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. Friends, wo are pathered here today to answer the call of the United

Nations to extend a helring hand to a11“6uriﬁcighbors; the nations of the Tk
world, - . - e . e e e aeme e e e e e R e e e

Some of us arc mo.c adequatcly cndowed witn money, matcrials cnd know
how than othcrs. Along with thosce gifts, comes a rcsponsibility of pgenerosity.
Euch of us could do beiter, &ll ¢t us cun become great., In cvery one of ue
is the desire to succced, Tolay, we will cndeavor to cnkindle a tcchnical
spark «nd to 1izht up the fuirc ol rencued faith in owsclves by our dig-
closurcs tc ecach other durin_ this rnecting.

We arc going tc tolic abcut the rractical metheds of polymerizetion of
styrene which hoave teen uscd cver the past 2C years. First, a bricf history
of scme of thesc proccrans, thair advintinges and disadventeics, how they

wores ard thc types cof woterinls that they jroducc. Tnen we rill roview

in seme dewail, levr coot nethiods for miking polysiyrene tii.t ar. siiple,

sound, end require li”'c sorhinstication on lhc rort of ‘he operstors and
tac teelnrzal moapoucr runm ang ‘hiose olant.,  The wore procticsl of these

. . ¥ . R . o - . -
<etiols ond sel r Qirier ooonemie cona

verteon of  lants to sroduco [olystyrene
w111 fellow,  rinally, we Woil roocent sy meuntod, low cost rolystyronc

nlants - your congiderstier. ond molrt recomenéotions se thet ticholeally

oviented pecpls of your countrics will oc able to mexe a dec siofi.

[4]

diector:rnl

The coracrcinl arc or rolystyrinc is abeut 30 years ut history has

reeorded thot o gwm called Tlooni cfr: from cericir t-.cn. Bost .rc -nd
Samncr - (1931) diseribe € rimoents in which styrcne menomer wee changed
1740 hisner order mater:i-]l "Stwrol Coide", Hoffmen ond Syt hoated

styrene inorealed tolor oL 2000 Lnd ~ctaind rolid precucts in E45., In

1911, Matthows €104 -

TR P

sl owtont 10,270 whicl ¢cacribed 2 thermal and
catolytic grocens tor [coyroriziticn. of Tigrere tonomer te y1eld a cubstance

for the ,roduction o7 eriicics fornerly tade from celluloid Jlasa, nard

reeber, arnt woodl,

Hany of *heoe corly polyrirs were low Jrade and suff.rcd from i urity
Totht moascer ond Lt wes act Lntal Mureau end Defraicse (1922) fowd
that the arematic amin s and ~ cnols :rhibited the polynorization of styrene,

‘hat «f "1o.oent dictillation wnd improved £.0Tae Cpened up the styrene morket.
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Ostromislensky, in e Russian Physical Socioty Journal end lcter in nome
patents to Maugatuck Chemicel Company, showed thet v.orious moterials were
obtcined from different polymeriuation proceeses and thot lowvr tumporatures,
produccd better rosins, Ostromislensly olso 1n the let 205, uscd thc
peroxides for wiic olymerizition vork.

The polystyrcne mictericls in the 20s wnd the 305 hod o tendency to
craze and ~rack o fior ¢ week or tuo of comncrecial usce wnd nm.chanically
they were inferior.

By 1937 in thc U. S. Dow, followcd by lonsanto and ..x: Tite,
storted to cugpl volystyrenc to the »liitic trode wut an 1938 there
were only <OC,C0C jounds of jolystyrcic. Also, in Gernony, during the
mid 30s, cix cr Seven virletics of meteri1cl colled Jrolitul were being
offcred to the trcde ond these ucre vorictics of molcculor veight ond in
somc instences, copolymers with cerylates. ilistoric..l higilighte rre
given in Piqurc I,

The sceconc vorld war put @ reat en hasis on the U,S.A, on styronc
for synthctic rubber. At tho end of the war, tromendous cmounts of
styrene menomer were aveileblc. ony rescarch doirtuente  orc doing
work with styrenc throuzh tic late 3Cs ~nd crly 40s. \Whercas 1938
produced onlr 2CC tl;ousa,nd‘ jounds, by thc end of werld vir tuo, 1t wos
cstimcted thot there wes closc to 50 million ounac, on incr agc. of
250 timcs. By 1961, this rcachcd 11 thousaend :illion sounds, ard by
1566, the production of :olystyrenc and its many vericti s rowcihcd
2 thousend million ;ounds. It is ’prcdiotcd tlict the 3 thousind
million yound market in the Unitcd Stotes will be reached by 1965. A

quick review is siven in Figurc II of U.S.A. rrodrction,

‘Polymerizcetion technicues

Kost of thc ezrly works of Cstromislensky, Lemoine cnd Konstcin
were done witu wass rolymerization tecliiiques, rrimarily by hoat alonc.
With the discovery 41t peronides coald o130 initizte radicel

polymerization, the fi.1d opened up consideradiy in the fermetion of

polystyrcne. In the mid 30s, a trcmendous cimount of work was stertcd
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in many of the notione on uiuleion polymerisution, using a viriety of
technique - which wlloved oae to m o gynthetic mulsr w.o1eh by 1938 ves
approc v irn,, tne bt neturel notericl an propertins ond vocr, It wio ine
evito i witho ton troo omwras veloorousnt tn oLy world wor 11, that othor
techu weg foo . dymeryootaon of polymors ool o, ccialily colvstyrene
would Do o veioped,

L8 the B 01 Y ¢ nNACS T o 1onG Crov, 1t weso ooviouo tu alnost
everyoae vt 1t owo tmpreertic 1t orowacce larie cnocuns of relystyrene in
any singlc mmite  The Tirst YeS. coimercicl o lic tion w o tuc eo called
Can process of Dow Chemicol Coovony wheee the polymerizeticon wae carried out
in a scrioo of Doihs increasiny in iemperaturce Letwern obout 7C° to 17C°C,.
Caens were succe “r;vui& coved to o nl tier cnd higher temposeture ena Sfter
the polymerizat -n w0 comuleto, the tii wos stripped from the nolyst:rene
block and tiic wes ermichica, develatilized oy vaing hectod and passcw under
& vacuun to romoeso tho rosiduai low volatilo wwtericis,

In the late 30z cnd oo curly 40s, tlie Zermans nrocticed

o

polymerizotion techriue voiell dyviaicod tace olymericetion in rather larse
stirred veorols Yo spproxiucteit 350 nelymer end then the motoritlo  were
run dovmn through towers vhicn hod houting end tronendous cooling co)acitics
vellt in to tho ad the vorry vicecous liquia actericls erc run oft into
e mova..le volt wlhitzol poass d vacw urder heat and vocuum to roneve the
volatil s of t. 15 roduct linc., Erceh of the two acationcd processces
obviously folt thot the rootest detorent to the poly.erisation was the
removil of Liwt ron the nese product.  Siuce the uaursicon polymeri.ation
technyques did not suflior from thio corticuler dirfficulty. lLccause of the
water avaliolle to roove oxeess Avoy, tmealotely Gtianipts vere made to
polyacri.. ctyrenc 1t werw'le Dormulotions Dy codificotici. of the rulber
teehnigue o thot wore teon cviale lo. houcver ol styraic rnrde in tulS WaY
Wes o very nigh nolocuiar weil ot o ond did not Srove 1o uwe us blc in t“c-
machincs ond the opplis tions thot vierce then bein. tricd out for the infant
polystyrine Jusincgss,

Persistonce however, alon,, these lines finally develemed suspencion

polymeriz_tion .nd onc ¢ toc oorly publicutions of this vork is (Hohenstein)

in Indicn Rubber lorld where by using finely divided tricalcium phosphate, he




was zble to produce a be.d or suger polymer which had excellent moldang
ocharactaristics. 'n suspension, the prime probleme thot evist in mese
poelymerrertion, ‘hit of removs]l of oo t, w e not encountered,  hen the
suspension orsten wos rleo counled with the use of © peroxide, the
polymerizetion could ve rur below the boilivng point of witer ond this
made for much ersier cper-tion thon lied been the oractice i Lhe wess
polymeriz.tion recrnigue, ulileh used cens or o continuours tower in
combination with keitles for oolerizotion.
w2 early mass polyimerize 1on technique poosed the nrepol:merized
polymer 1nio e triy or nress diere the ploteas scerved to cool the
reactonte. = long s o lorge cree per wilt velume w5 huilt into these
press procceoces, comg 1o1r control was experienced. owever, the press
reactors ¢35 tuey were run throuszh the early 4Cs ~nd 50z, left much to
be desired [rom ¢ salety viewpoint and clec {rom the prepcration of the
best types of maicricles, becouse of locel overhectin s,
~e teghniques improved, the mess polymeriz-tion ond th: suspension

polymerizcotion proved te be the most economically attroctive mcethods of
prepering cood polystyrenes.  long with the laprovements in the poly-
merization uystem, clsc came improvemcnts in the feed mechenisms and the
ability tc degas or devol~tilize mony metericls whisch were high in
voletility. The szdvent of the vented eviruder helped . lot in this orea.
- MAlong with the development of tlie techniques of nolymerizotion for
polystyrenc which gove good and acceptable commercinl types of material,
elso came mony advences in the underctonding of the cctual mechenism of
the recctions cnd what one must de ia the pelymerizaticn in reference to
time, temperature and other vericbles to make thc most acceptoble productse.

- A goeat decl of time and effoit through the 40s rnd carly %s went
into the study of the physicel propertics of the polymerc and the various
techniques for thc manufacturing of thesc polymers. It woe corly evident
that the crystal metesizl, because of its shoettering nature, hod to be

improved in impoct qualities end meny attempts at polymerization of styrenc

with rubber and of mixing styrene with vhrious rubbery matericls were medc.
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Typca of Materials

As the scphistication of t. ¢ end uscr doeveloped ond the Knowlcdge
acquared by the metiricl manuf cturers became cleer, 1t w.8 cbvious th.t
no cne type of matirias wovld fill the no.dg of =11 of the polystyrenc uscs
of the corly “Ce. It w.g . 1so Lprarent thot the cryst.l cle r neture of
polystyrene woo on ormmedic te “dvintepe but thot the shettoring or trittlencss
of the materil w.s ne of 1tg 1. ]or i1nhdvant¢gus.

Immedy tely Ylenas of molystyrernc wund ruvuer be o to appear on the
merket in thic 1ote 40s ond verly %0s nd @lthough thesce metoriils 1 f4
much vo bu dusired 1n the zetue ! lueiding, they wore immedictoly enzopted
by the tr.de g wmriet motericis and oo their uso grcw, so did the «nowledse
of polyblendin: techitrucs., T4 w.s ot lon. Lefore it wes lamediotely
ovbvioug thet 1f person wented Lo mix matiricls to the bost «uvuntage, he
should suiichou nix then ot - .01t wnere thoir viscosit, were somcwh. t
cqual.  This mmedictely ctertod people running viscocitics cou polystiyroncs
cnd rubboers wid tryin, «ll comuin-tions of the rerticuler ncthods, of
opcration.  Lventuelly, it proved th 4 1f & mix wes run on . twoe roll mill,
somcwhere round 16C°C with o woodyeir trpe 1CC6 nd aon ¢..gy flow trpe of
polystyrcne, thot o foirly ood cad controlled blond could uc¢ mede which had
the best rossible rhyoical prevs stics, It wee not lon, ..fter this thot the
tcchnique of master butcining wore 500 rubber ond 5C< polystyrenc were jre-
parcd on & two roll mill ond tiun this vis let down from five to one to nine fo
omew 1 uith nerc w2y flow Lolystyrene crystcl to manuf cture the betier
gredes of impact polyblond pelystyrene thet w@re in the merket in the caerly
508.° |

At thc sumce time, this blending technique wes ocing developed, werk
wed ; oing on in th. study of t7 . pelynerizetion of styrune nonomer in the

Presence of various rubbergs,
Propcrticg

It is extrancly important thot onc undcrstonds the physicel propertics

of polystyrcne znd how tacy relete to the moleenler weight. As the molecular
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the inp ot ot cength wos obiainad by ulending rubbers. 1o did net come
plicite the enginceri g end the chemistr: inc much .nd 1t wes quite conl
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mid 5C's. lesecrch to rroducc higher imnret polystyrene by euspension
polymeriz-tior of 2 rublerestyren rclution we  ure difficult problen
and requ:r.d oporoxi, telv Tive veore of eonconterted ffort of meny
people tc r be ~ugceneroq Heet pooyiaros I meered Yt once Jteln and
Waters ¢! " v v 0 { eneir e Poadedy then Sloost umedi tely o
great ~or, ulers of R VRTE TS PR pletel” »ciwmerize in ~table
BuBpenslicr mvetens, ru.ber 1Lfurcs wi'h g cuch S8 57 rubber. It wes
much moro ifficult to ot otr, D=0 rubbers. ut will todeote noly-
merizctic:. stobilizore in +r, Butneisien cvetem, even this 13 -¢ssible.

“tothe s tae, th Imerization techmgues were Leing improved,
the rubbers Vs @ pcves s b corly usea 1707 hot rubbers {0.VC Woy 1in
repid succession t¢ the Crclone . L come ol the celd rubbers, fellowed
by «n 56 ond c(venturlle fhe tut-diene type, which cre now clmeot ey~

3

clueivel v uscd an the United "t - - « The bolsdlene trre o rubLors five o

much better inr-et ¢ oy toaperaturces cnd creorere offective 1n producing
impoei thrn the srevicusly used mboore, hout 0 of - hut~dicne rubber
will ;ive the o

1000 or Krviene .

o]

unoeet (fort Jounl cor inch of ncteh, o the previous

In generrl, the *res of 1pvet clvstyrene that re on the merket are

& medium amprcy of zbout L5 fiot vounle thie 1.2 *¢ 1.7 1mncet, which is
i P 1 J L 1
the gencrel purpose 1mp-ct in today'e nnrket nd o high hent dictortion
o .
moterial viich 15 recoomonded for “nelinees 1het require heot belonce
. i 1
and heot rosietonce. Using the teer amucs thet nave [reviousl Leon
3 i i o

described 1n crystel typey meleculer weight chenges con be affected to
make a materiel ecsier or herder Clowy mere or less nlesticizers con be
added howcver, it is generally Telt h-v fcr estrusion mrterirle, plasticizers
should be kept to - beley N, Injection woldineg sterinls can
stand subttanti L1y A0TCy Cromueh oo B of »l-eticigor.,

With rusber in pelyotirrene contoanin the wutdiepe unséiursted “bond,
it wee import nt th-4 both hect ctolalizer e cntioxidents wore ~dded into

the impact polyct:mrone :laost fron the ver:r beginning of the polymerization ‘

to protect the rubber so i1t wowld not be degraded. It wis clso cxtremcly
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important in the working of any impact moterizl thot the temperature
,ahould‘not ciceed cbout 220°C in procecsing, 5o that the rubber would
not be killed. Viih the protectants cveilcoble, effective use of
impact meterinls wes pocsible. .

iore recently wotcericls kuown as the third generction polystyroﬁcs
(impact naiericls) hove been develeped where hewt distortions have
been rciccd to 105° +¢ 108°C ~nd whcre 1mnncts ore pessible between
4 znda 5 fect rounds., good decal of this 1is processing techniquec
along with cama%ysts ~nd progroaming of temperature, with poscibly
the use of some crogs linking cgent in very smell cmounts ond the
reduction of wvolatile .ziver to o minlmuwn,

The possibility cf acking 30 types of motioricle by 1upact
polystyrene know how is very important; It probably ic true thot
the lower gredes <7 «u58, poscibly up tc the eight to ten foot
pound levcl, con recdily be menufocturcd Ly impect nolrstrrenc know
how which cvoids the basic enulsion cyztems of the carly I51s.
A nuwaber of .pceple in the United States ore neaufacturing by this
technique. ilore recently blehds of A and especially rrencred
emulsion high butadienc content rubber molc even the higher ft./lb.

.B5's possible.

The patent situation

The poient situation must be snswered by the patente in cffect

in cacii individuzl country. In the United Liates, o number cf Court
actions have indicated thot the use of TC in suspension peljmerization
es practiced in the United Stotes scems to be relatively open art.

In o recent suit of Feppers ogeinst Pester Gront, the Court has

declared Koppers! patents invalid and the appeal has been rejected.
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There is one petent to .mcs, !MeCurdy and Nelntyre cf Dow, U.S. 2,694,692
which seems to ccusc some concern in the impact polystyrene field, This
patent claims the usc of shoaring in the prepelyrcrizeticn systom 1in
ordar to make & good . .apact nolystyrene. The tceching of thie netent

is correct cnd *he hest impact 1 ade with 3crly -gitcticn i the nre-
polymerizotion kottle. Thaisg petcaty iszued 1n 1934, 10 ticrefore in

forece until 1274, cocording to the seventacn yerr Low cef Lhe United Strotes.

What will be dceoid=d .o this cose ir Court is ccnjecture. 1 .0 merely

¥

czlling 1t ic +he stiantior of the nconle who rac 4 thie orticle,

In the field o _I7, *ho [ic*t trat Unien CTritids cad tiorbon were

in intorference hos couged the Jatent to Union C--bide to be issued .
in 1965 and the potent to arben 4o Lo izsucd ia 19 c:d uccruse of

this, the "0 »=ienis “ove t¢ =in un:1l 1272 trd 173, “lheae ortents
ispued corlicr 1a sermo ctler counerice.  ith this o0 tccinslegy
pretty well cleated b Union “sriide _nd LLroon, 1% 1t roi su ~riging
to find the 1mract tcokniouac metnnd of making 20 cttroctive ~agd veing
pursucd by thc row rnirriales pecple 1n the Stetes,

How ecch countricn roiev iz are 1ssuod eould act oe discusged

here but at lczst theec nnjer highlights chould b» mentioned.

Description of LTCC 30 -

L Ytrief deecripticn of the moss process {or polymcrizatioﬁrof 1npaet

matericl follews: rubber is owt and dicsolved in styrene rad cfter possing

through = filter to remove gols and unanted cuulgion cids, the polymerisation
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is started 1n o stirred cutoclove umtil the polymer content reaches
eppreximctely 35-40, solids. This cin be done either thermally

or with the help of catolyet, either Heazovl ceroxide or
esodisiscbutylnitrile or cimilor moteri-]-, frer  oout &4
#olids the ~~tericl 1e ploced 1nte - preee or run inte -

oontinuous tower whore furiher <« 1me iz-ticn tekes ploce.

In tho presc, 1. 1r rus ot - bout X C tacn rriced tc 1?50{3

and then tu 1.0°C te col rlete the polymeriz-ticn 1- aspreximately
12 to 14 wours. 1In - cratinuous touwer the wterisl Dofagoe docwn
throuch 2incc, =mewll, frur sct -t CJCC, 130, 1Yy ' ana pocrialy
x6%. In 4=

removed fronm thc press, or vnd, ‘nd cxtiruded and the volatile

e
u¢ cealed presc block metiicd, the ncterial ae

[

content reducoed by & veatod xtruder. 1. the centinucus
procecs, thc naterisl 1s ‘evilet:lized over ¢ thuir film
evoperator or - herringbone ~oor tevolrtilizer ~ni the volrtilae

metoricl rocreled to the troccos,™ “ftcop the devel Lilizeticn

is complcte, eor e ounp cen pumn the meteriale through
& spinncrctto cnd the finn) nellet aade. Lowever, quite often
the operctimn uses .o extruder ingt cad of & gerr tme zump

and goes through the exnct same procescc thot the block poly-
merigc ticn matericle g through.

In a susneasion srocerc, “toer uapect, Tigure VI the cperctions
cre slailar until the 407 clymer 1s made ~nd then the meteriel
is muspendcd 1ntc o woter TCP preporcd kettle in obout 50-50
propertions ~rd with # scrics of tomperature rices, from 9(,0
tc 1150 to 130‘: 1. o period of O to 1C “houri, the polymerizction
is completed rnd uswelly thie 1c i1n ‘o presence ol twe catolyste,
such s benzoyl reroxide and ditord 1ary butylpesbenzocte. The
woterial then o flushed cut of the re-ctor onic o acchenical
scperctor which scporates the 42C mesh T 7 from apprexanctcely

the 80 mcsh 1mpcct becds. !aterials ¢rc then woched through

‘& centrifuge, dewztored cnd pessed through o dricr wherc the volatile
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oontent 18 reduccd to spproximctely .5 to .M. The ®atorials thea go through
& devolitilizition cxtruder to roduce tro contirt to cpproxim. tely the L2 ¢o
2% voletiles or lower ;¢ Reit rosietnt = tiry | g dceired,

In the manufactur, of crostl (Figare VIDD) e 18p.ct propelymorisation
rtage ts not - g n¢ e, Lenomer 1 punped “irectly inte hot water which
conlaims the OF A .8, plisticizirg  po UL L8t ary L dded «1rectly to
e polystyr . - - then tr . condit, ~rs for mexing on. VCLLS AFL L ccrtein
taq&rnturs, Tertaan Mllniis of thn.ﬁlﬁiu?; SEPLLAn rpmte of en, 3tirrep
and with CXDCTL .nC., viPy recurote “ontrol of the projortion of Lecds that
JOU can put cn 4C to 60 mesh -~ accemyiighod,  After on. Tyt comus out
of the kettl | ir t50 1g weehed M.chinically or the TCF i€ e pirct.d by HCQ
acid with loes +pop 1C parte por midlion of lren, end 1t rasc.s through the
centrifuze . rnd e irlcd; Howover, drying of Crystol is much mape ro_dily
accomplished thon inpect polystyrenc, The rucher co.ms to hoid a lot more
water end 1t 15 - oy five to scven timeg a: rard to dry as cryet. ]
polystywcna. ’

v ..to o g discdvant.ccs of metlhiods

In genercl, there rpc certian odvantoges ond discdventoges in caeh of
these procoeecs, The precs pd tw- M3 continuous proceas do not polye
merizc oo fully s the ~ugpension proccss ond tac tunperetur, that 18 usod
in the polymerizotion ;g “stolly quite o opig higher by 2o much as 7159 to
100°C. Tis mekcs it mere difficult te cenrletely polymcrize sinee the
Teverse reaction of depolynciizition St.ric t Xing rlcce ind thig requiros
therefore the addition of devoletiliz $ion 1n the cetu .l proces- for thLe
manufocture of . sultc . le LCirstyrenc, oWV, the LN CWel requiroicnts of
8 continuou: cpcritions ~rc lowsr. The +TL78 proceol rnpowcr requireaents
arc high :nd 1n countri.s wicre eccnory of npower 1s imrort.nt, such as the
United Stotes, 1t 1s not - sood ni_thod, However, whor. levor 1z chenper,
the press procecs nLg proved VeTy seticf.ctory, The unloading of the Frccs
&nd the grinding h.v. uecnp mide cutomitic in Sémc instoncee oand thig 1g
Practiced in Great Brituin and in R ssia. The by adventi s of the cor-

tinuous prercess 1g thct usuclly you can avoid tic use of chimic.ls guch og 5

Gdgen . R S
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peroxidcs and sucpunding ogents and thorcfore inbhcrently con hove ¢ lowce
Bitiricls cect then t). tucpension procc: a,

The muapane; proceee undouttedly hos th. xtter hoot history
for the poly~ -~ » v i1t ko~ lover host  xro ur thon 1n th. continuocus
and pro.s pro.ocs g thore Y& much tott . r he tocentrol in thot th, watop
18 atlc to ko p th, JPOCEEs tommerotur. o almo-t “Xectly oo 5.t with no
overrid. . Howover, o t.r oes lon,. for the eye nd bosadog ceoting it
WP, 1t hE to s romovod nGotiis rosty MONLYe  LoWOVLr, in country
whore overmy Lt dolivery e LXpected, the susponsion frocces e 1deally
suit.d tocaus . Ar.dc of motiris] ~op follow .noth.r roypidly without
4y crees contonin ticn nd o L choof (cgy flow could follow - botch of high
heat dictertion iwtorials, whoreas in any continugus sroCesr, tiiur hag
to b. cnowg tir. fg hangiov r Lnd som tin o thls 1o o8 muck oo 24 to
48 hours, In thie rg.ordy, th. suspension Frocess con roduce storagy
fecilitics, hold P awoaclivory nd it - oftii caid 1n the Unjtod
Statea thot (- 000 BOosotter to wat-t )gep four, farty - fitty million
pound | i.at; -t ar__

2

s of concertratinn of g UEv, rithir khon o 200
Blilion _ound piant in ary onc locction, It 1a felt thit . cost of
s.1pping of ovor 75 - oie in the Unit 4 Stat - would te mor. Llen ~ny
saving that con be shown 1n any proccss operntion of o lurge scale type
in eny unc location, T

Althow:h thore po oLy faccts’to tiuc pelymerization t.chnicu.s
monc of thum ar. so cemrliceted thut 1t would ot b «as81ly understood
by eny country in tho werld vhere - chu.riistry or cawmice Lngineering
coursc ie t.ushit :n th. feacolas In rofir.one. to the cusp.nsion Froc.sc, it
only remoins thot - gcod wetir of gufficiont i1ty ond quorntity Le

found to _llow ti. SUSpAsiun polymorizotion,  witr todiy's 1on xchonge

&

8y8tem, 1t 15 ,cueynl. oy ¢ Y b Can be o mode surtobl. for o cusponcilon
8ystum, Hewever, thig do s involve som. cost, Init1.1 coet ~f Culp-

ment end the rosoncrotion costs (2c1d .nd caurtlc, will in.ro-se with

the wmount or ions to b removid., In the foes polymoriz tion “rees,

wutcr 13 no problem, but the tbility to control the polymirization

tunpereture is. Thic control of reaction tempercture wee cnd ig a
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problen cnd ~lthough no donger to sofety hos arisen in the United Strtos from
this proctice, I om sure thet grect variztions in end preduct hove resulted
from unccntrolled re~cticns in the polymeriz-ticn zones.

In the United totes, the errly plionts (Dow ~nd Unicn Corbid ) were
the tower proscos.  [ro cconomics werc comnlctely differcnt thon they
are todoy -nd there “re ~ony lorge Lower processes 1n cper~tion with
very high cutput "ni those were somewhot lika Topes, thev just grow. It would
be & little surpricing todr s if nyone cntered intc the field < nolymei=
ization with units coplod on the large scile coatinucus nel:vmcrizotion
systana, L[-~h yor howev..,, mire cffort 1s Leing put ints c--11 ce~le
polymerizeticn *ochnigue: ~nd know how on mrss ~nd these porticul.r efforts

~re st rting *< ouor fruit.

'ewer Drocosscn

Typicrl of onc of thesc opcretionc is o Process T, developed by the
Polymer Corpcretion of Cancdr cnd this is idcclly suited for soneonc who

ccn use from saven to fiftcen million nounds ¢f ~ n-riiculrr t:mc of

(4

polymer. Tecantly on two wec” length runs, on v:rious grrdae t- “pocese C
hig proved 3 tisf ster o, 11 goredes of arvet -l nd 1omct hove been mo.de

by this procees,  ome furthor offort oo highes® herl “1stertics arteri-le
and low mclt 1ndex mrteri-lec in nceded. Thic Process C 1.0 o n %e ured

for polymerizotion =of other mcrracrs nd copol mera.  Its et forturcs

rrc wniformit c of orodict  ad cl-rit . f cryct-l. “ome production of both gr-dos
crystal wnd 1mpact on - sin?le unit hos Jcen done, The®c units -re ide-1ly
suited for complete integr tiun 1n Irotescing ~per tlins, o.g. oicchc let's
soy moaufl cturing - bitxa-lly oriinted moteriol v o fomc Ul L¢7 € rtun or
other suit-ole | rge cutlets where orocoecing by extrusicn  ad forming

or blowing (¢ 5 rt of *iic cpor tioncl technigues, Cert inle :n crner-tion

of tris kinl wiere = conmtinucus nel'merizer frods ~oro or ints ~ne ond of

. plant :nd the firished croduct is shipned ~ut the other vy 1 oloost
100 yreldn, moxe for idel cooner sz Mo he tirg nd the re—cytruding of
the polwmor would be climinited nd with the proocr chrice of integr ted

anits, mctched to the dutlct dcliivery of the nol meriz tion section, multi ;
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lines could b run off, producing = vericty of finiched productc,

Actuclly, onc could visuclize e multi unit, sncll seale jolymerisation

s.t up ueing four vw.-lls of - square buildine unite, mikin, closur s on
‘ onc wall, color.d ~ tiricle for £ 1o on ~noth.r v21ly, pipe on 2 third

wall end crye* | for « 10 on - fourts .

1
F

o Thim st L ney be the future
Plent .nd not too for in the futur., 1f the polym rizotion techniques

continuc to ,row s ripidly in the noxt five Juors <o 1t hes an the post,

Iconomice

§ Tl decieron on whet to dc, when to do it, ond how to do 1t, orc net

% a mattcr of pr forcre., they cre Losienlly © mottor of _connnica, A

{ polymcrizcticn plost to menufrcture yolyetyr e g exrectod to b
competitiv. for svir to t n oyore nd - ¢ Py corratityan op ricos
ond quility. it ot com time, 1t must moke . crofit und roturr int rogt
on th inv ~tmirt whalc 1t surports r o0 reh o tecehriio " rvico to the
custom. r.  In tho Urgt o ¢ tun, *hic s of cencorn, Fowev.or Coth the
firmings ¢f (ric g °nt gome riesn sl an to pelost,r v f1old t.
industry 1o 1n -~ zood Ld tos oondition s 1L oof Y0 o cromie
conditione . r Lon, oot, 1 Lever, woeh of your country o, Lo ororic
corditions ar. som.whet d1ff. rort oy crumin’ tht ¢ opoox god plont

; cen b pursl. o d rnd ~rected, cath o otimamum of Lnoare ring Know Low

z required on . port of the comp. .y purchoaing 1t, 1t eould (ppoor thot

! the boet woy o Lopro .ok tran GOrtLoul ‘b occt an wiich we aro 11

: deeply anvolved, 15 97 2 erleoulot o Flont, cop U7 of mikin: fort:

:

million peurds of [olysiyrone of v orious t.pee oy th twe Yoot ey cost
Frocurscs voil 1o in th andirtry too y, In msoopinien, the Froc.se

C opurztion of th, Q. m.r Corjer tion for undord voicp.d countries or

for 1nt. r t.. ,lonte, ie withcut poralel ondoan roistave olool by

iteclf Y% 5 muen - 1/? cente » ound ovor tr noxt ofr . poat ulck
Fesponec, viriibl. % o0 operiti oo tint could b cccoriplishod by a

suspcnsicn Jocymerization piont,

4 Y0170 susponsion fieor L Wt 18 gLowm an cigures V111 ond

1X. A plant using thi: Srrongum.nt cin oo Gporoted &t an onmual
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production of 20-% million pounds per yeer of impact, various types, and
orystal, variou- tvpes. Some segregrtion must be maintained as shown in the
layout so th:t conter nation will be impess “le between impzct znd ceryetal
aaterials,

A typical l-vour o Trocesc ' 13 indicatel in "1gure |, Here & multi
wnit of [ recctora would allow cpe ¢- monufooture > d1ffereat ties of
material costinunuzi— withous SOttt Ttorage rrust be zegregeted
especially sinca [ringne @ 31ly 2Cntiminctes crietel., The I'rccese T units
have integrsted Gevclato]imers PAIPIN, OUt the re.ciurs ~nd -t the sane time,
extrude, devcle* ], ;e LN ocrn clor the Jutput Iren esch reantor, —

The cutput of « » <UTTeNns1on plint 1o i the frops o f Jecds (sugar) and
in countries wre;s CreW injectiin achites are Trevo.ent, - ‘e directly
wsed, In ran ¢ .- ingenticn rolding fouipmert, e he d: goll t'e rom oand
seriously dom ge +. s cyiinder 14 the verds ust e axtruded int: nellegty
(colcrei :t ire Soe tlne) for *'1- ir ectyon Tl ires,

Over tie a3t Jeary Lonrider tle tire -4 effort was ~oant 1n meling
direct comperisc.iz o, tre S Pltal oottt of two “iante, 1o v irf-r~tyure the
various grades .7 l’styrese the.e tw Spccessec, U tte W o f cujck
review, suumitte, - JOUr contideril. o n 5o the ®CLNTIIT CUinirising on
2e close g g1 basis o cigoye oo Srenens T oend suspensicn polre-
merization., Due t the Aturs of Trecen s cy YL L1t non use of crtolrst,
or 2t lecet ver 'ight ee of ceteliuet, o qe- vYer: anccu ate untpel of
poly~eriz: o Yecliivues, srl jts Inger... us wnit design ~nd .+- hrocecn control
ferturec ind 1t- er eicelient ure of n gUTUdeY At L orunn v Ar the final
devolatilization ] c2liring and b, the ep fact that 1t 13 curtinaous
&nd in mult: tover Srstenr which ocull oe run efficiert] v winioun of
Merpower, there .- -qr: Al oeovang of e R R et E- S GO seving

of as much as ,7¢ ep- - Lootund in the

[

Teooriclion pound Llrat, Direct ccstg

are compared ir - hles Treet Tigure 7 -nd Imr~ct Cigrire o 0]

&

In Preceas Ty the lishest e-t distertion oo ter: Lo ~nd the lowert melt
Index moterisls -re .ot knowm LUt edt distorticas of L, g nelt lidex of

{ 2re current) ceing mode, CTUle Ly Lechnlgles f peimerizotion will recdily

ralse these or. ert.es o Urocese ‘Thetrer I'rccess © €n tctch the suspencion

polymerization with its very high heot Yistortion and the vVery acourcte
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eontrol end low hoct history, rumcinc for thc futurc, Folymcrizotion
in th¢ suspension Arce con o¢ increcscd with - Fiore ropid throush put
per doller invipted +h g 19 currintly boaing rrecticad, Frocceee € i
RCWCr . nd h. 3 1 g rroduction history ti-r furpension but he e Jrent
Promisc 1in int_r ¢ lince -na smzller outpur opurations, Lut with
CEPLricnc., cutput should wirove ond the hi hest quelity motery. s
should r. .yjt,

Prom t!. comp. rigens SOOVL, 1t surily o oime olvisug th.t in thosc
eountrics whorc w t.p cop O o diffienlty tho ot brocoss € would be the

most ik |y EPPO.cn to polymerizotion of styrene, However, where water

e mot 1 ;roliem sumConeion polynioricLtisn “hould o conmid rod g c1thaugh

it may cost “lightly more with today's cconomica, 1t mey be posuille in
the futur 5 chinzre th. b tceh opcration to a centinuous opuration but

it currcntly hao not boen donc with tny degree of success s of the
moncnt, L

Thie peper would Lo certiinly incomplctc if BOMC ruzgiotions were
ROt m.d. to cech of You on how you i ight approcch the problem and decide
for yours 1f how O it you csn CPertte 1n your own individu;l country,
First, 1t ;. lmport nt t2 find out whit tho going price ot pelyetyrone
is cnd thin to fipg Ut hat th [rice af PODOMOr 1 an your country,
dclivered v o your plint, If » difforenty 1 o 1 cipe. to 10 centp 2 L,
do.g not Cx18t, 1t Louid s Unwic. te .nt.r i1ntc . constdoeration of &
poljmcrizaticon Ficat,

If the woiw vy YOU iVl you ceuld C-oter ol the olsstyrene
m.rket in your porticul.or country 1 ot [ st ) million Jouncs, I then _
bolicv you Biosthont . ¢ orgidar the st ilition of © Froooos T, where
YOU m1ght zrow with the ein s, how.vor it w1 v difficult to
etablish o »opg. v cnd o Lolp it pd IOV JUTt Loving cne o of
Btoeryil, 3ch daling would t IPportort for Aiff rint rog4o-, For

Crystel and IBpct two towers would b burt, cne for different _rides

of cach type. In e big sulty urit of Frocces € t.. begt vfficioncics
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would bc a wiit for cach gride of crystal and impact you would mckc. Howcver,
in an imaginative run suspension procces, o8 muny ac six or suven types

could be run on o two kcttle system with the required cuxilicry couipient,

In every polymcriz: ticn op.retion, somc containinction cccurs. This should

be lcpt to & minimum. However, o utility grode in your linc cllows you

to work off cny off zgradc or mistrkes end inercescs c¢fficicney. Providing
the cconomic considerctions crd the outlet of polyctyrene cre ctill attroctive
and you wculd like to makc o decision, it is o privilcege to present to you,
two pock. z.d proposals thet pave been preparcvd, wiich when erceted can run
end produce mutericls of cvery trpe thot were mentioncd above., An cstimcted
cost of the crcction.of these units in your ccuntry is concludcd 1n the fipal
slides. Figurcs

In rifercnee to know how ond roy.lty peyment, Procezs € is 20 on ecles
for 10 ycors with on 1niticl 52C,0CC.CC neyrient applicd to royclty for cach
procces linc. The cuspencion xncw sow for cry-til and for i.poect rolystyrenc
on & forty million  ound ;lznt would be on the order of ,5C,C00,00 for
crystcl cnd zbout J8C,000.0C for wipect polystyrene., .. royolty arrangcment
on suspengion would be 55,000,000 down por kettle instelled, vlus G.1 cent 1b,
on crystel cnd C.15 cont 1b. on 1mpoct per yoar for five yeore. These
figurce do not include the crecting or Jhie opuration of the plant, but in
both inzt.ncec include et rt up hclp.

In conclusion, I would likc tc ctote thrt I heve reecived . grect deal
of hielp 1n preporing tlis Eoper wovdleacily from Sem Leonerd ond Hector Lezzarot
of the Folymer Corporation in rof.orence to Procuss C and from the Ffeudler
Corporation ¢spucli.lly hir. Culottc end lr.-2iies Howeve, I nould Tikoto
sty that tho latorpret.tion, proecent tion and the csclection of nintericl were

my own w.lh the (ditoricl L.lp%ef th. poopl. mentioncd cbove,

'] Your attention 1s called to numerous patent disclosures such as the use of

tertiary tutyl catechul,certain catalyasts etc, and these should also Ve
conasidered,
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FIGURE I
STYRLIL IIT510. ICLL LIGLLICKTS

Yecer Vho = = = ~ Whet S Referoences
B.C. Unknown Storar Gun
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