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. _"'l'he invention relates to a prooess for the preparation of
"-"-'-.'_-j_ __ultrah:.gh moleeular 'we:.ght polyethylene (UEMW- -PE) hav:mg
- a bulk density of £rom 350 to 460 g/l, in partioular 430
:%;ito 460’ g/l._-"“ |

.u:_trah:.gh noleoular weight polyethylene is understood as
'-_f_.mea.ning linear polyethylenes obtained by the low preeeure_ g
---'.-.prooess and having visoometrieally measured average
;3'-_f'__moleou.lar weights of at least 10° 9‘/3101' in particular
. .2.5-10° g/mol to mere than 107 g/mol. The above-mentioned
i. . meolegular. ‘weights are. determined from - the solution

'“"'-'-'-.'_IV:.aoositY according to the Margolies equation. - The
""j:'_-_'method used for’ ‘this detem:.nation is desoribed, for

example, in cz Chemie '.!.'eohnik 4 (1974), 329 et seq.

mmw PE oooupies a speoial position among the poly- -

" materials, its ‘excellent tou.glmess oharaoteriatioa ‘and

._ethylenee. - It is: disting'uished. by a number of phya:.oal ; :
' -."'.'oharaoteriatios which ‘make’ :.t suitable for a wide range

of potential applications. Ite high reeietanoe to wear,

-ite low. ooeff:.o:.ent of friction compared with other

". 'its high thermal stability under load should be singled
o _out. In addl-f-l-On: it is remarkably resistant to a large
L .'.'-nu:nher of ohem:.oals._ EE ' ' |

WVQR;ng the ehemaoal industry and mining- _

Table of Elements with organometallie oompounds of §=‘°“P°
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._'i_Ow:Lng to theee partioular meoham.oal, thermal and chemi - _
- eal properties. UHMW-PE :.a now used as 3 high quality
| epeoiality :naterial in a very ‘wide range of appl:.oations.

Examples axe the. textile induatry. mechanical eng:l.neer-'

‘There are various'lmowh prooeaaee for the preparation of
-_'-thie apeo:.al polyethylene grade. Low pre‘ssure polymer- - |
::.zation of ethylene. using z:.egler oatalysts, i.e. 'mix- .
- tures of cempounds’ of ‘subgroups IV to VI of the Periodic -
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I to ::: of the Pe::od;o Tahle,_ have proven suitable.'f

"y, titanium ‘aompounds are the most :.npoztant. The nost'
. " frequently used ozganoneballie compounds of groups I "-°-'_-"

'?'II:I'. aze alkylalu:n:.nums and alkylalum.n_um h_alid_es. o

- In gene:al th.e z:l.egler ca.talysts a:e prepared by reduo- .
tion of. Ti(IV) compounds. guch as ‘titanium tetraehloride

. 3 (III) ‘compounds. which are . £=equ.ent1y isolated, sus-
,pended in a: suitahle medium and mxed with the activato: .
' _-':equired for the polymerization.

1': 0.2 \-.o 1.8 5, and monehyd:-:.o or polyhydric aliphatic

- :'2_0 )

alc.ohols are added, in amcunts of 2 to 10 mol. baged on
"1 kg of catalyst,. to the reaction ‘mixture during the

'._Among the eompounds of the elements of. subgroups :l:v to

oz . eitanates, with organoaluninum compounds.- This givas -

Fo: the preparahion of URMW- -PE by a process which bhas
. peen tosted, .ethylene whose oxygen content is-less than
5 ppm im polyme:ized at 30 to 130’:! and pressu:es ‘of 0.1
to 10 MPa using catalysts which conta.in titanium(I:I)

L halides and organoaluminum compounds jn a molar ratio of '

polymerization. D:.ethylaluninum ‘penochlozide i8 used aB '

the - organoaluminum =om;_>on_ent -of .the cata.lyst (DE=C-

”f32_3s; 50;)

25 .

K "a.].uminum oompounds, . for example :.soptenyla.lum. num  OF

In a  fuzther PZ'OGEBS'_ unsa.turated polymera.o ' o:gano-'_'-_ - S

) ;-:nyrcenylalum:.num, axe used as the. alum:.num compound. i.n
" the catalyst system (DE-C 2 361 052)

"_'As a raw. mat.e::.al, UHMW PE is used p:edoninantly in - the: '

o '_,-'_r.h.e bulk density are thereiore important properties, on
o _proper\::.es of the porous . mouldings which are obtained by '
L sinte::.ng pulverulent URMW~PE, aB well ae the produe.t:.on |

.::-_' oi f:.bers hav.’n.ng a high modulus or ‘battezry sepaz'a.tors_ o
conta.:.ning ai.lioa as. a. '.Ei].le:, are datemned gubstan-
- 3B .

which its processib:.:l.:.ty depends. Thus, £oT. exaxple, the

' foxrm of powdar. The powde: 'morphology and consequently . N

t:.a.lly by the -:.ze and shapo of the polyme: particles ‘and

. -
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: _,mporr.ant £o= “the -production

.-'-'-'rhe prooesees knovm to da.t‘.e

' :'_f,.-:‘-:l:t was therefore the objeei: o

lar weight polyethylene hav:.ng

. .
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£url:he:mo:e .'oy the w:.dth of 'che noleoula: weight dis-
"_tribut:.on.- liowever. the morph.ology of the powde: ig also .
prooees :Ll:self and for . :
'storage. Coa:.-se partie:l.es heving a narrow pa:t:.ole gize
'ff'd:.str:lbution a.'nd high bulk density. :equire J.ess energy
':'-"f.o: dry:.ng, an.d stora.ge requ:.:.-es :Lees epeoe.

for the prepa:fation of

umm -PE make it pose:.ble to :.nﬂuenoe the external shape -
- -of the polme: partioles only with:.n very parrow limits.

d.evelop a prooedu:e ‘which

"permits the. prepa.ret:.on of pulverulent, ultrabigh molecu-~

a. narrow granulomet:y and

“/a-selegted bulk deasity. /At the same time, high avail-
_ ab:\.:l.:.ty of. the process :.s t:o be ensured. through a low

""':'::'.'.:J.evel of asglomerat:.on and. deposi“"n in the zea.otor. '

mecrically meee-u.red moleoula
109 g/mol a.nd a bu.!.k density

'.r.‘he p:esent objeot is’ eohi-ved by a p:ooees fo: the
""':.'-'j.p:eparation of pulverulent polyethylen.e having: a visoo- .
x we:.g‘ht of at 1east R
of 350 to 460 g/l, inm

20 ":---;:.parti.cu:l.er 430 to 460 ‘g/1, by polymerization of etbylene

e '_;-_-'_-Iag gempe:atures of 30 to :Lso°c
‘.. 4 MPa- in the presence ‘of & m.x

and. p:essures of 0.05 to

ed oetalyet, oomprie:.ng a

""'.--'._"-t:.tanium oonponent and an: organ:.o aluminum compound, and

cd ‘molecular weishi‘- 239“1“01'- In the process, the

- 2! _"'.--.tit'.an:.m oomponent is. obta:.ned. by reactien in two stages,
. ‘im’a first stage 3 titapium(IV) compound being Teacted
' "":-_m.eh an . o:r:genio aluninum ocnpound at -40 to 140°C in a.

T-T.?._-_nolar rat.;o ‘of titan:l.um to alum.num of 1 : 0,1 te 1: 0.6

"'-"'.-'-t:o g:.ve a t:.tanium(III) oompound and. in a second stage,

"".'-'.-f:the :-eaot!.on produet of the f:.:st stage be:.ng after-- '

’ t:.-ea.t.ed w:l.t.h an orga.m.o a.luminum compound at -10 to 150°C .

' "-"'."'3_'-'in a. nolar ret:.o of t:l.ta.n.:.um to aluminum of 1 : 0.01 to

L 1 ‘5 and the t:.tan:\.um component be:mg fomed into the

-:"_-.__-'m:!.xed catalyet with an orsani

O e T R ERIBE

¢ aluminum oompound in a

"-“-"go:_l.er .z.'.atj.o of . titam.um to elun:.num of 1 : 1 to _'.L L 15. =

"_-:'.j_"ne"_ﬁoyei-'-prooelg_..nekes"it_;' .possible to_t'aﬁi.:,or the bulk

© Print Time 'i"22.'Feb.',19_:12':'
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he afteztreatnem: of the titan:.un(III) '
: ou.n.d oi the £:L='st'. :eaotion stage w:.th -an organio
'-f-é:l.imtnpﬁ-:icmou:id 4n the range of 350 to 460 g/l, in
particular 430" to. 460 g/1l. The bulk density i.s under- .
”stood as mean:-ng t:he value detemined aooord:.ng to DIN

‘3 ass.'- -

_.thé :Ei:st: st;age. ) Compounds of the genera.l ‘formula

:':._':I.dent;oal or diiferent hydrooa:bon radicals, in par-
tioular alkyl radicals baving 1 to 18, preferably 2 to 8,
L - carben atoms, and X is halogen. in particular chlorine oz
,l§___':-._'::_:_'-.'b:r.'omine. -,_-'aref” suitahle. - TiCL,, TiBz,, Ti (OC,K;) €1,
T (oc,:-:,) cl, ana Ti (0i- c.i-I,) cl, may be mentioned as ex-
anples ' organic alumipum compounds which may be ‘used,
'-L":"'_;_a.ooozd.:.ng to: ‘the . :.nvent:.on, for the reduction Of the

Cm ds 0.' 1 er 2, R are identical or different alkyl
radioals having l to lz. _ in pa.r‘.::.oula: 2 to §, carbon
. atems .and X is halogen, " in particular ohlorine or

'~:'§-Q-'co:npounds ‘which are obtained by raaotion of lithium
S -':-aluminum hyd:ide or crialkylalmnums oT dialkylaluminum

5.15

' o£'" ultrah:.gh moleoula: weight polyathylene by _-

f?o: - f.he prepa:at:.on of che ' eitan:.um(III) oompouh.ds,- -'.'.:.
: 'i.'can:.um(IV) oonpou.ods are used as starting. materials im

__ﬁ.'.ri(on).,x,, w.here n’ is an integer from 1 Eo 4, R‘,a:e‘_ o

T4 (IV).. ccmpounds are of ‘the 93391'51 formula AlR%; X, where |

'..:.-"-_'_"bzom:.ne. Examples of . suoh compounds are. " griethyl~ _'
S alumdnum, triisobutylalum:num. diethylalumi.nun chloride
L 25 -and ethylalum:.num dichloride.. Polymeric organic aluminum

: -'-'.hyd::.des whose alkyl zad:.oa.ls each have 1 to 16 oarbon' a
- atoms w:.i:h. Gy C,,-diolefins. ~in _pa.rticular_ Ce=Caa=

'__'._'.-._"'alkyla.lumlmm hal:.des. they are polynuolea.r. The reac-
_f.--.____-‘i:ion prodicts of Al(:.-c.I-I,), or Al(i-C,H,),HE with iscpzrene
R (“;.sop:enylaluninun“) are. p:eferably used. The aluminum

i .-_g;- more oonpounds.- .

._'.':-'diolefins, are ‘also ~suitable. . 'In centramt to the R
',mono:molea:r: tr:.alkylaluninum compounds and~ the =~

- 35 '-_._f'_c:onpounds may be used in pure form oF as a m.xt:uz-e of two
__.___:;"I'he :eaotion of. the 'I'i (IV) eonpound with the organic o

Receweame o 22.-__F';_e:b.--"18':-5_5‘5  prini Time  22.Feb 912
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,"f_-lalum:-nun eompeund i.s carried out in an inert solvenr. at
':'temperar.ures of. -40 to-. 140°c. ‘preferably -zo to 120°C.

'.I.‘he concent:a’c:.ons -of the rea.ctam:s in the starting-
,oluti.ons a.re 0.1 to 9.1 mol of - oL (IV). ccnpou.nd/l of
RS- __jso:l.vent and 0.05 to 1.0 mol of Aal. eonpou.nd/l of solvent,
:.n pa:ticula.r 5.0~9.1 meol: of 'I.‘:.(IV) eonpound and 0.2~

. -0,9 moliof: ‘AL ‘compound, in each case per 1 of solvent. B
"3"_-5:..';'_.-0 1 t-.o 0. s, preferably 0,3 to 0. 5, mol of aluminum in. the

S fcm of an o:ganic a:l.um:.num compound ie useé. per mcl of -
L ‘.Lo t:\.ta.niun (IV) A'.Liphat:l.c hydrocarbons have proven. suit-
o =-"-'i_'_"Q__.5,.ab1e as - ine:r.-t solvents. Depend:.ng on the temperature,
. che’ :eac:icn ‘g complete- afte: 1 to 600 min. The degree

.._5_

f"‘\ '- _."'--'-"'.__ _"_'of :edua::.on detemned by ce::.netry is at . 1east 95%.

Accardingto the ihii'enﬁ:.on, the reduetion is followed by
a.n afeertreatmenl: ‘of the reduction product with an

:'-"f:::._.forgani.e alum:l.num eompound, as. a. pecond stage. For th:.s:
'-'.;:i-'-'ﬁ;pu.-:pose, ‘said. reduetion -product .ie giltered off gzom the |
suspension. _washed w:.t.h the solvent % su.spend:l.ng medium .

o “-and. 3“593’1535 asain in an imert oxganic golvent. e
R go ,_;fil-loweva:, ‘the suspension ohtained in the reduétion can'
alsc. be di:acl:ly used. ‘Such a p:ocedure is a.d.visable'

-"l_:if'___:whenever ‘the reduction. of the ‘titaniun(IV) compound 18

' '-:--_- carr:!.ed. out by means oi the alum:.nun compound using a' :
nolar racio of titaniun to- aluminum of a.bout 1:0. 5. '

.'-_f'_'--.ror the aftertreatment,. ‘the reduction produc:t is reacted': o
o "'_-;5.::___'.'with an o:ga.uic aluminun compound, - which ig added as a
R solution o: su.spension.- The rea.cr.ants are a.lloweé to act. '

'_;on one a.no\:he: over a per:.od of 1 to 1200 min and at -
tenpe:atures of. -10 to 150°C, preferably 0 to 70‘C. whi.le. O
-"'_-_sti:r:.ng. The organic alumiaum aompounde used are mono-

: - 'auclear oF polynuclear ‘mono- ©F dialkylaluminum halides,
R 3 t:r;\.alkylalum.nun compounds. In order to prevent over- .
'__'h_}-:'.}::eduction and hence inh:.b:.ticn of the catalyst, iso-
. _l..;..;f_ - prenylalu:ninum is p:efera.bly uged. The reaction is
38 decectable externally “from & deepening of . the ‘eolor ©f .
the t:l.ta.n:.um compound fzom reddish brown’ to. b:owm.sh'

black. _ As investigaticns have shown, the <xeaction

Recelved Tlme 2__2'_.__F'._e;.b.' :.'1"8_,:_55;;.- o '- Print Tine 22. Feb, ig;“
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involves n.ot a progress:we ::educt:.on of the t:.taniu:n(IV)
compound but the :.rrevezs:.ble increase in. the molecu.la: :

- ratio of alumipum to titsaium in the solid. While this -
- ratio is 0.2 to 0.33 “1 in the :r:eduction prcd.u.ct, it
':.ncreaoes ‘to. about O. 4 to 0.6 : 1. as & result of the
-treament wi.th the organxc a.lum:mun compound.. ' The melax-
3 ra.t:!.o of t;l.tan:.um ‘to aluminum during ‘the aftertreatﬁent, _
| '_.--'the reaction time,: the :r:educt:uon potential of the alkyl- .
e g -_aluminum and the reaction r.empe:ature are crit;.c_al for
10 the nagm.t:ude of t.he increasge. - ﬂsually, a mola.r facio of -

o | -t:.tan:.um to. alumi.nun of 1 : 0.01 to 1 ¢ §, preferably.
4 1 0.4 0 1 : 1.2, is maintained. ' whe molar ratic of

'_ "aluminum to tita:xium :.n the p:oduct of the afterhreatment S

" (reitanium component") determines the polymer morphology :

and hence. the pa.rt:.cle size. distribut:.on of .the bulk

'.'dens:.\:y of the’ po‘.\.ym.er.. Molar t:.tanium/alumi num :a.tios -
in the lower range during the aftertreatment give bulk

densit:.es below 400 g/l wh hile those in the upper range

o ghve pulk demsities. below 430 ‘to 460 g/1. The catalyst
20 _,suspensicn thus obtained can be used d:.rect:l.y or after =
77 peing filtezed off and, for example, washed with tbe

:auspending med;um

_ 'For fomation o£ the catalyst, the t:.tanium component is '_
| activated. w:.th an organoa.lum.num compound ‘Ag in the
reduct:.on, t:he alum:mum compound may be. used in pure form
" or as & mixture of two or more compounds. tr:.:.sobutyl-'
- aluminum or isoprenylalumimm p:efera:nly be:.ng used as
. the activator. The mola.: ratio of titanium (pased on the
A amount of titanium orig:.nally used as Ti(IV) compound) to
.30

aluminum in the’ mixed catalyst is 1 * 1 to 1 : 15
p:eferably 1t 2_ Lo 1 :Lo. B B

' '.".T.'he polymer:.zation is ca:::.ed cut. :.n. suspensicn in one or -
..mo:'e stagea, cont:.nuously or batchwice, at temperat:ureo :

of 30 to 130°C, preferably 60 to 100°C and an ‘ethylene '

e

:-par\::.al pressure of 1ess than 4 0 MPa, preferably 0. 05 to
. 0.8 MPa., ' : : :

Received Tine. e 1B ©print Tine  22Feb 1011
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.'.r.‘he :.nert d:.luent:s usua.lly ueed for the Ziegler low-.
"_.'.-'pressure prooese, suoh as aliphatic or oycloal:.phetio e
'hydrooarbons, e.g. butane,’ pentane, hexane, cyclohexane,
:"nonane and decane, are su:.table as 'a reaotion medium for .
©  the polymerizetion._ Furthermore, gaeol:.ne or hydrogen- .
' 'eted dieeel oil fraat:.ons which have been carefully freed

. f£rom oxygen, sulfur compounds and moistize may alsc be
. used. The:.r boiling range is between -5 and- 220°C,

"j_'.preferably between 55 and 180°C. -

'.;The moleoular weights o£ t;he polymers can be adjusted in '
' . a known manner by means 'of molecular weight regula:ore,

| preferably hydrogen. Th.e' ratio of ethylene partial
: .preeeure to hydrogen partial preesure is at least :l.o,

'_ preferably 40 to 1600.

-"'The polymer is eepa.rated off. £ro:|n the suepending medium
. under an. inert gas and iz dried. In the absence of air

-;and mo:.sture, the . suspending agent-. ie reused for the

_polymer:.zation without: any :.ntermed:.ate treatment. o

In the Examplee whioh follow, the invent:.on is deeor:.bed_ '
:.n det:a:.l .‘out is not reetr:.oted to t:he embod:.ments shown '._'

| Th_e-.'f°1-1°-‘*ing __va.l\_:es' ,aref | eceted for des#r:.bi_ns the,
-Pplmerea_ o] - o R

Mean particl , dias te éetermined .'oy laser diffraction

-using the pa.rtiole size ana.lyzer Heloe-Rhodoe nea.surement .

and. evaluat:.on syet- !rom Sympeteo 'GmbH; opt:.cal com~ -
oentration about 10%. ' S

.';-'-J-E_"—aﬁ-‘—e—'- th:l-s serves a.s. a nea.eure of the width ot the.i. B

' particle size distri.bution and :.e expressed by ‘the

| --'_----'fcmula :

~.4(90) and d(10) are the particle sizes at 90% and at 10%,

- Rece i_gv.ed.'- Tine 22 Peb; 18: 5% _'Pr.in tline _2-2.' Feb. 19:11
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: ,'i_'_',f_":-'-,obteined. £rom the oumulativa d:.st:ribut:.on, ‘B increases
".?-_with increa.sing width of the’ pa:r:tiole size distribui::.on.'
28T ox £ L _this gerves as a measure of the
-j-'moleoula: weigh.\: and. is: detemi.ned aooording to DIN.
'“353 493; o - ) - |
Byl T {fgetefmiged ae¢qrding.té_nzn 53 468

UL : yet (o_atalyst- according
i_""::'i_;-.'---';'?to i:he pr:l.or art) | . . —_— '
R 10 ':1:44.1 l of. t:.tenium tetrachloride are metered into 230 1
S of a’'20% strenghh by weight solution of :.soprenylaluminum
(IPRA) in 200 :nol of hexane in an inert gas atmosphere :

- -__--foou.rse of £} h.ours (oorrespond:mg to a reti.o of 1 mol of
| ’_}o*wz €0 0.5 nol of 31) | -

'--'_‘f,-;'_'f_"_._j-the 7L (IV) used. a:e reduoed to 'ri(III)

'f'__._'-".",.oontinuoualy ope:r:a.ted plant with recycling of the ‘reac-
_;--'tion medium. Gasol:.ne pura.:E:Led ove: molecular sievee and

s "._'.-.-:'j.'.:-ha.v:l.ng a’ bo:.l:.ng :ange of. 140 to 170°c eerves as the

suspend.ing med.iun

25 ".";'a.t a. :-eaotion tempe:aimre oi BD’C'and a yi.eid_; based _on'

| oatelyst used, of 1. 7 kg of PE/mmol of Ti, the resulting - e

_. i..."';:_}:-."et.hylen.e parti.a.l pressure is about 0.32 MPa.  The hydro-
R . gen. ‘content - of the gas phase is' about 0.5% by velume.
" The ratioc of suspending mediu:n to polyethylene (:m 1/%g)

,,L-_he molar ratzo of aluninum to titanium oonponent (based

FEB ’96 12=BG _ HOECHST AG WERK RUHRCHE&ﬂIE FVB S.19

e .'_-:_.f_and while etirr:.ng ‘at a tempe:r.'atu.re of -10°C in the

""-J-.j'-The :eaot;on is. oomplete a.fter 3 hou::s. ‘More than 9695 of-.' :

R '1'.'.}-...'_ 1 2 gg;meggggt:.og using the oacalyst prepared aooording .

_5_'_'!:'j'r'h.e polyner:.zation is oa.rried. out in ome: sta.ge in a

":-_'j;;"_:i.-s ;'_:4.'_3'.;_';.'--_- 'r‘h.e aotivatoz (— IPRA). ‘concentraticn in the =
: .-.'=eaotion medium fed to. the reactor is adjusted so that

on ohea:nount ot t:\.ta.nium o:-iginally used as Ti(IV) o

Recelved Tlme 22 Feb 18 55 Prlnt Tine = 27 Feb. 19:11 o
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;:.compound) in the reeotor is about 10 : 1. The molecular -
'__weight of the poiymer is controlled via the hydrogen '
;,:content of the reactor gas phaee. ~ The: following produet' |
3 'propert:.es are cbtained’ in a reproducible manner in two

':_-_'j',-'-.pa.rallel exper:unents (A and B):

Experiment . Experiment .
"'Mean partiele diameter [pm] 2100 .200.' _
. g value . . oe.51 0.3
_-____p:Bulk density o [g/l] :.!' 370 . . 380
. zeT value R m/m=1 0.2 -0.24

24l e B ti
"The ea.telyst (KO) desoribed under 1.1 ies diluted to a
,"__-_--'oonoentration of about 40 mmol of titanium compo::_ient/l -
.' _' f-"_and treated at. room temperature with IPRA (K1 to K6). |

_ 'deepening o£ oolor £from reddish ‘brown to - dark bro\m'
- occurs, aependiag ca the amount of a:.kylalum:num used.

" . The d.egree of reductien remains unchanged. On the other
" nand, the oontent of - chenioally £ixed alwninum in the
-.:?"_"catalyst solid inorea.ses Erom 0. 2-0.33 : 1 to 0.6. ‘1.
' '.'-_:.-'To determine these values by atomio absorption gpectros-

00 copYs: ‘the catalyst is filtered under an inert gas and

- -;:-_wa.shed twioe w:.th ga.sol:l.ne.

-2 Catalyet S Catalyst treatment " Bound Al .
.. desigmatien . - TL total : AL TL i AL

0.32
0.21

0.23
0.55
0.45
0.5
0.4

RO
A - SR
K3

. R&
. RB
LURE

T
ga _.-. o .‘. .-. N ] e

PHEBRRE

‘mwPoooo.l
N e .

After a .reeo_tiori_ :_time ‘of 24 hours, ‘the catalyst is used

o Rece i}vg:d.._.Tii_fméf 2_'2,:Fj_'e'ib-._j.i-:_3.;,-5'5'."__'--' " print Tine " 2.Feb 19_:11_'_";':: -
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_{fffo: the. polymerizat;on. %6 =hows that, under otherwise
-.j';.ident:.eal ‘conditions, the use of larger. ‘amounts of the
'vifjgrganie aluminum eompound does not lead to an 1ncrease in}'

"{_-f_::'-}_':he proportion of aluminum in the t:.t-.au.:.um compenent.
'”ﬂ;jgs.f}z 2 zg.zg ;;zgtaana using the eatalyst prepared aeeord-.
'a_ffﬁang to 2.1. : ST '
2.2 1. ﬂee of eatalyete not- separated off -
 r}For the syntheeia of UHMW- PE, the catalyst types K3 and"
.. KS aze used’ dareetly aftex the preparat:.an, i.e. neither '
lildie filtered off  nor. washed, analogeuely to the proeeea
o _*-2 ;described under 1. 1.- chpared ‘'with the reference catal-
S w yst KO, the reaction temperature is reduced to about 78°C
“ oo U ‘amd " the mclar ratzo of alwnanum (IPRA) to ti:anium\
_  ;E:cemponent in. the reactor to “about 3.0, in ‘order to
ilee”establ;sh an ethylene partial pressure of about 0. 25 MPa.
© 0 The hydrogen ecntent is adjusted as under 1 2. |

_ 7'2 2 2. Uee of a catalyst separated off befarehand
' ‘The polymer:.zation is: carr:.ed. out as deser:.bed. under
__,_w,  2,2.1. A catalyst type ‘Ké, wh:eh is letered off and
Vfﬂﬁidi;gﬁaehed with the auspend:ng agent before being uaed, is.f'
S mPIOYed.. DR - -

"‘“;{nesults of the polymer;zation exper:ments-.'ﬁ

f-e-_’cacalyat Xield- - _Mean par- 'e-value : Bulk -~ ZsT
25 . dismeter e A
G kg of-PE/ lpml .~ ' lg/11 - D/mw]
: mnolso:;rii o L

1.1 S as0 0,43 450 - 0.24 .
8 ase 0.39 460 0.24
3 180 0.43 445 0.24

m
C 30 - Re
.- KB .

IAINI-'

R geierenee.experimeaﬁjl;z,”'”

B T ~ a0 0.5L 370 0.24
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.. Batent .c_lll'aims

1 ') A process for the preparation of pulverulent poly-
o . ethylenes having a viecometr:.cally measured molecu-
_ -7+ lar we:Lght of at leaszt 10° g/mol and a bulk density,'
B © . . of 350 to 460 g/1, in particular 430 to 460 g/1, by
SR -_-_._polymer:.zat:.on of ethylene at temperatures of 30 to
130°C and pressuzres of 0.05 to 4 MPa in the preeence_
- of a mixed. catalyst, compris:l.ng a titanium component :
L . and an orgamic alum:.num ‘compound, and a’ molecular
C 10 o we:.gh.t ‘regulator; ‘which - comprises obtaining the
. o _;__t:.tan:.um component by reaction in two stages, in a
e o o --'_-'fa.ret etage a Ti(IV). compound being reacted with an
L S '--organ:.e aluminum compound at -40 to 140°C in a molar
©: ' ratic of titanium to alumipum of 1 : 0.1 to 1 : 0.6
-'_:|.5:. - to give. a t;tanium(III) compound and, in a eecond )
- - stage, the reaction product of the first etage being =
.'aftertreated with an organic aluminum compound at
- =10 to 150°c 'in & molar ratio of titanium to ‘alu-
: . - minum of 1 : 0.01 to 1 : 5 and the ‘titanium com--
' 20 -ponent be:.ng ‘formed into the mixed catalyst with an
. organie aluminum compou.nd in a molar ratic of tita-
 nium to alum:.num of 1 :.1 tol s 15, '

'2.) The process as cla:.med in claim 1, wherein the
- titapium compound -used in the firet stage is of the
25 formula Ti (OR‘)4_,xﬂ, where n is an integer of from 1
.77 - to 4 and R* are :.dentical or different hydrocarbon
- radicals, in particular alkyl radicals ‘having 1 to
_ 18, preferably 2 to 8, carbon atoms, and the. organic
S g .alum:.num compound :.s of the formula Al1R?, X, , where -
300 - o om is 0, 1lor 2, ® are. identical or different. alkyl
L radicale having 1 to 12, dn particular 2 to 5'..
"'_carbon atoms and" X is halogen, in part.-..cu.lar chlor- -
ine or bromine, or is a polymeric organic aluminum
-oompoi._lnd,. 'in 'p_art:'_._cul_ar ieoprenylalumi.num.

35 3.)_1:' ‘The . process as clarmed in cla:.m lor 2, wherein the '
' EE. _react:.on between the titan:.um(IV) ccmpound ‘and the_ '

O Reseived Tiljmej-.ff.'-" 2_-2-;.Fe'.b:,'1?8?.:-55_-_--_-._--l'-.". Cprint Time 22 Beb 1901



i . My

._;--'alu:u.num oompound :Ls oa:-r:.ed out at tempe_:aturés.-of '

__"--f___'-'.l.‘ha pr.ooess ‘aB. olamed in one or more of olaims 1 to :
---,'3, whora:m 0.3 to 0. 5 mol ‘of aluminum in the fozm of .
.. an’ organic aluminum compound is used per mol of
L I;.'--t:itan:.um(IV) -

5. ). -'_f;';'.l.'ho prooess as ola.:.ned. in one or more of claims 1 to-
':-___'_'.'_.:_-'_4, whe:ain the titanium(III) compound obtained - in
: ','____'""t;he first stage is aftartraated in the second stage
:f"-'-'.":._:'w:.:h mononuolear or polynuclear mono- Or d:.a.lkyl- )
a.luninum hal:.des or with trialkylaluminum compounds. '

) "rhe prooess as olai:ned in one or more o:E claims 1 to
"_..-..'5,._.whe=e:.n the titanzum(III) compound ‘of the firzst
R T ,"":'-'-.stage ig £iltered ‘off and washed w:.th an inert
L 15_ o _-_l.'.--"solvent befo:-e the aitertreatment. _ '

'l.) '_'J.'he p:ooess as ola:uned in ome. or more of claims 1 to

-1'_'5.,6, whe:e:.n the molar :r:at:.o of titanium to aluni.num '

\ :' : j;_{"__::-in the second stage i 1 s 0 01 to 1 3 5, preferahly
' 04=o1 '.Lz._'.

_'.'I'he prooess as ola.:.:ned :I.n one or mo:r:e of ola:ms :I. to
Do viherein the til:an:.um oomponent obtained in the
SR seoond stage is formed into the mixed catalyst with |
Clnoam ‘erganoaluminum compound. in particular w:.th tri-

' iaobut:ylaluminum oF :.soprenylaluminum. o

.":"z'he prooess as olaimed in cla:.:n 8, wherein the
'._organoalum.nu:n oompound and the titanium oomponent'
L are.: used in a molar ratio ‘of 1 s 1. t:o ‘15 : 1,
preferably 231 to 10 1. - |
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