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- d..oription is sive» of oitft prooo.„s for th. «anuínoture of 
poller product., perilously of oynttetio rubb.rs, «et of the«, 
pro«.«, »presenti»« the lr.toet statue „ 4^^ ia ^ 
concerned. 

1»°   fantaetic Ruhw« 

1.1   St^eno-Butadijne Rubberjsig) 

With a share of approximately 80 per cent, Sffi has *«» holding 

a decidedly dominating position in tho field of synthetic 

rubbers.    Depending on the polymerisation teaperaturs, a 

distinction is made between hot and cold rubber.    Cold rubber 
ii the more recent type and exhibits improved 

" TB^»•^•¿«^^tf-î^t 
«f ntm.   Th» dcoument hr.e boon roproduoed without foSTSKS,. 

id.69-3840 
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chrr".ctcriBticn.    ?hc Hüls prcccss ia conducted in aqueous cnuleicn 

-t tc.ipc rature s cf -.bout  5CC»    .'. nuribcr cf auxiliary chemicals -,rc 

required and it ie important to ch;.rge then in -ccuratcly measured 

amounts.    Pclyiacriz-.ticn is perle rued in a cascade cf agitated 

reaeters.    The charged „îcnc-nurc aro reacted to only -ppror.. 6C per 

cont conversion fer reasons of product qu .lity, thus involving 

uioncmer recovery en quite a large ce-:1c.   "The lr.tex is oor.gulr.ted 

and the product so obtained ie washed, dewatored rjid dried* 

The economics cf a 26¡ OC IIT/yr. plant aro ropcrtod in the 

discussion paper. 

1.2   cig-Po¿ybut-diene 

Polybutadieno is r.n elastcr.cr which, because of it» outstanding 

abrasion resistance r.nd good loading capacity for extender oil 

end fillers, has in the past few years -.chicved grer.t import ...ace 

as a raw material, espccic.lly in tyre manufacture. 

By the Iliùs-Baycr process l,>-butadionc is pclymorised at 20° - 50°c 

in bensene as a solvent in the presence cf r.n organic aluminum/ 

cobalt catalyst system and a modifier.    If the product desired is 

a high-molocular-woight pclybutadiene, which affords groat 

advantages in oil and filler loading, use can be r.ir.de cf the 

molocular-woight jump reaction by the addition of a Bpccial 

catalyst.    In this reaction, two or uore of tho polyraor chains 

already produced are linked together.    For finishing, the polymer 

solution is blended with water and the solvent is removed by 

steam'stripping with resultant coagulation of the rubber.    T&o 

coagulated product is dowaterod and dried. 

Tho cis-content of tho pclybutadiene is 96 - 96 per oent*    Tilo 

Mocnoy viscosity HL, in 47, 

Tho economics of a 30,000 ¡IT/yr. plant are reported in the 

discussion paper. 



Fl\#s ì 

!»3   I!Gi*;is£ï£cJlu- 
Pclyiatvronc i« the ^nthoUc Po,;r duct»-n , f n-iur-1 rubber.     1 

cdiiDxtrï :l.i,Bt the ^u. rtMio    .nd d^ic to.t vluc    riyx^r-.u 
,4mlMl1„ Ufn  te  t>-e    -nufroture    f l'rgc tjToi,    • lende itself ;-.rticulrrly wcii t«.  t-v. ... -»"   -*»« 

well -o . f non-filled rubber product <;.     -   -• -*  »sprone .iono-,cr i. 

c.vrilr.blc xn rr.Jcr -,.uu»tB ,nd -.t r^nrblc est, this typo   f n..'x , 

will «¡.in considerably in i..,p rtrncc. 

High de^ds    re rl.^cd eu th. purity cf *th tho tolvont nrt, 

prrtioul-Tly, the isoprene used in the pciyuoritr.tinn. 

By the Iha.-3r.yor prece»* pclywrir.ticn i«: ^«pliAtâ owtiweiirly 

in c. serios of stirrod vessel, in the pro.once cf otr*»«tmic 

«ai*od er.tclyets in on Miotic hydroocrben r.o the solvent,     ftor 

r.dditien of »stopper end str.Mli.cr the ec^yst compounds «o «ashed 

out r.nd aubeoqusntly the «neowrcrtod raedor   ni th« aelvont rxc      ^ 

^vod by et«* injectiez    A« polm« er*pb «M.iNd L dottoro, 

r.nd dried. 

97,5 per =.M uf th. pclyl.oprono fcn..ci «hlblt , l,**i. rtruoturc. 

„,,,, "Wim   ni-n+ r\rc rortrtod in the p-.p©r» Th© economics of r. 2G,tC0 uT/yr. pi«-J»^ «ft. r«A 

1.4   EthylAn^Prc^ylofo^bbo^ i^L^-1!^^ 

^1.0 HI rubbor typo., which ,re produeod by oo^ol^ri^ticn 

using Zioglor-n.tt, o^yets, are *t.*I. I* outsat «U£>e 
to r^ing, «rod p.rfcxn-*0o ohr.rr.otori.tics,  n»d high cil -au filler 

absorption. 

The enhydrout, flononor» ethylene «d pr*K'l«» «*• *ero ^e*8'ry» 
»he tor opponent, I.e. the «dione», ero eo-polyra*ri.od in r* mori 

r^hydrouB solvent in tho -.bsence of -ur.    3y tho «un-m 

this oporr.tion is oontinaous. 
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'•he unconverted „lonomcrc -rf  recevra      , 

-^ out.    on ,_, ., thc w.  ;;
r
t 

n^ -^^«-cc.pouna. ,ro 

oc-^ul.-.tcd br .U„  injC0Ucn     :" '    J"0r ",1UUOn tP 

¿e ae*f..ttTod ,-jnû dried. 

The economics of •   3f   rwi ?w .ore ,.t/„. plnirt r„ ropcrto(i in tho ^^ 

2.0 

2,1   MJM«»C..-_1.. 

.*«» c,r,cktng 0Jld ^ "'• «"-xy ***** to 
«",!„„„ lord. ^ thc "^ «• **«*ic .,.„. lo04. 

«•*« .,„„*„,  oycn ,t ol ;     J" «""«« «rep 
«o» or ,wlior,icni thcrofcro °. ::",ure" ••*inport?j,t 

«"»f. « lnjocti0„ OOI^-1 *"*«»«f -»Hod. .^ M 

»« Polyene ,ro0o„ ^ 

'• choked rJ 00Rt,i|linÄ 
ly;t"    *« *•* -tcrt.1 i. 

*— «*« Cr^^l\¿TnÍ " '0re °f ,W',Ut,,B-1 
»-«»I-M,   ,», die,e. nuBt   u  D J"'"   78en-   -1** •"»»*, 

Thc oooncntce or ., 12,000 ;.T/„   „^ Vyr. sir* ,.ro roport6d ln tho ^^ 



Cyolcdodcc*.tricnc~l,!3,9 ia - it"„iily r.v-.ilr/olc trimer cf but'dicnu 

end h-.s, for oc:.io yor.ra,   been ueod -a tac brxic mr.torir.l fer ^he C,„ 

chemistry, which cc,ri..i,\nds increasing importance.    Sc sycKdcdc- 

ec.trienc, by r. reato involving coverai  steps,  leda te lr.uryl 

láctea r.nd pclylr.uryl J.r.-trv; (llylcu 12) or by severer cxydr.tion, 

doc.no diccrboiylic r.cid era bc produced, which servee r.s tho 

•tnrting ¡x.terir.1 fer t;v. production uf othor poly¿aidcB rnd 

polyesters.    Hcrtr.brcaccyeioaodeceno ia r.ddod to the plasties te 

act ->,s r. firn e rGtrxùr.nt» 

ïhe Hüls procese io conüuciod r.t "JÍ'CC ma r.tmospheric pressure in 

belísono in the presence of Ziepler cvtrlysts r.fter the str.eiliser 

htm previously boen removed frc;.i the butadiene.    Fcr de'ctivr.tion 

of the ee.tc.lytt, the crude product is tror.tcd with enustic sedr. 

•clution.    Then tho benaeno is difitillod off -ad the oycloéodecrtrienc 

purified by distillrt.ícn. 

Hie conversion is $8 por oent '.nd the yield 89 por oent -, bf-sed cn 

the butadiene fod te the proecss. 

The eoenomic:   of r. 12,000 HT/yr. plnnt rxe reported in the pr.per. 

t*3 Peyrlaur/l^l'/ìt.^i 

Cestpcred to i \o known pclyaraido typos, polylruryl lr\ctrjn oxhioite the 

lowest weiter -,becrptl&n -uri lira the best dimensione! stability.    .Mao, 

it possesses *;hj low ¡jt d.-iv.ity, which fj.ic.unts to savings in nntcri^l. 

On the othor  ^.nd,  it Lr.c r.n c^troújoly high wo^vr resistance. 

Toe process c .vclopod by Hula fer the nemufr.eturG of pol y lr.uryl 

lactam proceed freu o; clcc'clocr.triene-l^^t which is hydrogonr.ted 

to cyelododec- ie.    Thin ia oxidized with cir to v. mixture of 

oyoiododeoonol r.nd cyclededecrn-no, which is then dohydrogentvted 

to pure cycled docc.nonc.    Tic cyelododec .nono is converted with 

hydr-xylsmino to oxinie, wl.ich is thon r?\rrr.nged to lcotm» using 

concentrated sJLfuric rxid. 
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Polymerisation et Ir.uryl Ir.oirtA is coowipl ished tatehwise r.t 2C /-.tins 

with the addition cf r\n initiator*    Ca pt lywcrisr.tion the rer.etcr io 

emptied vie. spinnerets.    The etrrndc r.r« ooclod in a ooclins'troug/ 

r.nd wre polletisod.   The pol lets ~.rc acreencd,  further dried and 

paolcged.    By thor.ir.l trentraont the pel leti eoa lie ptst-oondensr.ted 

tu five rar.terirl cf higher  iclcculr.r weights. 

The eccnomice of - 240C MT/yr. plroit   ro report od 1B tho paper. 

i 



I rogr.t th«t MM of tM »«§«• li ttw oicroiicho 
coojr of thli report «*y not M up to tko »rooor 
Ugibllity uomUrd«, ovo« thoufh tito feott »oitloi« 
copy IMO uso« for pfoporiag th« mtn fich«. 
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1 "   ^ff-ptic ^.^>gyo 

Tîîû fir.-,  ft/ enacts rofor to tito fiald of -yrthstic rubborn wwi it 

ooewc .-.•oprop.-i.-.tc to -;c.y r. fo-   weiß ou thono: 

.or ncix  tli-.'. fifty yzcxm r «correli offerto throughout the    ©riel 

V.vc been ¿irocted to-rcC. the development of eoonouio orthotic rubber 

?roooQr,c?.    ¿G ¿-. u.:.jor outoono-of thio   ork ctyronc-butr/.ia.o rvbbor 

( ".XO:  ¡strrti::£ f-oa Ooruwy, eoquirod c domliutin^ position • hi oh 
it «till hoir.3 todcy. 

In tho lete fiftios it   r.a fbuad thct -ith the aid of Zieglcr- " 

retti  type ce.trlyoto it io poociblo to build vj; novol rtíbbarn, v:forrad 

to r* sioree rvbbor«, -fcioli exhibit rogulrrity in opr.tid crre^mcat 

of the ttomc in tho rir4rror.i©leeule.    Riooo redara rubber types inuludc 

pc^butcdiciia, polyiaonraao end «thylcuo-propylc:.ic rubbor. 

1 *!    ^¿l^^utt-diane llubbar (££l) 

l.ll Procson ¿ascription (oc« dirgreu 1,11) 

3io oold rv.bbcr prooooa ¿.a uca on r. oocwmicl co?lo r.t 3unr--crlM 

¡mis Oubli «inco -193C it MMoupUsUoC ia rruMiro onulaio-i r.t te^oretwea 

of rround 5   C em', et r proowo thftt îteepe tho b-.itfd.ioie ia tha liquid 

phwio.    Myuoricr.tion ia ©crried out in r. ermorde eow>rioi*s nevorrl 

citatoti vuoterò iwcaifod i;i «erice,  tho aoc.t of roratioa bain« ovri«d oi'f 

by «vaporatimi of cignonir. in wrtio^.l tubo «vtporrtors incorpórete*. 

•••i 
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>.:_•'     j 

:*i    per 1 000 kg of rubber 

\ 4 r.tm) 

25? 

i-    » 

40 

i, 

13 

350,000 

k*7h 

m" 

m~ 

metric tons (i?) 

lim- 

itar 

kcal 

per ì 000 Y.g Gì rubber 

tery Jr-,: ^ cost of a plant ;ith a ctpacity of 

.:ì   tho Pedoral Repuri ie of 

f.. ¿uro dacj not e:.»ver ::,wn^u   ¿.coxage, 

pr.> iv.-; t . jcr££ni,   CKgiriacring,   fi:.-.min-, 

:-:    LU.-, .Lines tobrTtc.'y iif.iit3. 

.'/li 

'•   .ntyUiule u. Guani,  ^uxiuxuxjffa 

.,   '1963)    (6)    ?99 

-in,  JvML-;¿ohuk u.  Suxii, Kunststoffe 

;;i  (1968)    (9)   4^5 

•^aaionci   (R  MRÍA CB +) 

,'ri(. i.i Fji cl&rtaaer yhieh has recor.t.i/ gained 

• significance in tyre manufacture as a 

it;: 3- ^standing abrasion resistance and good 

¿;::c..ty for oil  and fillers. 



- í •<•>>•".•. ' •'.• --•:>.•  :s  nrer-arf,! i-i   .;ol^tí ">r  "iti; "i  f;'ior type catalysts. 

i   v;f--,Ho "1 'yr.   .1:^.t  t-. lu.ij'i'ij to Sterecha.-'V   '*'. -Wvke GmbH at 

' "-.  -:  a-;.   «:   ~:,a.¿i -. í"  J. cclr^t catalyst in th .  nan u.í act >*!*'.   of eis— 

: _ ] j i •. -.   1: -,."0 , 

„r. .•  r.'fT   k+erir'.,   ..>.*-.?  as   follc.'s: 

i , _>• uu ,r>lar.'u-,   -.iT-j^iic .all'ai, a um c,-\talystt cot«..'"1-  e ìtalyst, modifier, 

v«enR>,:.o ,  short-.;+op,   í-nti-oxn'ant.    Por hi£h-:!X>l-xv", r, oil-extcnded 

;••'-lyu'-v* : l'ie.'-j,  ¿v :'intp re?^cn 1. -.nd an extender  s.-i"   -ill required in 

r".>j.ti ->r.. 

--,   p;-ocess BcQOTXj^tjioi^    (soe ái&grim 1.2l) 

t\;.-.* '.t-r.nrii.lD &r¿ introduce*? into the first of c. nunbür of cooled 

••go-     arranco;1 in serios.    On leaving the list ve£^?l,   the solution 

•'„•T. r-j :r. 4   .o .;. c'j.-v:ir3icii of 3< » - 90 fj ia shcrt-stcf r ,.'1 ani anti-oxidmit is 

-... -^   to 'it.     fv-iyvrizrtion is carried out at ?0 -  -tí    C 

reform  th'-:- solution is trena ferrod to tac fi'iis:.:ir^ Eroi-,  the cctalyet 

r»r,-;.-.tu... .... .re na-csci into "solution by the eddj 11 •;,-. cf -»ater in en internal 

:.*c.    P'irV.-r solution r si. v;a*-n  ..-itc-r ¿re tlv.i ir tcod *o.->d into the cca^guUvfcioii 

. t. t-'.Ti,   > ".     ••   t:"   í;-l«-ent   rj si dipped: by ntcoa.     1U" :-ubbT crumt is 

.:••»-- ir.»  t"-.-.'-..  --.t""   :.  a vilratiiif r-cret;^ -:xA \r   ?'.->  Xv.rt-h-.'"   lettered 

-i rer«.;-   pre**"..    I'-;.-.', duc'   .-cicr IH r*?ovc<5  ir; ^     ir -eurciu :- ti on belt- 

yo  i-ycr,     "He »tri oc r-l( > c- is then K-Jed,  or.cr.   ovo  •.•eiç-arit; 30 k#. 

,   : tii-contcnt a*" th,; iK>lybati.d\0ac coBOuiits to >C - y''   ',    The» fcooney 

ccosity i,5 H;,  =  47. 
4 

":;-    •? ' - -ni. recover,d from the co etilati on system after :*rtor removal 

3 r------v^'.-I t" the proo«. t.3 after appropriate tree '..--.-vi-t, 

r ; Bî-UA C3+ isa product of St©reokaut8ehuk~Werke Crabll u. Co. KG. 

% 
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Vr.r   th.-  -r,:invv: n--".luv o ** high-molocular,   oil --rt--Vi..:!  .v.y~i>o*;,bvf;..uJwjnol 

•;,nrr.i ^-   '. '-*1 - 'Ui.:/ 

o" ar,ti->" d;nO 

'li !.   ti'" "'.   ^r v''    . '• ' ' 

advursfei-y  ^ :•: i'e : • 1. 

,i/r-. >\ction,  linking fo cr met.,  pol.ynvr rhfeT.s,  is 

irvriwno:i  (ar.d bofon   r.hoi i -    .vpmin'   -ru>   udrhtion 

vv.viug the oat&lyet ,r^v->.    "i¡^.   LK-:•••»<    . •.. ^aing, 

•:U     !'n  tho  cab«.« of hi^h-n-:••.-.. '.v.I. '•r y>- "•r.uia-.J.K.ne <^3rt 

<     -     1;.. .*dd.-d  lhan  -.1th rw:.ì   poi vb-Jt*dicn«f   without 

- >.'.   -'.i-ovcrtics  "'f  tr\v final  y ^a\>.cx,     IhH   airo 

¡.mprw c-2 o^a i-niravtci-;.; :rt.cu such  <*£•  procfj. 

R3:: Mat::¿i?''! u/rod ?er 1 000 kg of rubber 

1010      kg 

€9.- m 

Bvtfxaorc 

Berufen? 

Cnemicala 

Plcctric TJO;:"~  (inw voltage) 

rtoat.. ( 4 n+ffi) 

Ni tre gen 

Hi ver ';atwï' ) 

400     kill 

K      HT 

240     ;'•••• 

16      !Im^ 

(;o° - a: ir 

iter rrrcr-.i .io-i    v-^ \>j 330,000      tec al 

Labet; Hocmiroo per 1 000 kg of rubber 

3,4 man-hours 

BaUer^-Umit-oostB of a Plant ldth * "P^1^' OÍ  -•'V''' m^Tt 

(2 linoe of reactors,   vdih provision for oil-cxtcneiory 

appro*, i 6,2^ BJli.on (in the Federal Republic • í Oerr^ny).    ^ 

figure doce: not mol-do monomer «storage,   finish. ' product ¿?t -r*.-*.. 

engineering,  financing,  laid development and litw..  -  better^ limits, 

1.23 Litj3.r^iF_° 

E.F.  Engel;    Kautschuk u. Gummi, Kunststoffe 

21    (1?68)    (4)    Hl 
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T
,I C  po ' y\ :•..'[• » -,¡ 

LJ.-'- .   rn:;vc  -.11 .    ,'r 

by Eia.iustn•••.:! i   "r" 

'.^.    ^.; j.vcd increasing 

;?- x'"o  i     th-    r rtho+ic 

,- -   -"-..    -••• '.j.    •-.•nei  dynamic 

;   •.•; ure..:   i u ilei   is   its 

"  p-seiM! \-y cf    liminating 

í h o  vi s c, G s i t y ' an t ed by 

i» 

re 

ji,;:-.-1;" pez tieuiarly  ¡,o those  aopIicUdona  t.ihich 

vrc.-i.  rubber's own domain,   for  example,  the 

•ert: oelarly of lar^e ones,     Polari sopreno cßn also 

.e/¡ of technical rubber products,  particularly 

•vs ie:;^:;: in dip-mo i ding j.r.d   iiipregnatdan. 

.ufaetare of pcIvisoprciK. v:ith ;•;. approx. 

be .cd ov: '„he e¿e oT orgc.;-or;.etc.ll3c isii:cod 
r'j-jir¿r.t:.on of tri er.ri •.•-".   -.e br ardi e'.".de wid 

'.',-" ef  cCiphatio h;'droe&.r :OI.R  a.«  the solvents. 

;\d •-•vrr.poTij-i.do contei; j.rig  aetivv   hy ipogea,   ¿s 

.trd compound?,  acetylenes  ¿¡nd organic sulfur 

. ;0'!   'hroua-heut th^  DC1
;
,^.: risetion system. 

à  o::, th e O.i. 'nt  C'ïIJ part :L oui arly 

(¿:•::•:••   Diagramm  I.3I) "tí 

l ¡v. a I o ivi al s isoprene and solvent  along vâth the 

veiyst  system in the desired ratio arc eontimir- 

P'.vLyr.cria&tion reactor oí  1, Ime of reactors. 
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Tbo heat of the polymerization i8 carried off by moans of a cooling liquid 

in a zjjiz:.  of cooling jachots. 

ifher». ";¡ic pnj.^orination solution lias left the reactor line, a short- 

step /i-v;  .':   ;,',.:bi'l: i'v^ arc s t irr od into the solution.    After tho washing 

operario-.,    iv.y .-.';.v-r ..epuration of the '/ash v/atcr the polymer solution 

is pa:;. -/:.    „tripper system,  ;:herc tho colvent and the unconverted 

.monomer aio  stripped \/;¡ eteam and the polymer is dispersed as crumb in 

water.     The v.,pere ?.re condensed end passed to the separation vessel. 

Or. being aricd and purified by distillation,  the solvent-monomer mixturo 

recovered is recycled to polymerisation.. 

The aqueous crumb dispersion is passed   over screens, Lahore the crumb 

is separated frerr: the v:ator;  this water is returned to the stripper system* 

Drying ...   the .-noist polyi coprono crnnb is accomplit.   :d either iu an aproo- 

dryer or m a suitable sere:; pross.  The dried polyisoprene is pressed int© 

commercial   Dales, '     '""' ' 

i.; 

'hem 

.:e.rirtv;!i   bÎSlïcs 

'^'-^i-^? ^qffoi-rcd por 1 000 kg of rubber 

103C kg 

30 kg 

.       70-.- to     100.- EM 

I soprce.T. 

Aliphatic '¿-clvent 
.,„i t 

Electric power (lot; tension) 

Steam ( 20 attn) 

Ci,-, am (4 atm) 

'•"•osTipr „ece.j air ^    ^ atm) 

.0 
: i v s. i- er        ( 20u C  ) 

,t?op    (-3     G ) 

-e red per 1 000 kg of rubber 

550 kVh 

1 HT 

5 !!T 

•360 lira3 

T.Bf' 

300» «3 
CI 

330,000 kcal 

"S,"1   man-hours 
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xnu t-.-tJ.t3 of  a el.tr t "i tl î'I'/vr 

i   ; :• l'. r.: 

.1 • •    i .•Tor'''":'.   ?'<•'•••"    ' i ' 1 iuî-   U-'   t:.- 

; ,   "\_,:i •   i'Oi ':;'•'.   " ?*t,"; i. u'l¡-   ">'•.iúti1 r   .  .;". 

k. ; i jl'J *":    "."l'i,1* |      11.   ••-••'    ' >i   , f      ii-*H<.    -liVi.  I '«'j'    : 

The  coj.'OÌ\TicrÌ2'iti.-!'ì  o" «-r-ylonv .-'.riv.   ; 

on aerini  o-'"  tlv; r:*rti-;-**c:i  churaet. r •' 

clajt *..Tì:^.'  ::iach h;v/.i   £!T»nf..d .^ppr^ci .'bK   t* 

past   i.;:.  ;>.^J.:.-J.     A disij ue sioa 18 -md?; K-*- 

i 'nits. 

cctelyBt«, 

*   ri30 to 

.;.ii. ,u-;. *       . -.ìL.V;-.•;«-—^n"-r.y:   •'-   i   ' 

^.      '.nsr+.iarc.-ts.'i  • t;r. • . ;s,.»,vr'-'TV 

'¿„e ' --r1".'  ~.:   '   '     k !  r .'•.•' i    -'   •' *    • * • ••nlyf 

Ji.-'M      ;;..    -    ? _--: i t>.-      ' /   '       :•'-   •  f   T"*- . .r.iscd 

v\        • -,        ; j "f i: - iv. r. .i^i'.      il Ï •:   . • ' • 

r« ' J"        !    '..'• :   .   •  "     ~^;. ••   'V. ' ' -U • •¡1. j   F 

atonic ; . 

•.-.;'•      . -M  ì-J:::   '"'"-      /..icll   ..-.V.'l •.. . *'   • \      '- 

f.-:-i .,:.   ^'..u-ao-VTi.. ti   •'.     in.::*   t.'.M:; «• • 

-  .-   • \ ''.-••"".!..!/• ' t.v ''i.r-•:-•    '.rif.'c  ",pr*i i     t. • :' ',   tl     fi old 

e      i:: u  •     •        r'iH .-  rvalue t.J.     HF^  1". : ,•     ••• *."w   '.  ' ,,   fr 

u..-;      .     .!••.*!   :or;.¡ our.'if-.   loa   -v.itv'••'•'I * vt"    ." .        '''J . t . r-ïly 

cf &'H or "iFDK arc still in the developnc u.  tita#*.:,. 

The dried,  anhydrous monomers ethylene eiid propyl..:    .¿.-.d ti». 

tc-rcc.-mpoiicn-t,   tho ,Mi,;ne",   aa J polymerized in <v  invrt, rnhydrc.iL  solvent 

in tft tho „id of Ziogler-ïîatta catalysts in th;   -bs^ic-  if a* mo col t.-ric 

oxygen». 

Tho  "dicnoB" used are,   for example,  dicyclopentadioiu, h-ïxrA;icno-lt4t 

tth/'idono norbornonc, racthyl butonyl norfcorneno,  cet. 
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'hh   catari-  are mixtures of hrlogen-ocF.ti-i'iing organi«-  ;.ÏM<:imum 

cotrpor'-ù.-  and vr-evà-uni compound. 

v, .  «:u,,.,..) Vrt how  .-. ¿i i'fui'Of.t  .""nvity m¡ fu.h o'   tin-   ti:  ...v n^nonerc. 

Th--r      -i"-   '-i   "•:••   -..olvirif^,   tnciofün,   is not   the  y un-.:  ;-:.  :n   ;¿ie   initial 

mi>:ir.v  •   •. I -'.'•''..   .r'.-r.or-^'.'s. 

Al «'Oho.li-  a/, a ;:vr   ^r : used   t\;r d¿activating  («horW;to;"p1 iir '  't'o 

cat aï y .H  o,»   ;orr-..lo-iior.   ?;' polymerization.    Tor stabilisation .--t' d?Pk uso 

is mau- of tin, compound;; cuetcmcxy for   ¡.his piorno:,,  an  ir.« e rubber industry. 

1»41 Pî^S^'^^^-^I^Hl    ^b"^ diagram I.4I) 

•^ic  arihy.--"ous -no^rnor  feed mixture consista of 

a»     thi.- solvent (en aliphatic hydrocarbon) 

b. the liquid propylene and 

c. the ethylene dissolved under pressure in the solvent /propylene 
mixture 

n..     the tor—monomer  (a "diene" hydrocarbon)  ana 

e«    the Zieglcr-Katta mixed eatalyet 

Thiu mixtvii'., ir  continuously introduced into the polynari zatinn 

reactor,   -4itre  polymeriaction iö  accomplished.    The veat  oí  p.',ly.¡.eri¡sation 

is crrricd off by cooling. 

Ihe polymer solution is strippa  et' the   unconverted monana.t '.i,   i-liioh 

are recovered and recycled to the procose.    Thon the catalyst  .yy^it.^ íB 

destroyed by  Oiing r short-stop;   a stabiliser iß addaci  aad   th-   pol;. . er- 

solution is vratei—'ashed.    On separation of  Lhe water tiw polymer 

solution is copulated by means of steam in a .oa¿rulation hysL** -na the 

solvent  is  stripped.    On recovery,  the solvent is prepared dor r aiso. 

•Hie rubber crumbs obtained in an aqueous suspension ere  separated 

from xho bulk of the adherent x-rater on a vibrating screen,   the rem dual 

water being removed in a screw press or an apron dryer.     I'inally,  the 

rubber ia baled» 
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1«42 Consumption FigureG 

fL^liJajprial s Segui rod por 1 000 kg  of rubber 

Ethylene 49O     kg 

Propylene 490     kg 

Diene 40      kg 

Aliphatic Eol-./cr.x 60      kg 

Cher.iicr.ls 120.- to  150.- DM 

Utili ti -s rtequired p.r 1  000 kç of rubber 

Electric po"or  (lo- tención) 65O      kWh 

Sterin                     (20 atm) l      HT 

Steam                     ( 4 atn) 5     fjpj» 

Compressed air  ( 5 atra) 

Nitrogen (  5 r.tm) 

lìiver vrr.ter (20° C ) 

200 Hnr 

HO »m- 

500     m3 

Labor Required por 1 000 kg of rubber 

5 msn-hours 

Mtt£rZJinils_-cost of a pleat with a capacity of 20t000 MT/yr ( 1 line 

of reactorr;)  appro-,  S' 6,7 5 million  (in th    Tederai Jïcpublik of Germany). 

This figure does nox im-uidc monomer  cioragc,  finished product storage, 

engineering,   financing,  land development ani lines  to battery limits. 

I.43 Literature 

H. Blumel;    Kautschuk u. Gummi,  Kimctntcffe 

21     (1968)        (10)     54/ 

H.D. Stotnmer-     Kautcchuk v.. Gummi, Kuiictstoffc 

21  (396C)       (11)        615 

^•0   £thcr. Polyjliçr Fro duc te 

2,1    TSlX^jgr-zl.        (VI3STOL3Ï BT) 

While Polybutcnc-1 has broken into the market only recently,  it has 

already proved its superiority in various fields of application. 
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Polybutene-1 has sono essential  advantages over other polyolcf"inco 

(polyethylene,  polypropylene)   Ài,  is  cxtrcr.ly renie tant  to  stress  cracking 

and exhibits lortr pi actio  deform .tion u-4- r  iOug-eustainod load.    An important 

field of appi ici no..,   xher-.for.-,   ir- t>-   pip..   s->:tor.    The  above-mentioned 

characteristic:   cuci up to outstanding intimai pressure  creep rupture strength 

compared to other polyolcfm,.i,   • epcoially -' so  rt elevated temperatures. 

Pipe of large  di are I-r too oca  th,r<eio"o tv made  fron polybutene-1.    Also, 

polybutene-1  leruh iteci;' reaarla'dy   -eil   to  the nrnufaeturo of pipes, 

vessels and pump::  for handling c r.d etoring corrosive liquids,  especially 

also under the anno,   or pressure and temperature.    At high molecular ueightst 

too, polybutene-1 cea 1x   satisfactorily proceded thormoplastically and 

permitn application of che established methods of processing such as 

extrusion and injection molding. 

At Hüls,  Polybuiene-1   is manufactured in a 1200 IW/yr.  plant.    A 

12,000 MT/yr.  plant  is under construction. 

Polybutenc-1  1    manufactured  ey the us«,   of Zicglor catalysts.    The feed. 

consists of a cracked gas,   - hich contains approx.  50 fj "^cL over of n-butene-1, 

besides other C -hydrocarbons. 
4 

Water,  oxygen,   sulfrr compound::,   -cotylonet' end dienco must be excluded 

from the process. 

2.11 Pro ce s s De s cri r> t ion       (nee  diagram ?.ll) 

Polymerization in effected continuously.    The finished product is also 

obtained continuously,   in the form of pov:der. 

The C -mixture,  having passed through polymerization,   can be recycled by 

returning it vir a distillation column to polymerization.    'Then n-butene-1 

has been largely polymerized,  the   residual C,-mixture can be used cither 

for po\;er generation or as a rar material   for other processes. 

The bulk of the polymer has an isotrctic  structure.    The small proportion 

of atactic material  can be  '.ithdreeii at the bottom of the distillation unit'. 

It can,   for example,  be used for the preparation of pouro.ble scaling com- 

pounds or other purposes. 
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2.12 Consumption Figures 

M* Materials acquired per 1 000 kg of pellets 

Hydrocarbons mixture 3 000     kg 

(50 $ n-buton-1 end more) 

Chemiccls 3OO,- DM 

2tÄ*2*i£*£J>er 1 000 kg of pellets 

C^-Hydrocarbone mixture l 700     kg 

(low in n-buten-l) 

Atactic polybuteno-1 50     I» 

•    Ptilities Required per 1 000 kg of pellets 

Electric pover (low tension) 760 küh" 

Electric power .    ( 6OOO V) 200 kWh 

Steam (20 r.t») 1,2 HT 
step ( 4 ata) 14 HT 

Compressed air (5 &tm) 1 120 Km3 

Kitrogen (  5 at«) 300 Km3 

Hiver water   , (20° C ) 600 m3 

Refrigeration (-50 C ) 600,000 kcal 

Credit /or condensate I3 m» 

Labor Required for 1 000 kg pellets 

10-man-hours 
--# • - 

•'Battery limits cost of a plcnt i.ith a capacity   of 12,000 Hî/yr.    Approx. 

f 5t5 «illion (in the Federal Republic of Germany).    This figure docs not 

cover monomer storage, finished product storage, engineering, financing, 

land development and lines to battery limits. 

2.I3 Literature 

I.   Plenikowski and 0. Hahmann; 

Chemie-Ingenieur-Technik 38 (I966)    (io)    IO63, 
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2.2   Cyclodode e atri one 

Cyclododecatrienc-1,5»9 has,  in the past fer.: years,  achieved importance 

as a "basic material  for C    -chemistry.    At Hula,  it is manufactured at a 

rate of 500 MT/month.    This trimer of butadiene is used primarily eu a 

starting material for the manufacture of lauryl lactam and polylauryl lactam 

l>y the folio ing route: 

butadiene 

-OH 

n 

cylododecatriene 

m   0 

cyclododecane 

~n 
L  - HOH 

' f .. ... 

cyclododecanol 

!' .        o 

cyclododocanonc cyclododccanone 
oximc 

polylauryl lactam 

lauryl lactam 

Decane dicarboxylic rcid is also produced from cyclododecatriene and can 

be used as starting material for the manufacture of polyamides and of poly- 

esters. Hexabromcyclododecane is added as a flame retardant to the plastics. 

2*21 Process.Description (see diagram 2.2l) 

Cyclododecatriene ic manufactured by trimerization of 1,3-butadieno vdth 

the aid of Zieglor catalysts in benzene at 70°C and 1 atm. absolute. On 

"being destabilized and dried, the butadiene is heated up and in the gaseous 

state is introduced into the reactor. In addition, benzene and the cata- 

lyst components arc fed to the process. Before initiation of the reaction, 

the reaction mixture is heated up and then the heat of reaction is removed 

using cooling ;atcr. 

•*% 
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Tbx product tr.ccn overhead from the reactor is treated !.dth caustic 3odr. 

solution to d-ip.ctivE.tc the catalyot,  the benzene is distilled off,  end the 

eyclododccatncne iu purified by distillation.    The conversion is S8 f, 

and the yield 09 /, batfet 0.1 \hc butrdicnc fed. to the proceso. 

2.22 Consumption ligure s 

IU.v Ilr.tcrials ;r;'uirccL per 1 COO kg of product 

1,3-Butadicnc 1 12°     kS 

Bcnaeno 20     kg 

Cûuctic Loda 13     ^ 

Chemicals 311- m 

By-productc pur 1 000 kg of product 

Co-Hydrocarbons 25     kf 

IlcGiduc (liquid at 5C° C) 7C     kg 

Utilities Ucquirqd ¿er 1 000 kg of product 

r-lcctric po-.ior (lo-.; tension) 1C0 kWh 

Stccjn ( 20.ctm) 2 Iff 

Sterin (    4 at») 1 OT 

Compressed Air (    5 etm) 250 lira 

Nitrogen (    5 alan) 500 lira 

'River water ( 20° C  ) 400 m 

Labor inquired per 1 000 kg of product 

3 meii-hours 4 •   . . 

B^t°r^; limits coct of a plant -dtix a capacity of 12,000 MT/yr. . ¿pprox. 

$ 1.25 million (in tho Foderai Republic of Germany).    Ms figuro does not 

cover monomer storage,  finished product storage, engineering,* financing, 

lend development and lines to battery limits. 

2.23 Literature - 

'".K.  tanice end K.A.. Huiler; 
: Chcmie-Ingcnicur-Technik 36  (lS64)    5^0. 
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H. Weber, lì.Hing»    U. Itochatuth and ".ÏC. rranfcr- 

Liebigo Annalen der Chemie 681     (19¿5)    l0 

2.3    ??)jl**zL±£*±c£    r V^STAITID*) 

Uith polylauryl  Uctam (polyenid,  12)  Tal; lu*  :::   ».ho r«pt  fei; years 

launched R ne : poly»ìdc that has a number-of cdvmtago. over the polyamide 

typen prc/iously available.    So polylauryi  laclo* exhibits the lowest <T.tsr 

absorption  ^loai tu    technical polycmidoo and thus he,  the beat dimensionai 

stability,    aso,  it has the lo-est density, uhich n»e*xib savings in material. 

Polylauryl lectern is utiod preferably m a materiel of construction for those 

parts »Mch retire high uerx resistance and dimensione! stability,  such as 

gears, control dements for precision machinery, pneumatic dispatch carriers, 

etc.    Polylauryi lacté* has also performed   -ell in the protection of metallic 

surfaces «gainst rust «id i«er.    For this purpose, a prece for the miau- 

te tur« of polylauryi lactam poider for fluidisr.tion coating has been dove- 

loped and i3 available to IMIa. 

At Hüls, polylauryi lactam if. manufactured at «. pleat i.ith a capacity 

of 2400 !!T/yr. 

The starting material for the Mnuteture of polylr.uryl lactam io 

cyclododecatri^no-1,5,9 <** Preceding cultor).    This i. hydrog.natcd to 

oyelododccane, «hich is then air-oxidiaed to & fixture of cyclododccnnol 

and cyclododccanone.    This mixture is dehydrogenase* to give cyclcdodecanone, 

MOich is converted into cyclcdodecanone enne using hydrosylrüiin*.    «"> 

oxi.e is rearranged to Ir.uryl 1 : otra váth sulfuric «id.    Lauryl loot«, i. 

polyiaeriaod to polylauryl lactam by hydrolysis. 

2.3I Pjycess Description    (sec di cereo 2.31) 

In a jacketed reactor, leuryl lactam is her.tod up e*id polymeria at 

20 at*, gauge i.ith th-   addition of ai initiator.    Th    proceas is a batch 

typ« operation.    The reactor is emptied through spinacreta. 

• )*V¿STJJTII> is c. product of Chemische »erke HlUs /.0 



-24- 

The spun strands cxe cooled in a cooling trough and polletized. Tho 

pellets are screened, further dried end packaged or pobt polyraoriied 

to give material of higher moleculrr woight. 

2.32 Conagnptio-1 IIguren 

Ha« Itotm/lsJ^cj^urcd    for 1 000 kg of pellets 

Lauryl Lactam 1 025     kg 

Choarcals 4t50 Mí \ 

Utilities Horriircd   per 1 000 kg of pelleta 
•—•"  ' .i-.'i 

Electric power (low tension) 90°     k!îh 

3teoi8 (20 atra) 0,9 MT 

Compressed air (5 atm) 2 000     Hra^ 

Hitrogen ( 5 -tm) 25O     Nra 

JUver water (20 C  ) 200 . N»3 

Labor Sequi red   per 1 000 kg of pellets 

16 man-hourr, 

Battery limits cost   of a plant uith a capacity of 2400 irt/yr. 

(from lactam to pellets) approx. S 0.55 mi1-! -on (in tho Podere! Republic 

ef Germany).    Thic finire floor not cover monomer storage,  finished pro- 

duct storage, engineering, financing, land development and linee to 

battery limits. 

2 »33 LiAe£tíHFl 

It. Kraft,; Chornische- Inductrie 20    OSCS)    (11 ) 

Dxcept for styronc-butadicne rubber,  the procosaes presented in this 

paper for th-j manufacture of polymer producto rank '.rlth the youngest 

ehildron of rc-earch and development in petrochemistry.    It can be ex- 

pected that thece processes vri.ll gain in importance throughout the world. 

• 

m 
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