“GB 2058093 B 1. SPECI FI CATION O ef i n pol yneri zation and catal yst
conposition for use therein.5 This invention relates. to the pol ymeri zatlc@
" of - al pha ol efins and nore particularly to a novel catal yst for 5 use
{therein. For the’ avoi dance of doubt all references herein to the Periodic
‘Fafbl e are to the Mendel eev tabl e as publ I shed in The Handbook of Chem stry
arfi \F’hy5| cs, 52nd ed., publi shed by "The Chem cal Rubber GiB 2058093 Br .RoMert

corrpos'spg'mpfmm the polynerization of a-olefins is provided 10 conprising:
A) an organo-titanium conpl ex obtained by a) reacting a silicon-containing
finel yotéfiwbalmbnsaliohdamnwaﬁcnhnqltbﬁfolﬁﬁ%dngin weight silica with a tetraval ent
tltanlu ound of the formula [ERR] wherein Ris a h rocarbg/ 1ngfaup of
- 1-12 %% f;?‘t?ﬁﬁe'at% tpthe E@V’H%{Iz?}{j’éﬁf%‘r‘i‘d%f"?@“d 'BP’eaFF'?‘Pﬂ"é nowgl cafalysgfoy .

15 b) C% Q \)oﬂﬂnéeb:? &B&q%érer%g o £r9 %aq\xé délé Qarggt al
-‘ conmpoundsig edan THRHahd BMbEin%&H/ i'fﬁy@aes ﬁ“éd q;ubﬁ ﬁ'l'l bﬁmc Q%j,@e,cymﬂ ein

t he hyctieeasbptic. wesate(8,) contain 1 to car bon atom; c) treating the
® produet lokccetiape iyjth thistidvertion at:aﬂvanmntpesmcaﬁaitlnech@;ymrhﬁﬂﬁt)ofa-oleﬁr!saé grovidedy dr i e

.or org&ﬁﬁ?f@t"arllc conpound of a nmetal fromGoup IA I[1Aor IIlA of the
Peri od I tl mumcomplexobtamed Y

t nely divided soli % ei avi
20 Such,] L@ e A D cace
the Y_J,Q:I &land smﬁnlh gé‘io I on I‘OC SSe€s. al'yst, 15
CONMposi ty) o&bnen‘cmtd}héprbm Etb@d’) vd‘fﬁb!ydﬁ@aﬂbﬂl‘ofﬁadomé’ial Soripbluhd &fla aptapnfme&sp A

conpr i s g o{the Periedic Tablegwiwrall thie mrot:arb\ubanﬂs)sodtaumatodmmmatong, dndse wth the

t et r aval @ntreting theiprade ofirpbhwit afjtaniumietiehalidegandne product of 25 step b) with
t he or 6%‘?‘51’ melddass arsencaifr!ic egmronedate mjtat %'Pb?a‘ﬁdlA %pHIA pishe ReFiegic t he

tit a {aiiygn: gs(?tion! r‘ﬁ"las t%§n f%QrLd aqe Jﬂ’e&@h c\?aq%laﬁth%‘ w%é’&f&ﬁ@ﬁgrtm @‘olefl

separ atpgam e fealii ion m Xxture, rocar bon to
renove um'eeam& doEnﬁéH dimsqmmwmy béfaehmédinm £eluttifegiddcaésitoinp@ingd) adavtil a

. CONMpONainj paAicaiste siliabntaining Bast ivthihate@avaRbditaniim gmpeInd (k) caheiatrigniad dratactof t h
Cconpes step bBrithTreorganbinetal-cempruad andrig trbﬂlsethasedquf(@wethe tilenigm tedriabalide.dfe 25
si‘li ca, SOMflnP'@éRda‘Fttﬁ?Fﬁa"e"% isiserargiest o thayeadtienymixiyesy Waghedagjthaidry hydroeqrpogde o,

si | i ca-TZTEHRP ted Fa"\‘gm f Hdy aﬁdw{:‘?'?bﬁ'fb‘h%‘iafafyété’°’88‘ﬁ’te%trﬁasFéﬂ'd&“??'ﬁ% about
80 to IO wﬁ} %Tafta.n L6 Lo T stop 4] Goriats bfAHa, SlidalofiRtineC ke BHaPHIRRAHORY
conv gy tsiieddhdia/ sili@FR o%é'd?%u@&r@élhth&lﬂhé@l&a@Jh%n@r@ﬁe@ﬁérphﬁo%{m@@mﬁ%laﬁkds of 3p

f or mat ipefted Thevedribusaficg3ltyrSheqidphigd Bankértinala einployihdirecitaldn@dsd @preéipiedtionet al

oxi de. ridtwdbefé@matoneaivell asebysicallyaiixingxartiznlate Saidn¢feathimetabexidet The basgisch t hat
undue d’é'é'f’%’a% @!’ gtpn ‘E'?Yé"elé t?fbr;pare@r@wféhﬂs P"‘ib'e pesreass 't@ﬁ?e ﬁtsfai;ﬂﬂ'arabnpev@fanys ngt f ect ed.
b T e ,gfg B oL o AR U 2P DL L e e | B9°
t enper at%?et aIeTn arflh dorfboli¥s BRAISRS irf B (aPdrb brwe;amyqa‘an.gatamb,mg.nvﬁ,&hmde from
the si lalkgigyraub$fthé dMkidectins Irb@ 1tddbb@\ 2taativth alois 2hiebp¥cicIyppdetRd Sortgthdiyed i n
st ep( a)titaniven tpraciéapraplokige. Thettetravalent it kio cotemunds cavheekpredsed aa TRYIORG L duphicf  t he
al ko9 d’es %’Uﬂth‘?rP@ drqupigpritaining fmmo ajjqut t?awematavmh aSAHV'éyﬁ@%'inFW'ya'ﬁr ef er¥Ped
conpou at't"l‘st e X igap %ﬁ\g Y pfaming ?‘?’M'%Wt‘“‘?qef At conpounds

can be S r%e%‘ a c ds(;ncl orl tnhy W’Eﬁ éi& ?gm ai m ng
from 1 :étﬁb bibdet %&é’&m.&u&‘md. Mi\eth&ngg A& mhtrﬁ,F e

conbuma;moqaé;asamhtuaes al karyl, X is a hal ogen usual | y brom ne or chI or|4ae
and n i sThaprgemvivegpdcompour mreierdbly Eovpd o step fb) is seidcb Frem oo RtENemMEgherde
i tani GWCGU‘P%H qun@&qanqqlwnamnumpewamnmv%thetept ernﬁewhhvpewmmm@r de,

tltanlﬁiﬁ;{"’( mj) tltanlumtet % +1 ] ,]&g%
et gp AT Kiiighn ﬁz&:ﬁ?&,gkm e R e s
titanl endikGiy cQ;FJQSHtﬁr‘i ot 1 @abo altbbﬁ #brhd! Bpdciit anmas suitable compounds include
dimethylmagnesium, diethylmagnesium, n-butyl-sec-butylmagnesium, di-n-pentylmagnesium, dldodecyl
magnesium, diphenylmagnesium, dibenzylmagnesium and dlcyclohexylmagnesmm
-+ The organoaluminum compound can be expressed as AlR,Ya.., in which R is the same as above Yisa
55- monovalent radical selected from among the halogens and hydrogen, and b is an integer of from 1 to 3. Examples 55
. of suitable compounds include trimethylaluminum, triethylaluminum, tridodecylaluminum, tricyclohexyla-
‘luminum, triphenylaluminum, tribenzylaluminum, diethylaluminum chloride, ethytaluminum dichloride,
ethylaluminum dibromide, diisobutylaluminum hydride, and the like.
The tetravalent titanium compound used in step (c) can be the same as described in step (a). Generally itis
60 preferred to utilize a titanium tetrahalide, usually titanium tetrachloride because of its ready availability and 60
efficacy in the reaction. If a liquid, the tetravalent titanium compound can be used neat. However, it is often
more convenient to employ it dissolved in a dry solvent such as n-heptane to insure better contact with the .
step (b} product.
The mole ratio of silica to tetravalent titanium compound in step (a) can range from about 5:1 to about
65 100:1, preferably from about 10:1 to about 75:1, ) _ . 65




.54 but oxi de, and m xtures. o

The organonetal conpound preferably enployed in step (b) is selected

m anong an or ganomagne- si um conpound and an or ganoal um num conpound or
givbi nations thereof, preferably an organonmagrie- sium conmpound. The :
organgmgnﬁgbgﬁ@grg)ound can be expressed as MJR2 in which R can be the , e

sane or different and 50-each is as previously described. Presently = %
pref- erreﬂ_gérngound arlgggl al Eﬁ/l magnesi um coggdundg%(l r} whi ch 50 epacnr(rjogl kyt
group c glq_}x gﬁﬁr

SUi tabI 9 of roups A ndcﬂet %d&?fsrh C aQeusm pﬁ} {.I;]anf;e @%ou ?ﬂ,a out

n-butyl - $@§ephélftﬁé nmgaﬁ,%f um.uﬁlltetrahmaioyllerxaﬂae&l hdlds o@léd?ffbdﬁ‘é?ﬁé' of stsmgrbesdu&m
di pheny karagiye froniabout!1 (0@ 7ty bbEG O] gréteralilgirehh sn60t 10leny bistagnesi um The .
or ganoal aialystirpropmentdvisioremanedibe mixirtesdioch-@stani@Rhely divivdiiingaRicisglidiviith tteame  as

above, \etria‘sa'eat tBQ"W?RmP&PWd?"a@ldGQPS ‘S*E‘F*E‘E!'ﬂ f@ﬂ“ﬁ"@ﬂ‘l‘ “'DQ‘RSM\‘&'I 'étge?rswefnd

hydr oge nbmu c nt n%oft & uﬁf&npou?

compogy }g‘fﬁgﬂl&@ tabooh Eﬁ%f _ Ifrq e L Ji%l&ﬂ Mithet ttiag 3&3! él"hlﬁf’ num
um num I‘I um num tri enz um num

di et hyI alumrnumtﬁme%rrodeste;ebhné ﬁlsthl'lfbl‘wé’éb ds.mb&r@.herdaluemémeakddrghdnuaanphauc '
di br om dexyclehlipisatitybidydcarbonsisneinas butalvel hetan@ hekabda Bepkank.@yclohlent, etettaicedichatane,
t | t ani umweﬂwemmdthlu@dcqrwnsme'pd (q:t)en@anarlqéoltehe Geparellveayy welkknowbindrti n st ep

Yﬁ: n dilugntican %o utlllzettat | tanium tetra rrxlldeb/c 18
usual I yto abit%f? 531 g@ﬁrﬁg?}gﬁt:f%ggt I% w E%ﬁﬂsan ? 60
ef {1 cacy gl .crc i totel hinFlg il el UsdalNFend TRAiBI QU AcH E ameumtcormoun
can be dgaRtagRMly at BRWRERLure df boCltabBii3648 td6R aﬁmétﬁaﬁure ctloﬁ TRERbaNg it :
di ssoioved\pbnatuaegihgfals,cehmméd Sz prefesaily raxjes fidheakioot 201C30ls@UbIB0CEr cont act vvrzbh
the stepT bl)en ir fthecontacfihgperioll eanvary peatbfwithithe tiow peripdigerarally naing fror alout Wn
conpoun can ran e rom about t o about 100:1;

&4 ﬂ"‘é @gﬁjﬂ} f b 5:1 b 65

pr ef er abl eoLEPa ti H“'u‘fa stfomponentA catalyst componentAcan be’ .
65 emen m SI caina hydrocar trava ttlti i um
252compoun urloq érf&.ul?a or! ihdr era a l'ytn‘;‘elﬂ

CorrpounquJbQN@QleﬂltBu&tagﬁbrﬁ'lal)peﬁt%e(?ﬁ g@ruaereraﬂheméraewa @tmamms&r@naent of
G oups tdmibl@sdithk ldadioabntbiitearPsiowip Héated Tathb @fludderhperadire of tidaystéanda ange from
about  0mBintainedataimbtemp@8turefor aspif¢ient adyloy of timmrte efbgtueactionlﬂteoeaaﬁmmtodmcab be| n
step (c )=°°ﬂeﬁ'é° ?PBP'esaVéﬁC@"@Tmt dtt'aﬁPftfnP'tgé %ﬁsaﬁrswa@r?tsaméme ompguitblhes of
corrpo??ef‘ﬁs ore a ? erg)tslt\: mi: ur perlo Q? e nt{ﬁd% tpprlo (¢] 6ray%eg1tlt€v§:l:abomsol
to 1, pBﬁ Eﬁte 5|f&rﬂaﬂ 31 i o &P eI“S/ f’ onent
Ais prera.era@ pdReiBh rhé sncaly .l.daeno@maﬁ\alanb%ptmmrléremsuuded,l .hseverceam C
sol i d wirbh Gkdu@s IASIA aal BllA@fthe PdribgiaTdblia The pletemad cdimpdaid t6 bewibed as@brapodant®@is al | |
f orm 3 bigesmluminuocietmacunidmdich cande cipres@tamhbg theifaymula AlR' et Ingvdhich Bdsthbeameed. fasr
the ni xﬁﬁgentraera'eeh\n’goca'ﬁen @é'm' a'tift‘?leﬁ@’%FU‘#‘H@U?%PM@V@WbW%kW' erilkal. wi de
vari anc fr e natgr?%l @lec I Y é;pr)] fe ent radical selected :
ce

halo ro bisan |nte to 3
o o AT %aa.pm e P oD o
such ﬁstrﬁ)h%raﬁl nldrh trl%erlealun'ﬂPlﬂ iet |d§@| l@ld yérl’t‘l@ eglﬁfaruavalﬁnt
titani Uminum diflorl@BJARANRGlIke) N Car ryi'ng out the various steps of the instant .
process &hsamdunbdfeockniysticodipbnestB) emplnyedavith thedatalyst [romporahtiAbitaing polpmerization
cycl oal pmvamreherwfdlebrérambbﬂsﬁ 82 romolg gerlljier wprior coruentsimaboui@ mnie pepliertreagor
cycl ohe £ %Eg; suﬂa ’e\Rlé‘F'f‘e‘iaaéaQP'i‘}rﬁ‘ﬁf‘l"fd rryaertse%“b%%“m?lermdl ng
ata

benzeﬁ’e"%g‘ b B! & O bmdrR&loh ofRolidr ocar bon di | dnt

pol%@.zzﬁaen r6dst &xd ba m@a mlam&cm.eeczﬁ ine@BntinBousMshibesy Pipioy@gasy al | y
at t enpesnbntioRs mobe df Behtdcoltgteen theaktait syskefdnd the mahaiér of tabidmevd. THus thae
deconpogioheroer carerepelyaibriree by whtattinith the bataly=bystetn it soludinn. imauerenpiou oris gaeais t he

ot hersop ﬁ@mem&rqﬂrres re'mmétsrrrtﬂ?o'ﬁé?ép% pridpgessues rangiriafiom abayt gimogoherigtoj nj t isal
cont act P ‘b%ﬂq pﬂ (6@ l l(\f paly erization process cari be conducted batchwise such as in a stirred .

reactor or continuously suc as inaloop reactor under turbulent flow condmons suff' clent to mamtam the
catalyst in suspension. .
The catalyst of the invention is partlcularly useful in the polymerization of ethylene, either’ alone thereby .

55 to produce normally solid ethylene homopolymers, or together with one or more other aliphatic 1-olefin 55 -
containing from 3 to 10 carbon atoms, or conjugated acyclic diolefins contamlng 4or5 carbon atoms, S
thereby to produce solid ethylene copolymers. In such polymers, the ethylene content can range from about
80 to 100 mole percent. The polymers can be converted into various useful items ineluding films, f|bers pipe,
containers, and the like by employing conventional plastics fabrication eqmpment o _

60° ltis especially convenient when producing ethylene polymers to conduct the polymerlzatron inthe - " 60.

- presence of a dry hydrocarbon diluent ineft in the process such as isobutane, n-heptane, methylcyclohex . '
ane, benzene, and the like at a reactor temperature ranging from about 60°C to about 110°C and a reactor
pressure ranging from about 250 to about 600 psia (1.7-4.1 MPa). In such a process, particle form
‘polymerization, the polymer is produced as discrete solid particles suspended in the reaction medium. The.
65 polymer can be recovered, can be treated to deactivate’ and/or remove catalyst resldues, can be stabilized 65 .



‘advant ageously at a tenperature of [ERR] to about [ERR]. to avoid any . (g;
.premature reaction. The nixi.ng 20 tenperature generally enployed, nore .
‘preferably ranges fromabout [ERR] to about 150C. 20 The length of the .
¢ontacting period can vary greatly with the tine period generally rangi ng
fromgbout 1/4 to about 10 hours. -As an exanple in the Pr €&y gisiogd) gOf nca\)/el
cat; 514&40@0&&4 A, rmalvqr canponent A can he conveniently prenared
contactin sI urry a"|‘ |rea Ig a h rocarbon Wlttaf;‘ "Eehle Itpetr ava al enttl tanl um
25 conp fﬂla&w‘rﬂ%c ntg sucrﬁacfh\:?;{'ﬁg en'calgl emp oye§ﬁ§1e rea toraésrs"j%owrgil(f r e'art odd ust
prefer ,y,olg&,laawgl tldhh d%’ird PLEAT BOn al o ae uch as
nor mal pentane, n- heptane cyc ohexane, etc. .at_[ERR] When m xing is
conpl et Bdmple WEatayeFreporatisnt ent s are slowy heated to the refl uxing 5
t enper at Aseiendf cothipstswasipeaprrambly cvataciing catabdic géalitylparticilaepied siticasiorred in agout '
asufficitam ?f@rhewewfth thP?l@C'f'@ qufrftiygf tetravatent tigniumemppund emplovin %@Qm‘:(w@‘hn be

cool ed 'E°8° eauizpggfor teg% "arngt%e il thﬁatﬁreanlﬁrreg@%gg by
*heat o8 & - %wa °§f§e§ ﬁ%q]éiﬁ'g\dmmﬁ 15 la8tath G AN Mﬁg"%gu;pen
gwas T parti at i

hal i de, detmm@mamadhe, nqacndnd dshingihy bur@raieetrhdmmbm 800G Be{wredf mﬁexs:temast and
cool ed gmdin@entbre sec@od The produativasasdul ongr a®farh Waterhathtahdwidighied tosteterroine the yield,

ti t ani unhitopringand raepvery orRrRIong weregondicted Datday bpx undepmpiteaen or aRIon gtmpsphereal | i c
hydritBle e YPHEA R BIATIAS ERIQYRD SilTptaftmalesptipsad rpste prgpiverin ddlledet ed from 16
Goups IA IIAand II1 A of the Periodic Table. The preferred conmpound to be
used as conponent B is an 35 organoal um num conpound whi ch can be
represented by the formula [ERR] in which R is the same or 35 different
and is a hydrocarbon radical selected fromsuch groups as al kyl,
cycl oal kyl, aryl, alkaryl, aral kyl, alkenyl and the |ike having from1. to
about 12 carbon atons per nDIecuIe, Y is a nonoval ent radical selected from
anong the hal ogens and hydrogen, and b is an integer of 0 to 3. Specific
exanpl es of organoal um num conpounds i nclude trinethylal um num.
triethylalum num tridodecylal um num tricycl ohexylal um num 40
triphenyl al um num tribenzyl al um num diethylal um num chl ori de,
di i sobutyl al umi num hydri de, ethylalu- 40 m numdibrom de, and the i ke.
The amount of cocatal yst (conponent B) enployed w th the catal yst
‘(conponent A) during polynerization can vary rather widely from about- 0. 02
mol e per liter reactor contents to about 10 nmmole per liter reactor
contents. However, particularly good results are obtained at a Mre
preferred range of about 0.07 mmole per 45 liter reactor contents to about
2.5 mole per liter reactor contents. 45 As _
i ndi cated, the catalysts of this invention are useful in the polynerization
of a-olefins. The polynerization process can be effected in a batchw se or
in a continuous fashion by enploying any conventi onal node of contact
bet ween the catal yst system and the nononer or nononers. Thus the nononer

. can be polynerized by contact wth the catalyst systemin solution, in
.suspension, or in gaseous 50 phase at tenperatures ranging from about.
20- 200C and pressures rangi ng from about atnospheric to 50 about. 1,000 -
psia (6.9 MPa). The polynerization process can be conducted batchw se such
as in a stirred reactor or continuously such as in a | oop reactor under

S urbulent flow conditions sufficient to maintain the catalyst in :
tuspensron The catalyst of the invention is particularly useful in the

pol ynmerization of ethylene, either alone, thereby 55 to produce normally
solid ethyl ene honopol Vhers, or together with one or nore other aliphatic 1
-olefin 55 containing from3 to 10 carbon atons, or conjugated acyclic
diolefins containing 4 or 5 carbon atons, thereby to produce solid ethylene
copolyners. In such polyners, the etherne content can range from about 80
to 100 nol e percent. The polyners can be converted into various useful
itenms including films, fibers, pipe, containers, and the |ike by enpl.oying
conventional plastics fabrication equipnment. 60 It i's especially
conveni ent when produci ng ethyl ene polynmers to conduct the polynerization
in the 60 presence of a dry hydrocarbon diluent inert in the process such
as i sobutane, n-heptane, nethylcycl ohex- )




benzene, and-the.like at a reactor terrper ature rangi ng from about

to about 110C and a reactor pressure rangi ng- from about 250 to

600 psi.a (1.7-4.1 MPa). In such a procéss, particle form R,
rization, the polyner is produced as discrete solid pafticles -~ o,
- suspended jn the reaction nmedium The 65 polynmer can be recovered, can be.,
treated t FEFLERPI8 B e and/or_renove catalyst residues, can be st abi | | zed‘u
65 13. -

GB2058093 B 3 with an antrpxr dant system .and can be dri edi all a

known i-n the ary t® obtai n_‘the_.frgal product Al so, _nol ecul ar. weigght
control's such & drogéa cgn ?e 5rrp_J_oyed in the refctor as is knmown in the
art to adjust she SwlecEFars vve;rghs of the product, ©f des:'red SExarrpI e 1,
Catal yst Preparation . - K

5 A series of catalysts was prepared by cont actr ng catalytic qualgty

partr cul ate dLl“éed sr Itca,slélrrd,ed\r NgabqQut 200 nik oL n- hex.ane W t the
specified qtﬂ%ﬁ ty of tefraVval®nt=tiPantum conpotund=enpl oyi ng
round bottogd El ask equi pped for stirring and refl uxing. Genergl : the
stirred m xt3B& was refluxed about one hour, cooled to about [& and the
specifi ed a®@ Q;f aj kyJ, nsagnesrd,lm.corrpound added .;,Thss MaXt Ur@ was lo
stirred about M nutes at about[ ERR]S tHe tit&ni Um et FachlBrikle added,
the mxture was refluxed about 1 10 hour cool ed to about - [ RRE and -
stirring was di scontizhued. =The paticul ate;sol id magerial waﬁge vered by
decanting tige rgot Ber 3 i quoro ard vEshE ng_t h% par td cu§at§ sal i @SN tH about
300 m port@o‘@g off nShexand fi% st arl nZpent ane secBnd® The Srogugt -

dried over @ ®arm water bath and wei ghed to deternmine the yi EIQS &\ | am'xi ng
and recover ¥ Gper gt i @s ek Ppnduct@d Fn A @By PoxgurBerga '
argon atnospher®, Y15~ The quantiti €s df mat' eri al s enpl oyed, -
nole ratios, and results ang grven in Table I. 15 [ERR] F=2zo6
[ERRI 5 3 o ez=
GB 2058093 B Eganpl e® - Etatyl“ene“ Pol yrter izati of A3. & liter T
stai nl ess. steél reactor was enployed in each run. It was condrtionedgor
each rug by3ghargipgdt wtgh aboy 3 liters of dry n-heptarie, closin " t he
port, aﬁd héht igng g he r éactoor @andg contents at [ERR] for 30 'mi nut es. e
“reactor§was drained and residual heptane purged with dry nrtrogen Trge
react—or%S was then c| osed and cocﬁ eci; urﬁen\ nigragengprgssyre to 2oomE
terrp%ature ;3 '9 3 S 5 8hey ccgtdrgrcgtecgr@ctor V\Eis p@ ged
wi t hadr g i sobufane v&pof’ aid 3 nf° of cStatal y%t Fol Ut iBn Tontaingng 15 wt.
%trret&ylalugpnum(TEA) in dry hept ane (2.8 nmol es TEA was argeadto
it. TheScatal¥st wasgadged, the rﬁ’earﬁpor‘“ clpsed], @boﬁlt @ I1@tersgo08 dr§E

i sobut ane char gede t peact ok amrd contentsd weres hedt ed td abogtS [ ERE] (or
[ERR]), and the ethylene and hydrogen, if used, added. 10 Eagh 3un el
term nated by flaghing tde get hyl ene gand |$)buaatg aRd Syd.?ogétp f prﬁéent,'
fromthe reac_to.r, 5 10 Tig- rﬁ)l ymerg weg thergrego \/§re§ §r|§d ?ﬁ gh%d to
determ ne the;ya el @(pressed as gram; Each pol ymer yield V\mSﬁ Vi

the wei ght ofScatal yst in grams tp deternine the_cal,culatgd GhEBRy g_g
productivity E,hrchrrs e>5;pressed |°ﬂ t‘erms oj qfan‘E pRI yet h$l erﬂe%p@r ZEFn
catal yst per hour 2 2B 8IS
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-One run was conducted at 1 00C for one hour enpl oyi ng an ethyl ene parti al
. pressure of about 0.90 MPa-15 (145 pS|a) and a hydrogen partial pressure
about 0.17 MPa (40 psi &) . Ethylene is admtted as required 15 during
polymerization to maintain the desired pressure. ‘All other runs were
condugted at 80C for 1 hour in the absence of hydrogen by an
et hyl ere—partial—pressure of about 069 Mea (115 psia) @Egh%?& of

eac cq%gl %t £ mw¥qg nol e ratios enployed and results obtalned -are

merizatiorn '
S hovvn : A? tgﬁﬁd stainless steel r 2058€ gfoyed in ea LE ?tw% c%Xdlteone a¥ ra r“bzat ion 5
Run charg out 3liters of dry n*| ep bé?ng the port Xégzﬁ'ﬁg the reactor &H{e gﬁ

"Remar ks175°¢ for 30 minuteS. ThPreactor was &¥gined anfl residual heptane pur dly nitrogen, Thereactor
Pr oduat wasitlieyi cloédd.and cooled under nitrogen pressure to roojt€dnpbrature. A - 0.1360 - g0
13.0 The conditioEd @actor was purged with @yligobthne ¥8por and 3 ml of cocatalyst solution containing

v-10 2 15 wt. Ypriethylaluming EEA) in dry nsheptane (2.8 mmoles TEA) gygs charged to it. The gagatyst was
060 3 added, e actor closed about 2 l s of dry isobutane chggeji, the reactor and contents were-heﬁﬁd 95 4

abou r. 100°C), ethylene and hydr 5n, if used, added.
: 10 Ea as termin flashing ﬂf yle e'and isobutate a%l;ygrggen, if present, f the reactor. 1%
15 S The-polymer was then red dried eighed to determine t ield expressed as gr
E éi ymer yneld@a@dlwded by the weight alatalyst in grams to defe?ling fhe calculated catalyst

20 7 producfivity which is expbésded in terms®f grams polyethylene per §8m catalyst per hour1750

| nve nt i ofnggun was condBcted at 100°C {p4Gr2 hour empyi8g an ethylene partial preggure of about 0.90 MPF G0
25 160(145 psia) anp.|a hydrogen pa%gypssure of abgutd).17 MPa (40 psla) Eshylene is admitted as required

156
| tion to maintain the desired pressure, All 9ther runs wer onducted at 8% g’ 1 hourin
4030.( 2:%‘ ng?ﬂ 5 H % v employing an ethylene pa §b'2§ssure of ahout 0.69 MPa (116 5 >. 4

208 ed, and re r obtained are showrllZIQ’able 2. -

The quantit alyst employed, mole ratlos
2770 30
30 12 ' . 0578 5.5 128 2210 13 L
. 0581 5. 5. 115 _ 1980 35 14 : M . .0621
5.1 123 1980 " 35 15
N . 0470 6.8 177 3760 Notes: (a) [ERR]
reaction tenp., ethylene partial pressure is 1 MPa (145 psia), hydrogen
partial pressure 40 is 0.28 MPa (40 psia). Polymer nmelt index is

0.5. Hgh load nelt index to nelt index is 38. 40 (b) Calcul ated catal yst
conposition and cal cul ated residuals in the polynmer assum ng no al koxi de
groups renoved by. the washing procedures and that product weight |éss
silica less Ti (OR)4 weight equals weight of [ERR] in the catalyst. 45

Catal yst W. % Conponents Pol ynmer Residuals, ppm
45 Ti - 3.4 _ 8.50 - 4.0

9.8 50 :

50 My -0.8 _ 1.9 Silica -81..7

200 : '

o*"



55 _ The~cal cul ated productivity of the conponents m nus the
.ica can be determned by 55 nultiplying catalyst weight by 18.3%to _
-ayn 0.01180 and dividi ng polyner weight by this figure to obtain 22,100
‘b'yet_hyl ene per g catalyst per hour. The results gi-ven in Table 2 NG

cale tggézé)gg%%g Eventi on catalysts of runs 7--15 provide sone inprovenept -
in 60 poly uctivity (runs 7,8) to nmarked inprovenent in polyner —“\J
productivity (runs 9,10, 11, 15) relative 60 to the control catalysts.. ¥
Productivities tended to increase w tTBtE Bi.ca cal ci nation tenperatures up
to about [ERR]" which- suggests that the productivity is dependent-on the
concentration of -surface sil an'olg'&(gﬂﬁ%’ﬁ’eﬁ??ﬂ nent. runs showing this |isted
in ordgrenf ascepslicng sili cayCplo natiﬁggn;efenperqia“m@tegn par engdnapgs are 1g
([ERR]%Nﬁl ([WRl) g 10 ([ERtgkaty 9 ([ERR]), 14 (Frddabliviy 65 The catal yst
used in control run 1 (catalgsst A) was preparedgg the absence of dial kyl
magnesium The 65 - 7 - : . L I N h
GB2058 093 B A 073§% oducdd vity val 08%0f about®db is very $tPY n o
conpari®son to the pr cti vibl / val ue o'1f about 17&) obt ai ned i n Jnvention®

B . 00 | _ : -

run 8 (ca?t alyst® G . %g(#’al yst % was prepared in tge- presence of di al kyl
magnesi urg The gcat al yggs usedsd n controlggruns 2, 3ggcat al yst B) wag prepared
by reacting dial kyl magnesiumdirectly with silica which was followed by a
met hanel 4 reat ent anassthen 265 it ani um B&trachl or9ge treat nent. "The .15
productivity value of 5 about 1650 for control run 2 indicates a relatively
active cdtal yst? was W¥ared?al most ad'active ad®®everal of 5 the less
active inventi cat ts. n 3 was de to d m ne-if unuswal shear
respon‘,ges% m gh%nbe o%ltsg:'xlsned vi\n&lth t he control ca?tglﬁ\t{/st. However, the nelt 2
i ndex of 4 he pdyner gegs 0. 557 The rati @gof "high 47emad nelt i ndaxentian nel t
i ndex was 38 indicating that a nornal shear response was obtained for this
- polymer & the Grelt iodtlex fobhd. Melt i8dex is d@®rnined in accordance
with ASTM D 1238- 65T, condi ti@n E. Hi 1I oad 10 ﬁ?&(kz'jlo'a X is determned,in
accor &nckt wi t i ASTM®B*1238-85T, condithon F. ARgh“ratio is believed td
10 indicgie that a brggd nolggul ar weiggt distrigdgegion pol ynmer i s nmade and
a lowratio conversely indicates that a narrow nol ecul ar wei ght '
di stributi on pal yrmer .dess nades.2ln controo run 4 (& al yst C}, a zirconi'um
t etra 39- but oxi de- n-but anol conpl ex was _substituted for the titani um 30
i sopropo¥3 de usted in9Benti®h run-9 (Bltalyst &'ith considerable loss in
productiyjty as the v es 9 relativg.to 4030 arly show. Control run
15 5 (ca\t(éal ystSlD) anc‘fgéﬁntro%gr un 6 (cgtsal yst E)ﬁéfow the effects of
substigguted et hyl al ungepum sesquichl ori g or i s1980 | i con tetrachoride foms
the titaniumtetrachloride treatnent. The productivities obtained, 720 and
1440, indécate Mel atias@y acbBve catal ¥@ts were PPepared but were '
consi dered to l?e1t 90r %I]oiw for furlt hgr ,i| nrt eeresstT %31{4 tiiveh Lo gont nraPIresElHQS
M Ll ot s s TR
product vi ti e, r i) G & P SR G bl N 40045 B als kK By fePddSréind o aikoxiad e
of about 1750 t0gRusH &adB\Pthémhmysfwé&ueéEmﬁatﬂrp&@n&éigt&ti)sssmciiassrmep)ect|ve
val ues of 4030, 308Gnibasdh vaniht FT00.in hbetayepor t ance of 20' silica -
cal cination tenperatures upon productivities of Cgt algﬁt S, qeri ved fromt Qﬁm
are ex®mlified FHAVKPERTEWOPMS 9, 10, 11, 12 and oA 'GPU&P"of ascendi*Ag
cal cination tenperature thesgorrespondi ng productivity g ues-are as
follows: Run 12, 204C tenperature, 2210 productivity: run 11, [ERR|
- tenperature, 2770 producicivapy: run 10, [ERR] tenperaturs -3540
producséd vity; run 9,[ERR] tenperature, 4030 25 productivity; and run - 50
14,871C, 1980 productiviMg-0Fhe decrease in catal yst act"rgﬂ/i_ty noted in run
14 conpared 25 to run_9 suggests that it could-be assgg ated with | ower
surface areas caused by"f gA" % enperature sintering of the silica. In view
of othgr higher prodidGhbybrbdlichy 8 thedompdiith Minud e 8lcain K Bi¥FmiRdd kR oduct  gs
produced: per gr amuRiblyingtadiysseight BRTseaaA0 bibtsin A1 8Fdnd dRidG pblirhérhmeighttyaiest i n
the relatively | égurgtooblaio2?, violgypolyethyidng pery catblystherdournvent-i on. ' :

The results given in Table 2 indicate that the invention catalysts of runs 7-15 provide some improvement in
60 polymer productivity (runs 7, 8) to marked improvement in polymer productivity (runs 9, 10, 11, 15) relative 60
to the control catalysts. Productivities tended to increase with silica calcination temperatures up to about
704°C which suggests that the productivity is dependent on the concentration of surface silanol groups.
Pertinent runs showing this listed in order of ascending silica calcination temperature in parentheses are 12
(204°C), 11 (371°C), 10 (538°C), 9 (704°C), 14 (871°C). _ .
85 The catalyst used in control run 1 (catalyst A) was prepared in the absence of dialkyl magnesium. The 65



resi dual s such as titaniumand 30 chloride in the polyner . and thus avoid
purlflcatlon step to renove or reduce them This has been acconpl i shed w t
silica supported invention catalysts as exenplified by the results in .
~rufl-9 gnd footnote b of Table 2.- The val ues indicate very sr@ i g/g ang? :
t chlo e residuals are present. The silica remaining is baSI J?Sg"?% rt and
- wi ﬁot have a detrinental effect on polyner properties.

35 CLAI MBroguctiyityyalugp Qouteﬁbl fowiircamparison tagheped mﬁv\@wpfﬁwwf‘mﬂoefainn%m
conpri si H'ge'lal " B ﬁaéﬁa ﬁ@)tqata QWHs@ 'Ja"!fl?f 'F"ﬁ%ef d '40’9“ sed

{ silicon- AR ’H?S\H ‘ﬁ"%?iﬂ ir Ve silic
1 with a g? yél—”' :;? {e'g 2;%}5‘ el etr {l);q/?s QJ:@ %6 Plt?%z%i %gll of ]
 Wherein fehess st stahem& Fur@laIGhea sb§ns 688 and n°

#]s 0 or aﬁalhéﬂvﬂﬁh&ﬁe @ﬁtrolcaaysﬂnomvemammnuagafthbeowad\uebs eali€fhighloatit h a
+ hydrocar bighinde:gameltintiad was ogipdicatig tht asomnml sﬂearfrcspmsé;‘wanqbtddeé\fomthlslpb&mlfat thee

30 However, an object of high productl'wty Is to mnimze unwanted cat al- ys@

Per i odi c mélinkex founlddYiei indek [saletagmineddmactartla D-\8PR-€RTronditian E1'29'¢'a¢tbon
Bt ons; 1Qam9't ipgex iggetarmisgd inﬁgcomqec it aaw Dc} 8 'Ov\f A 9@ 10
tetr ahal f ate broad molecul

rweight di tnbutlon poly! |s r)%{j tres that

owm t distribution mer is mad ncon r lys
or ganmﬁ e bgziwas én%ftﬁlmifmna isgebno .?J n.a QE |
Per i odi C( t%)w coﬁsu&é I¥sslin grodlRAY bd tRdVafes 920 ldi'iGetBQo laérms w. OBRFoBiuR, 1 N
the pr %Jaroaatalyerm)afdcaefa)mﬁe(bhtawstEtéheweaelesecwi:edmstmutsdelp/laajmumnmh@.ahmuoorof 15
silica t silidontemachoriiecfortpatitardun wtréchioridetragenedt. Thetprodli@Ditids obitainegdt7apanid)1449, nol e
rati o of ing@ate relatively activsicatalyets were proparesthuners cpnnymdfe aqa IOMPrgHH@nme&Pt
conpound @F'aﬁ“f“'é‘?ﬁ%”%sﬂ'@  ipegntion rufisd- "FPF“B'P%g ”8? g MY of titanium

tetrah Pﬁg‘r‘l%w{l %ﬁfres ;%Eﬁﬁgei?g g 2 }:an togg:n Iﬁg r angzg‘

prqve
100: 1 Osilica al atio eﬁ‘ﬁ;ﬁ;é{u
ratios afn@entnB@ﬁ:H?@ﬁﬂ) Y€ 12/and|1@ it &&rBﬁa@&ﬂSm&&lcﬂnafl& tZrﬁpelatJre 'Ehe Edtr nﬂhn@-nd
to 1: 1. bhaduddivityAalaedsad 3534lloG R 5, PG4T erAEANire, 22T pkaziuivay: rnt 1 370C teﬁhpemhmsr e| n
t he t et r aabeductivityt: aunil 438O EMEeratdreoIb4GHroguctiity; rar) 9, 7&1°CremperatnietA8®| koxi de. 5.
A cat a5 srodeciipoaidiremtd. HaEHN mgguwwm Pecreasenstalystacivinenqted in pin I heomagisdi 28
is ti tanF‘}I ?.?é‘@?eéfsé'b’b'itfﬂb'&é’e apsqeid 6"r“"f’1 Ipwes pTTRpe 2558 SRUEEAPYhigh temperaluresintering o ¢

+ conpos; t QUi i 12k sytodl BRe doluct Hauds PG an Y !
or g(;morreg Iys%gxgr ) Qﬁrﬂﬁé); ﬁ%‘%{h Pln esf‘{§th§%bgle%{}é]&bﬁ Bﬁg&gﬁfafgi} gim&;{mﬁ?ﬁuon

80 FidWeVel 8 obfef P Aigh bro@ittiAe/ 26 MinitEizd Uwkhtad maﬁlstrmalemhsauduum and 30
Or ganonagesie iNthcmioenad thus avpidarduyifica Gstdpud igmoverg rediaceuimamoThis maspéensec- but v
magnesi umw@pllsmfblawaﬂl?sdlpa% pysted invényian catalvsis ds exgmelified hythegaultain ra) anly 1- 7,
wher ei n fagtroteibohTabledh "ét’?‘%ﬂﬁéﬂdf veyy sraglidi g“’g)a"? '%ﬂF ﬂf"tﬁ‘ﬁafeétr‘?sa'EhWhSF'l"ife 65
9. A cyl HAmpYna ey t"FBﬁ"dai’B'éB‘F ‘i“’ﬁ@"‘f‘B’" M e‘6‘i‘i¥a°“d’f"’i'3f%ﬁ’%° PS8 wherein 5
conmponengy Byks triethyl alum nium GB2 058093 B productivity val ue
of about 96 I's very low in conpari son to the productivity val ue of about
1760 obt aitnegicataiyst compoditioa for tHePolPmérizaticaloydéfinE}ampBaibgll yst G was prepared in-
t he pr eséhce ogdandliitahieycomplexrbtinedby The catal yst used in control runs 2, 3
(cat al 48t _2B)reagting a;ﬁ"@gm@e finelydivip owcan%ngﬁ% By wrighfislieacwit e"t
silica ﬁaE'H"‘ ‘?ﬁgf ”'%T o en RREPIn s eRe h%f°‘fprf’é?11%1°aft1°f' tﬁ["ﬁ

tetrachl O?tl;? gﬁ%@lﬁ%ﬁi&:‘uﬁpﬁeﬂ QMJdM:'c;rﬁyl Xl%LMﬁne@(l compound of a metal from Group lIA

or lllA of the Periodic Table, wherein the hydrocarbyl groupls) contain 1 to 12 carbon atoms; and
45 c¢) treating the product of step b) with a titanium tetrahalide; and 45
B} ametallic hydride or organometallic compound of a metal from Group 1A, 1A or 1A of the Periodic

L J
Table
2. Acatalyst composition according to Claim 1, wherein, in the preparation of Component A, there is
L used in step a) a mole ratio of silica to titanium compound in the range 5:1 to 100:1, in step b} a mole ratio of :
50 initial tetravalent compound to hydrocarbyl organometal compound of from 0.5:1 t0 25:1; and in step c) a 50
mole ratio of titanium tetrahalide to the combined moles of the components of step b)in the range 100:1 to
1:1.
3. Acatalyst composition according to Claim 2, wherein said ratios are, respectlvely m the ranges 10:1 to
75:1,1:1to0 15:1and 10:1to 1:1. ’
55 4. A catalyst composition according to Claim 1, 2 or 3, wherein the tetravalent titanium compound of step 55
a) is a titanium alkoxide.
5. A catalyst composition according to Claim 4, wherein the tltanlum alkoxide is titanium tetraisopropox-
ide or titanium tetraethoxide.
6. A catalyst composition according to any one of Claims 1-5 wherein the hydrocarbyl organometal :
60 compound of step b) is an organomagnesium compound. )
7. A catalyst composition according to Claim 6, wherein said organomagnesium compound is
n-butyl-sec-butyl magnesium or n-amyl-sec-butyl magnesium.
8. A catalyst composition according to any one of Claims 1-7, wherein the titanium tetrahalide of step c)
is titanium tetrachloride.
65 9. A catalystcomposition according to any one of Clalms 1-8 wherein component B is tnethyl aluminium. 65



5 about 1650 for control run 2 indicates a relativel yact_—e“cat—m y

prepared, alnost as active as several of 5 the |ess: a

catal ysts. Run 3 was nade to deternine if unusual shear Imgmu mlmﬂﬂlllbe
oUr ned with the control catalyst. However, the nelt ineexcoft the pol ymer . .
was” 0. ; The ratio of high load nmelt index to mel t i ndex wa§ 38 mdrcatrng

t hat_ a’nor mal _shear response was obtained for this pol yner B2p

i ndeX’ found. Melt index is deternmined in accordance with ASTM D 1238-65T,
condi t i oprogucti¥iiyypiug of albbut 36 isnshtlow indemparisatde the piodextivityivalaefebaiti 6@ olwained iMSTM D
1238- 651"“"%‘80 r“EPGﬁa'FStIEACFFP *gGW‘@FP’GPﬁr%d 'b@PP'@W}BP‘tfé'a'k\d(!'as’??d'rl@a"fhécitﬂ‘é%“&d .
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and 30 cmmsrde in the polyner and thus avoid a purification step to
renove or reduce them This has been acconplished with the silica supported
|nventron1ce€t°alay§ftcemm§mev(@nﬁb¢quv'wisas'ynﬂﬂ?@f'ﬂ%?mpﬂ%ngr nrun 9 and foot note b
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35 CLAI I\/Sbrl co.ﬁa&.ag auby&aaudwmeasr wutrﬂmyarorarayrmgmrnymmmmuora rodtal @b Group IIA
cConpri Si erylAAY tha Reripdig Atde, tvhéreinfhe hydzaatblyiexoupist antaied tdn2 cakon a)msr gacting a
si | i coff- c Onttrasting the praduetofstep b iheatitanym wtrehglideaansi ng 80- 100% ht si | #&a
%th at rar%ﬂ"ﬁﬁ‘(d”d%'WQBP%[H‘?fiIPﬁceBH?ﬂﬁ‘GHQf RRta! (o AR UA gfref (X*efafp

erein caag%% X Qéré.cc ki m 1 whéreH Ak B8 Br ﬁ bfeé &JA@A s a“d n
kS 0 Or @Hddinlieh tﬁ’grat?to gﬁ.&pme Ad#knd 3Rg ngﬁ ste ratfd Jeh @
hy dr ocsur iiyib! tatfagadn0EsRipal no&@mmeu yl@fgaforiaedl @dmplolin Bf @uprkdzﬁrosnd.détﬁ.c@i t heo
Per i odi cmdiakitie of tirdnwretetrahtihie tdthekoodmedyblegpf tigpéregonerasdf atiepb)in theraig: 10en ton
atons; ah#t 45 c¢) treating the product of step b) with a titanium

tetr ahaI a.e 1A1cgb %st composition according to Claim 2, wher&rg th)l raaosra&, I;quepte/ewymhp 9§01 to
or gan ' e "i %éﬁ@d 91 focBEl ot 1 9 L1808 - rerhbfio g ohcibooldiBrsn 55

Perio onposition accord erern,
the pr e_p aE aw c@t@ly&ﬁorﬁﬁ&?ﬁ@rﬂ&%mrﬁg tolCIa@h & whrein the titanium alkoxrd_e is titanium tetraisopropox-

ide or titanium tetraethoxide.
6. A catalyst composition according to any one of Claims 1-5 wherein the hydrocarbyl organometal
60 compound of step b) is an organomagnesium compound. 60
7. A catalyst composition according to Claim 6, wherein said organomagnesrum compound is
n-butyl-sec-butyl magnesium or n-amyl-sec-butyl magnesium.
8. A catalyst composition according to any one of Claims 1-7, wherein the titanium tetrahalide of step c)
is titanium tetrachloride.
65 9. A catalyst composition according to any one of Claims 1-8 wherein component B is triethyl aluminium. 65



used in step a) a nole ratio of silica to titanium conpound in the’ range.

nmpgnent g gf S b) in the range 100:1 to 1:1. -3. A catalyst corrp05|t|,Q_n

acco erein said ratios are I"PQDP(‘TI\/P| y_in the rang
10:1 to 75: 1 1:1 to 15:1 and 10: 1 to 1 1 55- 4. Acat al yst corrp05|t|on =
accor di ri P(?%LV&H?H’?I&°$E‘°@?¢°S“" 'ﬂ'tVr’aR‘Faﬁf @ﬁ‘:’%qeﬁ';ﬁm dund of .
T
step 5STaf TEwot wrteftited gbyseq k éﬁ%ﬁ% il hmhagcord' ng to
@J.' 9 e ﬁo éal

CI ai m etra I%fh%r:ﬁt‘h :{ro h&'dRd |ﬁ$lry e%%fuﬁﬂ&i‘ahalld@e or .
tita & R8I %b gneﬁ,A h@, bA&REB. COMMPOSI t| on according to any one gf
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