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aver age

2 5 10[err]g/rrb| “to nore. thanlO[err]'g/ nol . The above- rrentloned-

nnlecuiar h .
A We' %.:Evsenatri%nd(;[e a es -%oféoﬁ“zéé‘esé %otg 't preparation of

B " .'._":"._-_'-_'_.f_ _.ultrah:.gh moleeular 'we:.ght polyethylene (UMW - =PE) having
5 '-_a bulk density of fron 350 to 460 g/l, in partioular 430
““f?;ﬂto 460 g/l._-"“ -

,Ultrah:.gh noleoular weight polyethylene is understood as
- ':"-_f_.meaning linear polyethylenes obtained by the low preesure_ .
o -_--'.-prooess and having visoometrieally measured average
l'o;_:"_j"__moleoular weights of at least 10° g/:nol, in particular
5 .2.5-10° g/mol to more than 107 g/mol. The above-mentioned
‘ -'...moleeular weighte are- determined £rom the golution
' '“'"-'-'-.-_'v:.soosity aooording to the Margol:.ea equation. . The
. __.-'._"_.':;'-'".__-'_";:'_._'method used for this determ.nation is desoribed, ‘for
T lS example, in cz Chemie '.!.'eohnik 4 (1974), 129 et seq.

mmw PE oooupies a speoial position among the 'poly- B
._eth.ylenee. . It is disting'uished by a number of phys:.oal ; :
| -."'.'oharaoteriatios ‘which make it suitable for a wide range =
R of potential applications. Ite high reeietanoe to wear,
20 “-ite low. ooeff:.o:.ent of £friction compared with other _
. materiale, - its ‘excellent tou.ghness oharaoteriatioa ‘and
,-. .f--.:'.-_ite high ther.nal etab:.lity u.nder load sghould be singled
LT out, 1In add:.t:.on, it is remarkably resistant to a large
;*[-numher of chemioals._; SRR

L 25 "."_'i_0w:Lng to theee partioular meohan:.oal, thermal and chemi-
- cal properties. UHMW-PE :.s now: used as a- high quality
_ epeoiality :naterial in a very ‘wide range of appl:.oatione.
o Examplee are the textile industry, mechanical eng:l.neer-'
:.ng the ehemaoal industry and m.ning. _

30 _".Ehere azre various':lcnown prooeaaee for the preparation of
' -_'-this apeoial polyethylene grade. Low pre‘ssure polymer- - |
: ::.zation of ethylene. using ziegler oatalyste, i. e."mix- o
- tures of cempounds’ o:E ‘subgzoups IV to VI of the Periodic -
Table of Elements with organometallie oompounde of groupe
: o IR B TR T ﬂ, gg ,,1,
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- Exanpl es ar“e
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For the preparahion of umw -PE by a prooes
" -".been tested, .ethylene whose o::ygen oontent is-
. 5 PpD im polymerized at 30 to.130°C and pressures L)
15 to 10 MPa using catalysts whioh

T .

,'.l kg of catalyst, to the react:.on ‘mixture

OE

' gn - a Euzther ‘process, . unsa.turat:

Ceiem of %f(:\ﬂaté’éﬂﬁo\m&s. auah SSUr'e RAME tetrachlotdideon of

‘oz titanates, with organoaluninum compounds.- This givas -
Comi (III) ‘compounds. which are . £requ.ently isolated,

10 ,pend.ed in a suitable medium and mixed with the ac

sus -

tivator o

8 Wh.ich 'hgs_ -
f. 0.1

conta.in t:itanium(Il'I)

the ca.ta.lyst

E "a.luminum compounds, for example :.soprenylalu:n:.

ds in = molar. ratio of '
or polyhydrio aliphatic
o 10 mol. based on
during ttie';
20 polymerization. ethylaluminum ‘monochloride is used a8
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"_'As a raw. mat.er:.al, UHMW PE is used
. form of powdar. The powder morphology an
the bulk density are thereiore important P

b .30'_' : which its: prooessib:.lity depends.

Thus, for. example ’

predoninantly in. the: o
-1 oonseq:nent:ly
roperties, on

the
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oi f:.bers having a high modulus or ‘battery separa.tors_ o

oonta.:.ning ailioa as. a. :Eiller,

35 t-:_-a.lly by the l:.ze and shape of the
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- subgroups 1V to VI

Y _Elz?m?nts \|Mth organorret alli-c. comoounds :)f Ogr'f)m“mm T TabI e of
e o nane e e DAL,

. are th t he: el errents of sub_gr3oups IV ~ Among

: _the. nost: Ierortant - The nost- t'ta”' um conpounds’

: _ fre
co ound _ guen used 0] '
WD S %Lr ‘ou .s |- %r H%el J,,,I,_dghe kgdl:.ell saiﬁeﬁ%aﬁnra’%;g%&lea ’ltll S
) ] e Zj e | er_ m num
.unEWeKGEH ’é’% (99%] #t&‘f 8 poenercistsleeduc-
v UmTetrachl oride. ongq0rghit anate
SEEOUWS -phiductiioss PTOcERE 145 %gf 3unnds whi'ch a?e
the act i vatmrage Coarse - ashQUiGh havangul abkeowesiRuhichs ALEEA with
FR :_--d:_gc,-,;-:l.bution and. high bulk density. require less energ'y

'-'lfor dry:.ng, and stora.ge requ:.:r:es lese epaee.

'I'he preceeees knovm to de.t‘.e for the prepa:etien of
UBMW-PE make it peee:.ble to :.nﬂuenee the external shape o
"--of the pqlme:: particles only with.:.n very parrow limits.
:,::-It wae th.erefore the objeci: :-1-J d.evelop a proeedu:e ‘which

_‘._ permits l-.he preparet:.en of pulverulent, ultrehigh :ne:l.eeu-
,:‘".laz weight polyethylene hav:.ng a. narrow grenulomet:y and

a’ eelected bu.lk deneity. At'. the same time, high avail-:
ability of ‘the Process’ :.s t:o be ensured. through a low
:'_"':'.'.:J.evel of egglcmerat:.on end. deposit:.on in the reactor. -

i .__7.?_:-'.,"rhe p:esent objeet is" echi-ved by a p:eceee fo: " the
T f"r.'-'j.preparation of pulverulent polyethylen.e hav:.ng a vieeo-'
'._...-__f_mer.ri.ca.lly meaeured moleeular we:.g‘ht of at 1east R
._._']f_-._';':l.o‘ g/mol a.nd a bu.lk deneity of -350 to 460 g/l. in
20 '_ ;--;;_pa:ti.cular 430 t-.o 460 g/l, by polyme:ization of ethylene
_"_'-_':at tenpe:atures of 30 to 130°C and. pressuree of 0.05 to
4 ‘MPa . :Ln the presence ‘of. a m.xed catalyst, comprising &
'-"-_"'t.:.tanium conpenent and an organ:.c: aluminum compound, and
I -'e. mleeular weight regulator. In the p:oeess. the'
25 .tit‘.e.n:.m component is- obta:.ned by reactien in two stages,
i __""-:.n. a. f:.ret stage a. titaniun(IV) ‘compound being :eaeted' _
":-_w:.t:h an o:r:ge.nie aluninum eonpound. at -40 to 140°C in a. .
'--_-_nolar rat.;o ‘of titan:l.\m to alu:n:.num of 1 : 0.1 te 1z 0.6
;,'-"'.-'-t:e g:.ve a t:.tanium(III) compound and. in a eecond stage,
__'_':",'-'-f:the :eeet!.on produet ef the f:.:st stage be:.ng after- - | _
b treated w:l.t.h an organic e.luminum compound at -10 to 150°C ..
. _-".'...'.;il-iin a. nolar rat:.o of t:l.ta.m.um to aluminum of 1 : 0.01 to .
1 B and the t:.ten:\.um component be:mg fomed into the
.:"'.-.__-'mi.xed ceta.lyet with an o:ganie aluminum eanpound in a
"-“-"mo:l.ar ratio of titam.um to. elun:.num of 1 1 1 ko 1 5.

o '-'":'.'_'.ihe’.ﬁoye‘_l-'-ptpeeee_.nekes :Lt_;' .peesible to_t'aﬁi.:_.ér the Hlla'ulk- o
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'Fo: the. prepa:at;on of che 'eitanzumiIII) eampounds, .
ftican;um(Iv) =enpcunds are used az starting. paterials in
:the' £iFst. stage. ] Compounds - of the general formula
_ﬁ.'.ri(on).,x,, w.here n is an integer from 1 Eo 4, R*. are )
_._':I.dent:ueal or diife:-ent hydroea:bon radicals, in pazr- '
5'f'ticular alkyl radicals having 1 to 18, preferably 2 to 8,
,_,';f?cafbon atqns, and X ig halogen._;n particula: chlorine or
15 bromine, .__.'a-_-gf-' suitable.  TiCly TiBr,, .Ti(OC.E)Cly
”;9ffTi(OCJL)Cl, and Ti(Oi CJQ)C1, may be m@ntioned as ex-
fffffanples., Ozganie aluminum compounds which may be used,
;;3f1accord:ng ‘to “the invention, for the reduction of the
7i (IV).. campounds are of 'che genera:l. formula A1R% X, where '-
“ﬂ;_: .._ J 1 oz 2, RF'a:e identical or different alkyl
z-adicals '-h_avi.ng' :I."_'.'.__o_.'--':LZ-.j dn pa.r‘.::.eula: 2 to §, carbon
- eieatams .and X is halogen,.71n. particular chlorine or
P'f*?bzum;ne.-. Examples of . sueh compounds are. triethylo"
“é]alum;nun, triisobutylalumznwm. diethylaluminun chlozride o
+25 ~and ethylalum.num dichloride.. Polymeric organic aluminum
""'.'.f:-f?-’co:npounds ‘which are. obtained by raaction of -lithium
jjfﬁaluminum.hydride or’ crialkylalum;nums or dialkylaluminum
3 jfhyd=1des whose alkyl radicals each have 1 to 18 carbon'*
o atoms w:u:h. - Cym C,,-diolefins, ~in _pa.rticular_ C=Ci=
fediolefins, are ‘also ~suitable. . 'In centramt to the :_
ﬂfﬁ]emonpnuelea:_ﬁ traalkylaluminum | ccﬂpounds'.-andf' the =
”'jefalkylaluninwn halmdes. they are ‘polynuclear. The':eae-'
.+ 'tion prodicts of Al(:.-c.I-I,), or Al(i-CH,),E with iscpzene
'3':(“;sop:enylaluminun“) are. p:eferably used. ‘The alumiznum

'-‘_-_.:'_conpounds may be used in pure fom or as a n:.xt:ure o£ two
R _tor mo:r.'e =onpounds.- . - - '

'I'he :eaction of. the 'I'i(IV) eompaund with the organic -
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witself and t‘fﬂperlmn'eﬁ; £ _gl&g ﬁﬂﬁeﬁ‘alﬂyt he2 ®reRutePol® the
@ Pt part icl 0 process

- "anddlstsf){ :agu“ oo %Bleﬁ%ﬂadi deﬁsml}e r E8F Qg\é;ﬁgnwr peaxpang cle si ze
R olutions are 6/€°€o 9.1 mol of TL(IV) etabound/1%% grying,
__.fsolvenl: and 0.05 to 1. D mol of Al: ecnpou.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 is useé. per mcl of -
710 _'..-'_'?':f'-t:\.i:aniun(ﬂ) Aliphat:l.c hydrocarbons have proven suit-
T -"-'i_'_"Q__.-:,.able as - ine:r.-t solvents. Depend:.ng on the temperature,
s - the :eac:icn ‘g complete- after 1 to 600 min., The degree
I gl '- ._"--'-":__ 'fof :edua::.on determ:.ned by ce::.netry is at least 95%.

':.Accordins to t:h.e i:went:.on, the reduetion is followed by
: a.n afeertreatmenl: of t-.he reduction product with an
:f-";f:::._.forgani.e aluminus eompound, as a second stage. For this |
- '-'.;:'.-'-"';;.pu.-:pose, said reduetion p:oduet: is. f:.:l.i:ered ofE irom the '

.'-_.j_-_' suspension. _washed w:.t.h the solvent oF-. su.spend:l.ng medium .

SRE and.: -suspended - again in an imert orxganie . solvent. o
R go ,_;fil-loweva:, ‘the suspension ohtained in the reduétion can'
‘:f._-:“-:_.._.: alse. be di:acl:ly used. ‘Such 8 p:ocedure is a.d.visable
.'-'__::5'___fwhenever ‘the redu.etion of the t:!.tan:.u:n(IV) cbﬂ\PO\lnd is.
' carried. out ‘py means of the alumimum 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': .
"'.'5._:_'_'with an. o:ga.uic aluminum compound, - which ig added as a

" solution or su.spension. The reactants are a.lloweé ro 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
- stirring. The organic aluninum compounds used are mono-

. L '-':'xucle'a':" or’ polynuclear ‘mono- ©F dialkylaluminum halides,
L ew tr;\.a‘.l.kylalum.nun compounds. In order to prevent over- .
,__..h_]--'.}:reduct:l.on and hence inh:.b:.ticn of the catalyst, iso-
. _l..;..;f_ - prenylalu:ninum is p:efera.bly uged. The reaction is
| decectable externally “from & deepening of the ‘color of
the t:l.ta.n:.um compound fzom reddish brown’ to. b:owm.sh'
black. As investigaticns have showd, the reaction
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R Y “min o |
SR a(l:citan:.un component") determines the polymerfmo:: pulk
SR ‘distributicn © e
L aw the pa.rt:.ole size. |
St . h: nc:f the polymer. ~ Molar £4tanium/aluninum 53‘;1‘;;
o i
o ,531"-:1:’ lower range during the aftertreatment giv oge
.im in the upper
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densit:.es balow 40 oatalyst
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: ' d can be use ir S
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:auspending med:.um L :

-"lFor fomation o£ the oatalyst, the t:.tan::: oom::n::tt;se
: ac’c:wa.ted w:.th an organoa.lum.num conpo g ey
- n, the alum:mum compound may be use for
o : zeductio n:ixtu:-e of two or more oompounds. t::.:.sobudya‘
' ::.u::n:m or iscprenylaluminum p:efera:oly b:;::e :s:n 2
o the. activator. The molaz ‘ratio of ci\:a.n:.;:, cmound) -
_ '_ a.mount of titanium orig:.nally uged as Ti (- ) o _1 o
30 aluminum :.n the mixed oatalyst is 1 ¢ b
ERE p:eferably 152 to 1 :Lo.

- ' . one oF =

| ' 'ed out :.n. suspension in

o ol e:r::.zation is oa:::. o

..The ps::;ea oont:.nuously or batohwise, at tempeth?lene |
..mre ’ e
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treat ed wi th an organi c al um num conpound at Thl et A ‘CES‘ in a
."‘ mol'ar ratio.of titaniumto alumnumof 1 : O 5 and the '
s tltanl um conponent bei ng formed into the :

wi'th an
Ny orgamc al um num corrpound in a 35 -nglar ratlo of tltanl umto al um num of

1 1to0 10 15 _ The novel process nmakes it po
buI k-

-pol ecul ar_‘wei ol yet ne Vel { gihd e Obrt twlaﬁdﬂripm.'mant of - t he
“titani un(IPF? eurg cﬁvﬁ){]#fe Pﬁle‘ A% st rﬁegctlon s‘% g6 Hiidh %&‘p% ganic - ..
“al'uni num cmydrondrbnntsheer-sngb“EFnSSOP?% 3Ry JFEXALSs par ar 430 to .
460 -g/ 1. -The ol %nﬁ?BShhﬁe'Sauadeﬁ;table asowdreechﬁgnnmgﬁemm -
_dete.r rttsned t%.(ecgo(llyr:]nerizetilgn._ Furthermore, gasoline or hydrogen- :
o ‘ated diesel oil fraet:.ons which have been carefully freed
- _"£rom oxygen, sulfur compounds a.-nd moisture ma.y also be
..'-'used.- The:.r boiling range is between -5 and 220°C,

:'j_'.preferably between 55 ar.d 1so°c.

10 'j.-The moleoular weighte o£ the polymers can be adjusted in
a ‘known :nanner by means of molecular weight: regule:ore, |
-~ ) . '..:_-_;f'P;-gfe:ab:Ly hydrogen. Th.e ratio of ethylene partial
' -."-.:.'.preeeure to ‘hydrogen partial pressure is at leaet 10,
preferably 40 to 1500. AR :

15 | -"'-‘I‘he polymer is eepa.rated off. £ro:|n the suepend:i.ng medium
o under an inert gas and iz dried. In the absence of air

l- -.an.d moisture, the . susper.ding agent-. ie reused for ':he_
o ipolymer:.zation without: any :.ntermed:.ate treatment.. o

In the Examplee whioh follow, the invent:.ou is deeor:.bed
':- 20 :.n. deta:.l but is not: reetr:.oted to t:he embod:.ment:s ehown :

: l‘he."following | __va.lues’ ,aref ' e_ce'ced for deser:.bi_ng the_
.polyl'nez.'ﬂ'? o i o _ : _

Me ,.-t-.;c & diar e » det:ermined hy laser d:.ftraction_.._ :
. -ueing t:he pa.rtiole size ana.lyzer Heloe-Rhodoe measurement
o 25 and. evaluat:.on syet- !rom Sympateo "GmbH; opt:.cal con~
S centration about 10%. . A : )
"';'-g__v_ag.t_e_'_ th:l.e servee a.s a nea.eure of th.e width of the
..':l:-_perticle size distri.bution and :.e expressed by ‘the
B fornula ' o -

o N - 8 = log -
o -dum

".'-'.,'-__.d(go) an.d d(lO) are t.he pa.rt::.ole eizee at 90% and at lO‘-’s." '

o '.'.'Re-'c"e. i;v.e't'T;_i’me'f} | '_"2.2. -F._e._b_:. '3"1_8_,: 55 _'_.’__'Pr.int'-' Ti_l'lte_j-.l_' : :2-2. I_*_‘_-le b__._ j1:-_9’.:'_1 1

i Ietotallorthe:i-]
- '.I'.‘he :.nert: d:.luents usually used for, the Ziggler, f‘%‘F ul trahigh
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" e preparation of the’ tlﬂa Sunds,
i TN um(l\/) corrpounds are.used. as .starting 1 H the first . .~
Lage. . . “Conpounds::of. the general formul a . X[err], vvhe-re
e an: |nteger froml ‘t.a4, R[err].ate- ' ,

|dent|cal or dlfferent
hydrocarbon radlcals '|n par- -

“ticul ar al kyl- . radi cali havi Pgsl to 18
pref erabl y %J com gﬂgbg&ﬂmvwmﬂni@ﬂﬁ%‘ge@ RePEPETCUl ar
chl orine- %mine %rtgbe[sfu %_{Fg cl"e'l gh_heraj.stribﬂtﬁ-emﬁ] T
L (O¢err] i.t(ﬂ ea.s ng er err
e et s L

| anpl eg, Organl c -

. s:'-' (i. hﬁyagﬁ @@ddetemi&@dordcngrd%ﬂShé:‘? nP&H‘t ion, for

. : QL weig V) corrpounds are of the general fornmula .
.-A1R[er§]X[§3r493\here 20. mis 0, 1.or 2, Rerr] are |de£“cal or different _

sl kyls | 1 B3V 48tdrhindd, aempémgctﬁa‘? car bon ~atoms
" e, 0. particular chlorine or - br omi ne.- Exarrpl es of .
SU ,onpounds are triethyl - alymnum triisobutyl al um num:

i.et hyl al.um num chI orl de 25

and ‘et hylal uni.num di chl ori de: Pol ymeri ¢
r'-ga_r_n [ alnum Aaum-. “.compounds whi‘ch ‘are obtained by reaction-of lithium-

;.trlalkylalunlnuns or: dlalkylalunlnun1 ' hydrldes
radlca1s each have 1 to 16 carbon

__'_."-C[-err] errl 2k pe (Haag catalves ](gﬁféi‘VFE %&S@%I o?efl ns,

“rare al so Q'Ll' e—":-:l.or art_.)contrast to the o

. iy ::1 1of eitanium tetrachloride are metered intc; u:i:u;

o of at20% strenghh by weight solution of isoprenylal .y
'ff_..__"-':..""(IPRA) in 200 :nol of hexane in an. imnert’ gas ?WBP :he

S -_'.t;and while stirr:.ng ‘at a temperature of -10°C in e

= :'i.;'cou.rse of 7 h.ours (correspond:mg to a rati.o °£ 1 mo

jse al Kyl

ETha aeaet;on is. complete a.fter 3 hou::s. ‘More than 9595 of =
- : '-the -r.-i. (IV) used axe reduced to 'ri(III)

o -_1_ 2 gg;m;;ggt:.op, using the cacalyst prepared aecording B
e Aale | ' )
20 The: polyne:r::.zation is ca.rried. out in ome stage in a
"' gontinuously operated plant with recycling of the ”“;
"-i:tion medium. Gasol:.ne pura.:E:Led ove: molecular sieves and
ha.v:l.ng a’ bo:.l:.ng range of 140 to 170°C serves aB the_
suspend.ing med.iun ' L

25 Ak a.reaction temperatnre of 80°C and a yield, baaii;::._--
L catalyst used, of 1. 7 kg of PE/mmol of Ti, the 1:1: s:;}a:a-

) et.hylene parti.al pressuze is about 0.32 MPa. Sty '

gen conteat :of the gas phase ie sbout 0.5% by e

) .'rhe ra.t:-o of suspending medi'um tc polYethYlene (:m. ti -

i __.:4._3.'{_:..: 'rhe a ctivat‘?l‘ (— XPRA). ‘concentratioa in e
:_'-zea.cti@;‘ medium fed to . cha rea.ebor is adjusted so(based .
'._the molar rat:o of aluninum to titanium Gonpﬁ'-ent (IV) T
on :he' a:nount of t:\.ta.nium o:-igina.!-lY “535‘ as Ti .

Recelved Tlme 22 Feh 18 55 Prlnt Tlme ' 22;-Feb.: 159.:'11
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uni num  co eplas -
haILdes they “are pot ynucl ear . ThenPg;Q?s Tmﬂ&mﬂ}iﬁre“R‘ﬂ g}kylalunlnum

(|-C[err]H[err])[err] .or AI(|-C:[err]H[erf])[

soprenylal-upi nunt') -are :pref erabl
be-used”in pure formor as a mxturg_ O‘alfe*tjm'rhe al um num 35

_The regoti g!% r‘%mslh( le¥le mmud:.w shoRelf gaht ¢ 1he § Sefuoues.

al um num-c

Lo =40 10 weight | OF Fﬁél ed}#ﬂ& 8. 2 edierd1Ted veis ahe hydresﬁm at ures-
of -t he' Gadaat Y r gas phsAR.. HIThE: dhg gesaasts at

i (1 V) -' coﬁpoundé/‘nﬁ rof Ithes maadtRF gas pPhIEG:| oﬁll‘ AP 8o g g of ons
2 prop étfgs are cbtained iz a reP=°d“°ib1e manner 1n |

pa.ral'.l.el exper:unents (A and B)

prene _

Exper:.ment . Experiment .
"Mean parti.cle diameter [;un] 2100 .200.' _
_éi & value - N : . 0.51" 0.5
“_-____ 5Bu1k density o [g/l] :.!' 370 . 380
. geT value m/m=1 0.2 -0.24

. "5.‘rh.e ea.telyst (KO) deseribed under 1.1 is di'luted to a

; ."__-_--'coneentration of about 40 mmol of titanium compc:_ient/l -
_' f-"_and. treated at. room temperature with TPRA (K1 to K6). '

© . deepening of color from reddish brown to dark bzmm'
occurs, dependiag ca the anount of alkylalum:mum used.

: . The degree of reduction remaine unchanged. On the other_ h

hand. the: con'cent of - chenicel].y £:.xed alwninum in the

-.:?"_"catalyst so:l.:Ld. increases Erom 0.2-0.33 : 1 to 0.6. 1.

' '-'-.:.-'To determine these values by atemic absorption gpectros-
copY s the ‘catalyst I8 fa.ltered under an :.nert gas and -

| 'Hffﬁ{washed twiee weth gesoline.

.25 ':-_-_:_C'_all'—al.l’_'s'ﬁ L Catalyst treatment ' Bound Al
IR designation - o TS total : Al ©. . Ti AL

0.32
0.21

0.23
0.55
0.45
0.5
0.4

RO
A - SR
K3

. R&
. RB
LURE

PHEBRRE

o N -i-ﬂl_o"o._o' o
T
[ [] _.-. o .‘. ... N ] e

Aftera .reet_tiori_ :_time - -of.__' 24 hou..r_s',' the catalyst is used

B Rece ived ’l‘lme o 22Feb1855 Prlnt Time 22 Feb 19:11 |

conpounds may-



: particular. 5.0-9. 1. ol of T|(IV) conpound and
f« conpound in each.case per 1 of solvent

A 5.21
HOECHST AG NERK RUHRCHEﬂIE FVB 2
5 E%l%nt%ar% % 0510 1.0 nol Al corrpounﬂmnk“lwétf@aBTi‘i‘ eplaced

T e

eferably 0 3 to

~0.5, "nol. of .alum num in the -

‘o« m®f-an organi ¢ al um num conpound is
-"'.used per rml of 10 'titani um(IV) Al'i phatic hydroca bons have géoven .
Cosuits b e 1'}§i’etri&@t\i.ems ReDagyosl (FRadh. ¢ e

- the reactl |s co I

ete fter 138 ede@ﬁ:ﬁe.nts of 0¢h¢educt|on '
- determ- nediﬂ:}ne‘eﬂﬂqietcr%? L i Qg%nbg g

reas Accor dl.

. inhvention; ,,tggenriedmmﬁumcbmpomcﬂw R Joﬁ?daFPeFFr ?’LQ?L f? t-he

" “reducti on . product Wt Ahf alumi® ahcmummmmomenea&-a second B

_ --stage For L'Hﬁ L?fpos sal'd reduction product is filtered: off from.
- the. - suspen3| on “washed W|th t.he sol vent ‘or suspendi ng nedi

' ‘and suspen gAY e HiRaid uyiggmthesoatéivﬁzare?ﬁmae?" f’ﬁg’ |
_-'”-:"Suspen on“OBtaim the reductlon can- . ‘al so. be directly .used. Such_ -
A procedurel-ﬂg; %\ﬁsﬁ‘ol e.... - whenever the re £n of the titaniun(iV) .

: ﬁ"--corrpound | 52.2.1. 06 mﬁd:mlm#rétﬁfs RAPRIR Lﬁ% hum conpound

ng a : :
. nmolar-ratio_of titap Igm ﬁmoi’zabuhe ﬁabaSyst tmeSF Pﬁ@ S
: ':aftertreat TR, £1E‘ﬁe #H'giég 18

uction proguct [ , dvid, hmme;anl c .."
-.aI umi num conﬁoamel used chirechiy e‘b&a%' fre p%‘ﬂa"iqt:.on O

.10 filtered off. ner -washed, . analegouely to the process .
Ty described u.nder 1. 1.- cdmpared ‘with’ the reference catal-

. °

o and - t-.he mlar rat:.o of e.lun:.num (:pn) '.ea. _t.i_teniu.m_.

'H."-'f'-cemponent in the reactor to "about 3 0, in order :o.
" .15-'-"'."'establ;sh an et:hylene pertial pressure of about 0. 25 MPa.
-'I.‘.'n.e hydrogen content is edjusted as under 1. 2. B

2. 2 2. Use of a cai:e.lyst separated of:E beferehend
o The polymer:.zation is: carr:.ed. out as deser:.bed. under
2,2.1. A catalyst type ‘K&, wh:.eh is f:.ltered off and .
20 " washed - wit:h the euspend:.ng agem: before being ueed., is -
'emploYed. . S o
nesults of the polymer:.zatien exper:.ments- o
’caca'.lyet Y.,ield - _Mean p_ar-, _-e -value : Bu.ll_;il'_t :' - Z8T -
BYRE . diemeter RN
B [ks of pE/ [pml | lg/ll o :Dil'/m__]
-mmol of Til o SRR
| ' 1s0 | 50 - 0.24
S 1. .a1s0  0.43 4 .
'*36“-':ir' | 2.: - 160 . - 0.39 . 460 0.24

_ . 0.43 445 . 0.24°
Cms w0 0434 9.2

- Reference experiment 1.2.

Cge o aam 210,  o0.51. 370 . 0.2¢

| fo f Re§ei€éi:iimg ;_iﬂzz?Feb;18;55_.: : 5';[Priﬁi Tjﬁe“'_;'zz;Eeb;lgfllﬂ |
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~solution .or suspen5| on. The reactants are all owed to act _—___on one _ :
~anofher.-over a .period of 1:to 1200 min .and at - terrperatures of -10 to '
<.150[err]C, preferably 0. to 70[err]C, while 30 stlrrlngThl laced

o almmnl"mlmmmmml used are mono- = 11 =nuclear or- polynuc :
| i des, -or trialkyl al um num corrpoun

o prévent bve'l - reduct i-on &E&ﬂ&,n&&ﬁﬁﬁl bition of the catalyst, i so-
prenyl al umi-numii s pref erably ‘used. - The reaction is 35 detectable

~externally_froma deepeni of .t he col or ti tani co ound'
“ifrom reddi $n’ brﬁmﬁrPﬁgﬁfo%ngﬁhe PTePag; 521?“‘ °fA§u|1r'1'1\fe§'t1|=§ra |on? hgee |

~.'shown; ‘the reaethpmenes having a viecometr:.cally measured molecaz- _
uolves 1oL 5 SRBUBIGRKCOE RCAMRLOLp! M ke ok desgrpLd DU
o . B . - of 350 to 460 g/l, in particular 430 to 460. g/l, _hy S
SR -_-_._polymer:.zat:.on of ethylene at temperatures of 30 to
130°C and pressuzres of 0.05 to 4 MPa in the presence_
- of a mixed. catalyst, compris:l.ng a titanium component :
... . . and-an organic. alum:.num ‘compound, and. a- molecular'
C10 o weight regulator, ‘which - comprises obtaining the
__ _;__t:.tan:.um component by reaction in two stages, in a
A~ ... first stage a Ti(IV). compound being reacted with an
L L '--organ:.e aluninum compound at -40 to 140°C in a molar
©: ' ratic of titanium to alumipum of 1 : 0.1 to 1 : 0.6
15 - to give. a t;taniu:n(III) compound and, in a second
- - 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-
_ R . minum of 1 : 0.01 to 1 : 5 and the ‘titanium com--
20 -pcnent be:.ng formed into the mixed catalyst with an
Lo | iorgani.c alum:.num compou.nd in a molar ratic of tita-
 nium to alum:.nun 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
T se 4 and R ‘are :.dentical or different hydrocarhon -
- radicale, in particular alkyl radicals ‘having 1 to
_ 18, preferably 2 to 8, carbon atoma, and the. organic
T .alum:.nu.m compound :.s of the formula Al1R?, X, , where -
300w 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
oompound, in p_art:_._cul_ar leoprenylalu:ninum

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

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



Qg ease: - Usual

B bar,

the g8 . Ml ar
t,l't,anl un1 aI um namwhdresﬂ- °- mP&v\Bf' ?gﬁgf %I‘I ng ﬁe ait er%r_eat ment
Coaghve byl k gﬁn R ﬁéehmumﬂﬁ%g/dcmm timsuspd (BAF DA :
.0l ve: bRl k" den3| es

o A
, . HOECHST AG WERK RUHRCHEMIE FVB
FRR 3P uAFi

numto tltanlumln the solid. Wile th
1 |nthe r:e '

ratio i-s

pduct, it .5 .-increases taH u UWG :" '
“tT eat ment with the organi c

T rati onoftitaniumte alusi num during the aftert reat ment ,
the reaction:t :,_;"f_-._,t-'_:he reductlon potential of the alkyl
t he: reactlon et

mmd tdec alazmired) @ut Fﬁetﬁﬂg‘ﬁi‘?&&gégf ©fhe

% n% ratloof '_.tltanlumtoalumnumofl:001-' |
'-;;5'5 prefeT%t I'§° 1 0.4 t0 1 : 1.2, is maintained. The nolar
o ealum numto tltanl umin the product of the aftertreatnent.

t.ani. it “c mp r]# dadsh eg éﬁiﬂé@@bﬁme:mpﬁcﬁb@lﬂw andFhence the:
ircl e st g '?8?

l0n

nge

430-to 460 g/l. The catalyst 20 - suspension thus
o obtai‘néd:can- be"—é-i‘é&"ﬂﬂ(iggt)l'y or after .

bei.ng filtered off and, for.
xarrpl e, washed w t:h.the - suspendi ng nedi um For formation of :

- catal ygt. & cacmoret off elatmant €O
“ganoal uy nam %é&%&bﬂ@ %g”@?ﬂ:&ﬁéd one

- I n-the, 25 h niﬁorrpound
“may: be USed in. dur @h@ﬂ?ﬂ-n the ki 5?“5%‘%%3? %Qunh b
t FLi sobut yI

two or nore cg gunds
the firet stage is aftertreated in the Becond s

“"-'-'_"__:'w:.:h ‘monionuclear’ oF polynucleaxr mono- or dialkyl- |
o a.luninum hal:.des or with trialkylaluminum t:ompounds. N

-rhel'precess as elai:ned :.n one or more o:E claime 1 to .
'-""..-_.5,.whe=e:.n the titanzum(III) compound of the fi:-st.
| stage is filtered off and washed with an inert

R 15 e solvent before the aitertreatment. _

7) ".'J.'he p:oeess as ela:uned in ome. or more of claims 1 to__

6, whe:e:.n the. molar :r:et:.o of. titanium to eluni.:eum

: .'-!":‘:-in the. second stage EV-3 1 g 0 01 to 1 : 5, preferahly
04=o1 '.Lz._'.

".'I'he proeess as: ela.:.:ned :I.n one or mo:r:e of cla:ms :I. to |
7. viherein the til:an:.um eompcnent obtained in the
. seeond stage is formed into the mi.xed catalyst with
an o:ganoaluminum compound. in partieula: w:.th tr:.-
e iaobut:ylaluminum oxr :.soprenylaluminum. R

'z'he lﬁroeess as claimed in cle:.:n 8, wherein the
organoalum.nu:n eompound and the titanium couponent
are used in a molar ratio of 1 s 1. t:o 15 : i,
. preferably 2 3 1 to 10 1. '

heet Has Been Reilaced

\\I\\l\\ T \\\l L

" Recelved Tine - 2uFeb19:85 Printime 22 Fe"‘- it
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o wal'um num or i sopr enyl al .uni num preferably being used as =~ the activator.

The*m)l ar ratio of titanium (based on the ~campount. of. titanium

l._ origi naIIy .used as T|(IV) conpound) to 30 al um numln the mi xed cat al yst :

T

ks 1 1°'to-1 15 preferablyl: 2to 1 : 10. ) "The
polynerlzatlon i's carried out. in suspension in one or’ nore st ages,
~gohtinuously or batchwi se, at tenperatur@®rankiuxty, 3308 -83F3%rrjCc

“_preferably 60 to. 100[err]C and an et hyI erg-;%cw.rgg;al nwmmmf Iess
than 4.0 MPa, preferably 0.05to - 0.8 Ma..

: --7- The |nert dlluents usually used for the Zi egl er I.oWL

f‘- .-Ult:r:ahigh no:l.ecula: weight polyethylena having a h.:.gh .

""'.":"-,bulk dens:.ty is obta:med by polyme:ization of ethylene in -

the p:esence of a m:.xed catalyst wh:.eh eomprises an

 ‘orgamnic . aluminum compound ‘and a - titanium component

' 'p:epared by :'edu.etien of a Ti(IV) compound. and after- |

o treatment o:E ‘the. reduction prod.uct with. an orgam.e
_ 'alu.minum eompound. '

is Sheet Has Been RTlaced
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‘pressure process, such as aliphatic or cycl OFH ﬁydrac;ar bon§

e.g. butane, pentane, hexane, cycl ohexane, v fomaniesicand getandgy moes .o,
suitable as a reaction nediumfor 5 the pol yn!éru zat{ion.: pakut hes Tere) /. |
gasol i ne or hydrogen- ated diesel oil fradfiansi wl(wch~ ave. beanogg ;

carefully freed from oxygen, sulfur corrpouands’ and noi; ,s?w;res n@ymagcso. bq
used. Their boiling range is between,-5 and; 220[err]C, “

1o j preferably
bet ween 65 and 180[err] C 10 The nol ecul ar mei-ght.s QL i pg,},!xﬁers can’
be adjusted in

a known manner by nmeans of- ~rmlvecul VB érhlmregma
.preferably hydru-.J-S- flo = prepagationnefnn] igh melec

hydrogen partial Ju&s

ALY "4,

TR R

D

: Y Yot 1600. 15
The polyner is separated o Fom the suspen| ng medi um under an inert

gas and is dried. In.the absence of air and noi sture, the suspending
agent is reuthd Imvexntion relpuleprmioi aPrTesE tﬁmtthsnyr‘epaeamaﬁ

treatment. uierahilg mﬁofé@m{ze ) plolyelily1ehe (GHARLPEN hivdegor i bed

20 Tn dgtail puly! Seﬂé’lt{;eosé LS A d P dd %s% g‘}‘l' M Sa2l0Mar 430
to 460 g/l.

Ultrahigh molecular weight polyethylene is understood as
meaning linear peolyethylenes obtained by the low pressure
procesg -and having viscometrically meazured average
10 molecular weights of at least 10° g/mol, in particular
2.5-10° g/mol to mere than 10’ g/mol. The above-mentioned
molecular weights are determined £rom the =solution
viscosity according to the Margolies equatien. The
method used for this determination is described,
15 example, in CZ Chemie Technik 4 (1874). 129 et seq.

for

UHMW-PE occupies a special position among the poly-
ethylenes. It is distinguished by a number of physical
characteristice which make it suitable for a wide range
of potential applications. Ite high resistance to wear,
20 ite low coefficient of ¢£riction compared with other
materiale, its excellent toughness charactexistics and
ite high thermal gtability under load should be singled

out. In addition, it is remarkably resistant to a large
number of chemicals.

25 < Owing to thesge particular mechanical, thermal and chemi-
cal propertiegs, UHMW-PE iz now used as a high quality
speciality material in a very wide range of applications.

' Examples axre the textile - industry, mechanical engineer-
ing, the chemical industry and mining.

30

There are variouz known processeg for the preparation of
thie special polyethylene grade. Low pressgure polymer-
ization of ethylene ﬁsing Zieglexr catalyste, i.e. mix-
tures of compounds of pubgzoupg IV to VI of the Periodic

Table of Elements with organometallia compounds of groups
: Thts is the replacement sheet

;;.;:fi 10 JAWN t997 s
: T Ll




The fol | ow ng val ues are stated for describing the pol ymers:

Mean particle dianmeter: determ ned by laser diffraction usi ng the
particle size anal yzer Hel os- Rhnodos neasurenent 25 and eval uation system
from Synpatec GibH, optical con- centration about 10% a val ue:
this serves.as a neasure of the width of the - particle size
distribution and is expressed by _the, formul a 30

d(90) [err] d(90) and d(10) are the particle sizes at 90% and at
10%

I to IXI of the Periodic Table, have proven suitable.

Among the compounds of the elements of subgroups IV to

VI, titanium compounds are the most important. The most

frequently used organometallic compounds of groups I to
5 III are alkylaluminums and alkylaluminum halides.

In general the Zliegler catalysts arxe prepared by reduc-
tion of Ti(IV) compounds, such as titanium tetrachloride
or titanates, with organocaluminum compounds. This gives
Ti(III) compounde, which are frequently isolated, sus-

10 pended in a suitable medium and mixed with the activator
required f£for the polymerization.

For the preparation of UHNMW-PE by & process which has
been tested, ethylene whose oxygen content is less than
5 ppm is polymerized at 30 to 130°C and pressures of 0.1
15 to 10 MPa using catalysts which contain titanium(III)
halides and organcaluminum compounds in a molar ratio of
1 : 0.2 to 1 : 5, and monchydric or pelyhydric aliphatic
alcohols are added, in amountes of 2 to 10 mol, based on
1 kg of catalyst, to the reaction mixture during the
20 polymerization. Diethylaluminum monochloride ie used as

the organcaluminum component o©£ the catalyst (DE-C-
2 361 508).

In a further process, unsaturated polymeric organo-
aluminum compounds, for example isoprenylaluminum or

285 myrcenylaluminum, arxe used as the aluminum compound in
the catalyst system (DE-C-2 361 052).

Ag a raw material, UHMW-PE is used predominantly in the
form of powder. The powder morphology and consequently
the bulk dengity are therefore important properties, on
30 which its procesgibility depends. Thus, for example', the
propertieg of the porous mcuidings which are obtained by
sintering pulverulent UBMW-PE, as well ag the production
of fibers having a high modulus or battery separators
containing silica as a filler, are determined substan-
tially by the mize and ghape of the polymer particles and

This is the replacerent sheet

35

owe: 10 JAN 1997




obtained fromthe cunulative distribution; a increases
width of the particle size distribution.
as a neasure of the

wi th increasing
ZST or flow value: this serves
nol ecul ar weight and is determ ned according to DI N

5 53 493; Bul k density: determ ned according to DIN 53 468

Exanmple 1 1.1. Preparation of the base catal yst (catal yst according
to the prior art) 10 44.1 1 of titani urgtetrachl oride are netered into 230
1 of a 20% st rengt h by wei ght sol ution of isoprenylal um num (1 PRA)

in 200 mol of 2Dy BRE! A2 IPIPRET Borecufll WALLRLSUIYI N al a
terrperat ure o err course O our s corr ng to a
ratio of 1 n-otpr:é;uqi\:pn:r, Hoyeyex . nbhepogphology of the powdez is also
important £or the production process itself and for
- storage. Coarse particles having a narrow particle size
5 distribution and high bulk density require legs energy

for drying, and storage regquires lese epace.

The procegses known to date for the p:eparaﬁion of
UEMW-PE make it poggible to influence the external shape
of the polymer particles only within very narrow limits.
10 It was therefore the object to develop a procedure which
permite the preparation of pulverulent, ultrahigh molecu-~
lar weight polyetbylene having a narrow granulometry and
a selected bulk density. At the same time, high avail-
ability of the process is to be ensured through a low
15 level of agglomeration and deposition in the reactor.

The present object is achieved by a process for the
preparation of pulverulent polyethylene having a visco-
metrically measured molecular weight of at least

10° g/mel and a bulk densgity of 350 to 460 g/l, in

20 particular 430 to 460 g/1, by polymerization of ethylene
. at temperatures of 30 to 130°C and preasures of 0.05 to

4 MPa in the presence of a mixed catalyst, comprizing a
titanium component and an organic aluminum compound, and

a molecular weight regulator. In the proecess., the

25 titanium component is obtained by reactien in two stages,
in a firat stage a titanium(lV) compound being reacted
with an organic aluminum compound at -40 to 140°C in a
molar ratio of titanium to aluminum of 1 : 0,1 to 1 : 0.6

to give a titanium(III) compound and, in a second stage,

30 the reaction product of the first stage being after-
treated with an organic aluminum compound at -10 to 150°C

in a molar ratio of titanium to aluminum of 1 : 0.01 to

1 : 5 and the titanium component being formed inte the
mixed catalyat with an organic aluminum compound in a

35 molar ratio of titanium to aluminum of 1 : 1 to 1 : 15.

The novel procesg makes it poeszible to talilor the bulk
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The reaction is conplete after 3 hours. Mdire than 96% of the Ti(1V)
used are reduced to Ti(II1l). 1.2. Polynerization using the catal yst
prepared accordi ng to 1.1. 20 The polynerization is carried out in
one stage in a - continuously operated plant with recycling of the reac-
tion nmedium Gasoline purified over nol ecul ar sieves and havi ng a
boiling range of 140 to 170[err] C serveg as the suspendi ng nedi um

25 At a reaction tenperature of 80[err]C and a yield, based on

cat al yst usediemditly 709 uiitrRbAgho|maleclilart heeigistul poligethylersd hipjrene

tial ’ th
Bﬁgsgalspgggyﬁag}ﬁouk G2 M?eer%gasaaxgéoo Jthe I a0 Letzg) the gas

vol une. eratio o ng medi umto
pol yet hyl ene 9FPAFY) ©80 the sEimat regrtion(sFagsr With | BRAPTESR&ENt rati on
in the r £hchisoum rredmplmediho tihee x=amd O£ 35adjuest 48D sg/1 hatin t he

| t t t . of
[let ::“ Lﬁq %?I&L ﬁlf‘f% used &I;E ?%‘”&99”‘30%@ bR Wnsicy 28 LWBLHPIOUNT O

tcod as meam.ng he value determined according to DIN
53 468,

For the preparation of the titanium(III) compounds,
titanium(IV) compounds are used as starting materials in

10 the <first stage. Compounds of the general formula
T4 (OR*),..X., where n is an integer from 1 to 4, R® are
identical or different hydrocarbon radicale, in par-
ticular alkyl radicals having 1 to 18, preferably 2 to 8,

. carbon atoms, and X is halogen, in particular chlorine or

15 Dbromine, are suitable., TiCl,, TiBzr,, Ti(OC,K;)C1,,
Ti(OC.H,)Cl; and Ti(0i-CH,)Cl, may be mentioned as ex-
amples. Organic zaluminum compounds which may be uszed,
according to the inventien, for the reduction of the
Ti(IV) compounds are of the general formula AlR% __X_  where

20 m is 06, 1 or 2, R® are identical or different alkyl
radicals having 1 to 12, in p&rticular 2 to §, carbon
atoms and X iz halogen, in particular chlorine or
bromine. Examples of such compounds are triethyl-
aluminum, triisobutylaluminum, diethylaluminum cghlozide

25 and ethylaluminum dichloride. Polymeric organic aluminum
compounds which are obtained by reaction of 1lithium
aluminum hydride or trialkylalumiaums or dialkylaluminum
hydrides whose alkyl radicals each have 1 to 16 carbon
atoms with C,~C,,-diclefing, in particular C,~C;,-

30 diolefins, are also suitable. In contragt to the
mononuclear trialkylaluminum compounds and the
alkylaluminum halides, they are polynuclear. The reac-
tion products of Al(i-CH,), or Al(i-CH,),E with isocprene
(visoprenylaluminum®) are preferably used. The aluminum

35 compounds may be used in pure f£orm or ag a mixture of two
or more compounds.

The zeaction ©f the Ti(IV) compound with the organic
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conpound) in the reactor is about 10 : 1. The nol ecul ar
polynmer is controlled via the hydrogen content of the reactor gas

phase. The foll ow ng product properties are obtained in a reproducible
manner in two 5 paral |l el experinments (A and B):
Experinment Experi nent

wei ght of the

A Mean
particle dianmeter [[err]m 210 200 s val ue
0.51 0.51 10 Bulk.density =S qg/1] 370 380
ZST val ue

alumim[.ml\vmpeor&u ie cazgfizeA'd out in a?rizidhert sol%xe%rtr:pla% 2
temperatures of -40 to 140°C, preferably -20 to 120°C.
The concentrations of the reactants in the starting
solutione are 0.1 to 9.1 mol of Ti(IV) compound/1l of -
5 solvent and 0.05 to 1.0 mol of Al compound/l of solvent,
in particular 5.0-9.1 mol of Ti(IV) compound and 0.2-
0.2 mol of Al compound, in each case per 1 of solvent.
0.1 to 0.6, preferably 0.3 to 0.5, mol of aluminum in the
form of an organic aluminum compound is used per mol of
10 titanium(IV). Aliphatic hydrocarbons have proven sBuit-
able as inert solvents. Depending on the temperature,
the reaction is complete after 1 to 600 min. The degree
of reduction determined by cerimetry is at least 95%.

According to the inventiocn, the reduction ig followed by

15 an aftertreatment o¢f the reduction product with an

organic aluminum compound, as a second stage. For this

purpose, said reduction product is filtered o£ff f£rom the

"suspension, washed with the solvent or suspending medium

and suspended again in an inert oxganic solvent.

. 20 However, the suspension obtained in the zreduction can

alsc be directly used. Such a procedure iz advisable

whenever the reducticn of the titanium(IV) compound is

carried out by means of the aluminum compound using 2
molar ratio of titanium to aluminum of about 1:0.5.

25 For the aftertreatment, the reduction product is reacted
with an organic aluminum compound, which is added ae a
solution or suspension. The reactantz are allowed to act
on one another over a pericd of 1 to 1200 min and at
temperaturee of -10 to 150°C, preferably 0 to 70°C, while

30 etirring. The organic aluminum compounds used are mono-

: nuclear or polynucleay mono~- or dialkylaluminum halides,

or trialkylaluminum compounds. In order to prevent over-

reduction and hence Ainhibition of the catalyst, ieso-
prenylaluminum is preferably used. The zreaction is
detectable externally from a deepening of the color of-
the titanium compound from reddish browa to bréwnish
black. Ae investigations have shown, the reaction

35
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2.1. Preparation of a catalyst according to the invention The catal yst .
(KO described under 1.1 is diluted to a 15 concentration of about 40 mol

of titani um conponent/| and treated at roomtenperature with | PRA (K1
to K6). A deepeni ng of color fromreddi sh brown to dark brown

occurs, depending on the amount of alkylal um num used. The degree of
reductlon remai ns unchanged. On the other 20 hand, the content of
chemcally fixed alum numin the cﬁt al yst solid increases from
0.2-0.33 : 14Qd8vRs nd {$L g e yakyes, b

absorption spectcr os-s 2ot & :OJP?%E é ctél%% YI tk.'g'rée "'\’/a‘g%mngﬁv nert gas
and = was/fePRERCe ﬁﬁhéaﬁreﬁérnbéﬁ leairawgtm the molegulatyst

t reat ment ratiBowfd alluminum desitgranhion in the solid{ OtWhileAthis Ti
. Al 0 . . . 0 . 1..0,3 . Kl
1- 0.05 ratil 1:.s: %..221t:§00.33 H I%23.:1 the reduction pﬁoc}u%;,l it

1: 0. 23 8 increages to about 0.4 to 9.6 3 51 as a result of SBhe

K4 treatment with the organic laludhdifn compound. KPhe molax .
é- 42 ratiol'oQ‘c Qitanium to ﬁuminum during the af%eréreatment. b

the_react:ion time, the reduction potential of the alkyl-
‘aluminum and the reaction temperature are critical for
10 the magnitude of the increase. Usually, a molar ratio of
titanium to aluminum of 1 : 0.01 to 1 : 5, preferably
1 : 0.4 to 1 : 1.2, is maintained. The molar ratic of
aluminum to titanium in the product of the aftertreatment
(rtitanium component") determines the polymer morphology
15 and hence the particle size distribution of the bulk
density of the polymer. Molar titanium/aluminum ratios
in the lower range during the aftertreatment give bulk
densities below 400 g/l while those in the upper range
give bulk densities below 430 to 460 g/l. The catalyst
20 suspension thus cobtained can be used directly or after

being filtered off and, for example, washed with the
guspending medium,

For formation of the catalyst, the titanium component is

3 activated with an organcaluminum compound. As in the

.25 reduction, the aluminum compound may be used in pure form

or as a mixture of two or more compounds, triisobutyl-

aluninum or isoprenylaluminum preferably being used ae

" the activator. The molar ratioc of titanium (based on the

amount cf titanium originally used as Ti(IV) compound) to

30 aluminum in the mixed catalyst is 1 : 1 to 1 : 15,
preferably 1 : 2 to 1 : 10,

The polymerization is carried out in suspension in one or
more stages, continuously or batchwise, at tempera.t:tires
of 30 to 130°C, preferably 60 to 100°C and an ethylene

38 partial pressure of legs than 4.0 MPa, preferably 0.05 to
0.8 Mpa,
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35 After a reaction tine of 24 hours, the catalyst is used

- 10 - for the polynerization. K6 shows that, under otherw se

i dentical conditions, the use of |arger amounts of the organi ¢ al um num
conmpound does not lead to an increase in t he proportion of alum numin

the titani um conponent. 5 2.2. Pol.ymerizations using the catalyst

pr epared accord- ing to 2. 1. 2.2.1. Use of catalysts not separated
of f For the synthesis of UHWYPE, % e catal yst types K3 and

The inert diluents usually used for the Ziaegler low-
pressure process, such as aliphatic or cycloaliphatic
hydrocarbons, e.g. butane, pentane, hexane, cyclochexanse,
nonane and decane, are guitable as a reaction medium for
s the polymerization. Furthermore, gasoline or hydrogen-
ated diesel oil fractions which have been carefully freed
from oxygen, sulfur compounds and moisture may also be

used. Their boiling range is between -5 and 220°C,
preferably between 65 and 180°C.

10 The molecular weights of the polymers can be adjusted in
2 known manner by means of molecular weight regulators,
preferably hydrogen. The ratio of ethylene partial

pressure to hydrogen partial pressure is at least 10,
preferably 40 to 1600.

15 The polymer is separated off from the suspending medium
under an inert gas and is dried. 1In the absence of air
and moisture, the suspending agent is reused for the
polymerization without any intermediate treatment.

In the Examples which follow, the invention is described
20 in detail but is not restricted to the embodiments shown.

The foj.lowing values are stated for describing the
polymers:

Mean particle diameter; determined by laser diffraction
using the particle zize analyzer Helos-Rhodoz measurement

and evaluation system from Sympatec GmbH; optical con-
centration about 10%.

25

g _value; thisg serves as a measure of the width of the

paxticle size distribution and ig expressed by the
formula

30 4a(90)
& = log

d(10)

'd(90) and d(10) are the particle sizes at 90% and at 10%,
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K5 are used directly after the preparation, i.e. neither 10 filtered off
nor washed, analogously to the process descri bed under 1.1. Conpared
with the reference catal - yst KO, the reaction tenperature is reduced
to about 78[err]C and the nolar ratio of alumnum (IPRA) to titanium
conponent in the reactor to about 3.0, in order to 15 establish an

et hyl ene partial pressure of about 0.25 Mra. The hydrogen content is
adj usted as under 1. 2. 2.2.2. U8e-of a catal yst separated of f

bef or ehand The, pol yoerd zatjon, i Mk as_ described under

2o A o SENARY R GhEr bhRl o B0 B EEr ERYe S S8 LhRERRARR (1 1 he
suspendi ng &tidih inaznresing wddtbeaf the partigis @iee distribuRbemlts of the

pol yneri zat izgr esperi Y@t #alue: thiGt abyoée Yiael b measubMBanngagne s val ue
Bul k ZST T ticl

di anet er moleculazyp%ef.gatofa%/ is [?%'I"? ned accoxrding tczi:[egﬁﬁly 25
[NNnnfer§]] 53 483; ~ mol of Ti]
Bulk density: determined according to DIN 53 468

Example 1

1.1. px rat of the basge st (catalyst according
to the prior art) . ' '

10 44.1 1 of titanium tetrachloride are metered into 230 1
of a'20% strength by weight solution of isoprenylaluminum
(IPRA) in 200 mol of hexane in an inert gas atmosphere
and while gtirring at a temperature of -10°C in the

coursge of 7 hours (corresponding to a ratio of 1 mol of
15 Ti to 0.5 mol of aAl).

The reaction is complete after 3 hours. More than S6% of
the Ti(IV) used are reduced to Ti(IXI).

1.2. Polymerization using the catalyst prepared according
to l.1. '
20 The polymerization is carried out in one stage in a
continuocuzly operated plant with i:ecycling of the reac-
~ tion medium. Gasoline purified over molecular sieves and

having a boiling range of 140 to 170°C gerves ag the
sugpending medium.

25 At a reaction temperature of 80°C and a yield, based on
catalyst used, of 1.7 kg of PE/mmol of Ti, the resulting
ethylene partial pressure ig about 0.32 MPa. The hydro-
gen content of the gas phase is about 0.5% by volume.
The ratio of suspending medium to polyethylene (in 1l/kg)

30 iz 4.3. The activator (= ZIPRA) concentratien in the
reaction medium fed to the reactor is adjusted ec that
the molar ratio of aluminum to titanium component (based
on the amount of titanfum originally used as Ti(IV)
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1 1.1 150 0. 43 450 0.24 30 K4

2.8 160 0.39 460 0.24 K5 3.3

0. 43 445 0.24 Ref erence experinent 1.2. KO

1.7 210 0.51 370 0.24 : :

- 11 - . Patent C ai ns 1.) A process for
the preparation of pulverulent poly- _ ¢ et hyl enes having a

vi sconetrically measured nol ecu-

10

1s

20

25

30

35

compound) in the reactor ie about 10 : 1. The molecular
weight of the polymer is controlled via the hydrogen
content of the reactor gas phase. The following product
properties are obtained in a reproducible manner in two
parallel experiments (A and B):

Experiment  Experiment

. A B

Mean particle diameter [um] 210 200

g value ' 0.51 0.51

Bulk density [g/1] 370 380

ZST wvalue {N/mm? ) 0.24 0.24

Ex le

2.1. »? aration of a alvet accordin he inve n

The catalyst (R0) described under 1.1 is diluted to a
concentration of about 40 mmol of titanium component/1
and treated at room temperature with IPRA (K1 to K6). A
deepenitig of color £rom reddish brown te dark brown
occurs, depending on the amount of alkylaluminum used.

The degree of reduction remains unchanged. On the other

hand, the content of chemically £ixed aluminum in the
catalyst solid increases from 0.2-0.33 : 1 to 0.6 : 1.

To determine these values by atomic abgorption spectros-

copY., thg catalyet is filtered under an inert gas and
washed twice with gasoline.

Catalyst Catalyst treatment Bound al
‘deaignation Ti total : Al TL s AL
. KO 0 1 :.0.32
Kl 1l : 0.05 1l : 0.21
K2 1 : 0.1 1 : 0.23
K3 1: 0.5 1: 0.55
K4 1:1 1l : 0.45
K5 1 : 2 1 : 0.5
K6 1 : 8 1l : 0.4

After a zreaction time of 24 houra, the catalyst is used
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| ar wei ght of at l|east 10[err] gOnol and a bul k density of 350 to
460 g/, in particular 430 to 460 g/l, by pol yneri zati on of
et hyl ene at tenperatures of 30 to 130[err]C and pressures of 0.05
to 4 MPa in the presence of a m xed catal yst, conprising a
titani um conponent and an organi ¢ al um num conpound, and a
nol ecul ar 10 wei ght regul at or , .whi ch conpri ses obtaining the
titani um conponent by reaction in two gtéges in a first stage a

Ti (1V) CO”pQHPdtﬁi | BOLARELEGAD 6 snowe nall GaNIG AuEARLOMOUNG

at -40 to 14Q[err In"a titaniumto um num of 1
© 0.1 to 1 i9#ppigal conditigng;  khe Pﬁsaﬁﬁu&exsraf EFHSERd OEnFhe n a
second o:ganietsgmimbe doapoundndpes st lafad lte &hr Shcsdome ibﬁl ng

aftertreate n OgpRU 0.t
150[err]C i ghgl %rg gg: ?o$gfﬁ&§gam um%t %I qu%"um c°mp°nené of 1 : 0.01
to 1 : 5andthet|tan|umcom 20 ponent belngforrredlntothe m xed

cat al yss wi nhzanm;;g_u:m_ﬁmar@ then cEtaDYBeUBHepdréd IMdcdcg-at i o of
tita- gigmyto alumnumof 1 : 1 to 1 : 15. 2.) The
process as chl rred In claiml, wherein the ' titani um conpound used
in the firs@-2rkgeUse Bf FREabyete not gepamAteSriofdR{err])[err]x, where n

i S an i nt eg@brofthier @mthesis of UEMW-BEaNthé& edtilyse tgssd KAl amd

o ! O U5 Rl corectay JRTR ookt 4 il daih oo

filtered off nor washed, analogously to the pxocess
described under 1l.1. Compared with the reference catal-
yet KO, the reaction temperature is reduced to about 78°C
and the molar ratic of aluminum (IPRA) to titanium
component in the' reactor to about 3.0, in order to

is establish an ethylene partial pressure of about 0.25 MPa.
The hydrogen content is adjusted as under 1.2.

2.2.2. Use of a catalyst separated off beforehand

The polymerization is carried out as described under

2.2.1. A catalyst type K4, which is £iltered off and
20 washed with the suspending agent before being used, is

employed.

Results of the polymerization experimente:

Catalyst Yield ©  Mean par~- s value Bulk Z8T

type ticle deasity
25 diameter
{xg of PE/ {pm] (g/1] DN/men? ]
mmol of Til :
X3 1.1 150 0.43 450 0.24
30 X4 2.8 160 . 0.3% 460 0.24
4. 3.3 180 0.43 445 0.24

Reference experiment 1.2,

- KO 1.7 210 0.51 370  0.24
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18, preferably 2 to 8, carbon atons, and the organic
conpound is of the fornmula AIRerr] X[ err], where 30
Rlerr] are identical or di‘fferent alkyl

in particular 2 to 6,

al um num
mis 0, 1 or 2,
radicals having 1 to 12,
carbon atonms and X is halogen, in

particul ar chlor- ine or bromne, or is a polyneric organic
al um num compound, in pa[t'éful ar isoprenyl al um num + 35 3.)
The process as clained in claim1l or 27 wherein the . reaction

bet ween the titaniun(lV) corrpouﬂ@_[}g té)_e,,.!-m,s

- 12 - . al um num conmpound 1S carrred out at tenperatures of

-20 to 120[err]C.

1.) A process for the preparation of pulverulent poly-
ethylenes having a viscometrically measured molecu-
lar weight of at least 10° g/mol and a bulk density
of 350 to 460 g/l, in particular 430 to 460 g/1, by
polymerization of ethylene at temperatureg of 30 to
130°C and pressures of 0.05 to 4 MPa in the presence
of a mixed catalyst, comprisiag a titanium component
and an organic aluminum compound, and a molecular

ie weight regulator, which comprises obtaining the

titanium component by reaction in twe stages, in a

£iret stage a Ti(IV) compound being reacted with an

organic aluminum compound at -40 to 140°C in a molar

ratio of titanium to aluminum of 1L : 0.1 to 1 : 0.6

to give a titanium(III). compound and, in a second

stage, the reaction product of the first stage being
aftertreated with an organic aluminum compound at

-10 to 150°C in & molar ratio of titanium to alu-

minum of 1 : 0.0l to 1 : 5 and the titanium com-

20 ponent being formed into the mixed ca_talyst with an

organic aluminum compound in a molar ratic of tita-
nium to aluminum of 1 : 1 to 1 : 15,

wi

[EY
(€3]

. 2.) The process as claimed in claim 1, wherein the
titanium compound used in the £irst stage is of the

25 formula Ti(ORY), . X., where n is an integer of from 1
to 4 and R® are identical or different hydrccarben
radicalg, in particular alkyl radicals having 1 to
18, preferably 2 to 8, carbon atoms, and the organic
aluminum compound is of the formula A1R? X, , where

30

mis 0, 1 or 2, R? are jidentical or different alkyl
radicale having 1 to 12, in particular 2 to 6,
carbon atoms and X is halogea, in particular chlor-

ine or bromine, or i a polymeric organic aluminum
compound, in particular isoprenylaluminum.

35 3.) The process ag claimed in claim i or 2, wberein the
reaction between the titanium(IV) compound and the

[ ———

A N
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4.) The process as clainmed in one or nore of clains 1 to 3,
wherein 0.3 to 0.5 nmol of alumnumin the formof 5 an organic

al um num conmpound i s used per nol of titanium (1V). 5.) The
process as clained in one or nore of clainms 1 to 4, wherein the
titaniun(l11) conmpound obtained in the first stage is

aftertreated in the second stage 10 345 . W th nononucl ear or polynuclear
nono- or dial kyl - al um numlhal ides or with trialkyl al um num
conpounds. alufiihum TEEnPEREE SSe aardididredt atotemperdbiredfoLl ains 1 to
5, wherein the t_%aghug%t,{:) conmpound of the first stage is
filtered off and®washed™wi tTh.an inert 15 sol vent before the
aftertreat nent. 7.) The process as clainmed in one or nore of clains

1to 4.) &henpebeebstde diided dhi 6nafok idddd W tRadhiM NELN

'n the second s4A0Gnkzeldn’ §: % b5 dol of 'SGAN in the formot 04 101

s an organic aluminum compound is used per mecl of
titanium(IV).

5.) The process as claimed in one or more of claims 1 to
4, wherein the titanium(IIX) compound obtained in
the first stage is aftexrtreated in the second stage
with monocnuclear or polynuclear mono- or dialkyl-
aluminum halides or with trialkylaluminum compounds.

i0

6.) The process as _cla.imed in one or more of claims 1 to
5§, wherein the titanium(III) compound of the first
stage is filtered off and washed with an inert
15 solvent before the aftertreatment.

7.) The process as ¢laimed in one or more of clzims 1 to
6, wherein the molar ratic of titanium to aluminum

in the second stage 48 1 :t 0.01 to 1 : 5, preferably
1:0.4 tel 1.2

20 8.) The procese as claimed in one or more of claimg 1 to
7, vherein the titanium component obtained in the
eecond stage ig formed into the mixed catalyst with
an organocaluminum campound, in particular with tri-
igobutylaluminum or izoprenylaluminum.

25 8.) The procesz ag claimed in claim 8, 'whereinm the
organoaluminum compound and the titanium component
are used in a molar ratic of 1 : 1 to 15 : 1,
preferably 2 : 1 to 10 : 1.
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20 8.) The process as clainmed in one or nore of clains 1 to 7,

wherein the titani um conponent obtained in the . second stage is
formed into the m xed catal yst with an organoal um num conpound,
in particular with tri- I sobutyl al umi num or i soprenyl al um num
25 9.) The process as clainmed in claim8, wherein the '
or ganoal um num conpound and the titani um conponent are used in a
nolar ratio of 1 : 1 to 15 : 1, 3 preferably 2 : 1 to 10 1.

-13-

PROCESS FOR THE PREPARATION OF ULTRAHIGH MOLECULAR
WEIGHT POLYETHYLENE HAVING A HIGH BULK DENSITY

Abstract of the Disclosure

Ultrahigh molecular weight polyethylene having a high
bulk density is obtained by polymerization of ethylene in
the presence of a mixed catalyst which comprisés an
organiec aluminum ct;xnpound and a3 titanium component
prepared by reduction of a Ti(IV) compound and after-

_treatment of the reduction product with an organie
aluminun compound.

e
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