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were 20.0% 0. 3% 25. 8% and {60 16. 8% by “wei ght, rgspead i vely. 6 |-

GB-2 048 906 B 6 345 g ofl tRienomhite solid was |dripped|into 30 nl of
titaniumtetrachl oridd in a|lBRgnediun Dur-nebked f1.dsk Adnd pl | owed to]react
at' [err] for 1 hour. Af€Easr th€°'Ppé’5§Pt shad _fjnisHeltfomitel s oﬁP*d’t"gT ofluct was -
repeatedly washed with Nept cme ‘Pﬁ' tﬁtaa’f’ﬂ Bﬁ)b)&tracﬁf'ﬁ)r e BUPY no I onger
be detected in tthe waghmTgsT—3" O a sofrad cargrytic rrp05|_t|cm was

obt ai ned. This conposifti®n wasB‘__'d's?bd dP-aRds yzed |5 A8 i| W& ound t hat
the anount of ti'tani urh suppduewd was|47 ng/ g of sdli @scat aI piec
conposition. 5 (iii) [Polyngrization]Polynerizatign was cprried out|in the
same way as in step (ijiig§ of} ncBumgpl e| IAt@xeapt thdt 501 np ofethyne solid .
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was 20, 600 g(pol yet hylfene)/ c((_§ LI d c ht al yst orrposi tToNn)-. hour - or 43,@, 000

10 g(pol yethyl ene)/ g Ti. hour. F 3 Asolid cata-{‘@st Conmposi ti op was
prepared and ethyl ene jwas pqlgy 1| zeJI A19d.4 @m[ng tHe 4 ocedq.iegﬁngesc i bed in
Example 1, except that} 2.5 rg{q? z%i {riisobut¥yl al um1 um jras used ifp place
of 't he 15tr|ethylaluﬁnn|um WAt 32rrgof the olid fatal yst :
conposition was used. |[60.0:d of pol yet hyl ene Were optained, the .-
pol'yet hyl ene having a{mdlt ijAdeMedr” ( ”2‘%;0':@}31 0 m Hutled “anfl oAk dénsi t y
of 0.30 g/cnB. The catfal'ytid eBuy @ty was 18, 800 d( po? yet nydteaie) / g( ol i d
cat al yst corrpositi'on) hour dr 345,000 g (pol yethyllene)/g i . hour. MPLE 4
20 A solid catal {st2 corm%con VIS0 ared fand t hef ebipyyene S

pol ynmeri zed foll ow ng|the. prctéedxqoﬁs 20 describdd 7 e Expn@he 2, except
that 2.5 mmol es of diijsobut yl Tty im  hydri de wds used n place off the
triethylalum nium and |t kgt 3 n%,mg@f tﬂeo.;:.ph!,’d cat alﬁost conmegiit i onjwere
enpl oyed. 81.0 g of pglyethyl ¢ obtaineéd, t pol yetdipdrene having a
melt index of 0.35 g/1 0 mi rd&‘fg‘)ﬁ a bul k densit 51?*? 0.B1 ‘g/cnB.- The
catal ytic activi ty way 23, 1qQ0 g( poI yet hyI ene)/g(sol id-catplyst 25

conposi tion) hour of A4S O60-g(poryethyreme)/g 11 hour

25 EXAMPLE 5 Asolid catal yst conposition was prepared and et hyl ene was

pol ynmeri zed foll owi ng the procedures described in Exanple 2,

except

2.5 mmol es of diethylal um niumchloride were used in place of the

t hat
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20600
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491,000
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[(n-Bu)[err]
A1(0C6H5) 3 -
n- Buhy' C

et her._ , 9GB

1.0

Al
2 0489068

(0-i-Pr)

3

1.0
. Di butyl
1.0

et her 12
[err]

Di but yl

n- BuMgQl'

1.0

[(n-Bu)[err]

et her 13 @

8 TabI el (contl nued) Pol yma!lzzals @06 B

Condl tl onsS "AITOuUrHt OT T SU] 1 U et HEI T I VvV COIT+
cat al yst EXAMPQéQ‘?EP - ord| n- pound (amount  Ex. at ed
sup(;))or-t-ed ER g procedlﬁ!» m&yeHmExamplez sol (‘ 935 agzs compositions elert preoé%red and
W_t /() used to polBherize ethylendiiig mpounds and po{ rization conditions 'slfown in Table 2. The
Ti Cl[ err] ' results are also shown4n 'fablez - Elerr]Al 71.0 (4. 351 3
5.5 Ti C_14 . 4..0 Et[err] 55.7 (4.8) 9
ig 7 " ;_I Cllerr] - Tabl (i- B?) BA)13AI 65. 8 (73 g)
i Taplg2 i -Bu :
(3.5) 11 - 23.4 —Ti(CFt)[err] 5.5 Et3A  77.6
ég (7)) ( é26) 13 20. 3 18.|7 Ti C [ e(/giglpgration of solid cataly?’t chTnent B —t ?IE:IA\ISA
%7ég (6. 4) Ta?kf)iEﬁconfinued) g?*fbyiﬂc activity Melft t_ggx g (PE)ég(splid
u : : C ariagheg i ~ . density
(g/10 No. conponer]t ¥X- hr | compoundy( PE) (étgdukzer 1) -
mn.) 7 15, 80(¢ §°~ (ether) " 3gf7 %5(°R4)exf ora.tis)l 0.30.
8 13, 900 ——1296-060 839 0.35 9
20, 600 - 353, &ho ﬁﬁiwﬁcfo 29W°Eﬂs Q. 25:0Q 17, 200
491, 000 0.32 dE29 11 14, 100 30 300, 000
0.27 . 0.08 12 15 2=BUB01 P(O-n-Bu)z 461,000 0.31
0.48 1.3 - 7,25Q [(n-Bu)201113, 000 | 0.8 0.17
GB 2 048 906 B 9 |EXAMPLES 14 to 20 Foll owt ng tthe procedyre descri bed
in Exanple 2, solid catgl V&t cai@%@%ons RIRFM3 pr eparfed lghd uskd to .
pol ymerize ethyl ene using the ¢ lﬁ s fand pol yneri zat i%h confli ti ons shown
in Table 2. The |7 EtMgC1 P(OPh)y . 50
|7 (THR) 05
18 - n-BuMgC1 P(OCH2CHoC1)3 1.0
' - [{n-Bu)o0] | ' 1.0
19 ‘nBuMgC1 n-BuP (O-ioPr)2 1.0.
: [(n-Bu)o0] : 1.0
20 n-BuMgC1 .| P(OEt)oC1 1.0
- [(n-Bu),0] 1.0




sults are also shown in Table 2. TabI e 2 Preparatlon of solid catalyst
nponent Organo- My nagnesi um _ P Ex . - conpound
tom c No. (et her) lerr] ‘ratio) 14 “. h- BuMgCl )
ROEt)3 - 1.0 (Et20) - . GB 20488068 10 e
n= Duwgu_L g r\uu Du;o 16 [(l] DU)UI r] —_—
1.0 16 - n- BuMgd P( CPhg’ 1.0 (n Bu) 20)
0.5 17 Et MgCL P OFghig 2 (continued) 1 0 (THF) . _
0.5 18- n- BuMbCl . .__-P(G:HZCH C1\3 1.0 [(n- Rl)[pr_r]
1.0 19 “[nBuMgdi n- BuP (0-i - Pﬁal%nenzatuﬂa (QI’IJI(I&"SBL) [err]
1:0 20 n- BuMgCl (,CEt)[err_ ] [4n- Bu) 20]
1.0 10 ) Amount : com ound - Solid '
GB 2 048 906 (B -of ethkd Tabl e(aaot(nmontl Hueekaly$sol rreﬁrgzuwtﬂ on corv:i SI ons| . Ti/V
Amount Ex. n{g@ I supporte8ol i d COMPORRTher al'l"“"1"1{1"arr0L
cat al ystf No. 'Ordﬂ Ex| .. Wbﬁ)ordi' natled™®  sugpof3megen c&qlrponenlt
~al um ni g ' : nclu_ J, ;_ - “VQ . mg) '
conmpoung 14 589) 14 48 3.6 T.i,ClF%ﬁ’ 80‘%- 3.6
Et3A1 | 80.6 (5. 3) 16.3 - -~ Tica4}p - B.0O -
(i-Bu) 3AL 1696 (6.2) T;Jcﬁ4 403D Nt (|-BuT|3§3].4 75.6 . 4. 1
Et[err] - 88.2 (2.8)@1F" ~ . 42.0 b Ti C1[ erjr] : 3.3
(i - Bu) 2A1H 77.0 (6.5) 18 15.4 - -~ TiCl4 . @h.8
Et3A1 | 16 | 258 (4]8) I¥le  14.0d1 | EtsAjoci3 | 882 gl ’
(Et3A1 47.2 (5]0) &P 24.5 : Ti (O n- Bu) 2- 4 5 '
i-Bu)[er{;] [ler (3.7) Tahle 2 (corfti nued) datal ytic actfi vt
g(PE)/ g(sHl i d HO(PE) g T? ‘ﬁr‘ BUI B3 - | (xEwaAib 7|7 °yat al lyst ¢
or/ - densify - i n_dex' No. _Conponent) . hrf. - g(PE/g V.hr
(glerr) | (g/ 10 oy n) TiCl, 48 . | EtgA 88.8
- (4.8) _ o . _
19 ‘8.0 | - voclg | ss 1 EtgAl. 47.2
) . (5.0) - : - B
20 205 |  TiOn-Buo— | 45 . | (i-BuigAt 74
_ o 1 '
(3’.%)
l"l’ab:le 2 (continued)
'. Catalytic activity
. g(PE)/g(solid | - g(PE)/g Ti.hr Bulk | Melt
Ex. | catalyst . or de.nsitsy 1| index
‘No. | component).nhr |  g(PE)/g V.hr . (g/cm3) (9710 min) .
14 | 22400 423,000 0.31 0.67 |
15. 25,200 © 406.000 032 | 048 T
18 21.500 | 768,000 0.30 0.60 | | ;
17 23,300 -' 358,000 © 0.28 0.45 :
18 18,500 385000 | 032 ~ 0.38 | |
19 8,430 169,000 0.30 0.35
20 17,200 - 465,000 0.29 0.14
EXAMPLE21
90.0 g of an ethylene/propylene copolymer were prepared using the same polymerization
5 procedure described-in Example 1, except that 3.1 mg of the solid catalyst composition of Example 1 5

was used, 10 g of propylene were added and the polymerization was carried out at 70°C for 30
minutes. This copolymer contained 15.0 methyl groups/ 1000 carbon atoms. The physscal properties of
the copolymer were as follows:



NS

14 22,400 - 423, 000 0.31 0.57 15.

25,200 .. 406. OOQ a 0. 32 0.48 16 _ 21. 500

768, 080 0. 30 - 0.60 17 : 23, 300 358, 000 - .
0. 28 »'\_, 11 0.45.18 .. =~ - 18,500 385, 000 GB.23D48 906 B 1.
0.38 19 — 8, 430 T69, U0UU — 0. 30 0.35 20 :
17, 200 Derd@P098%/cme: 0.29 0. 14 EXAMPLE 21 90.0 g of an

et hyI ene/ propyl ene copol'yner -were prepared using.the sane pol ynerization 5

pr ocedur e deschHetﬂdemOE&eMplnenules except that 3.1 ng of - the solid catalyst

conposition of Exa was -used, 1 0 g of propylene were added and the
pol ymeri zation %'%deé‘ﬁtyr‘i)éﬁg/ﬁﬁf at 70C for 30 m nutes. This copol yner

contained 1 5. Orrarbdiplic ﬂ:‘tlgﬂ/p@d[s ISSQQQ g@%&m@n’g@&Q@talyy}%mgg%ﬁyin%ur &'r1%r60bes

of the copolgypaRmenymehas f _ _ . 5
GB 2 048 906 B 11 Den5|ty, 0 40 g/cnB; Melt Index, .0.18 g/10 m' nut es;

Bul k densi t)FXAU e?F' The catg‘lmy‘/)tl C actl Vi t?edvl\ﬁs 58, 10g)p cjyroprization

g( pol yrrer)/ et aﬁd 9 olaﬁerﬁg %Z e!!gr%:bo lngéﬁﬁg}%r :
wer e obt ajgred ndi&d'mk $obBlyREHEBNntRiA d@@@th%% duBs)1 3 Xa H'éi% Cfhe bhyife p'ere S5he 10

1, except t lapondnddwerp aofollbhe sol i d cat al yst conposi tion of anpl e wer e
used, 10 g of butene-1 were added and the polynerization was carri ed out at
[err] for 30 10P§%HHPE42 9%Mi:s copol yner contained 5.0 ethyl groups/ 1000

carbon atons. Tha: mg&sbgfx,ll P;rglpegrtl es of the 10 copol yner were as follows:
Density, 0.942 g/cnB8; M 0.38/10 m nutes; Bulk density, 0.40

g/enB. 15 . Biedeosity20.4Q g/emticti vity was 50, 300 g(pol yner)/g(solid
cat al yst conposy t|on hour_ or 1,070,000 15 ¢ érrer /g Ti.hour. EXAVPLE
23 94.6-d'%f, ap B ﬁ # @f'm}’t"éaﬁé"ofoeQiﬁ’B'IVSV'ﬁ‘é’B(SV\Er"éta B‘t"&I“H%ﬁ!f'WUPq“b%WjOtQQQ 15

procedure d(?sp((:)rl Exarrpl e 1, except that 3.1 ng of the solid catalyst
conposi ti onEEAMEDSEam)I e 2 were used, 250 g of 20 butene-1 were used in place
of the 500 -m o¥4. $tepftaaremylehéfmtpml-ycrmblymertwmtttﬂnﬁqaembtfvmgehe/meam tdscrit@béh 20
the hydro etﬁx ries b igrespt that 1eaeftp¢wemtdvm@tnmttla¢o mmweme:m 25Gg of

kg/cn2, I EEQ wareqisedzn plag ?fﬂhe ﬁoeg'ﬁegtqp #tie fa;np tewpsd0BE. and 20
bit ene. 1 at S IeRr el e ﬁim ﬁfg’ g Jg@

& Sr e as
fol l ows: 25 follows: - Den5|ty, Ny vhibaT prof e b

groups/ 1 00§0RRHE0SE srout) ?e
25 Melt Index, 0.35 9/10 mnutes BuI k denS|ty 0.42 g/cnB.. The catalytic

activity ¥as 3Pt %?%Q/W‘her)/g(sol id catalyst corrp05| ticon). hour or 25

649, 000 g( pol yr}ﬁg T EXAMPLE 24 _
30 The-air in l)If"i‘j’etxréem-’s azlaln "e“g"g steel autocl ave equi pped with a magneti c

stirrer was cormilleteeéuty Gemd;/aﬁed by nitrogen and then 10.5. ng of the solid
catal yst conposition prepared in step (ii) of Exanple 1,2.5 mmoles of

tri et hyl al uritheicatalyioeetiBQGvag 30500 bfoldleMh BRI BRFsUBMBoRRA MG orl Nt O the
aut ocl ave. FANPABGIpeletls Thasurt hen carried out at [g?r] for 1 hour, after

whi ch the d)rggmlpe@q; was purged and the 35 product was renoved and dr| ed at -
600C under B £ e sRaifl 1655 HelBuRRlath duBbedAtnAh Y iERRer Wi RomPetely

replaced by nitrogen and then 10.5 mg of the solid catalyst composition prepared in step (ii) of Example

¢ 1, 2.5 mmoles of triethylaluminium and.300 g of liquid propylene were charged into the autoclave.
Polymerization was then carried out at 60°C for 1 hour, after which the propylene was purged and the

¢ 35 product was removed and dried at 60°C under reduced pressure to give 92.0 g of polypropylene. The 35
.boiling heptane-insoluble portion of this polypropylene was 38.5% by weight. The catalytic activity was
8, 760 9 (polypropylene)/g(solld catalyst composmon) hour or 165,000 g(polypropylene)/ng hour. .

EXAMPLES 25 to 27 : :

' Propylene was polymerized followmg the same procedure as was used in Example 24, except that
40 the solid catalyst composition and its amount were varied as shown in Table 3 and that a electron donor 40
' of the type and in the amount shown in Table 3 was added asa thlrd catalyst component The results

are shown in Table 3. .
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boi | i ng hept ane-i nsol ubl e portion of this pol ypropyl ene was 38. 5% by
ight. The catalytic activity was 8,760 g (pol ypropyl ene)/g(sol Id catal yst. .

f)' conposition). hour or 165, 000 g(pol ypropyl ene)/ gTi . hour.” EXAMPLES 25 to 27.
- Pr2opyl ene--was: pol yrmeri zed follow ng the same procedwge 2as4sv@psused i ;',J
Exanpl e 24, except that 240 the solild catalyst conposi tron and s anount
were varied as shown in Table 3 aRgpbRat a el ectron donor 40 of the type

and in the anobunt shown in Table 3 Was added as a t hi rd cat al yst conponent.

The resul t s fare—shewr—r—table—3- 32

GB 2 048 906 B 12 Table 3 Pol yrrePolzairlz@l’bnwbﬁHilldrisOnS So |d_ cat al yst
com _ — - —ARBUH—0f—ponent] Or gano-
third Ex.-. | of |ExSolid aI um ni um- . Third ~ cpnponent No.

No. () | conpdungptalyst conponent ~ (nolle) 25 Exanple

(C2H5) 3AL | s\ Organo- .0 2 ' ﬁ"!‘%""“f ani sat e
25.0 26 Exanpl&sx (e )alumlnlum Acelthﬂ'ﬁle o',;poﬁe,# 1 18-'5 27 '
Exarrpl e ((M) \.AlNO. (mg) Hﬁ)ﬁaﬁ'&t hyl - component 0 5 ) o
phosphoric 25.0. triamde Table 3 (cont| ﬂued)

Catal ytic' .ac v_| . of I'i hep ane- PP)/¢g (salid . '

i nsol ubl e Ej .éé \FMEBE _ (8%&‘ Eﬁgfg‘ g(.PI3[°g o portlon No. _
(9) ponent|) .28l " Ti. hr (%9 25 30 0 1, 200
25, 500 91.Q 26 55.2 2,980 : 56, '300 - 68.5
27 87.% 28 E*agp'soa (CoHg)zA1 601080 | 72550 CLAMS 1. A
process for|prodycinggsa splid conmpos|tion in whi¢h an or ganofragnesi um :
compound is{5 reacted ih|solution wth a hydrocarbyl oxyal unj.ni um conpound
of formula: |[®rr] [E)ﬁmwm Ch{(Gabs)shar ef t helegmewyler |di f foes ent apd each
represents an optli o %g substi t ut ed| hy 8tseefigon {gr oup “having from 1 to 20
carbon atong, X ne s?ents a hal ogen| at GA™A3d a, {b and ¢ are| nunber s such
that [err]apd/or {a hydrocar byl oxyphogphor us corrpaund of- 10 fprmul a:

10 [err] [in-which R3and: [err] are the ‘same or. dirferent . and.each
represents an optional 1y substthbu : .ndcar bon group having from1 to 20
carbon atons, X represents a ha totrrand d, -e ‘and-fare nunbers’ 'such

t hat [err](aﬁ+e+r) =3t tTo produce TSt pluuut,t re-stuppot-t+ng a titani um
15 conpound|and/lor a vanafli-um comﬁﬁﬂiﬂ"iﬁ?“s'& d sdl |QP"quduct L
15 2. A progess [accordi ngfT ,5,_1,) I+d T W it msou A :)r_.sal d
solution is|ax.gliphkatd c ny arorms,s,g hydr, pBitidh PON, al i cyclic
hydr ocar bon| d¥o.dt her(g) . ponent) hr Ti.hr .-(%) B "
25 | 800 | -.1.2°°_' 25500 | .9t0
26 | 552 2,980 . 56,300. 68.5
2r | 875 35000 | 66,000 75.0 .
CLAMS -~ I S - .
1. Aprocessforproducmgasolld composition in which an organomagnesmm compound is .
5 -reacted in solution W|thahydrocarbyloxyalumlmum compound offormula - - !
RLANORAX, L .

[m whlch R1 and Rz are the same or. dlfferent and each represents an optlonally substltuted hydrocarbon
. group having from 1 to 20 carbon atoms, X represents a halogen atom and a, b and ¢ are numbers such
that 0<a<3 0<b<3 O<c<c and (a+b+c)—3] and/or a hydrocarbyloxyphosphorus compound of -
10 formula:. . 10
L . . R%P(OR‘),Xf_.__ | R o

fin whlch R" and R" are the same or dlfferent and each represents an optlonally substltuted hydrocarbon
group havmg from 1 to 20 carbon-atoms, X represents'a halogen atom and d, e and are numbers such
that 0=d<3, 0<e=<3, 0=f<3 and (d+e+7=3] to produce a solid product and supportmg a tltanlum
15 compound and/or a vanadium compound on said solid product. 15
2. A process according to Claim 1, in which the solvent for said so!utron isan aliphatic
hydrocarbon, aromatic hydrocarbon, alicyclic hydrocarbon or ether.
3. A process according to Claim 1, in which said solld productis preduced in the presence of an
ether and is isolated from the reaction mixture.
20 4. A process accordmg to any one of the preceding Claims, in which said solid product is lsolated 20
from the reaction mixture in the form of a complex with a co-ordinated ethier.

® -



3. procesés according to Claim1, in mnmmmmmuﬂ”IILproduct i s produced
I n e presence of an ether and is iso action mxture. 20

4, X pﬁocess according to any one of theé p‘red‘edl ng._CI al mggiNoWhigds 8ai d 12 =
sol i

conplex with a coordi nated ether. 12

GB 2 048 906 B 12 Table 3 - lable 3

Pol yneri zation conditjons Sol id catalyst com

Amount of ponent ~ @rgano- Polymerization conliftiohs] EX. of Ex.
al um ni um Thi rd— conponent  No No. _(ng) comgound
conponent nol e)| 28iid Exanpl e C2H5) 3A1 Et hyl g-

1.0 2 catalystani sate 25.0|26 Exanpl e (err)

Acet one 2.9 lcomg8. 5 >7 Exanpl e (err) Amount ¢lex gdnet hyl
0.5 1 « | P°"°"‘ p la 9p1c 25.0 I;Td third emg triani de
Tabl e 3 (conti nug :Cat ac B%J | n- hep?nI ?’ (RP)/ g
(solid ° nsé‘f‘%b © ‘L%’ (i el porleit cptalys corm
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CLAIMS
1. A process for producing a solid composition in which an organomagnesium compound is
5 reacted in solution with a hydrocarbyloxyaluminium compound of formula: _ 5

R, AOR2) X,

[in which R* and R? are the same or different and each represents an optionally substituted hydrocarbon
group having from 1 to 20 carbon atoms, X represents a halogen atom and a, b and ¢ are numbers such
. that 0=a<3, 0<b<3, O<c<c and {(a+b+c)=3] and/ora hydrocarbyloxyphcsphorus compound of
10 formula: 10

R3,P(OR%) X,

[in which R3 and R* are the same or different and each represents an optionally substituted hydrocarbon
group having from 1 to 20 carbon atoms, X represents a halogen atom and d, e and f are numbers such
that 0Sd<3, 0<e<3, 0<f<3 and {d+e+A=3] to produce a solid product and supporting a titanium
15 compound and/or a vanadium compound on said solid product. 15
2. A process according to Claim 1, in which the solvent for said solution is an aliphatic
hydrocarbon, aromatic hydrocarbon, alicyclic hydrocarbon or ether.
3. A process according to Claim *, in which said solid product is produced in the presence of an
ether and is isolated from the reaction mixture.
20 4. A process according to any one of the preceding Claims, in which said solid product is isolated 20
from the reaction mixture in the form of a compiex with a co-ordinated ether.
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26. A composition according to Claim 24, substantlally as hereinbefore described wuth reference
55 to any one of the foregoing Examples. . 55
27. A method of preparing a polymer in which an ethylenicaliy unsaturated hydrocarbon is
polymerized in the presence of a catalyst system comprising a solid composmon according to Claim 23
and an organoaluminium compound.
28. A method according to Claim 27, in which said organoaluminium compound is a compound of

60 formula: , 60
R! [3_(p+q”AI(OR. _)pYa .
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