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··f · . Praces.s .for the preparation of u1tr=~-~;i:1;;~~l~l ...... ~· ..... , ... ~ ... ., ............... · ,I 

. ·. ·. weight ·.polyethylene bavipg a high bulk density 

~a· invention· Z'elates t:o a proc•ss for ~he preparation of 

. ul trah4.gh. mo.l.aaular weight polyethylene . (tmMW-PE) · having 
.. · . . 

5 > a bulk density of from 3!50 to 460· g/l, in particular 430 

'. tio 460. g/"J.. 
. . 

·. . . 

I 

'·: .· 
.·.··; ttltrah:Lg~ :mol.ecular weight poiyethyl.ene. is understood. as 

... 

::· · ·:.iuean:Lnsr line.ar pol)"'etb.ylen.es obtai:a.ed. by the low pressure 

· · · .· · · .. ·process a11d. having viscomatrically measured. average 
. . . . . . 

. ~ .. 
10 · · :molecular wei¢its of at least 101 g/mol, in part:Lc1.1lar 

. 2·.·s-.10' g/mol to more than. 107 g/mol. The ahove-mention.ed. 

.. ~lecular. ·weights are . d.ete:cminecl from the solution 

· · · vi . .ac~sit.y a~cord.:Lng to. '.the Margolie• equation. . The .. 

··~ ... . 

.. · ...... ·. 

.;_ · ... · 

. ·r-· .· 

-~· :.". . .. 

.. ·.·:·.··. ": 

" . , 

. · · ... method. ·used.. for this · d.etemination i• d.escri:bed, for 
: . .... . . .· .... ·· . . . 

. . . 

· 1·5· · .. eX&Jl\Ple~ in CZ . C::hemie 'l'echnik oi (1974) ~ 129 et· seq. 

.... 

· · 'tJ'HMW-PE occupies · a speaial position amcmg the poly­

e.thylenaa... :Ct is ·.dia;tinguished by a number of phyllical 

aha:r;acter:Lat:Lcs which·:make it suitable for a wide range 

of po~.ant;al applications.· Its high:resiatance to wear, 

20· · ·its· low coefficient. of. friction compared. with other 

.· iaateriala, its e.xaelleJJ.t toughness .· characte:ris.t:Lcs ·and 

:Lt11 ·high. t.b.e:cmal. stabil:i. ty Qnd.er load . should. be singled. 

out. In ·addition, -~t is remaZ"k~ly resistant to a lai:ge 

n'Limber of chemicals. 

· · 25 .. ··.~:i,.:n.g .to these particular· .-chanical, thezmal and. chmni­

c,al properties,· 'OHMW-PB. is now used.· as a high quality 

· :: speciality :material in a v~ry· wide r.ange. of applications. 

Jilxamples are the.textile industry, mechanical engineer·· 

~1151', . th• cbem.ica~ :t.ndus try a~d. . mining. 

'there are various lmown proceaaes for the pz:eparat.icm. of . 
. .. ~~ 

. . . 

. · . ·.t:b.is special polyethylene . grad.e. Law pressu=-e polymer-

;zatio~. of e~ylene ··;·.~sing Ziegle: ·catalysts, i.e. mix-
. ·~ . 

·.· ··• t\J,r·es of compounds of· subgroups IV to VI of the. Periodic·· 

·.·. ~a1'1• of:Zle~ts w:Lth organometallia compound..- af groups 
·{~: ~···· ·.. . " r·· ~ ~ #' r~ ... ~ .. ~ .. 

· · ri ... , ... : · \ f\ .. ,· "·\ ·,. ~ ~d 
. ~i' ·. . l !.: ·~ ,,·~ "!•..+'' Q,/f 
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I to X:.t::t of the · Pe:d.od.;i.c. 'l'able, · ~ave proven suitable. 

. -=sr the compou=.11 of ·. the elements· of. s~groups · ZV · .to 

·_VI, t:Lt~iu:m c0mpound.11 a:r:e the most. important. The moa~ 

·· freq:\J.ently used orga:ometallic. compo~ds of groups :t to 

. S : I·:tI ·. an:e .. -.lk.ylal1aZ1inwna and allcylaluid.num hali~es • 

. :Cn· general the Ziegler. catalysts are' prepared by · reduc_~ 

·tioD. of 'l'i(:tv) compounds, such •• t.itan:l.µm t.etr•chlor:Ld.e 

. or .titanat:es, with or9anoaluminum compounds. This gives 

. 

. 

. ·Ti CI:J;l) : c~ouzil:!\11, . which are . f r,equ.ently isola tad., aua -

··;us . pade4 ·in a au.itable medium ancl mixed with the aativator 

. . .. 
. ·. . . 

requ:lred :fo~ t:he polyme:i;-.:Laation. 

· .. : J'or the preparation ·of 'mDIW·PB . by .a process which )iaa .. 

. been te•t~d,· ,ethylene .whose oxygesi content -iaa l~Sil· thU ·. 

5 ppm 111 polyme::1zecl a~ 30to13o•c and pressures·of 0.1 

~S t~· 1·0· MPa· us~g ~ata:J.yst:.a which aantain ti~aziium(II::C) 

halides .alld·org~oa.l'l,m\:1.num 
compounds in a molar ratio of 

l ·.· : O ~ 2 to l : S, and. ~hyd:r::i.c or polyhyd.ric alipha t.:f.c 

.alcohols ~re.adcied., in°amounta 0£ 2 to 10 mcl, based on 

l leg of c:atalys~ •.. to the :t~act.io:a. mixture d:u.ring the 

20 · poly.QL111rization. Diethylal~nummo
nochlo:r::l.de 

is used as 

the ·· organoaluminµa .. component -of the catalyst ('DE•C• 

. . ·,· . ,. 

2 ·361 508} • 

.:tn · a fui;theJ:' p::oc .. 1111, · \mSaturated. . polymeric: organo­

alum.inum cmal>ounCis, fo:r;· ·example iaopZ'enylalum.:i.nwa · or 

25 .. · ,.:i:ny:cenyla·lu:min.wn, .a:r:e · used as the: aluminmn compound .. in 

· .·.the· catalyst systea (DB;.e-2. 361 052) • 
. . 

As a raw.D\&l,terial, 'DRMW-PB is used p:r:edominantly :i.nt;he 

fo:cn of powder. 'l'he · powder morphology and. co:nsequ.eu~ly .· 

the bulk density a:r:e therefo~e important properties, on 

30 wh:Lc:h its ·processibility depez:.,d.a. Thus, for example, the 

.Jl'roperties of the porous mouldings whi.ch a:r:e obtained by 

. . 

stnt:e_ring pulveT:Ulen.c tJKMW .. PB, as well as th• prod1;1ction 

o! fibers having a high moc!u~us o:r: batt~:r:y separat.oZ.s 

·. . 
. 

. 

. 

· : cont,aiz2.ing .sili,ca a,s a: filler, are d.ate:cmined. sUbatan-

.. 3 S ti.ally by the a·~ze and shape of· the polymer pa:r:tic1ea and 

.. 
-·· 
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. -·: . . . ~ ·.· ·.·· . . . ·. ·. 

· .... ·.· . ·:'' .·: .. 

. . ·. :· · · .·· ... : .·' :·,, furtli~~r~ 'l>y . th~ ·,.ic1th of· the· molecul~: weight d.:i.11-

.· .. · :.·:;. :. _·. _·_:.::::' -:·_·.t_~~~µ~~-~n. ·--~~e,,.r.,·. ~h.e.11\orp~logy _of the_ ·powde: .. is ~lso ... · 

_'.i,UlP.ort.ai-it :·:eoz{ the· production ·process itself and for 

. .. .• . . ·. . . 
.. ··· .· .·.:. 

: ....... . . : ·atoraga. CC)~r.se pe.rt.iclea havi~ a narrow pa:c-ticle size 

s· ·,'ciistribu~ion and ·.high_ .. bu.;Lk density require less energy 

.. · . . ... . . 

. 
. . 

.... '· .. · ... · 

. . .. ._ . . ..: ':.. . . . ~ · .... 
.-: ·. :~. . . 

:· '• 

. . ·:-_-; · •· .· · · :··· .-~~- ::pz-C>ce_.seu1 knOWll to date· for ·the preparation of 

· ·. · .. ;';._,,::·~.;.pl·~~.: it; po••~l•
 to in!lu.nce the extemal shape 

· .·. · · . ·. . .· .. : ' ·. _.---~~->th~ ·p~l~~- ·pa~ticles only wi ~hin very na:c-row limits. · 

· · 10.' '°. X.t:waa :~refore the object: to develop a procedure which 

.. . . : :>:p.~t.IJ· cb.~:-Pl:~P~rat:i.cn .o_f pul~~ulent., ultrah:Lgh :molecu-

~{ ' : ·· . ~:,. ,.. lar weight.. polye~hyleneo-h.vi.Jl9 a .narrow granuloinetry and 

. _._,. ·.:,_·>.:a· .. :~el.eQt~d.bulk· dezi~:Lt:y. ··At. t.b.~···am.• t:lzne, .high avall-. 

·. ·:· . ,.. . . . . ·. . ·. . . . . . 

. · ... · 
·:·.- ... 

· ..... 

· '· ·. · · · ··•· · · .. al;>i:lit:y. of. ·the, pro~ess · is to be ensured through a low 

, ; '· · :J..S ' :1~~1 'o~ •g~lt:nna.:r:atien ~- depos:ltiozi .. in the reactor • 

·.: .. · . =· . • ' 

.... 
,·. . ··.·; 

· .... 
;:. 

.... · .' 

... 
+l;e·: p~•s49Zi.t obj~ct i;s· aah:leved by·. a ; process :fo: · t:he 

.p;e.~parat;<)zi .. 0.f pulverulent: polyethylene b.av:l.ng . a visco- . 

·.· ··. · ...... :· . . ' .. ·. . ·. . . . ' 
. 

. 

.·· . meerically · · ·meaaure.4 ·· . molecular weight cf at least 
·.·· .. 

':·: .... =. '.-.. :· 

.. ·."··'. 

·.···'.". ' 

. · .. · -.:,. : 

. . ·: ~: . ;., .. 

.·. : ;:. ·: . . : ' 

.,,.. .. .... 
· .. · ... 

-:~o• g/inQl . .n4 a. ~ulk density of 350 to. 460 g/l, in 

·· 2q. · .·:p~~t~c:u1a~ ·~·o·: -t:o_ 460 'g/l, :by polymerizatiQn of ethylene 

'· ~t_:'t~pe:r:atures o~ .. 30 to 130°C ·and pressures of o .os to 

. . 4 ·.:KP_a -].n t;he. ·presen~e ··of. a mixed catalyst, comprising a 

t';l.t.~1Wa ·cO.po:a.eJ)t and. ~_,organic: aluminum cCn;>ouzid., and 

. a·· -~~ecula:r:: .-.~ght regulator. . In the p:ocess, . tb.e 

· 2s· · ~it~im cmaponmit is obtained by reactic:a. in two. atages, 

::i._n .:a .. iirat stage_ a titan.ium(IV) · cQmPouncl being reacted 

. . ..· . . . . . . . 

· ... · :with an organic ~lum:Lnum acmpound at -40 t:o 140 8 C: :i.n a 

·· ... :-·, .. 

... -:.:.·:· 

: .. ,Jzio1ar. ratio :of t.it:aniwn ~o almi.num of 1. : 0 .1 to l . ' 0. 6 

. :t.~. _.give ·a .. 'titan5,.u(:CXI). cozlpoun.d. a:a.d, iJJ. a aecon.c:i stage, 

.:the' reaction ·procl\,\ct _o;f. the first stage being after~ .. 

. : ~ : 

. . · .. :·: .. '• 

·. :·.·· 

. :· ·,· ... ~ . .' .,: . . . 

. ·.·· ' ·. · ... 

:·· .. 

.. :· ... . 

:· .. ··. ·. 

'.3:0 

, .. tr·a~ed w~t.h ·an :organic. alwninmn compound at -10 to 1so•c .. 

: . in· ·_;a molar· ra t.1o of ti tan:i.um to al minum cf l : O • 01 to 

i, :. · 5 .an~ i;he ~:ltan:l.im component beinS' fo~ed into the 

·, 1n:!.x:e4: cat.alyat ··with _an ·oZ'g'anic · aluminum compound in a . 

··,~S: .: ~1ar rat~o of· ti_tanimn to. al\Uil.::i.:n.wn of 1 : 1 to 1 1 15. 

Th.a . novel·. p:r:ocess makes ·it .po1111:Lble to tailor the :bulk 

. . . . . : 

· .. : .. 

. . . . . . 
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. . . . ' ' ·' ~-~il:l..ty: :of• .·~~~-~igh ·=iecu.lar weight polyethylene, by 

.. ,-, ::_:_:,. ·>v.~fattc>n· :,~£: th•-. ~_fte:i:treat:me:at of t:he tit~u:m.(III) 

-· -··- -: .. ----::c:i~:~---::~f -~e-_---:H.-r~t reaction .at.age wit:h an crgu:Lc 

'.--_:--~- -_--_-- .. -._1.:L'll~'·_-C:oq>o~d ·:Ln the range of 350 to 460 g/l; in 

' ----- ·:._: 5-.. - ::-~ii.:.:tiQU~a: 4l0: to- 460 _ s/l. The bulk density is under-

·.·.: .... _,.:.· 
· .... :_:: .. ·· .... , .- at~od.' -ii;.a ·--aZi.i,ng -the value determined acco:r:cU.ng to J)IN 

-<._:5,, .• -6 .• -. :_, .-· ·-
. ~ ... :. •. . . ·.• _; . : ' . 

•.· .. 

: _-·: . :< ',"-.>-·:· -_.-·:F~r :-':tht( -p~•P•:r:at:Lon of t:he titan:!.1-(II:c> compO\m.d.a, .' ... · ... ·· ....... ·. 

.·.: ::-·.. -:-.:,· ::_ :_·'.: _-:t;·~-~~\imC:IV}_ ".ompcnmd.s a;-e u.sed -as sta:r:t:!.ng. mat.e:z:-:i.als :5.n 

____ .. ·_;,~·O:_: 1*~_-_: __ f_i:~t,:·:-_st;ag~. COD\Pound.e ··of e~e general formula 

:.o;> · : .' .-'.r.'.i (9Rl)~ .... x_,: · •ex:e n ·-is. an integer ::r:mn l to 4, .R1 , are · 

fi'1::: _-: -- -- -:-.~daat:ical _ o: · d.:t.:eferent -hydrocarbon radicals, ·in par-

· .. ·.-

-- . :- ._- · - : . ·... ticuiar: a1&y1, -radicals having 1 to is, p:z:-ef erably 2 to e i 

........ :.: . - -: ~arbQ!l at~a, ·~ ·lC is halogen, :i.n-:pa:r:ticu.lar chlo:in.e or 

l~ __ orom,:l.~e., _- :- a~e: . suitable·. T~C:14 , T:L:B:r4 , 'l':l (OC3H1 ) Cl3 , 

, - - ·· --_ -_ ·-_ · Ti.(~_C5H.,)Cl!3 , ~d Ti(Oi-C,.K,)Cl3 
may be mentioned. as ex .. -

._. _-. _, - llmpies-. -_ ·: .Org~:La al~num_ compounds which :may be used, 

... .. .. . ·; 

:··. 
·. :acQoz-diz:ig- to -the invention., for. the reduction of the 

·. '1':f. (:CV)_ :~os;;o~d.s are of_ the general formula Al.R~:a .. X. where 

• _- 2.0: .''>:-a_. ·:Ls· -:~,. l or _:2, a:e are :i.d.en_tical or dif f.e:r:ent. alkyl 
·.-··. 

., _ ::, r~4:la~.l.a ~v..i.ng 1 _tol21 in· partiQular 2 t:o 6, carbon 

.. ·. . . .• . .· 
·. 

. -

._·_,:·· · .. ···:::-··· 

.. _. .. ; .··· .· .. ~ ... 

"2$ 

.. at.~s and. . _x is halogen, . in particula: c:hlor_1n.e or 

__ -!:,~~ •• --- '£.Xamples of ... sueh _ compomlcls are.· tr.l.et:hyl·­

-al~:Ln\uxl~ tr:Lisobut:ylal:w:nin.um, cUethylalumin\UIL qhlo:::i.d.e 

-- ·and. ·et;:b.yi-.luainum 4.tchlo:t:ide. . Polymeric organic almi:n:um .-

- . . :,- -· ---c:~~ds ~l.J.ich a1•e oJ::atain~d by reaction of l:i.t:hium 

·_··-:·a_i.i.n~ -~)Pd:z:-ide or·.trialkyla.luminums or d.ialkylaluminum 

-. - -_ .hydr:l.d.es: whose _alkyl radicals t!ach have l to 16 carbon 

-- at.mm - _- w:U:h> - c.-c311 -di~lefins, in _ ~articula:z:- · c.-c:u.-

·,. 

3:0 .. dic:a;,efins_~- are - also su~table. . In contrast - to the 

- : · - -Jnoncm~ale.ar - trial~ylalwrJ,num compounds - and - the 

- alqia:L-n"L.U. b•licles, they are polynuczlear. The_ reac-

-t::i.on prod:Uct• of Al (i .. c&H,) 1 or Al (i-C4.H9) 1H with i111op:r:ene 
·. ,· · .. 

··:_ .. .::·· 
.. : . ~· .. '. . 

--
· (_11 isopZ"enylaluminum11 ) are preferably used. The aluminum 

' . . ... :· . . 
··· ..... :- .. 

: .:·· 

3_5· - ·. -_ c~~· may· 'b.a used._ i:a. p~e .. form o~ as a mixtu:r:e o! two 

.- . -- -~r · •o~a _compound.a. · 
. . ·. ·.· ... .·: .•. :· . . . : .. :·_. ~ 

·: .. ~ :' .. · . . . . . . · .. : . . 

. . .... ~- ··. ·. : . . . 

·.: ·: -~· ·,_. ·. ·-:.: .. : :- : .. ; ··. ..:l · .. 
··: ·.· 

. . ... : . . -~· . 

·.·-·. 

.. · .. ·: 

· .• . ·: . 
. . · .... 

"'· . . _-

; ., .. ·.' ... · 

-.: .---ReceLved -T.ime 

· ... ·. :· 
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.• t . .··.·.:· 
- s 

·:. · ..... · 
· .. ·,. .. 

. .. · :'-.0,,:9. •1:·0£ :Ai compoun.d., in each .cause per 1. 0:£ solvent.. 

·:: · :, .. · o.-1. ~o::o.~6; pr.efearably o .. 3 to o.s, :rnol of alvai:a.um 1n the 

.. :_:· ....... ··. .. . . . . . .. . 

. . . 

. · · .. ·fo=r qf -.n: o~san~c a2.\ml.i11mn compound is used. per mol of 

10 .·· .. · tJ.J;an,tm.(IV). ·Aiiphatic ;tiydrocai:pona have pro~en suit-

.·· ···' 

. . . . . ·~ . . . . . . . 

.able aa inert -_s~lv•nt;.s·~ . :i;>epend:l.ng on the temperature, 

·> the .. ~,a.c:tion ia· cc;mplete ~:fter 1 to. 600 min. 'l'he d.eFee 

·of. :~edu~t!.011 ··clete#:a.eci :by cer1m.et:r:y is at le1Lst 95% • 

. . :·. : 

· ,-_· .. : ·, · Acc~~ .. ··to ~J:le.· invmi~·:i..Cm., ·the reduction· is followed. by 

·· ., ·~·t$.· . 8n, ::a,~~e;o~r~at:ment . of the. redv.c.t.i:on product. . witl:L an 

·-. :::·,: .. C)~g~i.c · al~;l#um ".Q
oznpouncl.i as. a second stage.· For thi.EI · 

,";, : ·:.· . .·. <·:-:.:P\U:'P.o•e~ . ••id .. red.uetion product .:Ls filtered off :Erom the 

... ·. . .'· .. SQ .• ~-·iQD.; ... WILahed. wt tl-1. ·tb.e •ol Vei'J.t ·Or· . ausp•zidiDS' DLedi'WI& . 

.. · . ': · ".:··~~'.::: .l'.J~Sp.~ded .·:~ga
in in an i12.ert o:r:ga:n.:i.C . solvent.. . 

. . •.. ..~ 0 .· .. ":aoweve:r:·, tlie su.apens!~~. obtained> in the re.due t:ion aan 

, · '· . . . · alsc>, be .d.i:~atly us~c1· •. Such a procedure :La ad.vis~le 

. . wheneve~ the -:r:ed.w:t:Lon of the t:L·t.anium(IV} . compoim.d · 1s . 

· ... c~r.r,:L.ed, out.~. :means of the al'UZDi:n.um. eompo\UUi using a 

· · · .· · .;' .·.molar r•tio ·of t:L tani1im to alU11:Lnum of about :L: o • 5 • 
~. . . . 

. . < .. ~ •. <: · ~S: .... :Por·»~ti.e .af·te~·t:Z'.eatment
., .. the rec:luc:tion p::rod~ctr· is reacted 

·· . ·:·:·w~th:.~.:~i:g-~~c:'·al
uminWB cempound.,:.mich :l.s added as a 

. · ·;_. •~lv.t.ion or· ~v.ape~aion.. ·'l'he reactant.a are allowed to act 

.. 

• ~n ·.one · another e>ver a period·• of 1 t.o 12 0 0 mi:n. and at. 

. 
. . . . . . . 

. 
. 

·.,.•. · ·1?~e:r:a·t:urea o·~ -10 to iso•.~,· prefe~ably 
o to 70°c, 1'hile .· 

. : .,3Q .... · · st;:S.;or1J:Lg. The organic a:Lumi:num compow:ids used are :mono-

·. ·.: .... 

. ... . ·· 

·· ···. . .. _. · . .. ·.o~::tr~a~~y-lalWni
num Qompounda. In o:r:~er tc;> p~ev.,_t o~ar.- .· 

. . 
. 

· . .,re4uct.iQD and· hence .izih:l.:bition. of the cat.alyst, iao-

. "":. ···· .. · . ,·· _.pr•nyl:aluainwa . i~· prefe:r:a:bly ·used.. 'l'he :r:eaction :la 

·. . . 35 · · · .. detect~le . ~xt~:tnal
ly · fr.om ~· d~epezi~ng of . the colo:r: o:E 

... , ......... '· ·'. 
.· ~ .. : : ..~e. ,t.it.ani~ ;c:ompounc! .~rem .reddish brow.n · to :brownish 

.. ·· .. . . . .. . . . . 

._;, 

.. '.· .... ·.· . ·. ·._.;· .. :.· .· ~l.ack ~ .. · As . inveatiga tiona have shewn~ the reaczt:ion 

.·.:_ .... 

... · .. 
· ··. Received Time. 22. Feb. JS: 55 Print Time 2 2. Fe b. 19 : 11 
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invo_lves not a· p:r:ogressive reduct:i.o:n. of· the titani'Wil(IV) 

- CozPOUZld but. the irreveraibie i:n._cz-ease _in . the :molecular 

· :c-atio of alumi;a.um to titan.:L'Um in the solid. While t:h:f.s 

-- :ratio is 0 • 2 - to 0 • 3 3 : l :Ln the reduc: tioQ p:roduc t, it 

S ~czieases to ~out O. 4 · to O. 6 : 1 as· a .:result __ of -the 

t~eat:mentwith·the
 orgaziic aluminum Compound. The molar 

. . 

. . . . -

r•tio of titaniwa to aluminwn,during the aftertreatment, 

. . . . . . . 

. . 

the-reactio:n.'time, the red.uct~on potential of the alkyl-

- al'U&inum anc:l th• reaction temperature are critical for 

10 -- _- the .magniti14e cf the increase. - Usually, a -molar Z.atic o:E 

-titan.ium to -almninum of l : -0. 01 to 1 : s~ preferably_ 

:1 : o .4. to 1 : i.~2, is maintained. - The molar ratio of 

aluminum to titan.i.1,i11l in the prod~ct of the aftertreatment 
. . .· .. 

("t:ita:a,ium component~_) det_e:ind,nes the polymer morphology._ 

· 15 -and :bemce the· ~art:i.c:le s:J.:ze. clistribut.ion of tb.e bulk 

.den11ity of the ·polymer. Mol_a:r: t:itani\UD./al~nu
m ratios 

-in .the lower range --during -the aftertreat:ment give bulk 

densities J:>alow _400 g/l while thoae in the upper range 

give bulk densit::l.es below 430 ·to 460 g/l~- "l'he catalyat. 

20 suspension thus obt:ainacl .can be used directly or· after 

,~eing filtered of~ __ and, for . example, · washed. with the 

auspend:tng med.i'1Jrl. _ 

For formation· o't the catalyst, the t.itanimn component. is· 

activated.- wit.Ji an organoalwa:i.nwn compo"UZul. ·As in the 

25 _ reduc:t::i.~n, the 11.lu:miZJ.UJn COJllPound may be used.<:5.n pure form 

. . : . . . 

or .as ·a mixture of -t."°: ·o:r more compo\znds, triisobut.yl-

. 
. 

. . 

_ alwainum or iaoprenyla.l'Uf4inum pre.f e:-ably· being us eel as 

the act.ivator. 'l'he _mo1a:r: rat:S.o of titanium (based. on the 

amount c_f titanium originally used as T:L (:CV) compound) to 

39 · · - aluminum i11. the mixed catalyst: is l ~ l ·to 1 : 15, 

p~efer~ly ·1 ·; · 2 to l : 10. 

The poly:m.erization is carried. out: in. suspension in one or 

mere Stage-~ COnti:nUOU.Sly OZ' .batchwise, at temperatures 

. . . . . .. . . . . . . 

of 30· to 130°C, pref.erably 60 to l00°C and. -~ ethylene 

3 5 :· parti.11o;L preaaure Qf l~ss than 4. • 0 MP a, _ p;ref erably o . O 5 to 

0 .8 MP•• .· -

.- -

- . -

R ~- c e i v e d · . T I me 22. Feh.-18:55 . Print Time 22. Feb. 19:11 
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'l'he · i:ne.rt .diluents ·.usually used for . the Zi.egle:r: low-

. pressure procesl[I, sue~ &Ii! a.liphatic · 0%:' cyaloal:l.phatic · 

hyd:Z:oca:r:bo:ns, e.g. l:>utane,·pentane, hexane, cyclob.exane, 

· :no:aa.ne •=d. · decane,_ ·.are suitable as ·a reaction me~iu:m for 

s th.a polymerizat;l.on.. i'urthe:mQ:r:e, gasoline or hydrogen­

ated. diesel oil t:raat:i.ona which ha,;.e been carefully freed. 

from oxygen, sulf\l:r c,ompound11 and. moistu'Z'.e may also be 

used.· ~h.e.:i.::r: boiling :r:ange is between -s and.· 22o•c, 

· .. preferably bet.ween 65 and l80°c. 

·10 The molecular weights of the polymers can be adjusted. in 

. & . knOWA :m&D!18Z' by means. Of moleCUl&J:' Weight. z:oegulat.OZ'S I 

.,-, . · ·• p~e~erably hyclZ:oge~~ .. . . T:b.e ratio of ethylene pa:c"t:i.al 

. ~: 

-. . t""'·. 

· . pressure to·. hyd.:ogen part~al ~ress~re :Ls at :Least 10, 

preferably .40 ·to .1500. 

_.15 The polym~3:' _is sepa,rated o.!f f:rom the suspend.i:ag medium -

under azi inert gas. and .:i.11 dried. In the absence of •i:c" 

- ab.d. moisture,. tb.e. suspending· agent is reused. :for the 

· pol')"me:l:'_izatio~. without; any :i.nte:rmec!:i.ate trea.tment • 

· I:n·:_th~ B~ainples· which follow, the invention is ·described 

2 O in detail. l:>ut . is =ct rcas t:r:i.cted t:c the embodimeii, ts shown. 

'l'he ·following values .are seated for describing the 

polymers: 
•. 

Mean particle _diamc,toi:.: ciete=n:Lzied. ·by laser diffraction 

'LUiing -the pa:rticz:Le .. s.ize. analyzer. Helos-Rbodo.s =easura.ma:a.t:: . 

25 - and eiralua~:i.on syst:em from.·. Sy.:mpatec ·~ GinbH; . optical cozi• 

·3_0 _ 

·. ·. . . . 

centrationabout 10% .. 

. _. s .value: i;:t:L:Ls · serves as . 4' JDE?ia•ure of the ·width cf the 

· particle size d.istr:Lbut:S.on and. :i.s" expressed by ·the 

· .... fc>zaula · · 

d.(90) 
• • ios 

d(10) 

· .d(90) and .d(lO). are the_ paZ.t,:i.cle sizes at 90% and at 1()%; 

Received Tiine 2 2. Feb. :i a : 5 5 
·. · .. · 
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~ 
. 

::: . . 
... 8 

. '·~ .. 

. . . . .· m.ta,inad.. ·:f~om· the -o~lative distribut:~on; s in~r~aaes 

... :> ..... : ·.'. .-.:·~i:~b··i~~~-c!a~ing 1'.tdth o! the particle ~ize distribution. 

_:-->: ·':. · >: ·:: :.:p·~i;- gr: f *°" va;i.ue: ~his serves ari a measure of the 

.,· · .. · m.Qlecular_·. ·weight· a11d. · is· dete:r:mined according ·to DIN 

·: ..... ·:·.·'.:-·s :-·;·s~.-49.3·; :· .. ··· .. 

-· . < ·:·.:··IJ!.ik{dey!tx~ · 4eterm:i.~ed .a
oaord.:i.ng to DIN 53 46.B 

· .. ·. >. .. . ..· .· . . . . . . . . . . 

. ·.· -~~ .- · .... 
.. 

. . 

':·:_.:·. . .·.: 
'• .:- .. · 

·. : . . ·· 
. . · .. 

.. ·. 
. '· .. 

· · :. · . :.:IX.;;s1a' ·a, 
.. , .... ~· . ; ·. . 

. . : . 
. , .. 

....... 

. . ··· · :· · · · · .:l ~::i. ~· .. inlal.rat;l,pn of the ·baae· qatalyst (catalyst. accordbg 

... ·. : · ·. ::.·to ~_.:.: p~io; ~~~> · · .. · · 

· !"". •· .. 10· · .44~·:i." .. l .. of t:itan:l.um t.etraahloride are meterecl into 230 1 

. i. . . . . . . 

_• ... ·-
of. a'·2Q1t .str.;.~th :by weight •elution of :i.soprenylalu.minum 

S.19 

· · · ... ·. · . . J:tPRA) :Ls:i:. 200 _mol of. hexan.e . iii an iAert: ·gas · atmospb.•re 

· ·· · · · :· ·. :: ancl · ~h~le .11.t:ir:riz:i.g. ·at·. a·. t:eJl\Pe:r:at.u.re of -10 °C in · tb.e · 

. :,· . :_ .... · ... -c;ow;-se af ., h.o:aars (corresponding ·tQ a ratio 0£ l mol Qf 

":.·' ... 15 •' . :~:i. ·.t.o" o· •. ·s. mol .of A1) • 

:- : ·_,··· .·. : . . . 

. · .. 
:· .. ' 

.. 

' .· 
.. ·.' 

··.,.,,.....:. 
. ·.·: 

. ,·, 

... ··· -: . . ·'·· 

·.·::;:·. ,, . 

. '• 

. ·:·.: .... .. ,· 

. : Tli~ :-eaot:i.cm. is. complete after 3 hours. More than 96% of 

. ::th;~:: T~ (;IV). u~ed. are' red\ia4ad to Ti.(:t,X::C) • 

. :J.. ~a· •. Polymerijat:i.on using· the catalyst preparecl acco:d.izig 

.· <t~ :i·'.1:.· . : . . . . 
... 

: orhe, .polyme:r::-:i.irati~n is c:ar:z:.ied out in one st.age in. a. 

. .~ont:in-&sou.al,.y ~era.tee! p1az:i.t ·with :s:ecyc;iJiS of: the r•ac .. 

. :-· ti9:a. mcacii~·· Gasoline pu::i.f :i.ed.· over molecular sievea and 

20· 

. . . . . . . . ~ . . . . 

.· .. havi:D.9' · .. · .):)o~l:i.ng z:ange of· 14.0 to 170 •c serves: as the 

. ~ . 
•"· . : .... ·. · suspeD!:iing aecU.~. 

'··· . ,. :· ." . . . . 

25.·: .·.· A.t .a.. rea<:tioa t~ez:ature o~ S0°C · ilnd a yield., bas.ec! on· 

· ·_._ · catalyst:. used, of 1. 7 kg of PB/mmol of Ti, the. resulting 

. ethy:L~~ pa:r:ti~ p:r:essure :Ls about O • 32 MPa. . 'rhe hydro- . 

ge.:a.. ~o~te~t . of the 9'•• phase :i.s about o. 5% ·by volume. 

~~·.·Z'~~i~ _·of. suspending med.i~ to polyethylene (:i.n l/kg) 

· .. · .. . · 3.0 _ :: · i·s · 4. 3 ~:: ·Th. ac:t:L~ator C-= :CPBA) concentration ill the 

: .. · .. ~ .. · ; ·, · ·: ._: ... ::.~ac.t.i,~n -:medium. f~d ·t.o ·~· · rea.cto: ia adjusted so that 

·.~; ::'· ... :·t:he ~l:ar- ratio of a:Luminum to ti,t:anium component (based 

''·. . · ·· , ·· 0n.· :che' ·am.ount ,of t:Ltan:Lwn originally used as 'l':i.(IV) 

.. :.:: 

. _,.····· · .. ' 
:. ··.··. :··· 

· · · · :.:R'eceived lime . 22. Feb.J8:55 Pri·nt Time · 2 2. Fe b; l9 : 11 
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11111111 111111 "'I Ill 1111 
i 

.. -. ·· · ·. ;Qompound) . in the reactor is about:. 10 1 1. The 2nolecular 

.. i_.>: ...... ::·~ we1ght .of .. ~e poiymer ia. controlled· via the hydrog•n 

... 
.. ·. 

:· . 
. ··:· 

. . .·. '~ ... . . ; . 

·.·. 

.. i" _ ........ 

: .. _, 

·. .Qonte13;t: of tha re-ctor gas phase. The following product 

. .·:. proper~ies. are obtained .:i.n a reproclu.eibla :manner in two 

.·. 5 .. ; .. parallel experiments (A an~ Bl: . 

. · .. · · .... ~ 
Experiment E~periment. 

. . . : . . 
·<· .· .· 

. . · .. :. 
. ·, ·:· 

··.·· . 
· · .lean particle . dipi.eter [l'JIL] 

A 

210.· 

B. 

200 

O.Sl. 

380 .s· value· 
,--~ .. ·. . ·: . ·. :-: . . . 

· · · .. · · · ·10·. ·. Bulk dens~tY. [g/l] 

[N/mm1 ] 

0.51 

370 

0.24 
.. ; .... ZS'l' value . 

.Q.24 

:• .· 
.... -. ,lgample 2. . · · 

. : . . . 
. :· .. :· 

. : . . . . 
. 

···· .. ··.: .. ·. ··.·.-.. 
·.·· .• 

,2·~-l •. P:i:apan.tiQA of a sat;alyst aqaord:i.ng to the invention 

·· .. ·.=.::.:, .· · -r:h.e t=at:aly•:t · (KO) ci••c:d.be4 '1fl.der 1.1 is diluted to a 

...... 
'· .·. :.-: 

. "; ... 
,,::·.··_:' .· 

. . ;:;: 

. . . ;-~ . . . 

.• ~ . ·. '· 
... ·. : .· 

.· .... 

.·15 :·C0Z1centratiozi of •bout 40 :mmol of titan?,.wn compcment/l . 

. ·· and treaced at rocxn temperature with IPRA (ICl to X6) •. A 

deepening· . of · color :from. reddish b:r:own to .· dark brown 

··.· · · .·: occurs,_ depending cm· the amount o:E alkylalwninum used • 

' . The degr~e of: reduction· r~iDs unchanged.· on tl3.e other 

~o · hand, .· the · content •of ,chemically .fixed almninu:m. in the 

. ca.:talyst .aol:Ld. inc;rea•es from 0 • 2. 0 . 33. : 1 . to 0 • 6 ·.· : · .. l ~ 

·,To: dete:na.ine these val~es by atomic absorption spectros­

copy, . :the_ catalyst :Ls . filtered under an inert gas and. 

·· ... ~ . . .... ··. .. •,' . 
. . 

·. · ... ··. 

. ·.• 
. ··, ·.· 

. " . . .... .:~. ;: 

~:.; . . . 

. ··.···.· .. ' 

:. ~-5 C~t'-lyat Catalyst treatmez:a.t Bo'lind. ~l 

Clesignat:Lon 'l'i to.~_al . Al 'l'i . A~ . . 
' .. 

. .. 

:··. '. 
JtO 0 1 : 0.32 

Kl l o.os l . 0.21 • 

·lt2 l • 0.1 l 
= 

-0.23 . 
. :;... ._.·.3·0. 

!(3 :· 1 : . 0. s 1 • o.ss . 
1(4 l .·1 1 . 0.45 . 

. ; :· : .. ·. ~: .. : .· ·. 

· .. ' .•• • ;" ••. ·= .. · ~ ... :· • 

•. :·· .. 

· .. ·· JCS l .. 2 1 : 0.5 . 
XG 1 . I. .5 1 . 0.4 . 

... -~ ·. ·: .... · . 
<·. 

. :·. : 

-: ' 

· .. ·:: .. -

. :·;· 
. ····· ·.·· 

·. A:fter • reaction time· of 24 hours, .the catalyst is· used 

, ... ·. 

·· .... · ·· ·· ·Rece iye.d lime .. · 2tF_eb: l.8:.55. Pr in t Time · 2 2. Feb. 19 : 11 .· 
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for the polym.e;rizat:i.ozi. · lt6 ahows that:, w:id.er ot·herwise 

·.:id•nt:i."a.1 . conc;l:i.t;1ons, t:b.e us~ of larger amounts of the 

.. : or;anio. alum~num oompound does not lead t~ an ~ncrease in 

. · · .'.•.th~ proportion of aluminum -i:a. the· t:i.t:a:a.:i.um- compone:n.t. 

. ·.' 
' . . .· . 

· .5 .2 -~~. Pplymeri1ationa. us:L:ng t:he catalyst prepared accord.-

. · ·:Lng .. to .2 •• 1. . . . . . . . 

· .. k. ~ 2 ~ -i •: :Use cf catalyst;s zi.ot separat:ec! off 

' For the aynthes.:i.a ~f 'UEMW-PB,. the catalyst types lt3 and. 
. ·. . . . . . . . 

.XS. ·a:r:e used d:i.re~tly after. the prepa~at:i.on, i.e. neither 

. . . . . . 

· . 10 · filtered off. iior ·washe~,. a11.alogoualy t:o the p:ooesa 

.. · ,. 

.·.described. U.de% l .l. •·· ~ompa:ted w:i.th. the ~eferen.ce catal­

. ··'ys.t !CO, the rea.ct:i..:m ·temperature is reduced to about '78°C 

_ and .·• tb.e . molar . ratio ·o! . alwainum (J:PRA.) to titani~ 

component in. the· ril.a:.ct.or to ·about: 3. D_, · in o:i:der to 

15 estal;)lish a:a. ethyl.n~ partial press'IJ.re cf about o.2s MPa. 

The hydrogen. · content :Ls· ad~\Hlted · as "Lmder l. 2. 

2 .. 2.2.·use of a cat.alyst separated off oeforehand. 
-

. . 
.. · . 

·The po~y.la\&:r:i:zation. :i.s ·ca:r::ri.~ci .out aa desc:d.bed under 

2.2.1 •. A cat:al~st type K4~ which is. filtered off and 

. ·20 ··washed with .the suspending-. agent ··before being used, ·is 

e~loyed. • 

. . Results of the po;y.me:r:i.zaticm. experiments: 

. , ... :.· 

. 45 

30 

·.· ·.·.·. 

. .. 

caealyat. ~.ielc! 

type 

lt3 
X4 
ltS 

REif~ren.ce 

· ltO 

[~S ~f · PS/ 
:mmol .of· Ti] 

l.. 3.. 
2.s 
3.3 

. _exper:i.men1: 

' 1.7 

..... ·· .··:· 

_Mean pa~-. 

ti cl• 
diaznater 
[µa] 

.· l.50 
.151) 
:uo 

1~2. 

2l.0 

Received Tim.e . 2 2. F eh; 18 : -5 5 

·a·value 

0.43 
0~~9 
0.43 

0.51 

Bulk • 
density 

. [g/ll 

t50 
460 
445. 

370 

ZST 

0.24 
Oa.24 
0.24' 

0.24 

· Print Time 2 2~ Fe b. 19 : 11 . 
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c L M s * fetent: Claims 

1.) A prooe11s for the preparation of pulverulent poly"." · 
. . 

ethylenes.hav~ng a -viscomet:ric:ally measured molecu-

lar we:i.ght: of-at least. 105 g/:mol and. a bulk densit:y_ 

5 of.350.to4&0 gil, in par~icular 430 .to 460. g/l, by 

lO 

polp:terizat_ion_ .of ethylene at temperatures of 30 to 

130°C and.pres111urea of 0.05 t:o 4 MPa in t~e p;resence 

of a mixed. catalyst, comprising a t:l.tan:l.um coapo:nezit 

and · aii organic al'UJDiDwi compound, and- a molecular 

. weight . regulator;; whicb _comprises obtaining. th19 . 

t:itan.~um component: by reaction in two stages, :Ln a 

·f:i.:rat. stage • 'l'i(IV) com.pound being rea,cted. .wit.h an 
.. . ·. . . . . 

organic -lumizium compomid at: -40 to 140°C in a molar_ 

. ratio of titanium to alumin:um of 1 : 0 .1· to 1 : 0. 6 

15 · to give. a t:itaniu:m(:C:CI~ compound. and, in a. second· 

st:age/ the reaction prOd\lct of' the .first:. stage being 
. . . . . 

a:Etert:eated. ~ith ·an organic aluminum compound at 

-10 to iso•c·i:a. a molar ra~io of t:itanium to alu­

minum of l : O. Ql to 1 : 5 and t.he titanium· cam;. 

20. ·pone.nt Rei:ng fo:cmed in.to the mixed ca.~alyst with an 

: orgazd.c .aluminum ·compow:ld in a :molar ratio of tita-

25 

. . 

· n:l.u.m t:o aluminum ot' 1 : . 1 t:o 1 : 15. 

2.) The process as claimed in c~aim 1. wherein the 

titanium compound-us~d in the first stage ia of the· 

formula Ti (OR:i.) 4 _.x.,, where .n is an integer of from 1 

to 4 azici R.:a. ·are :identical ·-or different hydrocarbon 

:radicals, . in partiaular alkyl rac:Ucals · hav:i.ng .l to 

18, p~ef:era.bly 2 to a, _carbon atoll\JI, and the organic 

. alwn£.num. compound. is of the formula AlR.2 3~.X.~ where 

30 · m ill o~ l or 2, ::R3 are identical or different alkyl 

radicals having · -1 · ·· to 12, :i.n particular 2 t:o 6 , 

· ·. carbon atoms and.·X :i..a halogen, in particular chlor­

ine or bromine, or is a polymeric organic aluminum· 

compound., in particular iaoprenylaluminum. 
. . . 

.. . . . . .. 

. ·. . . . : 

· 35 3.) The process as cl·•imed. in alaim. l or 2, wherein the 

reaatio:a,.b,tweez:i. the. titanium(:CV) c:ompound and the 

Re-ce. ive.d Ti-me . 22; Fe~. 18:·55 Pr i ri t Time. 2 2. Fe b. 19 : 11 
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•': . ~ 12 - . 
.-.: . •·.·. 

·:·::. _.-:· 

·· ·· .. ·· , ·: ·.· al.wdnum: ComPOund ijljl carried out at temperatures of 
·· .... 

·· ···:-:··.·· .. ·> -20··.to.:· 12o~~Cot. ·. 
. .:---~ . . ·: 

·.• :. 
. . . . . : . 

:: .·· . . .·.·· 
... ': 

: .· ., . . ; . . . ": . ··~··J. The.: pro~es.s as claimed i~ one OZ' m.Ore of cla:J.ma 1 to 

.. ·. . · · · · ·· 3 ~ ~eZ'ai:a. o. 3· to o. S mol of aluminum in the f o%'m of 

·•· (··.:-:s·: .. ··. . >an· orgmi~· alumin'= cQJDPounci :Ls used. pe:r: :r:n.01· of 

. . . .. :·: .. .. '._:·. ti·taln.~\ug:(:tV). . 
....... 

..· ., ·. 

·. '·< · · '.' \~·J. :>Th• p:r;ocess as cla:Lmeci in one or· .more of claims 1 to·. 

. ~ . ·, ..... 

~.:.: 4.,: .. Wherein the titanium(:C:t:C) compomi.d obtained. in 
. ·:·.· .· . 

. . ' . . 

• .. ,..... .. ; .. 
.··. . . .. the f~r11t at.age is aftertreaited. :i.n the second. stage 

· 10· ·:~~- :mo~uclear· or polynuolear mono- or cH.alkyl.:. · 

.. · :. . · .. · · -~1Umin~ hal~de~ or .with t:i:-ia.lky+aluminwn compounds. 

. .. : ·~ ... . . 
'.·.· ... 

·.-::.:6·~)." ·~e·pZ'O.cess" as' cla~ed i:a. on.e.or·more o:f· claims 1 to 

.. 
', ··. ·. ... · · .· . S, ~~ereiai the. tit~niw:a(:CII) compound of the fi:-st 
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