod u tir cf tuffici_¡¡t ^ ¡it} ^ ^ti ^ 

"?t0;110"""-pj;fr'3:un"^••'»•"«. ..«...0(,.-£l0B.«^ 
avnt „  _  J    ' Ur ^ tc ^^ «uxtfc.bl. for „ cusp,..nDion 
BjToxu«. Hc-wever. thin Hf, - , .„-. i„ 

.   «me .,t^  invulv.  scm,  coat.     Initial   coct   ->f tq.up» 

*^nt end the  r,.,-n.r:,tion coste (acid  = nd au^ic- e,r   , 
., v ,u UUCilt/  *»xli   irwre'8*.  with 

t-p.n.t». 10.    Th,. control of nocUon u^rtturt wcf ^ u a 
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probloa end although no dr.nger to srfoty hr.s arisen in the United Str.tos fro« 

this practice,   I cm suro thc.t  grer.t variations  in end product hrve resulted 

from uncontrolled reactions  m the polymerization  zones. 

In the United itr.tcs,   the early pi ,nts (Dow and Union Carbid )  were 

the tower prococs.    ;>.   economics were completely different  then they 

ere today and ther«.   ;re ~,-.ny l:,r?c  tower processes  m cper~t:cn with 

very high cutout  -ni those were ecmewhat  liko Topry,  they  junt  §row.     It  would 

be a little  surprising todry  if  -.nyonc entered  mtc  the field - f polymer- 

ization with unit?, copiad on the large  acale  continuous nol^r.criz-tion 

systems.     I>ch yc r however,   -ere effort   iß being put   mtc  r:/-"ll  cord© 

polymerization t.-.chnicpiçs  ' n¿ know how on mr.ss «Mid those particular efforti 

r-.r« st  rting U   x. r fruit. 

I'#wer procos^ci 

Typical of one of these operttieiic is a Proe««« t, dsvtlopod by th# 

roiy««r Cerpcretion of Zcnc.ee, and this is ideally suited for soaeonc wfeo 

can use from saven to fifteen million pounds of ~  particular tync of 

polymer.    Recently on two wee't length  runs,  on V.-JIOUB grrdae b=; ^rocoie C 

has proved  s tisi 1.1 ¿rade=i of cr'Tt'l   -r.d  i.in ct  h, vc  been T..,de 

by this process.     Tome  further effort ighcèst 

and low icit   ind«x mrteri'lc   i~, needed.    Thic Proco SB 

:ictcrt Hr. M'tori.^1« 

,1í.:0  c-.n be uc©d 

for polymer met ion cf other ,nc.»ar¡crs    nd co peigner -5.     Its  be-;t  for turc; 

r,rc uniformi* ,f n /id cl-rii r cryr i.     **cme production of both grrvtet 

crystal   md impact  on -   single unit  ñ.¿.g¡  „ccn done.     These units  -re  ideally 

suited for compirle  integration  m protesting cperat icnr.,   e.g.    .o-.teonu let's 

say * auf-c* iriof      bjrxi-lly  oriental  m Uri/1   >~ v   -   f- • \nr bU   c ^ c  rtcn or 

other suit-.ci e i rgt out Ut s where preceding by  ortrusicn    nd  forcing 

er blowing  if  ? rt  of •;lt. eper tienrl   techniques.     Cart   ini" - n cner-tion 

of tMs kind  where   -   cent mucus  pel ;-mcriser  f;«...Js  -v;rc or  into  -nt.  end of 

r. plant  • nd the  finished product   is shipped cj*   th--. strier  end.   ir. <.'.L:»st 

lOOf* yield:., f~>r id c I   ceo nor /he  hr   tiP|   -nd  the   re-r.rtruding of 

th« polymur wculd  b*.  eliminated   jxá with  the preñar  enrice of  intcgr" wed 

units, «¿.tctwd to th« outlet  delivery cf th« poly»criz tion section,  nul ti 
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IIB«, coald be ran off, proûacing a variety of finieh^d producta. 

ActuUly, one could viouUigc e nmlti unit,  actll ocelo F o Irritât i o« 

8ct up using four v^lls of a nqurjr,  bui Id m.;; unite,  rruJcm,   closure  on 

one «all,  colore n,t,rir.lr  for r  K on ancth.r vr.ll,   Pip. en   1 third 

wall  ^nd cry-   1   for  -.1,  on  r   fourth w.U.     Tfcn  n  t   ^   nv.v be  ta,   future 

pk-nt ..nd net  too fc.r in th,  futur,,  if  the  polyfunction technique* 

continue  to tjrow :.s rapidly  m the n,xt  fiv. y,ars r.o  it  hr¿ in the  pest. 

Economics 

Tin. dicicion on whet to de,  wh,.n to do it, rjid ho« to ¿o it» tre not 

a »ttcr of pr furerie.,  th.y rxc  U.^cUly :.. matter of  „conmica.    A 

polymeria tir.  pl.rr.t  to «¿nufrxtur.  ,olyttyr,m   1*   ..»ricUd to b, 

comtK,1111V      for    > V: r   »r   t    m   y, - r-<-      n^   r-       •      -,    Ä   _      *    * •^ r'   '•   l  n J'- —•"-    n<1  r     +     ny r.r'f*ttvon cr.   -rieri 

r-nd quality. *t t,. riXlv, tin,, it mynt -n, Ju. • -rofit ,rH r.turr. mt.rv.it 

on th- inv-tm,r.t «hi li it support- r n. rch ad a.chni- .1 - rvic< to the 

Ctwto«. r.     In  th, Ur»t,U  3t   t,n(   ?hir   is   t.f   renom,   how, v, r ',:th   the 

firmn,: cf ¡.ri 

industry  ir.  m 

o ."ni :HL  ritiri'  ;ri-:.t;.   m  t,,    ¡x- lyf-.t,., r. r-   fi- ld t*.._ 

it:., '•ridi t ion II 

conditions.  , r- w' m, t. 

t h   -•     .. - cnoBtic 

h  i.,v,r,   ;a v.   ch  of  y?ur   :ounín   .-,,   ,._--r,oric 

conditions arv   aouvwhc t diff...r,rt   : ut    :^m^ th.t  ,-.  p, ,«« ¿. d  pU-nt 

cM bc  pure!.. a d  ,-iid vr.ct.d,  vith ,   mnimr -f ,n ,iPv  nn¿ know uow 

require on th,    p. rt  of th.   comp, ^/  pt.rch.iin« it,   it  wild . ppwr thtt 

the   b,«t  woy  to   .ppro.rh  thin  ffr'V,«;   r   -v.b^ct   in  w^,r:  w,   ir.    .U 

deeply   involve,   in   by c cUcul.t..]   pl.nt,   c^f     of mcJtir-.; forty 

Million pcurdo of polysiynnc of v:.rioui  t„pcs  '-} th    tw<,   hit   low coit 

procrees    VM 1  I ¡,   ;n  th.    indtrtry  tou.y.     In *y .~Fini*n,  th,   Proc.se 

C op^rttion of  th      Q^m.r   Corjcr   'ion  for unirti  v.. lep-.d  uuntrui  or 

for  lnhbr Uù  ^ljitc,   it withcut   ;   r  il. 1     r,d   m       r,ì.vtiv-   i.i..r-  by 

itßtlf by   .n rue h  -..-   l/? cvr.ta  r     ound  OV.T   th .   n>. x%   ch„ ,p^at   -,uicà 

rwipon®*.,  v¿rw.tl.-   •. ;* operiti  a  tr.. t couid  bu occoc:pli«h-,d by a 

•u*ptniicn reiynh-rii.'ition plunt. 

i tjpic^l   iu.pvniion  f.^or   »  ,-ut   1»  ew:wn  m  hi^ur.-.   Till  vjnâ 

U.    á plant u«ia¿ thif  ûrrcj^uR.^nt cm bw o^rctwd tt tM -jm^x 
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A.,,«.  1-vo.t „ rroc, , ,. lndlMttJ ,„ rxfm . t    ^ e 

wilt of j r«.ictnrj wc-.ild aiiow Cii# f,  .„.„,.. 

»*t«-iaA  ccm.-ijcual" without  -v-*-^.,  t.   , 

•tp«CUlly   uno«   ¿r>p*«t   •. «il»   «r«•.„-.   * , 
*   "'   "      ij   •-'•«-rUi^t«i.  cr-et£.l.    ?ht Trcctsr  •:  mit» 

n. outpu, ,r ,. iU,P.n,10n pl.nt it ia th# i.^)"^ 

("'er*?ltlh-'•••'•'-"-•••1,lr..K:t,.,.,.,,„,. 

van out fr»d*t ... f  pol?SîVr#.»        f-. .  * 

r#vi«w,  •u-jmin#i4  or  .0u.  »   . ... 4       . ' "Ul0l£ 

»e clo.«  ^ iu.l:.r  t*,.,     .   .„,„.,     , , .... 
....     4 -•-i--*   ;,   --^««r.» -,   frid   su«i.-ensicr.   pel-- 
••riiatmn.    IX,« t-   *ht .......    ._ f ,. *   " 
A      ,   , "--^   "f irc-c«-'-   -.   '-/i*:, ite  non  afc, of  ^t~i-,i 
or «t  i.c8t  v«r;  iXfilt   ap# ,f ,ftrl.#^     .    ,   >4 *^-,t' 

^«t^tK^.,. ./: ;: i: vtr: lccu"e jùntiriof 

, a..e a.    jì e.rrjd*r a~ ¿ et*-«- •     *-  the *iial 

„,  , 1# --l^in« .^d u, th« v-r-   f,ct  th^t   it   la  ^tin*w 
*nd  m aulti  tow«r  3ytt«,r   whi~h  -r-'--   ^-  - r^ 

"v      -iim ;un of 

of as -such  «  .7«   ^r_  . , "   J "'   '     .—i-i."   -   »^Vift« 

In Prece«, C,   tK* "• i »»>•«.•   .     *   , 

piijBMriittien with  its v«r-' K>^  t.     .   j h^"fc*wn v.r/ t.g* heU du,tortlr,n Md the vt.y .xcijrt.tt 
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. ^ n ;: ::; r:c" * incr"E" -ith •••—^—-* per aoil.j. invited  th.* xc currently b. in    -r~ctir rt      p 
. , -        ir*^ ir.ctici.cl.     Precoce C io 

»ewer iWih.1  l..an  production hiotorv ti-   ,., 
r.iowory tí   1.  Hi»pcnaion  but  hi r   -ret 

Proline  in  int./.-r  t, >   i¡.ff,    „. ,. ''    '"' 'u'    »'vi   nncn  „TIG   ran,* llr »  nn + r.».. -ra. JT1..11C, output op^rv.tiono, Lut uith 
«•«H'H-nc,  i.gtpit   shouH   iir-.rovi  Lnà   t>,   h,   v     . 

«-»inc. .n.r,   ... t..r c„ .,  ... Jlff„, th t ^_ " th°"t 

.*..  ,,.    , •       ytn,t froCt" c would be  the 
••«   Uk-Iy   -iprn.cii   to  pclymcrii.-.tion  rf  1tvr. „,        v t   , 
4«    . * » 1   .»lyr^n.-.    fioi^vxr,   where wte-r 

a   PreLIctn eim-xnoion  pol •/r,,,. ri; .t ion     hould   ' 
it «ft. co.t     •     *•, " "   conoid   nd   -nd  clthou^ 

K~„t. "      ^ d0nC """ "» dcer" 0f ~«*» - of th. 

Cotiche lftwft 

Thit peper wmli he certuni» inrnm*ir*      # 

«».. « ls lBi0rt „/ : r;;°: '; ;-yw - **-«<-«•-•> — 
»v..   ima out  whet   ttiv   *01Bff  rr,„,   r t   „  , 

i*   -.«*  • •»        .     - S^iRf  frirt   oí   polyctyr-nc 
it ^nd then  to  find out  ,h¿t  th,   -'r-       * 

delivered to »rur "--nt       ,, ' ^   K'   in ^oar co^tryf ^ jour K4tjit#     Ifediffr.r- ¿:     n   ,  ., , t„   m 

*Oe»  not  t-i.t     ,• I0 Cíntp &  ife. 5  not  ca«t,   it  :>ould   oc iirttif     ••*    - t 
l""    ls  vf.tcr   inte   ,   conoid. rrti-T  of • 

If     tí-,.,,     VC;iUíU_     til,    t      „„,.      •,    J.      „ 
--»   jr-J   AUtïv   you cou i-i   .r   -• .r     r"   *i> , 

*.rktt  lR  »rur  n-,f       1 -«-r    o.   th,  ;oiystyrenc 
»n your pcrticulj- tenantry   i     ,-t i,   -t   'f  -,^ 

bel ic v    .r- -"il! ion   .-ouncî a,   I  t^vft I beli tv-   you m\-->- *   i.-*-*   • 
in,,;v,il-tion  of Proeja c,  w^crc you «igilt  ¿row with  *k     w . ' 

C«t«tll6h   £   -_rk    t ^    • -n.fiC.4lt    tO 

^-<t-wn%   ,tu,d   t,    irport.^t   f.r  Hfi_rw,t     r j. .       For 
cnr«t¿l äAd  i.ptxt  two  temere  would   k,    *   - 

*/!*..    In 4 .1« ««It»  unit  of Fracv.t C  t.    b^t .ffic.  «,»  . 
•**-    l*-«'i   e I IlClwïiCli.0 
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would be a unit for each grc.de of crystal and impact you would moke. However, 

in an imaginative- run suspension proceco, es many as six or seven types 

could be run on a two kettle system with the required auxiliary eauipnent. 

In every polyne-rizr tion op, ration, some contamination cccurc. Thic should 

be kept to a minimum. However, a utility grade in your line allows you 

to work off any off grade or mistakes and increases efficiency.  Providing 

the economic considerations and the outlet of polystyrene .r, still attractive 

and you would like to make a decision, it is a privilege to present to you, 

two packed proposals that have been prepared, which when erected can run 

and produce materials cf. every type that were mentioned above. An estimated 

coat of the erection .pf these units in your country is concluded in the final 

slides. Figures 

In reference to know how and royalty payment, Process C is 2?¿ on sales 

for 10 yeais with an initial ^2C,0CC.C0 parent applied to royalty for each 

process line. The suspension knew how for crystal and for i..pact polystyrene 

on a forty million , ound plant would be on the order of ,50,000.00 for 

crystal and about J8C,OOO.OC for inn,.ct polystyrene. .. royalty arrangement 

on suspension would be ;,5,e00.C0 down P.r kettle installed, Uus 0.1 cent lb. 

on crystal and CIS cent lb. on impact per year for five ,ye,.r.. These 

figures do not include the erecting or ,he operation of the plant, but in 

both inst,nces include et rt up help. 

In conclusion, 1 would like tc r-t,.U  that I have received .. great deal 

of help m PrcParm¿ this pr.p,r .racially from Sam Leonid _nd Hector Lazzarot 

Of the fciymer Corporation m r-f.rcnce to Process C and from the Pfaudler 

Corporation especially Kr. Culotta and Ílr.-Tüu.,- Hcw^o-.-J would likc-to 

say that th, i.t,rpret„tion, pr.s.nt .tion and the election of nateci were 

my  own w.th the editorial h„lp«of th. people mentioned above. 

•J Tour attention is called to numerous patent disclosures such as the use of 
tertiary butyl catechol,certain catalysts etc. and these should also be 
considered. 
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Year 

FIGURE I 

STYKLNL IÍIoiO.IGAL I.ÏGÎILFKTS 

l/ho' What Referencen 

B.C. 

1831 

1839 

j 1837-44 

j 
Î 1845' 

1900 

1911 . 

1914 

Î    1922 
Í 

1911-1930 

j 

:     1925 

I     1940 

Ï 
J     1930-40 

S     J537 

i      1938 

Unknown 

Boastre 

E. Simon 

D'Arcet;Kuldcr 
Gerhardt ;alen- 
arci Loudault 

Storca:  Cfurn 

Isolc.tion Styrene 
Monomer 

Polymer i ZT. tien to 
"Styroloxidc" 

Hot îuu>-  îoiymeri- 
zaticnc 

Hoffman end Blyth Seeded Glcss 'Pubes 

Kroncioin Closed  V^cc^.1 

Matthews 

Stobbe ; 
Po en jale 

Mourcau v 

Dcfraisco 

Thermal end 
Cate.xy ,ic  Joìy 
for Comm.   1 reduce, s 

J.   Pharn.   Cium. 
17  33B 

Annalen 
Vol.   31  26r)-277 

Various 

Annalcr. bi 314 

Gc:r.   latent 
17,378 

Brit.  Fat. 
16,277 

Viscosity Measurements      Ber.  47  2703 

Inhibitors 

Ostromislcnoky*      Medianicm 

Naugatuck 

I.  Q. Farben 
Ind. 

Staudinger 

Dow 

Commerceial Prod. 
Monomer 
ti 11 H 

Ö00 tond month'' 

Chain Reaction 
Mechanism 

U.S.   tolystyruii«- 
Styron 

War Production        Styrène Monomer 
Board for Synthetic Rubber 

Corn. Rend 

J. Rues. Phy. 
Chem. Soc. 
Vol. 44 204 

Gor. Plastico 
Practices 
DcBoll 

Dow Publication 

Gov. Pubi. 
U.S.A. 

•U.S. Pat. 1,541,175-6; 1,013,673; 1,663,401-2^3^^5 
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1938 

1946 

I96I 

I960 

I969 

FIGURE II 
USA 

EiaBTYflEIil racsrCTÏOS EÌCTILÌt.fetS 

Mcnscnto, Dow 
Union Carbide 

Cryotal and 
Blend Impact 

Ve.riouG  typorj 
and makers 

Crystal 

Cryotal,  graft 
Impact blends 
ABS 

ABS-Impcct-Cryetal 

LV./Yr. - * 
2CC,00Ô* 

50,000,000 

1,000,000,000 

2,000,000,000 

3,000,000,000 

* 

1 
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