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« desoription is given of oight processes for the monufaocture of

polymer products, particulerly of synthetic rubbers, most of theao

processes répresenting the latost status of development in the fields
concerned, '

1,0 Smggt;c Rubb!rs

1.1 Styrenc-Butcdigne Rubber (SHR)

With a share of approximetely 80 per cent, SHR has beon holding
o decidedly domineting position in the field of synthetic
rubbers. Dopending on the polymerizetion temperature, o
distinction is made between hot ~nd cold rubber, Cold rubber
1s the more rocent type and exhibits ‘improved

_1/ The views cnd opinions expressod in thig poper ore those of the
euthor and do not necesscrily refleot the views of the secretarict
of UNIDO. This dccument has been reproduced without formal editing.
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1.2

chrraeteristics, The Hills srccess is conducted in “quccus eaulelon
-t tcaperntarcs of -~bout SCC. Sonmunber of ~wsili-ry chemienls -re
roquirec ~nd it 1s iapcrteont to chorge then in ~ccur~tely ncosured
reounts. Polyuweriz-ticn is perfunied in o cnscode of ~gitotord
reccters. The chorged acncnere ~re receted to cnly ~ppro=. 6C per
cent ccnversicn for rceosons of product qu.lity, thus involving
Jencmer recovery cn quitc o lnrge scrlcee The lntox is conguloted

~nd the preauct s- obtrined ie washed, dewrtored cnd dried.

The cconcmics cf o 25, OC IT/yr. plent r~re repcrtod in tho
discucsicn poper.

gis~Polybut~dieng

-

Polybut~dienc is ~n elostciior which, becrusc of its outstronding
cbrosion resistonce and gocd lo~ding coprcity for oxtendor oil
end fillers, hns in the prst fow yerrs -~chicved grent inpert.ace
o8 o row motoricl, especiclly in tyre nnnufcocture.

By thc luls=Brycr process 1,3-but~dienc is pclymoriged ~t 200 - 50°c
in bensenec 28 o solvent in the preeence <f on orgonic ~luminum/
cobolt cntrlyat systom -nd - ncdificer. If the preduct desirod is
o high-mnocleculor-woight pclybutcdiene, which ~ffords groat
cdventoges in oil cnd filler locding, use con be madé 6f7the
moloculrr-woight jump reccticn by the ~ddition of o specirl
otelyst.e  In this recction, twe cr ucre of tho polymor ohrins
clrecdy produced ~re linked together. For finishing, the polymer
solution is blended with w~ter ond the solvent is removed by
steam stripping with resultcoat ocogulntion of the rubber. The
cocgulated product is downtered ~nd dried.
The cis-content of tho pelybutodienc is §6 - 98 per cemts Tho
Hocney viscosity ML, is 47,

4

The oconcnics of - 30,000 !IT/yr. plrnt cre reported in the
discussicn pcper.
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1.3 Peluiscirene

Pclyiscyrenc 1s the somthetac reproductd i . f woiur-l rubber.
c:iiibits 1lacet the <o stolac Al dync.aac test volucs. lyroe oro
londs itsclf -rticulorly well teo the a-nufrcture o f 1rrge trreu
wcll ~o . f non=fillcd runber srcducics [0 TCOR TE Asprenc 1o} (TERIE A X
availoble in singer —wounts ~ad -t rerw.ncble cust, this type N U T

will gi.an censider:bly in 1. rtonee,

lligh dea~ndes ~re sleced cn the surity <f beth the sulvont ond,
perticul-rly, the iscprene ueod in the peigacrisction.

By thc Muls-3nyer process nclymerig-ticn ic ~cocuplished ocntimucurly
in o scrios of stirred vosscls in thc presonce of org-ncnotrllic
mixod cotclysts in on rliphotic hydrocorben ~s the sclvent. ‘ftor
-dditicn of etopper cad stebiliser the cat~lyet cowpounds ore woghod
out cnd subecquently the unconvertod mcnoner -nd the asclvent orc
romoved Ly steca injeoticns The polyrer crwnd obt..inod is dewrtorcd
end dricd.

97,5 per cent of ihe polyisoprone femacd cxhibit o~ 1,4=cis structurc.
The cconomics of - 20,LC0 Iif/yr. plent erc ropcrted in the prper.

1.4 Fthylene-Prepriono tubbop (TPM_rad PI)

-.1_-.-,,
Thosc ncdern rubbor iypes, which -~re produecd by co=-pol yorisnticn
using Zicglor-lintto crtolyets, ore nctebla for outstending resistonco
to r.ging, gc-d perfcm-nco charcoteristics, and high cil ~nd filler
absorpticn.

The cnhydrous noncners cthylene ~nd propylenc rnd, wWhorce NeCcEs Iy,

ghe tor conponent, i.c. thc "dione", ore co=polynerisec in on inert
~nhydrous sclvent in the ~bsencc cf ~ir. By the Hila=Hocohst prooces

this oporction is continaoue.
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“he unconvertcd aoncicps T8¢ reccvered ~nd rech-rged tc the precgss,
On rdditicn of stcnner ~nd et-biliger tihe cit~lyet—coupounds rro
wsied cut., Qn Feiuv 1l o f the w-tep the pelymer rclution ir
ccrgulatad by gteny injecticn ;¢ the oclvent strippecd, The rubber
erwib 5bt..ined 1g dew-.tered ~nd dricd,

The oconomics of - 2,000 1:T/yr. »lant “Te repcrtod in the diseussion
popor.

2.0 osher Pelier Progyots
2.1 gopgu‘&age_-_l_

Polybutong=l nhog 8Ci.¢ iuportant rdvent-ges cver other polyolefings
(polyethylene. polyprenylene), vig,, it ig oxtrenoly resictrant to
stross or~cking ~nd exhibite ] .w Plostic doferantion under long-
sustrined lordg with the result th-t it his excollent eroep
MNpture strongth, gven ot clev-ted tenper-tures, ‘a importsnt
fiold of applicaticn, therefere, is the pipe scctor, where
polybutenc-1 G c~lse be used to cdveat-ge in the il cture

of lrxge-dir.metor pipe desigmed f:p clevated proesure and
teaper-ture 8ervico. Bven -t very high moleculap woights
Polybutone-1 cqp srtisfrctorily be Prccescced thomoplr,'ticc.lly
and pemite the usc of cienventionn~] Preceseing nethods such e
extrusion ang injecticn molding,

The polybutonc Proccses developee by Buls opcentes ccntinupusly

in the presonce cf Zicgler ertelystee  The fced nnterinl is

¢ orccked ghg contrining ~pprex. 5% per cent cr “ore of nebutonel
besides cther 04-hydmcnrbons. Wrter, ¢xygen, sulfur Soupounds,
SCctylenes, npg diencs nust be cxcluded from the pProcess, The
04-mxturo, having pessed through pclymoriz.-‘.ticn, con be recycled.

The bulk of the pelyier hng the desiprce isctrotic struciure, The
8.acll preportion of rtnetic meterinl ean be withdrawn fpom the
botten of the distill ticn unit.,

The economice of - 12,000 :.T/yr. plont ~pe reported in tho peper,
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2.2 Qlclogogngiqing_

Cycl-dodccotricence=1,5,9 1o »n rendily nvoil-ole trimer of but-dicn
ond s, for some yonrs, been ueed ~s the breie acterinl for the 0.
chemistry, which cciarnds incrensing inportince. OS¢ syclodede-
ocotrienc, by ¢ »cutc invelving cevernl steps, le-~ds tc louryl
lactaa ond polylouryl focioo (Uylon 12) or by severer cxydntion,
decrne dicorbosslic ncid con be prcdaced, which servee ~s the
storting moteric) foo {h. pioducticn of other poly-~aides cnd
polyesters. Hoxobroaccycicacaecone is ndded to the plastics to

oet -8 - flone votrroont.

The Hills precees is contucved -t TCCC ~nd ~tmospheric pressurs in
bengono in the proeeccnce of Ziegler cotrlysts ofter the strbiliser

has previcusly been romoved frcia the butcdicnes Fer denetivation

of the cotelyst, the crude product is trontcd with onustic scdr
sclution. Then the bhenzene is distillod off ~nd the cyclododecrtricnc
purified by distill~ticn.

The conversicn is 98 per cont ~nd the yicld 89 por cent, bdrsed cn
the but-~dionc fed tc the proccss.

The eocnomic: of « 12,000 iif/yr. plant cro reported in the poper.

2,3 Polylouryl 1-.toa

Compored to 1c known nclyamide types, polylcuryl lnctem exhabits the
lowest wcte: -becrpticn ~al hrs the best diaonsional stability. lsc,
it puseesses h: low..i d.naity, which amcunts to savings in natcrirl.

On the cther qond, it hoc on extroasely high we~r resist-nce.

The process c.vclopod by Iils fer the nanufocturc of polyleuryl
lactom proceecs freu o clcdc 'acatriene=-1,5,9, which is hydrogoncted
to oyoledodec: 2. Thie is ciidized with nir tc¢ o mixture of
oyoclododecanol r~nd cyclcdcdce~n-ne, which is then dchydrogennted
to pure cyclcd :deccnonce. Wi cyclcdodecrnone is oonverted witlh
hydy_xylamine .o oxime, which is then rorranged to lootom ueing
oonoentrated s.lfuric ~cid.

|
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Polywerisation of louryl locl-a is cocuaplished botohwise ~t X ~tins
with the ndditicn ¢f ~n initicter. Cu pclyacrisction the recotcr is
emptiod vic spinnercte. The stronds cre coclod in o cocling troug:
end ore poellotisod. The pellets ~rc screencd, further dried and
peokiged, DBy thornicl treatinont the pellots can be poste-condenscted
to givo wntericl cof highor nclocular woights.

The eccnomics of - 240C !'T/yr. ploat -re reported ia the paper.
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The firey fo o oilyacts refer to the field of ~rathetic rubbors cad it

goemt (opropsiote te uoy o for onds ou thenc:

co8 nere the Tifty yoors rezocreh offortn throvghont the orle
heve ween dirceted tori el the develomment of econonic oytaetic subbep
progenies. L o oucjor eutcome of this tork ¢ yreac=odouteciene pubber
{(L3). sterting Toon Gerucay, coquired ¢ domincting nositionr - hion

1t still hol s todoy.

i3

In tho late fifiics it s fouwad thet "ith the odc of Zregler-
ottt type cotelysts it iz poacible to build g wovel rubbars, r-forred
to cs siereo riobuors, hioch oxhibit regulcrity in spotiel crreagencat
of the ctoms in the nceromoleoule, These woldara rubber types inciude

sebutodicns, mwoliisonronc end ethylonc-propylcac rubbor.

L.l Steenc-Dutediene Qubbar (LI2)

1.11 Procesn Ceserintion (sce dicgren 1.11)

The oold psubher process in ume on ¢ commereicl se=le ot D opln

Mls Cubll since 1950 ic cooouplichod {n ~rveovs onmilsiocn ot touperctures
x 3 - 3

of rrousl 57 C end ot -« wroaswre thet keepe tho butediee i tha liendd

phese. Polyacricetion is ocaesfed ovt ia £ cersrde cormiriniag neversl

sgitotod rarotors arronged 4 scrice, tic hott of raretion being errried o.f
by aveporation of cumonir in vertic~l tube sveporc-iors incorporoted
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Chelriotviicne g prevaredl 1o selutron il T Lior type catalysts.

Y YL, M Ty, st B tuagenr to Stereciiost. o <Uerke GmbH at

ioos o made LD oooceiiat catilyst 1n th o nonufertiur of cioe-
L Ao,
T T vy sy Y T oroeoeer
Pl I LA S LA 2y ae 101issl

Syartulrtitoe,y orzigec nlumislwm catalyst, corl!t <oiealyst, modifier,
venzont, short-ston, :ati-oxidant. For high-mol.cuv’.r, o1l-extended

covbetodiens, o oamp res,yent cnd an extondes o1l 1il required in

~onation.

:
e
5,

Frocess Deseription  (scc diegram 1.21)

A -

Foo3 merericla ars introducced ints the first of o awskter of cooled

sresngel in geries. Om leoviig the lost ves-21, ithe snlution
i3 ¥
e wiod L, o convorsion of J0o= 900 g short-stopr L ond anti-oxidant is

i
- 3 0 I -;(‘ '
morvizetion i3 carvied oot ot 20 - 0 (0

Fefor:> ithe rolution 1s trencferred to the finioing z2roz, the cetalyst

o~

cmmtLtu L. 2o passel 1nte solution hv the eddrtye, of “eter in en internal
rL o Tadher zoluticon 2o vieh vator ore thoa irirodaesd ato tho coagulaetion

Cwtamy Ul o0 Y ssiveat 1% stoipped by steom. e rubber crund

@«

Eut

g ccrecn crd 1ot fuxthor levetered
noogre prett.  soiidue! oler as reroved in oo Aroecirciaition bele-
h

Cope wryer. The dried rotem i then holed, eror oo wigung 30 ke,

" is-cortent o8 *he nolybutadjenc amounts to SC - $¥ ., The kooney

sgcosity 1= VL= 47.
£,

4 .
Lo oead recover.d from the cocgalatioa systen af<cr voter removel

1y reoqoled 4o dhe procces afier appropriate trooloost,

v

- BMmA CY Qs a product of Stercokautschuk-Werke Cmbli u. Co. KG.
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For tne nantcacoure of high-molecular, oil- st aod Soa-pos ybuiad one,
A Fdiecuilr Laghite s vooction, linking b0 o0 mel. polyrer chains, 1s
Sappied Lut o nIior S0 vy aration (and bofor. ~hori- oopmae ona addition
Lt arti-sy doned oo toevang wine catalysi ayosuoen. Yo, we e Loaning,
in the cabe OF Yign=moo toie poo vbuiadione more
vooadded than otk roema polpatzdicone, w1 thout
afvupsel. cofootioe s ocovertles of tne final produecs.  Thic alen

N I FE y R . o ek - N v g . g T 8% ..
WAproves GTilos ohalds roah.cs such ak pro¢e3ilvliat.
L] 3

Leld

24 per 1 000 kg of rubber

Butscicn:

Repnzeno

»onr.d per 1 000 kg of rubber

e

Plectric pown™ (low voltage)
Tiean 4 atm)‘
commissed o |5 aim)
Mitrcgen L5 pim)
River nater (0% )

o s
Rerrvigeratica (-5C), 230,000

Labcv hognireo per 1 000 kg of rubber

3,4 men-hours

-s0sts of a plent with & capiwiiy of o m vr,
eaetorsi 1iih provasion for oil-cyiensior
Approex, # O,2% m.ilion {in thc Fedcral Republic [ Rermony). s
figur: doco not incinde monomer storago, finish.! product st oo,

cngineering, financivg, lend development and linc., @ battery limits,

1.23 Literature

-—— e

E.F. Ingel: ¥autschuk u. Gummi, Kunststoffe
21 (2368) (4) 1M
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M™e hoeat of the pelvmerization is carried off by mcans of e cooling liquid

in o gyotn ol cooliag jeclicts.

{ron #oc ‘pﬂi‘;:ui;,‘f‘iu&*.'tiOn selution has left the rcoctor line, a short-
co ore ctirred into the solution. After the washing
opurasio ot s oer scocration of the ash weter the polymer solution

is won o0 0 Ltripper system, vhere the solvent and the unconver‘ted-

- -monomer wre stripped Ly stoom and the polymer is disperscd as crumb in
water. ihe vooore arce condenscd end pass‘cd t¢ the separotion vessel,

On being aricd ond purificd by distillation, the solvent-monomer mi.xturo

recovered 1 receycled to polymerization.

The =acucouvs orumb disporsion is passed over sercens, vhore the crumb
. . . ' .
is separaivcd frow the wvater;

this water is rcturncd to the stripper systom.
Drying o tro 2015t polyicoprone cruwmb s accomplic: o3 either i1 an apron=

dryor ¢r in o owitable serenr press, The dricd polyisoprone is pressed into

sommerclal raics. SR
1,02 Oo e pion Froures
‘- e o o, e s W £ oo iy,
SRR sta Togulreo o Y
R 1 e Megquired »ser 1 000 kg of rubber

Teopront 103C kg
Aliphetic zolvent 30 kg
Chcai ~ole . 70~ to  100.- DN

ob1i

- =

i Joasunption per 1000 kg’ of rubber
Tlectric pouer (low temsion) . 5% ¥

20 atm) 1 MT

[ S,
Steam

—— TR e

Db em A atm) - 8 ur
Compy.ossod air {5 atm) | 360 Hm3
AR SUTEH | 24 735113
Bl wter { 20° ¢ ) 300 m3

’ Lofrie ovion i~5° ¢ ) 330,000 kcal

sp he oored per 1 000 kg of rubber " el

ORI O e

5,7 man~hours
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satarete’ othylene=yronyloce vobd PO o

2. ungsaturated cthvlone-propy. -0 0 0w ;
Thovoeas gotorotod LA ora oLl Crontedd P : Coroeae s oonlyy,
car - pesidoo by monng of prnons L coentzed
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o1 voarc 1 ombbor products. TPDM noo alooooy come 1o tn st o fop

f""”i PSR C?ijiacilzersitli -

x

apzamption-capacity cnsore vide applicobt .o f

Mowis

- A . 1 mam & 5 S T & - Ay L L s
uoo ca =it -r L compounde for outomolil o tyroo, W omdd un atirely

cf EvNoor JPDM are still in tho development wiage.

The drisd, anhydrous monomers cthylens s propyl.. aid to
tercemponent, the "dione", eu . polymerized in o irrri, cnaydroad solvent

vith the oid of Zicgler-llatta catalysis in tho rbeeace ~f atmosoboric

The "dicnes' uscd are, for oxemplc, dieyclopontadieac, hexsdicne-1,4,

¢th . idens norborncne, methyl hutcnyl aorbornene, cct.
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Tyeoerdn) yowe woe mixtwees of helogen-centalning organic Clhuainium

corpot ¢ ol voondoum sompoais,

Tosooowadyot hos oo dafferent Cotavity onoenoh o The e cC anemeET S,
~ o . a0 . T - ! . “ PR— “ e IR N Lm - i 4 e
Thesr ~ iic ' o polwner, thereforoy i not the swre 0o 2n o initaal

miggu: o U U nnomesE.

s

=

O

—

—
i

Aleohole ~ad s oro used for denctivatiag (s storprast the

- B Pl Y e ST The s T L e b o T
catalyai o comniciion of rolymerizetion,  Ior atebilizoticn of FUD use

is medo of Lhe compound: custemrry for ihis purpots an ino rupber industry.

1,41 Procose o riniion {voe diegrem 1.41)

BRI AP DR Jot
"Moo oanhiydrous mogoner feed mixture consiets ol

~,  *ho solvent (en aliphatic hydrocarbon)
b. tho 1igaid propylenc end

c. the othylene dissolved under pressure in the solvent fprepyiene
mixturo

’ . R
6. the ter-monomer (2 "dienc! hydrocarbon) el

e¢. the Zisglecr-Natte mixcd catolyst

Thic miziture ic coentinucusiy intreduccd inte the polymerizatim
J

rcector, vherc polymorizetion 1 sceonplisned, The rearn of polyecrization

is cerricd off by cooling.

The polymer wion i stpipped of the unconverted monomor, rhich
erc rocovered wad recycled to the process. Then the cetelys?d systun is
destioyed v . ding o short-stop; o stebilirzer is odded oot b polloCcre
golution is woicr—ashed. On scporation of o water the g o lymer

soluiion is coogulzated by means of stcom in 2 coegulation sysiem rud tho

golvent i stripped. On recovery, the solveut is propored Jor Iousc

The rutler crumbs obtained in an oqueous saspunsion (re scpurated
from the vulk of the adherent water oa o vibreting eorcen, the roomdua
vater being removed ian 2 screw piess Or an aproi dryer. Iinally, tho
rubhcer ig baled.
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l.42 COﬁsuthlon I'i gurcs

- — e oot a0

Ror Matericls Jequircd por 1 000 Y of rubber

Ethylcne 490 kg
Propylicne 490 kg
Dienc _ ‘ . 40 kg
Aliphotic eolwvoeng €0 kg
Chemicecle 120.- to 150,~ DM

Utilidi_s Zequired por 1 000 ke ~f »ubber
- P Es i

Elcctric poer (1o tencion) €50 kWL '
Steem (20 cim) 1 HT
Stcam - (2 atﬁ) 5 M7
Compressed ci ( 5 atn) 200 Hm>
Nitrogen (5 atm) 140 lim® ‘
River wcter (20° ¢ ) 500 m>

red o H I s T Ty e
kqhqgjﬁgp&-g& per 1 OCC kg of rubbo:
5 man-hours

Battery limits cost of a pi-at with - capeity of 20,000 MT/yr (1 line
of reactors) opprox. § G,75 million (in 4k Iederal Ropublik of Germany) .
This figurc docs not incinde monemer cioroge, {inished product storage,

engincering, finenciug, lond development ond lines to bottery limits,

1.43 Litcraturc

He Blumel: Koutschuk u. Gummi, Kunotstoffo
21 (19¢8)  (20) 54y
H.D. Stommer: Kautschuk v, Gummi, Kuactstoffe
21 (1068 (11) €15
2.0 Other Polymer Froducts

21 Polybutcn—=1  (VISTOLIN BT)

While Polybutenc-1 heas brokca into the merket only rocently, it has

elready proved its superiority in various ficlds of zpplication.
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Polybutenc~1 hae sorme cscenticl cdvontagos over other polyolcfines

(polycthylene, polymropyiene, 1% is cxiremly rosictint to siress cracking

and exhibits lowr picctao doform tion un’ o loug-vustiiaed locd. An important
ficld of cpplicatio., ther fore, iz 4h rnin. gootor. The cbove-mentioned .
charccteristics nue up to ocu'stinding 1ot rrel preccure creep rupturce strength
compared to other polyolcfines, cpioially - oo rt clovated temperatures.

Pipe of l:rzc diazis it r tou con thorefore to mede from polybutenc-1l. Also,
polybutenc—1 lunds 3trell roporbocly il “o the menufocture of pipes,

iny oond rtoriag corrosive ligquads, especiclly

vesscls ond pumne for nead
also undcr thc ~ctie. o pressurs. ond temporcturce, At high molecular veights,
too,‘polybutunu—l oy boe satisfoctoraly proecnssed thermoplesticelly ond
permitc epplication of che ceteblizhed methoas of proccosing such os

extrusion ond injcction moldiag.

At Huls, Polybuicnc-1 is menuficiur.d wp o 1200 UT/yr. plant. 4
12,000 MT/yr. plont is under conctructiss. .

Polybutene-! 1 monufacturcd ty thc use of Zicgler catalysts. The feed
consists of o creocked gas, ~hich contoing approx. 50 ¢ cnd over of n-butcne-1,
besides other Cd—hydrocarbons.

Y

Water, oxygon, sulfir compounds, -~cotylenoe ond diencs must be excluded
1 A H s ? o X

from thc proccss,

2.11 Process Descrintion sce dicgroam .11
[T ——— - . 3

- g ——

Polymcrization is offected continucusly. The finished product is also

obtaincd centinuously, i the form of povder.

Theo C4nmixtur:, heving panscd through polymerizaticn, czn be recycled by

returning it vie o distillction column to polymerization. When n-butene-l
hes been lorgely polymirized, the residuzl C[—mixturc ccn be used Cither
T
for povier gcncration or as 2 rov metericl for other pProcesscs,
The bulk of thc polymer has en isotectic structurc. The smzll proportion

of atrctic matericl cen beo rdathdre m ot the bottom of the distillation wnit,

It can, for cxemplc, bc used for the preparation of pourable sceling com~

pounds or other purposcs.




2.12 93115':52‘ tion Mgurce

Raw Moterials 2equired per 1 000 kg of pellets

Hydrocorbens mizture 3000 kg
(50 4 n-buten-1 and morc) |
Chemiccls 300,- DM

By-products per 1 000 kg of pellets

C‘-Hydrocarbons mixture 1 700 kg
(lov in n-buten-1)
Atactic polybutenc-l ’ L kg

. Utilitics Required per 1 000 kg of pellets

Electric pover (low tension) 760 kWh
Electric power . ( 6000 V) 200 k¥h
Steam (20 &tm) 1,2 17T
Steam (4 atm) 14 »r
- ""Com'pressed eir ( 5 atm) 1120 Hm3
Nitrogen ( 5 2tm) 300 im>
River water (20° ¢ ) 600 m
Refrigeration (-5° ¢ ) 600,000 kcel
Crodit for condensate 13 M7

Labor Required for 1 000 kg pcllcts

10 /men-hours

‘Bettery limits cost of a plent iith ¢ ocpacity of 12,000 MT/yr. Approx.
# 5,5 million (in the Federrl Ropublic of Germeny). This figurc docs not
cover monomer storege, finished product storecge, engincering, finencing,
land development and lines to battery limits.

2.13 Literature

I. Plenikowski and O. Hehmann;
- Chemie-Ingcnieur-Technik 38 (1966) (10) 1063,
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2.2 Cyclododecatricac

Cyclododecatrience~1,5,9 hes, in the past fou years, achieved importance
as a basic matcricl for Clz-chcmistry. At Hils, it is menufecturcd at o
rate of 500 MT/mbnth. This trimcr of butadicne is uged primerily os a
starting moterial ter the manufecture of leuryl lactem and polylauryl lactam

by the follo'ing route:

+ a———

I e B

e — -
u—w u L""'l T R

L ]

butadienc cylododccatriene cyclododecane
. 0 ]
,,,__" . '—OH “__4,_"‘ — B 0 — !__ = KGH
' b s o« ‘ ' [ [ . ’ PO
o T -
i .
PR | . o— -
cyclododecenol cyclododecanone cyclododccanone
| oxime :
' f 0
o L4
f “WH—— - - = polyleauryl lactam
= :
{ i
lauryl lectam

Decene dicerboxylic ccid is also produced from cyclododccetrienc and con
be used as storting materizl for the monufacture of polycmides and of poly-

estos. Hexabromcyclododecene is cdded as a fleme rcterdont to the plastics.
2,21 Process Description (secc dicgram 2.21)

Cyclododccatricne ic manufactured by trimerizetion of 1,3-butedicnc with
the zid of Ziegler cotalysts in benzenc ot 70°C and 1 atm, ebsolutc. On
being destzbilized and dried, the butcdicnc is heated up and in the goscous
state is introduccd into the rczctor. In addition, benzenc and the cate~
lyst components cre fed to the process. Before initiation of the rcaction,
the recction mixturc is hcated up end then the heat of rcaction is removed

using cooling :cter.




=l Qe

The product tcicn overheod from the rcactor i3 trected vith ceustic sodo
solution to d:activetc the octalyst, the benzene is distilled off, and thc |
cyclododceatricne is purificd by digtillation. The conversion is §8 7'-,

and the yicld 89 .7, baged oa *he buiclicac fed to the proccss.

2.22 Consumpticn Tigurcs

Qe Motericls [ oruired per 1 COJ kg of product

1,3Butcdicac 1120 kg
Benzenn ' 20 kg
Ceuctic Sode 13 kg
Chemicols 31,- It

By-progucts pur 1 000 kg of product

08-Hyd.rocc.rbons 25 kg
Tesidue (licwid at %° C) 70 kg

Utilitics lequired per 1 000 kg of product

Tlcetric poticr (10 tonsion) 100  kith
Stcam ( 20 otm) 2 I
Stcom ( 4 atm) 1 T
. Compresscd fir ( 5 atm) 250 Iim>
Nitrogen ~ ( 5 atm) ' 500 Jim>
‘River ucter ( 20° ¢ ) 400 -

Lebor Required per 1 000 kg of product

3 mer-hourse

Bettory limitn cogt of e plant with o ccpacity of 12,000 MT/yr. . Approx.
¢ 1.29 million (in the Tederel Republic of Gcmany). This figurc docs not
oover monomor storage, finished product storcge, cngincering; fincneing, '

lend development znd lines to bottery limits.

2.23 Literctiure
UK. Preake end K.AL MRiller:

. Chemio-Ingenicur-Technik 36 (1964) S50
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H. Yebcr, !'.Ring, U. lochmuth ond WKL Trenke

Liebigs Annalen der Chemie €61 (1965) 10
2.3 Polylauryl lzctem (" v:*s-m:m*) )

tith polylauryl licien (polyerid. 12) il hes i the pest few years
launched 2 nc: polyamidc that has a number-of cdventages over thc polyamide
types previnusly availeble. %o polylauryl laociam exhibits the lowest woter
abgorption -mong th tochnicel polyamidos and thus hos thc best dimensional
stebility. ~1s30, it has the lovest density, vhich meens savings an meterial.
Polylauryl lactem is used preferably as a materizl of construction for those
parts vhich require high uccr resistance and dimensionel stobility, such as
geers, conirol ~lcments for precicion macainery, pnoumztic dispatch cerrierc,
etc. Polyleuryl lectem has also performed :ell in the protection of metallic
surfecec esgeinst rust and vear. For thic purpose, & prec.ot for the manu-
facture of polylauryl lactem porder for fluidizction coeting has been deve-
loped and iz availeble to Mils.

At Mils, polyleuryl lectem ic manufzeturcd at « pleat with 2 capacity
of 2400 I"T/yr.

The starting matericl for the menufecture of polylcouryl lactam is
cyolododecatriﬂﬁe—l,ﬁ,Q (sze precceding chcpter). This is hydrogenated to
cyclododccane, vhich is <heon air-nxidized te & rixture of cyclododecanol
and cyclododccenone. This mirturc is dehycdrogensted to give cyclododecanone,
which is converted into cyclododecanone cvine using hydroxylzmin:. The
oximc is reerrangeé to leuryl 1o ~toa vith sulfuric ecid. Leuryl lactem is

polymerized to polylauryl lectom by hydwolysiz.

2.31 Process Dcscription (see dicgren 2.31)

In = jacketed reactor, lauryl loctam i3 hecied up end polymerized at
20 atm. gauge tith th- addition of on initiotcr. Th- process is a batch

type operation. The reactor is cmptied through gpinacrels.

. AR . TP -

+)"ViSTAMID is o product of Chemische 'crke lills LG
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The spun strands cre cooled in o cooling trough and pclletized. The
pellets are screened, further dried and pockeged or post polymerized

to give matcricl of higher moleculsr woight.
2.32 Comsunmptic 1gurer
Raw Matericls “copired for 1 000 kg of pcllets

Lewryl Lrctom ( 1 025 kg
Cheaicals 4,50 i

Utilities Doemired per 1 COO kg of pellcts

Elcctric porcr (low tension) 980 X''h
3tcam (20 atm) 0,9 IT )
Compresscd air (5 atm) 2 000 Ilmg
Nitrogen (5 ctm) 250 lim
Jiver imter {20 ¢ ) 200 | Nm®

Labor Rlcquircd per 1 000 kg of pellets

16 man-hours o

Battery limits cost of o ploat with o capacity of 2400 IT/yr.
(from lzctam to pellets) approx. 3 0.55 mill on (in thc Federal Republic
of Germany). Thie figuredoor not cover menomer storage, finished pro-
duct storage, cnginecring, financing, land development and lincs to
battery limits.

2.33 Literature
‘R. Kraft; Chemische Industirie 20 (1968) (11)

Nxcept for styroenc-butadicene rubber, the procosses presented in thie
peper for th: mcnufacture of polymer products rank :ith the- youngest
childrcn of rescarch and development ir petrochemistry. It can be ex~

pected that these processes will gein in importance throughout the world.
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