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"N, AND PROCESS FOR PRODUCING ETHYLENE-a-OLEFIN COPOLYMER

USING THE CATALYST

The present invention relates to a novel Zie-
gler catalyst and to a process for producing gﬁhylene-a-
olefin copolymers using the catalyst. 1In more particu-
lar, it relates to a catalyst comprising a.novel_catalyst
component and an organcaluminum compound and to a process
for producing ethylene-ac-olefin copolymers using the
catalyst. In still.more particular, it relates to a
novel catalyst and to a process for producing ethylene-a-
olefin copolymers which have a narrow composition
distribution, have a high molecular weight, and are
exéellent in weather reésistance, color development,
transparency, corrosiveness and mechanical érbperties by

using the catalyst.

Olefin copolymers are in a vast variety of
uses, including-film, laminates, electric wire covering,
injection molded articles, and special molded articles.
It is generally known that, to obtain products which are
excellent iﬁ transparency, impact resistance and anti-
blocking prbperty in these uses, polymers which
have narrow molecular weight' dlstr;butlon and composxtion

LR ‘1.‘
distribution are preferably used. 'In the case of :

o
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10 catal yst and to a process for producing ethylene-a- olefin
copol yners whi ch have a narrow conposition di stribution, have a high
mol ecul ar wei ght, and are excel l ent in weather resistance, color
developnent transparency, corrosiveness and nechani cal properties by
15 using the catal yst. - 2 =0 efin copolyners are in a vast
vari ety of uses, including film lamnates, electric wire covering,

i njection nolded articles, and special nolded articles. 20 It is

gener al | ylknoswpelytersp patticupaviyet8s whecpontent of cop@éwmswﬁzed
transparency, inpact resistance, anti- bl ocki ng_property

these uses, petghefinykngreases, hh?elnﬁlPBRFﬁﬁl@@uW&ﬂeﬁéﬂeﬁthﬂghﬁlbutlon

and conposition distribution are preferablﬁ used. In the case of
distribution and composition distribution exerted on the

properties of the copolymer become greater. Accordingly,
5 olefin copolymers which have narrow molecular weight
distribution and composition distribution are eagerly
waited.for.
Among the methods for producing olefin
copolymers, there are wldely known a group of methods

10 which use so-called zlegler-natta catalysts, which
comprise a compound of a ;ranszstlon metal of the groups '
IV to VI of the periodic table and an organometallic
compound. of the groups I to III.

As to Ziegler-type solid catalysts, there have

15 Dbeen proposed catalysts comprising a transition metal
compound, such as titanium tetrachloride, supported on a
oarrier, such as a magnesium compound (see for example Belgian Patent
Application No. 759601, JP-B-47-46269 and JP—B-47-26383),
and'solid catalytic éystems obtained by reducing'

20 a titanium compound with an organcmagnesium compound,
which include a solid catalyst component comprising a
Grignard reagent and titanium tetrachloride or an
alkoxy-containing titanium halide (see for example JP-A-46-4391,
JP-B-47-40959 and JP-B-50-30102), and a solid

25 catalfst component obtained by reacting a Grignard
‘reagent and an alkoxy;containing titanium halide and
treating the reaction product with tltanlum tetrachlorlde

(see for example JP-B-57- -24361 and JP-A-56- 115302)5 These:"
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- 2- 1 copolyners, particularly, as the content of copolynerized
[err]-olefin increases, the influences of nol ecul ar wei ght
distribution and conposition distribution exerted on the properties of
. the copol ymer beone greater. Accordingly, 5 olefin copolyners which have
narrow nol ecul ar ‘wei ght di stributiLog and conposition distribution are
eagerly waited for. Anmong the nethods for producing
ol efin " copolymers, there are widely known a group of nethods

1 catalysts, however, all give copolymers which have a wide

compositioﬁ distribution and are unsatisfactory in
transparency and mechanical properties.
On the other hand, a method is known for
S obtaining olefin copolyﬁers having narrow ﬁoleculaf
weight distribution and composition distribution which
uses a catalyst formed from a vanadium-containing
catalyst component and an Srganoaluminum compound
éatalyst coméénent. This catalyst, however, théugh it -
10 gives ethylene-a-olefin copolymers having a narrow
composition distribution,.has a low polymerization
éctivity at high temperatures and hence é low produc-
tivity and, further, raises the problems of color
' develbpment, low weather resistance, and corrosiveness
15 due ;O residual vanadium and chlorine, so that the
copolyﬁer must be thoroughly de-ashgd to avoid these
problems. '
In order to solve such problems, several
. methods have been thus far proposed which use a catalytic
20 systeﬁ comprising a titanium compound or zirconium
compound and an aluminum compound. Recently, in
particular, a method has been proposed which.uses a
catalytic system comprising a titanium compound or
zirconium compound and an aluminoxane (JP-T2-1-503788,
25 JP-A-62-121708).
However, when the above-mentioned catalytic
system is used in high tempeiature solution polymer-

ization, the resulting copolymer has a low molecular



10 which use so-called Ziegler-Natta catal ysts, which conprise a
conpound of a transistion netal of the groups IV to VI of the periodic
tabl e and an organonetallic conmpound of the groups | to IlI.

As to Ziegler-type soliid catalysts, there have 15 been proposed catal ysts
conprising a transition netal conpound, such as titanium
tetrachl ori de, suppported on a carrier, such-as a magnesi um conpound
(Bel gi an Pat ent Application No. 759601, JP-B-47-46269, JP-B-47-26383,
and other sipigind aul i das ipropestidies. atathierdinsatiafiagtary for a
titani um conpound with an organonmagnesi um conpound, whi ch include a
sol id catal yst pragideadt ussywpr iBinther, the Gatpdatd g &MEHAM 4/ 9% ani um
tetrachl-oride or an aIkoxy-containin%.titaniunihalide (JP-A-46-4391

JP- B- 47- 40959, SARISEARLRIIOAS Hiqd heh&Gapolummrrizadhlity 2f aalaiins
conponent  obt aiarrll%d htyngee%:céc{ur.]i%'ea}s Cérﬂeg nparredsence of a larger amount of
5 expeﬁsive a-olefin in the polymerization system; this is
économically disadvantageous. ‘

As to the ﬁethod of polymerizing or copolymer-
izing olefins using a catalytic system comprising_a '
compound having a titanium-nitrogen bond and an organo-

10 aluminum compound, there have been proposed a method
which uses a catalytic system comprising a solid
component formed by supporting a titanium amide compound
on a magnesium halide and an organoaluminum compound

. (EP-0320169, IT-867243), one which uses a

15 catalytic system comprising a diphenylamide compound of
titanium and an organcaluminum compound (EP-0104374,
JP-B-42-11646), one which uses a catalytic system
comprising an titanium émide compound.having an aryl
substituent and an 6rganoa1uminum compound (JP-B-42-

20 22691) and, further, one which uses a catalytic system
comprisiné a titanium amide compound having a lower alkyl
group, such as dimethylamidotitanium trichloride, and an

, organoaluminum compound [J. of Polym. Sci., Part A-1,
. 241, 6 (1968)].

25 - . Hoyever, the catalytic systéms disclosed in the

above literatures do not give satisfactory results when

used for copolymeriiation of ethylene with an a-olefin.

That is, the methods discldsed in EP-0320169 and



reagent and an al koxy-containing titanium halide and treating the
reaction product with titaniumtetrachloride (JP-B-57-24361,
JP- A-56- 115302, and others). These . _
-3- 1 catalysts however, all give copolyners which have a w de _
conposition distribution and are unsat ksfactory in transparency and
mechani cal properties. On the other hand, a nethod is known
for 5 obtaining olefin copolynmers having nar r ow nol ecul ar wei ght
distributidn and cb®p8sTekangdiret ethulene-akotefin copetgmarsahavyflg aor ned
froma vanadlun}contalnlng catal yst conponent and an organoal um num
conmpound wide composition distribution, while the methods dis-
closed in EP-0104374, JP-B-42-11646, JP-B-42-22691 and J.
of Polym. Sci. Part A-1, 241, 6 (1968) are not satis-

5 factory in the activity and copolymerizability of the
catalyst and the width of composition distribution of the
copolymer obtained. _

To solve the problems descrlbed above, the
. present inventors previously proposed a process for
10 producing, in copolymerization of ethylene with_an a-
olefin, a copolymer having a narrow composition
distribution by using a catalytic system comprising a
titanium compound represented by the formula
(R1R2N)4_(m+n)Tixm¥n, wherein Rl and R2 are each a
15 saturated_hydrocarbon group having 8-30 carbon atoms, X
is a halogen, Y is an alkoxy group, and m and n are
respectively numbers defined by the equations 1 g m g 3
and 0 £ n £ 2, provided that (m+n) is defined by the
equation 1 g (m+n) g 3, and an organoaluminum compound
20 (JP-A-2-77412). |
The above'process, however, is not fully satis-
factory in the activity of the catalyst, though it gives
copolymers having substantielly improved composition

distribution.

25

In view of the above situation, the object of

the present invention is to provide a novel catalytic
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catal yst conmponent. This catalyst, however, though it 10 gives

ethyl ene-[err]-ol efin copol yners having a narrow conposi tion
diistribution, has a | ow pol ynerization ;activity at high tenperatures
and hence a | ow produc- tivity and, further, raises the problens of
col or devel opment, | ow weat her resi gtance, and corrosiveness 15 due
to residual vanadi um and chlorine, so that the - copol ynmer nust be

t horoughly de-ashed to avoid these pr obl ens. .In order

to solve sich pysbémnandseseppbvide anprbedsshéye peeduthiy EthEéﬂBQSEd
whi ch use a catalytic 2Q systemconprising a titanium conpound or

zi rconi um aeotpbindcapdlgmens ubynusingnphendataigent! gysitém with a
particular, a nmethod has been proposed which uses a catal ytic system
conpri sing a thighi yieddnpbupdlymer perzinibnweigbtnpfundaasdtion metal
al um noxane (JP-T2-1-503788, L . .
which copolymers have a narrow composition distribution
5 and a high molecular weight and are excellent in weather
resistance, color development, transparency, corrosive-
ness, and mechanical properties.
These objects have been achieved by
providing . a'catalyst for copolymerizing ethylene with
10 an a-olefin which comprises the reaction product (A) of a
titanium compound (Al) having at least one titanium-
nitrogen bond with an organometallic compound (A2) having
at least one element selected from the groups IA, IIA,
IIB, IIIA and IVA of the periodic table and an organo-'

15 aluminum compound (B), and a prbcesé for producing

ethylene-a-olefin copolymers which uses the catalyst.

"Fig. 1 is a diagram showing the melting
- behavior of the copolymer obtained in Example 1
20 determined with a diffefential 5canning calorimeter
(hereinafter abbreviated as DSC).
Fig. 2 is a diagram showing the melting
'behavior of the copolymer obtained in Example 3
determined with a DSC. |
25 Fig. 3 is a diagf&m showing the melting
behavior of the copolymer obtained in Comparative Example

1 determined with a DSC.
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25 JP-A-62-121708). However, when the above-nenti oned
catal ytic systemis used in high tenperature sol ution polyner-

i zation, the resulting copolymer has a | ow nol ecul ar

- 4- 1 'weight and hence has properties rather unsatisfactory for

practical use. Further, the catalytic s?@ten1|s not satisfactory as to
t he copolynerlzablllty of a-olefins and hence requires the presence of

ST AT o S ST U e POk 0D
met hod of po'ﬂ@ﬂQJQJE]éy'éﬁgxééﬁgifmer obtaxned in Example 7 deter-
mined with a DSC. ' '
Fig. 5 is a diagram showing the melting
5 behaviof of the copolymer obtained in Example 8 deter-
mined with a DSC. |
Fig. 6 is a diagram showing the melting
behavior of the copolymer obtained in Example 9 deter-.
mined with a DSC.

10 | Fig. 7 is a diagram showing the melting
behavior of the copolymer obtained in Example 10 deter-
mined with a DSC.

Fig. 8 is a diagram showing the melting
behavior of the copolymer obtained in Comparative Example

15 4 determined with a DSC.

Fig. 9 is a fldﬁ chart to help understanding
the éresent invention. The flow chart merely represents
a'typical example of the embodiments of the present

invention, and the present invention is in no way limited.

20 thereto.

The present iﬂvention will now be described in
detail below.
The titanium compound (Al) used in the present
25 invehtion is a compound which has at least one titanium-
nitrogen bond. It may be, for example, a titanium

compound represented by the formula (R1R2N)4-(m+n)Timen'
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i zing olefins using a catalytic systemconprising a ~ conpound having a
titani umnitrogen bond and an organo- 10 al um num conpound, there have
been proposed a net hod " which uses a catalytic systemconprising a
solid conponent formed by supporting a titaniumam de conpound on
a magnesi um hal i de and an or ganoal um Augh eonpound (EP- 0320169,

| T-867243), one which uses a 15 catalytic systemconprising a

di phenyl am de conpound, of titani um and an organoal um num conpound

(EP- 0104314, whereﬂﬁhné4&nd15%6§:eoeechhachydsesaaboatgrpupch@yﬁm@hﬂ-
conprising an titaniumamnm de conpound having an aryl substituent and
an or ganoal und@ueecbapoahoms Jeng-may beothg2eeme grddiffexeat, &dswdi ch

uses a catalytic system . congrising a titanium am de conmpqund, having a
| oner al kyl ~halogeRupY i8cANa3LlWPKE: HFPHRYdBt LBafi B cRiefin®& bBind: an

or ganoal um num comRaNtfoh’o €' n 2 %7 and i 15°4' number defined by
' 5 the equation 0 £ n £ 3, provided that (m+n) is defined
by the equation 0 g (m+n) s 3. ' |
The halogen denoted by X in the above formula
may be chlorine, bromine, or iodine, but-is preferably
chlorine from the viewpoint of catalytic activity. The
10 group Y in the forﬁnla may ﬂe, for example, an alkoxy
‘group having 1-20 carbon atoms, sﬁch as methoxy, ethoxy,
propoxy, butoxy, or 2-ethylhexyloxy, but it is not
particularly limited from the viewpoint of the property

of the catalyst cobtained.

15 When (m+n) in the formula is greater than 3, '
free TiCl, comes to exist. This unfavorably reéults in a
wide composition distribution of the copolymer'obtaiged.

Specific examples of such titanium ¢ompounds
include dimethylaminotitanium trichloride, bis(dimethyl-

20 amino)titanium dichloride, tris(dimethylamino)titanium
chloride, tetrakis(dimethylamino)titahium, diethylamino-

_titanium trichloride, bis(diethylamino)titanium
dichlbride, tris(diethylamino)titanium chloride,
tetrakis(diethylamino)titanium, diisopropylaminotitanium

25 trichloride, bis(diisopropylamino)titanium dichloride,
tris(diisop;opylamino)titanium chloride, ;etrakis(diiso-
propylamino)titanium, dipropylaminoﬁiténium trichloride,

bis(dipropylamino)titanium dichloride, tris(dipropyl-



241, 6 (1968)]. 25 : However, the catalytic systens disclosed in

t he - above literatures do not give satisfactory results when used
for copol ynerization of ethylene with an [err]-olefin. "That is, the
net hods di scl osed in EP-0320169 and '

- 5- 1 Patent 867243 give ethylene-[er8]-olefin copolyners having a

wi de conposition distribution, while the nethods dis- ' closed in

EP- 0104374, JP-B-42-11646, JP-B-42-22691 and J. of  Polym Sci. Part

A-1, 241, 4 (lakBhojtitaniumachieride,f tetvakisfdipsopylpming )fidanium,

copol yneri zability of the :
diisobutylaminotitanium trichloride, bis(diisobutyl-
amino)titanium dichloride, tiis(diisobutylamino)titanium
chloride,. tetrakis(diisobutylamino)titanium, di-tert-

5 butylaminotitanium trichloride, bis(di-tert-butylamino)-
ti;aﬂium dichloride, tris(di-tert-butyl&mino)titanium
éhloride, tetrakis(di-tert-butylamino)titanium,
dibutylaminotitanium trichloride, bis(dibutylamino)-
titanium dichioride, tris(dibutylamino)titanium

10 chloride, tetrakis(dibutylamino)titanium, dihexylamino-
titanium trichloride, bis(dihexylamiho)titanium
dichloride, tris(dihexylamino)titanium chloride,
tetrakis(dihexylamino)titanium, dioctylaminotitanium
trichloride, bis(dioctylamino)titanium dichloride,

15 tris(dioctylaminb)titanium chloride, tetrakis(dioctyl-
amino)titanium, didecylaminotitanium trichloride,
bis(didecylamino)titénium dichloride,‘ﬁris(didecylamino)-
titanium chloride, tetrakis(didecylaﬁino)titanium,

: dioctadecylaminotifanium trichloride, bis(dioctadecyl-

20 amino)titanium dichloride, tris(diocta@ecylamino)titanium
chloride, tetrakis(dioctadecylamino)titanium, diphenyl-
aminotitanium trichloride, bis(diphenylamino)titanium
dichloride, tris(diphenylamino)titanium chloride,
tetrakis(diphenylamino)titanium, ethoxy(dimethyl-

25 amino)titanium dichloride, ethoxy(diethylamino)titanium
dichloride, ethoxy(dipropylamino)titanium dichioride,
ethoxy(diisopropylamino)titanium dichloride, ethoxy-

(diiscbutylamino)titanium dichloride, ethoxy(di-tert-



catalyst and the width of conposition distribution of the copol ymer
obt ai ned. _ To sol ve the probl ens descri bed above, the
present inventors previously proposed a process for 10 producing, in
ctopol yneri zation of ethylene with an [err]- ol efin, a coipolyner
having a narrow conposition di st+i bQt+on by using a catal ytic system
conprising a titani um conpound represented by the formula
(Rlerr]Rerr]N)[err](mtn) Ti X[err] Y[err], Mmmﬂ1ﬂew1amiﬂew%eueemh
a 15 sataratbﬂthydmbnabbbhagiumpdhehlngléeBoe§h¢§Uhdabﬁﬁ¥}aRln° - is a
hal ogen, Y is an al koxy group, and mand n are . respectively nunbers
defined by thetétaniumndighleridenm ?éh?]‘YlehexYléﬁé}nB)FEFPP:‘H‘“[err] 2,
provi ded that (mtn) is defined by the ., equation 1 [er err]n)
[err] 3, and afieh aﬁbﬁPun?ﬁhﬂ?K%ﬂt%ﬁﬁHla§6n°0EPPﬂ929?7hi§§¥°gghe'
it . .

he above prOCgéﬁbe?ﬁﬁéﬁéhyingSE)LE LXiﬁ%taichloride, propoxy(di-

5 methylamino)titanium dichloride, propoxy(diethylamino)-
titanium dichloride, propoxy(dipropylamino)titanium
dichloride, propoxy(diisopropylamino)titanium dichloride,
propoky(diisobutylamino)titanium dichloride,'propoxy(di-
tert-butylamino)titanium dichloride, propoxy(dibutyl-

10 amino)titanium dichloride, propoxy(dihexylamino)titanium
dichloride, propoxy(dioctylamino)titanium dichloride,
propoxy(diphenylamino)titanium dichloride, butoxy-
(dimethylamino}titanium dichloride, butoxy(diethylamino)-
titanium dichloride, butoxy(dipropylamino)titanium

15 dichloride, butoxy(diisopropylamino)titanium dichloride,
butoxy(diisobutylamino)titanium dichloride, butoxy(di-
tert-butylamino)titanium.didhloride, butoxy(dibutyl-
amino)titanium dichloride, butoxy(dihexylamino)titanium
dichloride, butoxy(dioctylamino)titanium dichloride,

20 butoxy(diphenylamino)titanium dichloride, hexyloxy-
(dioctylamino) titanium dichloride, 2-ethylhexyloxy-
(dioctylamino)titanium dichloride, decyloxy(dioctyl-
amino)titanium dichloride, ethoxy(didecylamino)titanium
dichloride, hexyloxy(didecylamino)titaniﬁm dichloride,

25 2-ethylhexyloxy(dideqylamino)titaniﬁm dichloride,
decyloxy(didecylamino)titanium dichloride,

ethoxy(dioctadecylamino)titanium dichloride, 2-

ethylhexyloxy(dioctadecylamino)titanium dichloride,



factory in the.activity of the catal yst, though it gives copol yners

havi ng substantially inproved conposition di.stribution. 25 .

In view of the above situation, the object of t he present invention
iS to provide a catal ytic - 6-
1 systemand to provide a process for-pibdsci ng-ethyl ene- :
[err]-olefin copolyners by using the catalytic systemwth a hi gh

y|eId of polymer per unit weight of transition netal
1 decyloxy(dioctadecylamino)titanium dichloride

hexyloxybis(dioctylamino)tltanlum chloride, 2-
ethylhexyioxy bis(dioctylamino)titanium chloride,
Idecyloxybis(dioctylamino)titanium chloridé,

5 hexyloxybis(didecylamino)titanium chloride, 2-
ethylhexyloxybis(didecylamino)titanium chloride,
decyloxybis(didecylamino)titanium chloride,
hexyloxybis(dioctadecylamino)titanium chloride, 2-
ethylhexyloxybis(dioctadecylamino)titanium chloride,

10 decyloxybis(dioctadecylamino)titanium chloride,
methoxytrisCdiméthylamino)titanium, ethoxytris-
(dimethylamino)titanium, butoxytris(dimethylamino)-
titaniﬁm, hexyloxyttis(dimethylamino)titanium, 2-
ethylhexylpxytris(di-methylamino)titanium,

15 decyloxytris(dimethylamino)titanium, methoxytris-
(diethylamino)titanium, ethoxytris(diethylamino)titanium,
butoxytris(diethylamino)titanium, hexyloxytris(diethyl-

‘amino)titanium, 2-ethylhexyloxytris(diethylamino)-
titanium, decyloxytris(diethylamino)titanium, methoxy-

20 tris(dipropylamino)titanium, ethoxytris(dipropyl-
amino)titanium, butoxytris({dipropylamino)titanium,
hexyloxyt;is(dipropylamino)titanium, 2-ethylhexyloxytris-
(dipropylamino)titanium, decyloxytris(dipropylamino)-
titanium, methoxytris(dibutylaminb)titanium, ethoxytris-

25 (dibutylamino)titanium, butoxytris(dibutylamino)titanium,
hexyloxytris(dibutylamino)titanium; 2-ethylhexyloxy- .
tris(dibutylamino)titanium, decyloxytris(dibutylamino)-

titanium, methoxytris(dihexylamino)titanium,



whi ch copol ynmers have a narrow conposition distribution 5 and a high

nol ecul ar wei ght and are excellent i n weat her resi stance, col or

devel opnent, transparency, corrosive- ness, and mechani cal properties.

These obj ects have been achi eved by providing a catal yst

for copolynerizing ethylene with 10 anhl2e~]-olefin which conprises the

reaction product (A) of a titani um conpound (Al) having at |east one
titani um nitrogen bond with an organomagnesi um conpound (A2) and

an al unm num cembooytriB) dibexy Lagdao )dd tandawot butoxyinig (dihexynl+ he form

of aliquid, 15 . . _and a process for producing

et hyl ene- [ er r BdMENtd teddomy ndexvipxyt nisddihexydaminaytitaniom, 2-

Fig. 1 is a diagramsh mﬁn% t.he ItiT% v ) ] o
ethylhexyloxytris(dihexylamino)titanium, decyloxytris-
(dihexylamino)titanium, methoxytris(diphenylamino)-

5 titanium, ethoxytris(diphenylamino)titanium,’
butoxytris(diphenylamino)titanium, hexyloxytris(diphenyl-
amino)titanium, 2-ethylhexyloxytris(diphenylamino)-
titanium, decyloxytris(diphenylamino)titanium,
methoxytris(dioctylamino)titanium, ethoxytris(dioctyl-

10 amino)titanium, butoxytris(dioctylamino)titanium,
hexyloxytris(dioctylamino)titanium, 2-ethy1hexyloxy-
tris(diqctylamino)titénium, decyloxytris(dioctylamino)-
titanium, methoxytris(didecylamind)titaniﬁm,
ethoxytris(didecylamino)titanium, bﬁtoxytris(didecyL-

15 amino)titanium, hexyloxytris(didecylamino)titanium, 2-
ethylhexylothris(didecylamino)ﬁitanium, decyloxytris-
(didecylamino)titanium; methothris(dioctadecylamino)-
titanium, ethoxytris(dioctédecylamino)titanium,
butoxytris(dioctadecylamino)titahium, hexyloxytris-

20 - (dioctadecylamino)titanium, 2-ethylhexyloxytris-
(dioctadecylamino)titanium, and decyloxytris-
-(dioctadecylamino)titanium.

| Among such titanium compounds, those wherein rl
and R? are each an aliphatic hydrocarbon group are

25 preferred because they yield copolymers having a narrow
composition distribution. Specific examples of such

compounds include dimethylaminotitanium trichloride,

bis(dimethylamino)titanium dichloride, tris(dimethyl-



behavi or of the copolynmer obtained in Exanple 1 20 determned with a
differential scanning calorineter (hereinafter abbreviated as DSC)
FLg. 2 is a diagram showi ng the nelting behavi or of the copolymer
obt ai ned in Exanple 3 determned with a DSC. 25 Fig. 31is
a di agram show ng the nelting bekadidor~ of the copol yner obtained in
Conpar ati ve Exanpl e 1 . determned with a DSC.

- 7- Fi 4 is a_diagram showing the neltin
! 1 1 amino)ti%an;um chloride, tetrakf%(dlmethylaﬁino)tltanlum,

diethylaminotitanium trichloride, bis(diethylamino)-
titanium dichloridg, tris(diethylamino)titanium chloride,
tetrakis(diethylamiho)titanium, diisopropylaminotitanium
5 trichloride, bis(diisopropylamind)titanium dichloride,
tris(diisopropylamino)titanium chloride, tetrakis(diiso-
propylamino)titanium, aipropylaminotitanium trichloride,
bis(dipropylamino)titanium dichloride, tris(dipropyl-
amino)titanium chloride, tetrakis(dipropylamino)titanium,
10 diisobutylaminotitanium trichloride, bis(diisobutyl-
-amino)titanium dichloride, tris(diisobutylamino)titanium
chloride, tetrakis(diisobutylamino)titanium, di-tert- -
butylaminotitanium trichloride, bis(di-tert-butylamino)-
titanium dichloride, tris(di-tert-butylamino)titanium
15 chloride, tetrakis(di~tert-butylamino)titanium,
dibntylaminotitanium trichloride, bis(dibutylamino)-
titanium dichloride, tris(dibutylamino)titanium chloride,
tetrakis(dibutylamino)titanium, dihexylaminotitanium
trichloride, b%é(dihexylamino)titnaium dichloride,
20 tris(dihexylamino)titanium cﬁloride, tetrakis-
| (dihexylamino)titanium, dioctylaminotitanium trichloride,
bis(dioctylamino)titanium dichloride, tris(dioctyl-
am;no)txtanxum chlorlde, tetrakls(dloctylamlno)tltanlum,
dldecylamlnotltanlum trichloride, bls(dldecylamlno)-
25 'tltanblum dichloride,_tris(didecylamino)titanium
chloride, tetrakis(didecylamino)titanium, dioctadecyl-
aminétitanium.trichloride, bis(dioctadecflamino)titanium

dichloride, tris(dioctadeéylamino)titanium chloride,
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behavi or of the copol ymer obtained in Exanple 7 deter-

DSC.

t he copol yner obtained in Exanple 8 deter- mned with a DSC.

FHg. 6is aflowchart to help understanding t he present invention.

The flow chart nerely represents - 14 -

10

15

- 20

25

tetrakis(dioctadecylamino)titanium, ethoxy(dimethyl- "
amino)titanium dichloride, ethoxy(diéthYlamino)titanium
dichloride, ethoxy(dipropylamino)titanium dichloride,
ethoxy(diisopropylamino)titanium dichloride, ethoxy-
(diisobutylamino)titanium.dichloride, ethoxy(di-tert-
butylamino)titanium dichloride, ethoxy(dibutylamino)-
titanium dichloride,-ethoxy(dihexylamino)titanium
dichloride, ethoxy(dioctylamino)tiﬁanium dichloride,
propoxy(dimethylamino)titanium dichloride, propoxy-
(diethylamino)titanium dichioride, propoxy(dipropyl-
amino)titanium dichloridé,_propoxy(diisopropylamino)-
titanium dichloride, propoxy(diisobutylamino)titanium
dichloridé, prépoxy(di—tert-butylamino)titanium
dichloride, propoxy(dibutylamino)titanium dichloride,
propoxy{dihexylamino)titanium dichlorige, porpoxy-

(dioctylamino)titanium dichloride, butoxy(dimethyl-

amino)titanium dichloride, butoxy(diethylamino)titanium

dichloride, butoxy(dipropylamino)titanium dichloride,

butoxy(diisopropylamino)titanium dichloride, butoxy-

(diisobutylamino)titanium dichloride, butoky(di-tert—
butylamino)titanium dichloride, butoxy(dibutylamino)-
titanium dichloride, butoxy(dihexylamino)titanium
dichloride, butoxy(dioctylamino)titanium dichloride,

hexyloxy(dioctylamino)titanium dichloride; 2~

'ethylhexyloxy(dioctylaminé)titanium dichloride,

decyloxy(dioctylamino)titanium dichloride, ethoxy-
(didecylamino)titanium dichloride, hexyloxy-

(didecylamino)titanium dichloride, 2-ethylhexyloxy-

_ : ( mned wth a
Fig. 5i1s a diagramshowng the nelting 5 behavior of
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.a typical exanple of the enbodi nents of the present I nvention, and the

present inventionis in no way limted 20 thereto. The
present invention will now be described in detail bel ow.
“The titaniumconmpound (Al) used in the present 25 invention is a conpound
whi ch has at | east one titanium - nist ~ogen bond. It may be, for
exanple, a titanium conpound represented by the formula

(Rerr]Rerr]NJ[err]-(mtn)Ti X[err] Y[err],
8- 1 WheqdideBydanlinojnd tRdun] ddchlexiden Hyawd@awﬂéﬁd@qﬁhw haV|ng 1-

amino)titanium dichloride, ethoxy(dioctadecylamino)-

titanium dichloride, 2-ethylhexyloxy(dioctadecyl-

amino)titanium dichloride, decyloxy(dioctadecylamino)-
5 titanium dichloride, hex&lbxybis(dioctylamino)titanium

chloride, 2-ethylhexyloxybis(dioctaylamino)titanium

| cyloride, decyloxybis(dioctylamino)titanium chloride,

hexyloxybis(didecylamino)titanium chloride, 2-

ethylhexyloxybis(didecylamino)titanium chloride,

10 decyloxﬁbis(didecylamino)tita;ium ;hloride,
hekyloxybis(dioctadecylamino)titanium chloride, 2-
ethylhexyloxybis(dioctadecylamino)titanium chloride,
decyloxybis(dioctadecylamino)titanium chloride, |
methoxytris(dimethylamino)titanium, ethoxytris-

15 (dimethylamino)titanium, buthytris(dimethylamino)-
titanium, hexyloxytris(dimethylaminq)titanium, 2-
ethylhe#yloxytris(dimethylamino)titaniﬁm, decyloxytris-
(dimethylamino)titanium, methoxytris(diethylamino)-
titanium, ethoxytris(diethylamino)titanium,

20 butoxytris(diethylamino)titanium, hexyloxytris-
(diethylamino)titanium, 2-ethylhexyloxytris(diethyl-
amino)titanium, décyloxytris(diethylamino)titaniuﬁ,
methoxytris(dipropylamino)titanium, ethoxytris-
(dipropylamino)titanium, butokytris(dipropylamino)-

25 - titanidm,~hexyioxytris(dipropylamino)titanium, 2-
ethylhexyloxytris(dipfopylamino)titanium, decyloxytris-

(dipropylamino)titanium, methoxytris(dibutylamino)-

titanium, ethoxyfris(dibutylamino)titnaium,
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.30 carbon atons and may be the sanme or different, Xis a hal ogen, Y is
an al koxy group, mis a number defined by the equation O [err] m[err]
3, and n is a nunber defined by 5 the equation O [err] n [err] 3,
tprovided that (mtn) is defined by the equation O [err] (mtn) [err] 3.
The hal ogen denoted by X in the above feraula may be chlorine,

bromne, or iodine, but is preferably chlorine fromthe viewoint of
catalytic activity. The 10 group Y in the forrmula may be, for.exanple, an
al koxy 1 BatsRytals (diBuePlamihohtataniumsubexuionpthndgsydibuliyily,

propoxy, butoxy, or 2-ethylhexyloxy, but it is not particularly
limted fronaikbgoytiwnpniuh, o2-ehbyphepplopytris (di-butydamanpit obt ai ned.
15 When (mtn) in the fornula is greater than 3, free

Ti Cl[err} cotksanhbumxi decyYokytuasiddbubyyaming)tétappiym, wi de
conposition gLiLngg;Lg?dggeigiaggggg¥Eggnggh?igggbxytris(dihexyl-
5 amino)titanium, butoxytris(dihexylamino)t;tahium,
hexyloxytris(dihexylamino)titanium, 2-ethylhexyloxy-
tris(dihexylamino)titanium, decyLoxytris(dihexylamino)-
titanium, methoxytris(dioctylamino)titanium,
ethoxytris(dioctylamino)titanium, butoxytris(dioctyl-

10 amino)titanium,.hexyloxytris(dioctylémino)titanium, ;-
ethylhexyloxytris(dioctylamino)titanium, decyloxytris-
(dioctylamino)titanium, methoxytris(didecylamino)-
titnaium, ethoxytris(didecylamino)titénium, butoxytris-
(didecylamino)titanium, hexyloxytris(didecylamino)-

15 titanium, 2-ethylhexyloxytris(didecylamino)titanium,
decyloxytris(didecylamino)titnaium, methoxytris- |
(dioctadecyiamino)titnaium, ethoiytris(aioctadecyl-_
amifio)titanium, butoxytris(dioctadecyiamino)titnaium,
hexyloxytris(dioctadecylaminb)titanium, 2-ethylhexyloxy-

20 tris(dioctadecylamino)titanium, and decyloxytris-
(dioctadecylamino)titanium.

| Among such titanium compounds, when R! and RZ
are each an aliphatic hydrocarbon group, particulaily
those wherein the number of carbon atoms is'8-30 are

25 preferred. Fﬁrther,_even when the number of carbon atomé
is less than 8, those compounds wherein m is 0 or 2 are
more preferred because they give copolymers having a

narrower composition distribution. Specific examples of
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Speci fic exanpl es of such titanium conpounds I ncl ude

di met hyl am notitaniumtrichloride, bis(dinmthyl- 20 an1no)t|tan|um

di chl oride, tris(dinethylamno)titanium chl ori de,

tet r aki s(di met hyl am no) titani um di et hyl ani no- titaniumtrichloride,

bi s(di ethylam no)titani um di chl oi @&, ~tris(diethylam no)titani um

chl ori de, tetraki s(di ethylamno)titanium diisopropylamnotitanium 25
trichloride, bis(diisopropylamno)titaniumdichloride,
tris(diisoprogyuchnicompbuhdsi incdhder bdes,(disethyilamdnoyeitanium

propyl am no)titanium dipropylam notitaniumtrichloride,

bi s(di propyl adiichlbrtidei, uretdiraklis(idimethylamdnp)aprhnium,

e bis(diethylamino)titanium dichloride, tetrakis-
(diethylamino)titanium, bis(diisopropylamino)titanium

5 dichloride, tetrakis(diisopropylamino)ﬁitanium,
bié(dipropylamino)titanium dichlo;ide, tetrakis(dipropyl-
- amino)titanium, bis(diisobutylamino)titanium dichloride,

tetrakis(diisobutylamino)titanium, bis(di-tert-
butylamino)titanium dichloride, tetrakis(di-tert-

10 butylamino)titanium, bis(dibutylamino)titanium
dichloride, tetrakis(dibutylamino)titanium, bis(dihexyl-
amino)titanium dichloride, tetrakis(dihexflamino)f
titahium, dioctylaminotitanium trichloride, bis-
(dioctylamino)titanium dichloride, tris(dioctyl-

15 amino)titanium chloride; tetrakis(dioctylamino)titanium,
didécylaminotitanium trichloride, siékdidecylamino)-
titanium dichloride, tris(didecylamino)titanium chloride,
tetrakiskdidecylamino)titaﬁium, dioctadecylamihotitanium
trichloride, bis(dioctadecylamino)titanium dichloride,

20 tris(dioctadecylamino)titanium chloride, tetrakis-

| (dioctadecylamino)titanium,“ethoxy(dimethylamino)titénium
dichloride, ethoxy(diethylamino)titaniuum dichloride,
ethoxy(dipropylamino)titanjium dichloride, ethoxy(diiso-
propylamino)titanium dichloride, ethoxy(diisobutylamino)-

25 titanium dichloride, ethoxy(di;tert-butylamino)titanium '
Qichloride, ethoxy(dibutylamino)titaniﬁm dichloride,
ethoxy(dihexylamino)titanium dichloride, ethoxy-

(dioctaylaﬁino)titanihm dichloride, propoxy(dimethyl-
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Jd anmino)titaniumchloride, tetrakis(dipropylam no)titani um

di i sobutylam notitaniumtrichloride, bis(diisobutyl- am no)titani um

dichloride, tris(diisobutylamnmno)titanium :

‘chl-oride,.tetrakis(diisobutylamno)titanium di-tert- 5

" butyl ami notitaniumtrichloride, bis(d-2L8t-butylan no)- titani um

dichloride, tris(di-tert-butylamno)titanium. chloride,

oG LB RLR L AT e, prpg PR S8 Bt

11 20, buty | L RALEL B0, UEoBr PHLBEL 850 sHERETKL A RAC AR AL ant

cLehl or1 de, | pkBpULTAX: BERRBLALABRUTHERRALLAC s o, propory:

chi or de, "1 ot FaEEEDRR S RGO A b e

trichlorige, putylamino)titanium dichloride, propoxy(dibutylamino)-
titanium dichloride, propoxy(dihexylamino)titanim
dichloride, propoxy(dioctylamino)titanium dichloride,
butoxy(dimethylamino)titanium dichloride, butoxy-
(diethylamino)titanium dichloride, butoxy(dipropyl-

10 amino)titanium dichloride, butoxy(diisopropylamino)-
titanium dichloride, butoxy(diisobutylamino)titanium
dichloride, butoxy(di-tert-butylamino)titanium
dichloride, buioxy(dibutylamino)titanium dichloride,

' butoxy(dihexylamino)titanium dichloride, butoxy-

15 (dioctylaﬁino)titanium dichloride, hexyloxy(dioctyl-
amino)titanium dichloride, 2-ethylhexyloxy(dioctyl-
amino)titanium dichloride, decyloxy(dioctylamino)titanium
dichloride, ethoxy(didecylamino)titanium dichloride,
hexyloxy(didecylamino)titanium dichloride, 2-

20 _ethflhexyloxy(didecylamino)titanium dichloride,
decyloxy(didecylamino)titanium dichloride, ethoxy-
(dioctadecylamino)titanium dichloride,'2-ethylheleoxy-
(dioctadecylamino)titnaium dichloride, decyloxy(diocta-
decylamino)titanium dichloride, hexyloxybis(dioctyl-

25 amino)titanium chloride, 2-ethy1hexyloxybis(dioctyi-
amino)titanium chloride, decyloxybis(dioctyl-
amino)titanium chloride, hexyloxybis(didecylémino)-

titanium chloride, 2-ethylhexyloxybis(didecylamino)-
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bié(didecylanino)titaniun1dich|oride, tris(didecyl am no) -
chl oride, tetrakis(didecylam no)titanium

trichloride, bis(dioctadecyl- 20 amno)titaniumdichloride,
tris(di octadecyl am no)titani um chl ori de,

tetraki s(di oct adecyl ani no)titanium di pAenyl - am notitani um
trichloride, bis(diphenylamno)titanium di chl ori de,

tris(di pheny
tetrakisidip
di chl ori de,

et hoxy(di pro

| am nQ) titani um chl ar

I qri de, e . ) o
Héﬁ??&ﬁﬂn&?@PF&ﬁFunﬁeéYﬁ8§Yb&6Kﬁé?ﬁ??lamQQP)§ﬁFﬁH%PWlanium
gbEgﬁ%ﬁg;fﬁg%%ﬁgk&gﬁ%khggkgg?ecylamghgqkg%hggum chloride,

AR AR B g i hprsom chacmsce,

5

10

15

20

25

nra OoXy
decyloxybis(dioctadecylamino)titanium chloride,

methoxytris(dimethylamino)titanium, ethoxytris(dimethyl-
amino)titanium, butoxytris(dimethylamino)titanium,
hexyloxytris(dimethylamino)titanium, i:ethylhexyloxy-
tris(dimethylamino)titanium, decyloxytris(dimethylamino)-
titanium, methoxytris(diethylamino)titanium, ethoxytris-
(diethylamino)titanium, butoxytris(diethylamino)titanium,
hexyloxytris(diethylamino)titanium, 2-ethylhexyloxytris-
(diethylamino)titanium, decyloxytris(diethylamino)-
titanium, methoxytris(dipropylamino)titénium,
ethoxytris(dipropylamino)titanium, butoxytris(diprdpyl-
amino)titanium, hexyioxytris(dipropylamino)titanium, 2-
ethylhexyloxytris(dipropylamino)titanium, decyloxytrig-
(dipropylamino)titanium, methoxytrié(dibutylamino)—
titanium, ethoxytris(dibutylamino)titanium, butoxytris-
{(dibutylamino)titanium, hexyloxytris(dibutylamino)-
titanium, 2-efhylhexyloxytri§(dibutylamino)titanium,
decyloxytris(dibutylamino)titaniﬁm, metﬁoxytris(dihexyl-
amino)titanium, ethoxytris(dihexylaﬁino)titanium,
butoxytris(dihexylamino)titanium, ﬁexfloxytris(dihexyl-

amino)titanium, 2-ethylhexyloxytris(dihexylamino)-

titanium, decyloxytris(dihexylamino)titanium,

methoxytris(dioctylamino)titanium, ethoxytris(dioctyl-
amino)titanium; butoxytris(dioctylamino)titanium,

hexyloxytris(dioctylamino)titanium, 2-ethylhexyloxytris-

titani um
di oct adecyl am noti tani um



~ 10 - 1 butylam no)titaniumdichloride, ethoxy(dibutylam no)-

titaniumdichloride, ethoxy(di hexylamno)titanium di chl ori de,

et hoxy(di octyl am no)titani umdichl oride, et hoxy(di phenyl am no)titani um
di chl oride, propoxy(di- 5 nmethylam no)titaniumdichloride,

pr opoxy(di et hyl ami no) - ti.tani um-dizhl-oride,

propoxy(di propyl ami no)ti-tani um di chl ori de,

propoxy(diisopropylam no)titani um dichloride, . :
propoxy( dii solsikogtarkaming } titami um c Hery exyprbpiieatrylamino) - :
tert-butylam no)titaniumdichlorjide, propoxy(dibutyl-, 10 amno)titani um
di chl ori de, FroARAHR H&%W%%ﬁ@%ﬁ?ﬁ%ammmb Rt Pfe, ethoxy=
DropORY( ot 0ot AT IEI L EOLH L EIL LS buspyccss (didecylanino) -
(e Ao tLoe o MG AL Rl 2 11t v
but oxy (di i SORLORY] ER-PPAtHL ALY HE GLEPL SR1fS) titanium, decyloxytris-
'(didecylamino)titanium, methoxytris(diqctadecylamino)-
titanium, ethoxytris(dioctadecylamino)titanium,
bufoxytris(dioctadecylamino)titanium, hexyloxytris-
(dioctadecylaminojtitanium, 2-ethylhexyloxytris-
10 (dioctadecylamino)titanium,.ahd decyloxytris-
- (dioctadecylamino)titanium.

Among such titanium compounds, those wherein m
in the formula is 1 are partiéularly preferred because
they give the highest catalytic activity. Examples of

15 such compounds include tris(dioctylamino)titanium
chloridé, tris(didecylamino)titanium chloride, tris-
(dioctédecylamino)titanium chloride, hexyloxybis(diogtyl-
amino)titanium chloride, 2-ethylhexyloxybis(dioctyl-
amino)titanium chloride, decyloxybis(dioctylaminp)-

20 titanium chloride, hexyloxybis(didecylgmino)titanium.
chloride, 2-ethylhexyloxybis(didecylamino)titanium
chloride, decyloxybis(didecylamino)titanium chloride,
hexyloxybis(octadeéylamino)titanium chloride, 2-
ethylhexyloxybis (octadecylamino)titanium chloride, and

25 decyloxybis(octadecylamino)titanium chloridé.

When the organometallic compound (A2) is an

organoaluminum compound, among such titanium compounds

those wherein m in the formula is smaller are



but oxy(di i sobutyl am no)titani umdichloride, butoxy(di-

tert-butylam no)titaniumdichloride, butoxy(dibutyl- am no)titani um

di chl ori de, butoxy(di hexyl am no)titani um di chl ori de,

but oxy(di octyl am no)titani umdichloride, 20 butoxy(d|phenylanlno)tltanlum
di chl ori de, hexyl oxy- (dioctylanmingy Litaniumdichloride,

2- et hyl hexyl oxy- (dioctylam no)titani umdichl oride, decyl oxy(dioctyl-
am no)titani umdichl oride, ethoxy(didecylamno)titanium di chl ori de,

-hexyl oxy( di deaydren prgféired Ubecatsé othee, yi@bd copolymers having still
2- et hyl hexyl oxy(di decyl ani no)titani um di chl ori de,

decyl oxy(di decydzxowes t compositiion hdbstdiébution. Examples of such

et hoxy(di oct adecyl am no)titani um dichl oride, 2-

et hyl hexyl oxy (¢prupeurds yined wde t tetnakhs (dinethytiamino)titanium,

tetrakis(diethylamino)titanium, tetrakls(dlpropylamino)-
5 titanium, tetrakis(diisoéropylaminc)titanium,
tetrakis(diisobutylamino)titanium, tetrakis(di-tert-
butylamino)titanium, tetrakis(dibutylamino)titanium,
tetrakié(dihexylamino)titanium, tetrakis(dioctylamino)-
titanium, ﬁetrakis(didecylaminé)titanium, tetrakis-
10 (dioctadecyl)titanium, methoxytris(dimethylamino)-
_titanium, ethoxytris(dimeﬁhylamino)titanium, butoxytris-
(dimethylamino)titanium, hexyloxytris(dimethylamino)-
titanium, 2-ethylhexyloxytris(dimethylamino)titanium,
'de;yloxjtris(dimethylamino)titanium, methoxytris-
15 (diethylamino)titanium, ethoxytrié(diethylémino)titanium,
| butoxytris(diethylamino)titanium, hg#yloxytris(diethyl-
amino)titanium, 2-ethylhexyloxytris(diéthylamino)-
titanium, decyloxytris(diethylamino)titanium, methoxy-
tris(dipfopylamino)titanium, ethoxytris (dipropylamino)-
20 titanium, butoxytris(dipropylamino)titanium, hexyloxy-
tris(dipropylamino)titanium, 2-ethylhexyloxytris-
(dlpropylamzno)tltanlum, decyloxytrxs(dlpropylamlno)-
titanium, methoxytrls(dxbutylamlno)tltanlum, ethoxytris-
(dibutylamino)titanium, butoxytris(dibutylamino)titanium,
25 hexyloxytris(dibutylamino)titanium, 2-ethylhexyloxytris-
(dibuﬁylamino)titanium,_decyloxytrié(dibutylamino)Q
titanium, methoxytris(dihexylamino)titanium, ethoxytris-

(dihexylamino)titanium, butoxytris(dihexylamino)titanium,



1 decyl oxy(di octadecyl am no)titani umdichloride

hexyl oxybi s(di octyl am no)titanium chl oride, 2- et hyl hexyl oxy

bi s(di octyl am no)titanium chl ori de, decyl oxybi s(di octyl am no)titani um
chloride, 5 hexyloxybls(dldecylan1no)tltanlun1chlor|de 2-

et hyl hexyl oxybi s(di decyl am no)titani an22hkori de,

decyl oxybi s(di decyl am no)titani um chl ori de,

hexyl oxybi s(di oct adecyl am no)titani um chl ori de, 2-

et-hyl hexyl oxyexyldkyptrisédihexybaninojnitantiner Rdethylbexyloxytns-

. decyl oxybi s(di octadecyl am no)titanium chl ori de,

met hoxyt ri s( tdkpenylanine) titanivm éeﬁm%9xrtgls(dlhexylaman)-

(di methyl am no)titanium butoxytris(di methyl am no) - ti tani um
hexyl oxyt ri sEH ﬁﬁ%HVkaﬁFﬁB?#YFﬁﬁF0ﬁ+°2tYlamln°)tltanlumv ethoxytris-

ethylhexyloxYétoc yia gﬁkg L%ghggamttggkggktrls(dloctylamlno)tltnalum,
5 hexyloxytris(dioctylamino)titnaium, 2-ethylhexyloxytris-
.(dioctylamino)titanium, decyloxytris(dioctylamino)-~
titanium, methoxytris(didecylamiﬁo)titanium, ethoxytris-
(didec&lamino)titanium, butoxytris(dideéylamino)titanium,
hexyloxytris(didecylamino)titanium, 2-ethylhexyloxy-

10 tris{didecylamino)titanium, decyloxytris(didecylamino)-
titanium; methoxytris(dioctadecylamino)titanium, '
ethoxytris(dioctadecylamino)titanium, butoxytris-
(dioctadecylamino)titanium, hexyloxytris(dioctadecyl~
amino)titaniﬁm, 2-ethylhgxylbxytris(dioctadecyl-

15 amino)tltanlum, and decyloxytrls(dloctadecylamlno)-

- titanium.

Such titanium compounds (Al) may be
synthesized, for example, by using thé methods described
in JP-B-41-5397; JP-B-42-11646; H. Burger et al., J. of

20 Organomet. Chem., 108 (197s), 69-84; H. Burger et al., J.
offOrganomet. Chem., 20 (1969), 129?139; and H. Burger,
Z. Anorg. Allg. Chem., 365, 243-254 (1991).

The titanium compounds may be synthesized,
according to the aforesaid methodé, for example, by

25 reacting (i) a secondary amine represented by the formula
RllRlzNH, wherein R1! and R12 each denote a hydrocarbon
group haaving 1-30 carbon atoms and may be the same or

different} with (ii) an alkylalkali metal represented by
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15 decyl oxytris(dimethylam no)titanium nethoxytris-
(diethyl am no)titanium ethoxytris(diethylamno)titanium
but oxytris(di ethylam no)titani um hexyl oxytris(diethyl-

am no)titanium 2-ethyl hexyl oxytris(diethylamno)- . titanium

decyl oxytris(di ethyl am no)titanium netP3xy- 20
tris(dipropylamno)titanium ethoxytris(dipropyl- am no)titani um

but oxytri s(di propylam no)tjfani um : .
hexyloxytuis(dherﬁpyhamann; Htanhen¢i2-3%ﬁydhagyﬁéx?thY§r°°arb°n group

(di propylam no)titanium decyloxytris(dipropylam no)- titani um

get hoxytri ? g ontx)wi?gam—a@) carbanuatomshanrgt ¥ denonss’ ag; BhkplanMBERLi t ani um
ut oxytris(di butyl am no)titani um hexyl oxytri s(di butyl am no)titaniu
2-ethy|hexy|oiycx as L#rﬁ§?d$bu?9¢aﬁ?ﬁ6)FP%SﬁFéH}tﬁ resulting 2hkaign v

decyl oxytri s(di butyl am_no) - titani u .
net%oxy?ris(éﬂﬁ&ﬁiréﬁ¥ﬂﬁ)%FFQnPuﬁftanlumnketrahallde representeg by

5 the formula TiX,, wherein X denotes a halogen, such as
chlorine, bromine, or iodine, preferably chlorine.
| In the above synthesis, two or more alkali
metal amides may be used simultaneously in combination.
The organometallic compound (A2) used for the
10 synthesis of the reaction product (A) in the present
invention is an organometallic compound having at least
one element selected from the groups IA, IIA, IIB, IIIA
and IVA of the periodic table. It is preferably an
organometallic coﬁpound having at least one element
15. selected from Li, Na, K, Be, Mg, Ca,on, Ccd, B, Al, Ga,
In and Sn. Such organometallic compound may be, for
example, a known organolithium compound, organosodium
compoqnd,'organopotassium compound, organoberyllium
compound, organbmagnesium compound, organocalcium
20 com?qund, organozinc compound, organocadmium compound,
org;;oboron compound, organocaluminum compound,
_orgahogallium compound, organoindium compound, and
organotin compound. It is preferably aﬁ organolithium .
compound, organoberyllium compound, organoﬁagnesium
25 compound, organozinc compound, organopotassium compound,
organcaluminum compound or 6rganoindium compound. - More

preferably, it is an organomagnesium compound, organo-

lithium compound, or organoaluminum compound; )
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-12- et hoxytri s(di hexyl am no)titanium butoxytris(dihexyl -
am no)titanium hexyl oxytris(dihexylam no)titanium 2-
et hyl hexyl oxytri s(di hexyl am no)titani um decyl oxytris-
(di hexyl am no)titani um methoxytris(di phenylamno)- 5 titanium

et hoxytri s(di phenyl am no)titani um - 2Butoxytri s(di phenyl am no)titani um
hexyl oxytri s(di phenyl - am no)titani um

2- et hyl hexyl oxytri s(di phenyl anm no) - titani um

decyl oxyt Ai s(di phenyl anfThe) erganpmagnesium compound used in the

met hoxytris(di octyl am no)titanium ethoxytris(dioctyl- 10 am no)titanium

butoxytrls(d|B€F§P&ﬁ1ﬁBYFFF&HPuHPY be apgy§ve ypﬁlgFﬂﬁ&ﬂﬂﬂ9¥ﬁ%Hﬁ%ltanlum
- 2- et hyl hexyl ox ¥ h di_oct Ian1noﬁt|tan| bon bond
decyl oxyt ri s( GPBEPPRGnRF! cont tPfafti fipgnesium=carbon bond.

- nethoxytris(dhdec¥ g‘gg)khgagr%ghomagneSLum compound (A2) include

5 organomagnesium compounds represented by the formula
R3R4Mg, wherein R3 and R* each denote a hydrocarbon group
having 1-20 éarbon atoms, the formula Rsngzl, wherein éS
denotes a hydrocarbon group having 1-20 carbon atoms, and
ledenotes a hydrogen atom or alkoxy group, and the

10 formula RGMgX, wherein R® denotes a hydrocarbon group
having 1-20 carbon atoms and X denotes a halogen. 1In the
above formulas, R3, R4, RS and R6 may be the same or
different and each denote an alkyl group, aryl group,
aralkyl group or alkenyl group each having 1-20 carbon -

15 atoms, e.g., methyl, ethyl, propyl, isopropyl, butyl,
sec-butyl, tert-butyl, amyl, isocamyl, hexyl, octyl, 2-
ethylhexyl, phenyl, benzyl, vinyl, i-bropenyl agd 2-
propenyl.

_ Specific examples of the compounds represented

20 by;Fhe formula R3R4Mg include dimethylmagnesium,
diethylmagnesium, dipropylmagnesium, diisopropyl-
magnesium, dibutylmagnesium, diisobutylmagnesium,
di-sec-butylmagnesium, di-tert-butjlmagnesium,
diamylmagnesium, dineopentylmagnesium, dihexylmagnesium,

25 dicyclohexylmagnesium, diphenylmagnésium, dibenzyl-
magnesium, divinylmagnesium, di-2-propenylmagnesium,
di-2-butenylmagnesium, bis(trimethylsilylmethyl)-

magnesium, methylethylmagnesium, methylpropylmagnesium,



et hoxytri s(di decylam no)titanium butoxytris(didecyl- 15 amno)titanium
hexyl oxytri s(di decyl am no)titanium 2- _

et hyl hexyl oxytri s(di decyl am no)titani um decyl oxytris-

tdi decyl-am no)titani um nethoxytris(dioctadecyl am no) - titani um

et hoxytri s(di octadecyl am no)titani um- 25 =-

but oxytri s(di octadecyl am no)titani um hexyl oxytris- 20

(di oct adecyl am no)titani um 2-ethyl hexyl oxytris-

(di oct adeky| aethy)iscancpyinagoegdup, opethydbutylmagnesium,

(di oct adecyl am no) titani um ] Anmong _such titani um conpounds,
_t hose - wher ef RethyligeBuRydmapngsd umac RekRYA-SEFabE YHFRGReSBWh group are

Compos 1§ o’ BeSHHIDEERTDUEYAaRAPESERI REE NI ST AFATRES Wihmounds. | nol ude
di methy | am noUit gl U Lol HLLH %1 un, maRh§u T B AT |t on um

3 methylcyclohexylmagnesium, methylphenylmagnesium,
methylbenzylﬁagnesium,'methylvinylmaénesium, methyl-2-
propenylmagnesium, methyl-2-butenylmagnesium, methyl-
(trimethylsilylméthyl)magnesium, ethylpropylmagnesium,
éthylisopropylmagnesium, ethylbutylmagnesium, ethyl-

10 isobutylmagnesium, ethyl-sec-butylmagnesium, ethyl-tert-
butylmagnesium, ethylamylmagnesium, ethylneopentyl-
magnesium, ethylhexylmagnesiﬁm, ethylcyclohexylmagnesium,
ethylphenylmagnesium, ethylbenzylmagnesium, ethylvinyl;
magnesium, ethyl-2-propenylmagnesium, ethyl-2-

15 butenylmagnesium, ethyl(trimethylsilylmethYl)magnesium,
propylisopropylmagnesium, propylbutylmagnesium,

| propylisobutylmagneéium, propyl-sec~butylmagnesium,
propyl-tert-butylmagnesium, propylamylmagnesium,
propylneopentylmagnesium, propylhexylmagnesium,

20 propylcyclohexylmagnesium, pfopylphenyl@agnesium,
propylbenzylmagnesium, prolevinylmagnesium, propyl-2-
propenylmagnesium, propyl-2-butenylmagnesium, propyl-
(trimethylsilylmethyl)magnesium, isopropylbutylmagnesium,
isopropyliscobutylmagnesium, isopropyl-sec-butylmagnesium,

25 1isopropyl-tert-butylmagnesium, isopropylamylmagnesium,
isopropylneopentylmagnesium, isopropylhekylmagnesium, |
isopropylcyclohexylmagnesium, isopropylphenylmagnesium,

isopropylbenzylmagnesium, isopropylvinylmagnesium,



= 13 1 amno) titaniumchloride, tetrakis(dinmethylamno)titanium

di ethylam notitaniumtrichl oride, bis(diethylam no)- titani um
dichloride, tris(diethylam no)titanium chloride,

tetrakis(diethylam no)titani um d||sopropylan1not|tan|un1 5 trichloride,
bi s(diisopropyl am no)titani umdichl ord dgg -
tris(diisopropylamno)titaniumchloride, tetrakis(diiso-
propyl am no)titani um dipropylam notitaniumtrichloride,

bi s(di prapy| dsopndpyidppaberiy Xid dtes 1 S (18 qpogyy - z-butemnyne) titani um

chl oride, tetrakis(dipropylamno)titanium 10 diisobutylam notitanium
-trichloride,Mﬁgnaﬁiumunﬂqdpropyl(Emﬁmnﬁh?ls&ﬂy&meﬁhyﬂImagnesium,
tris(diisobutylamno)titani um
butylisobutylmagnesium, butyl-sec-butylmagnesium, butyl-
tert-butylmagnesium, butylamylmagneéium, butylneopentyl-

5 magnesium, butylhexylmagnesium, butylcyclohexylmagnesium,
butylphenylmagngsium, butylbenzylmagnesium, butylvinyl-
magnesium, butyl-2-propenylmagnesium, butyl-2-butenyl-
magnesium, butyl(trimethylsilylmethyl )magnesium,
Lsobutyl-sec-butylmagnes1nm, Lsobutyl-tert-butyl-

10 magnesium, Lsobutylamylmagnesxum, Lsobutylneopentyl—
magnesium, isobutylhexylmagnesium, Lsobutylcyclohexyl-
magnesium, isobutylphenylmagnesium, isobutylbenzyl-
magnesium, isoﬁutylvinylmégnesium, isobutyl-2- '
prbpenylmagnesium, isobutyl-2-butenylmagnesium,

15 isobutyl (trimethylsilylmethyl )magnesium, sec-butyl-tert-
butylmagnesium, sec-butylamylmagnesium, sec-butylneo-
éentylmagnesium, sec-butylhexylmagnesium, sec-
butylcyclohexylmagnesium, sec—butylphenylmagnesium, sec-
butylbenzylmagnesium, sec-butylvinylmagnesium, sec-butyl-

20 Zépfopenylmagnesium, seé-butyl-2-buteny1magnesium, sec-
butyl(trimethylsilylmethyl )magnesium, tert-butylamyl-
magnesium, tert-butylneopentylmagﬂésium, tert-
bqtylhexylmagnesium, tert-butylcyc1ohexylmagnésium,
tert-butylphenylmagnesium, tért-butylbenzylmagnesium,

25 tert-butylvinylmagnesium, tert-butyl-2-propenylmagnesium,
tert-butyl-2-butenylmagnesium, tert-butyl(trimethyl-
silylmethyl )magnesium, amylneopentylmagnesium, amylhexyl-~

magnesium, amylcyclohexylmagnesium, amylphenylmagnesium,



chl oride, tetrakis(diisobutylamnno)titanium di-tert-

butyl am notitaniumtrichloride, bis(di-tert-butylam no)- titani um
dichloride, tris(di-tert-butylamno)titanium 15 chloride,
tetrakis(di-trt-butylam no)titani um dlbutylan1not|tan|unltrlchlorlde
bi s(di butyl am no) - titani umdichto#? de, tris(dibutylanmno) titanium
chl ori de, tetrakis(dlbutylan1no)t|tan|un1 di hexyl am notitani um
trichlorigde, dlhe Ian1no tltanl Iorlde 20 :
trls(dlhe&yléﬂﬂ ?4? Wﬂﬂcﬁﬂ esium, amyl-2-

(1 hexyt o nolL Ly bR O T AL o B0y i um
chrortde d;?t@f*;ﬁdé%@%%m%&ﬂ%. A —
E:Ilr iji'g ghgac/lyl %M%ﬁ%ﬁ?ﬁ%?x&%xﬁ#ﬁﬁ%ﬁdg bi s(?oct adecyl aﬂ?ﬁ%ﬁ?m\;%m
5 neopentylbenzylmagnesium, neopentylvinylmagnesium,
neopentyl-2-propenylmagnesium, neopentyl—?-butegyl-
magnesium, neopentyl(trimethylsilylmethyl)magnesium,
hexylcyclohexylmagnesium, hexyléhenylmagnesium, |
hexylbenzylmagnesium, hexylvinylmagnesium, hexyl-2-
10 propenylmagnesium, hexyl-z-butenYImagnésium, hexyl-
(trimethyléilylmethyl)ﬁagnesium, cyclohexylphenyl-
.magnesium, cyclbhexylbenzylmagnesium,'cyclohexylvinyl-
magnesium, cyclohexyl-2-propenylmalgnesium, cyclohexyl-
2-butenylmagnesium, cyclohexyl(trimethylsilylmethyl)-
15 'magnesium, phenylbenzylmagnesium, phenylvinylmagneéium,
phenyl-2-propenylmagnesium, phenylé2-buteny1magnesium,
phenyl(trimethylsilylmethyl)m&gnesium,'benzylvinyl-
magnesium, benzyl-2-propenylmagnesium, benzyl-2-
butenylmagnesium, benzyl(trimethflsilylmethyl)magnesium,
20 vinyl-2-propenylmagnesium, vinyl—2-butenylmagnesium, and
vin&l(trimethylsilylmthyl)magnesium. |
Examples of ihe coméounds represented by the
formula R5Mgz1 include ethylmagnesium hydride, |
propylmagnesium hydride, isopropylmagnesium hydride,
25 Dbutylmagnesium hydride, sec-butylmagnesium hydride, .
tert-butylmagnesium hydride, phenylmagnesium hydride,
ethylmagnesium methokide, ethylmagnesium.ethoxide,

ethylmagnesium propoxide, ethylmagnesium butoxide,
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di chl ori de,

tris(dioctadecyl am no)titani umchloride,

- 14 - 1 tetrakis(dioctadecylam no)titanium ethoxy(dinethyl -

am no)titani umdi chl oride, ethoxy(diethylamno)titanium di chl ori de,
et hoxy(di propyl am no)titani um di chl ori de,

et hoxy(dii sopropylam no)titaniumdichloride, ethoxy- 5

(dii sobutyl am no)titani umdichl oride, "efAoXy(di-tert-

butyl ami no)titani umdichloride, ethoxy(dibutylam no)- titani um

dichloridg
et hoxy(di

10

15

20

25

B RBE ool o,

propylmagnesium ethoxide, propylmagnesium propoxide,
propylmagnesium butoxide, propylmagnesium phenoxide,
isopropylmagnesium methoxide, isopropylmagnesium
ethoxide, isopropylmagnesium éropoxide, isopropyl-
magnesium butoxide, isopropylmagnesium phenoxide,
butylmagnesium methoxide, bﬁtylmagnesium ethoxide,
butylmagnesium propoxide, butylmagnesium butoxide,
butylmagnesium phenoxide, sec-butylmagne#ium methoxide,
sec-butylmagnesium ethoxide, sec-butylmagnesium
propoxide, sec-butylmagnesium butoxide, sec-butyl-
magnesium phenoxide, tert-butylmagnesium méthoxide,
tert-butylmagnesium ethoxide, tert-butylmagnesium
propoxide, tert-butylpagpesium butoxide, tert-
butylmagnesium phenoxide, phenylmagnesium methoxide,'
phenylmagnesium ethoxide, phenylmagnesium propoxide,
phenylmagnesium butoxide and phenylmagnesium phenoxide.
Examples of the compoﬁnd reéresented by the
formula RSng include methylmagnesium chloride,
ethylmagnesium chloride, ethylmagnesium bromide,
ethflmagnesium iodide, propyimagnesium chloride,
propylmagnesium bromide, butylmagnesium chloride,
butylmagnesium S;omide, sec~-butylmagnesium chloride,
sec-butylmagnesium bromide, tert-butylmagnesium chloride,
tert-butylmagnesium bromide, amylmagﬁesium chloride,
isocamylmagnesium chloride, vinylmagnesium bromide,
vinylmagnesium chloride, l-propenylmagnesium bromide, 1-
propenylmagnesium chloride, 2-propenylmagnesium bromide.
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propoxy(di met hyl am no)titani umdichloride, propoxy- 10

(di ethyl am no)titani um di chl oride, propoxy(di propyl - am no)titani um
di chl ori de, propoxy(diisopropylam no)- titani um dichl ori de,
propoxy(diisobutylam no)titanium di chl ori de,

propoxy(di-tert-butylam no)titanium = 29 dlchlorlde
propoxv(di butyl ani no)titani um dichl oride,

%m%%%%%%”mm“%%%w%%WW%mwmmm

di chl oride, butoxy(diethyl am no)t.itanium |9
butoxy(dipro ' eﬁy -Tk d|q§gzylmad%eél éﬁiorxde, and

but ox diiso chlorlde but oxy- 20 di i sobutyl am no
e o SR e Syt ant o e e

titaniumdic butyl am no)titani umdichloride,
but oxy(di butyl am no) - rom‘ﬂﬂ%@@ﬂé@d3 @%ﬁ composition distribu-

butoxy(d|hexylan1no)t|tan|un1 dICh orlé% ut oxy(di octyl am no tltanlum
dichloride, tion REXWHHXHOPASMEAFd M ! aduélrazdjaﬁmnmgr@esnﬁn

'compounds are preferably those which are represented by

the formula R3R4Mg. Among.them, those whereiﬁ R3 and R4

are each an aliphatic hydrocarbon group are more

preferred; Specific examples of such organomagnesium

10 compounds include dimethylmagnesium, diethylﬁﬁgnesium,
dipropylmagnesium, diisopropylmagnesium, dibutyl-
magnesium, diisobutylmagqesium, di-sec~-butylmacnesium,
di-tert-butylmagnesium, diamylmagnesium, dineopentyl-
magnesium, dihexylmagnesium, dicyclohexylﬁagnesium,

15 methylethylmagnesium, methylpropylmagnesium,
methylisopropylmagnesium, methylbutylmagnesium,
methylisobutylmagnesium, methyl-sec-butylmagnesium,
methyl-tert-butylmagnesium, methylamylmagnesium,
methylneopentylmagnesium, methylhexylmagnesiuﬁ,

20 methylcyclohexylmagnesium, ethylpropylmagnesium,
eth&iisopropylmagnesium, ethylbutylmagnésium, ethyl-
isobutylmagnesium, ethyl-sec-butylmagrnesium, ethyl-tert-
.butylmagnesium, ethylamylmagnesium, ethylneopentyl-
magneéium, ethylhexylmagnesium, ethylcyclohexylmggnesium,

25 proipylisopropylmagnesium, propylbutylmagnesium, |
propylisobutylmagnesium, propyl-sec-butylmagnesium,
propyl-tert-butylmagnesium, propylamylmagnesium,

propylneopentylmagnesium, propylhexylmagnesium,
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25 et hyl hexyl oxy(di octyl am no)titani um dichl oride,
decyl oxy(di octylam no)titani umdi chl oride, ethoxy-

(di decyl am no)titani um di chl ori de, hexyl oxy- (di decyl am no)titani um
di chl ori de, 2-ethyl hexyl oxy- (di decyl am no) titani um
di chl ori de, decyl oxy(di decyl - anm3b)+itani um di chl ori de,

et hoxy(di oct adecyl am no) - titani umdichl ori de,

2- et hyl hexyl oxy(di oct adecyl - amno)titani umdichl oride, :

decyl oxy(¥i oRERRAGYHiohexy lmagnesium LFFQREIPDIPWEy lmagnesium,

hexyl oxybi s(di octyl ami no).titani um ‘ch] ori de,

2_ethy|hexy“iaﬂggﬂgykkﬁgpqﬁﬂ%ﬂﬁgqqq%ﬂwl”ﬁsopropyl-sec—butylmagnesium,

.isopropyl-tert—butylmagﬁesium, isopropylamylmagnesium,
isoprdpylnéopentylmagnésium, isopropylhexylmagnesiuﬁ,

5 isopropylcyclohexylmagnesium, butylisobutylmagnesium,
butyl-sec-butylmagnesium, butyl-tert-butylmagnesium,

' butylamylmagnesium, butylneopentylmagnesium, butylhexyl-
magnesium, butylcyclohexylmagnesium, isobutyl-sec-
butylmagnesium, isobutyl-tert-butylmagnesium,

10 -isobutylamylmagnesium, isobutylneopentylmagnesium,
isobutylhex?lmaghesium,.iéobutylcyclohexylmagnesium,
séc-butyl-tert-butylmagnesium, sec-butylamylmagnesium,
sec-butylneopeﬂtylmagnesium, sec~-butylhexylmagnesium,
sec-butylcyclohexylmagnesium, ﬁert-butylamylmagnesium,

15 tert-butylneopentylmagnesium; tert-butylhexylmagnesium,

- tert-butylcyclohexylmagnesium, amylneopentylmagnesium,
amylhexylmagnesium, amylcyclohexylmagnesium, neopentyl- -
hexylmagnesium, neopentylcyclohexylmagnesium, and
hexylcyclohexylmagnesium.

20 : In place of the aforesaid crggnomagnesium

| compounds, hydro;arbon soluble complexes of the
organomagnesium &ompoﬁnds with organometallic compounds
may be used. The organometallic compounds may be, for
example, organic compounds of Li, Be, B, Al or Zn.

25 Further, the present invention is not limited to the
aforeéaid'épmpounds.

The organolithium compounds used in the present

" invention may be any type of organolithium compounds

This Sheet Has Been Reilaced

WA




chl ori de, 'decyl oxybi s(di octyl am no)titani um chl oride,
hexyl oxybi s(di decyl am no) titaniumchloride, 2-

et hyl hexyl oxybi s(di decyl am no)titani um chloride, 10
décyloxybis(didecylanino)titaniun1ch|oridet

hexyl oxybi s(di oct adecyl ami no)titani um &3 ori de, 2-

et hyl hexyl oxybi s(di oct adecyl am no)titani um chl ori de,

decyloxybis(dloctadecylan1no |tan|un1chlor|de

met hoxyt r + s( SPRERAPLRG Aol HWUﬁFr QQz¥th@Bare represented by
di met hyl am no) ti_t ani Rut.oxytris( Ian1no) titani um
ge;gfoxgtrisfg%ngP “;ﬁlﬁofPVtgh denotes ‘a hydrocarbon group
et hyl hexyl ox I s( di h |tan|un1 decyloxytrls- _
(dlnethylanlﬁ %%%é n@k}x PRE(di et hyl ani no) - titani um

ﬁéi‘;’f%&;iffé’iet AT kR ghq“a@‘f Bles 5 S0 HrRBah R & di ot hyl -

a”ino)tit9niEthQ%ﬁHEOﬁﬁEﬁhaﬁdh%%h&hi@ﬂﬂ@ﬁd}‘Eyﬂyfllthlum, n-
propyllithium, isopropyllithium, n-butyllithium, sec-
butyllithium, tert-butyllithium, isobutyllithium,
phenyllithium, aryllithium, cyclohexyllithium, and n-
hexyllithium. Preferred among'them are methyllithium,

10 ethyllithium, n-propyllithium, n~butyllithium, sec-
butyllithium and n-hexyllithium. |

The organoﬁéryllium compound may be, for
example, diethylberyllium and dipropylberyllium.
The organozinc compound may be, for example,

15 diethylzinc, dibutylzinc and diphenylzinc.

The organocadmium compound may be, for example,
diethylcadmium, dibutylcadmium and diphenylcadmium.

The organoboron compound may be, for examplé,
triethylborane, tributylborane, and triphenylborane.

20 - The organocaluminum éompounds used in the
presént invention may be those known in the art. Such
organocaluminum compounds are, for example, organocaluminum
compounds represented by the formula R7aAlzz3_a, or
chain-like or cyclic aluminoxanes having a structure

25 represented by the'formula-puJRs)-O]z-.

In the above formulas, R7 and R8 are each a
hydrocarbon group having 1-20 carbon atoms,.preferably

1-10 carbon atoms, 72 denotes a_hydrogen atom and/or an
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met hoxytri s(di propyl am no)titani um ethoxytris- _ _

(di propylam no)titani um butoxytris(dipropylamno)- 25 titanium

hexyl oxytri s(di propyl am no)titanium 2-

et hyl hexyl oxytri s(di propyl ani no)titani um decyl oxytris- o

(di propylam no)titanium nethoxytris («di3futyl am no) - titani um

et hoxytris(di butyl am no)titani um -

16 1 butoxytris(dibutylam no)titanium hexyloxytris(dibutyl- .

am no) tit ahi urdlloxy hgrorxy | axis ra stumbenitdefimed )by the equabiom0 < a

decyl oxytri S(ds_.l b.‘;J,t yalr?crln no])_é Iatr?ni#tn;ger of 1 or more,. preferably 2-30.

5pec1f1c examples of the organocaluminum

compound represented by the formula R’ Alzz3_a include

5 trialkylaluminums, such as trimethylaluminum, triethyl-
aluminum, tripropylaluminum, triisobutylaluminum,
trihexylaluminum, trioctyléluminum, andftridecylaluminum;
dialkylaluminum hydrides, such as dimethylaluminum
hydride, diethylaluminum hydr;de, dlpropylalumlnum

10 hydride, dllsobutylalumlnum hydr;de, dLhexylalumlnum
hydride, dioctylaluminum hydride, and didecylaluminum
hydride; alkoxyalkylaluminum hydrides, such as
methdxymethylaluminum hydride, methoxyethylaluminum
hydride, methoxyisobutylaluminum hydride, ethoxyhexyl-

15  aluminum hydride,. ethoxyoctylaluminum hydride, and
etﬁoxydecylaluminum hydride; and alkylaluminum alkoxides,
sﬁch asidimethylaluminuﬁ methoxide, methylalﬁminum
dimethoxide, diethylaluminum methoxide, ethylaluminum
dimethoxide, diisobutylaluminum methoxide, isobutyl-

20 aluminum dimethoxide, dihexylaluminum methoxide,
hexylalumihum dimethoxide, dimethylaluminum ethoxide,
methylaluminum diethoxide,-diethylalﬁminum ethoxide,
ethylaluminum diethoxide, dii#obutylaluminum ethoxide,
and isdbutylaluminum diethoxide.

25 Among these compounds, preferred from the
ﬁiewpoint of catalytic activity are trialkylaluminums,

which are compounds of the above formula wherein a is 3,

for éxmaple, trimethylaluminum, triethylaluminum,
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et hoxytri s(di hexyl am no)titani um ethoxytris(di hexyl - 5 amno)titanium
but oxytri s(di hexyl am no)titani um hexyl oxytri s(di hexyl am no)titani um
2- et hyl hexyl oxy- tris(di hexylam no)titanium

decyl oxytri s(di hexyl am no) - titani-um

met hoxytris(dioctylam no)titanium = 33ethoxytris(dioctylanm no)titanium
but oxytris(dioctyl- 10 amno)titanium hexyloxytris(dioctylam no)
titanium_ 2- et hyl hexyl oxytri s(di octyl am no)titani um decyloxytris-
(di oct yl ahi neripropyLajuninwoxytriisebutyiabwpiopm, trihexydalyminum,

et hoxytris (didecylamno)titanium butoxytris- (di decyl am no)titani um
hexyl oxyt ri staieetylakwnsnum, 1and; tridegiialuminum. ~However, the

2- et hyl hexyl oxytri s(di decylam po) titapi um ‘
decyl oxytr| SPRESRRY| LTRRSPR ahF (APLrbARLRYE  FQ. the above compounds.

o L B L} 8L oL SRS anes <AELEGLAELA™ U7
hexyloxytgi sty pgbagsexh 3 DPAL | ROJLEY) -215EINLECK Y M Natny1 -
| dialumiﬁoxane, tetraethyldialuminoxane, tetrabutyl-
dialuminoxane, tetrahexyldialuminoxane, methyl-
aluminoxane, ethylaluminoxane, butylaluminoxane, and
'hexylaluminoxane. The present invention, however, is not
10 limited to the above compounds.

The organogallium compounds may be; for
example, diethylgallium, dibutylgallium, and diphenyl
gallium.

The organoindium compounds may be, for example,

15 diethylindium, dibutylindium, and diphenylindium.
The organotin compounds may be, for example,
tetraethyltin, tetrabﬁtyitin, and tetrabhenyitin.
| The organoaluminum compounds (B) used as one
component of the catalyst in the present invention maj be
20 those known in the art. The qrganoalum;num compounds (B).
may be, for example, organocaluminum compoﬁnds (Bl) J
'represented by the formula RloéAlz33_a, and chain-like or
cyclic aluminoxanes (B2) having the structure shoﬁn by
the formula -[Az(Rl;)-O]z-. Preferred among the
25 qrganoaiuminum'compounds (B) are organoaluminum compounds
(Bl) represented by the formula RloaAlz33_a. In the
above formulas, R10 and r1? are.each a hydrocarbon group

having 1-20 carbon atoms, preferably 1-10 carbon atoms,
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20 tris(dioctadecylamno)titanium and decyl oxytris-

(di octadecyl am no)titani um Anmong such titani um conpounds,
when Rlerr] and R err] are each an aliphatic hydrocarbon group,
particularly * those wherein the nunber of carbon atons is 8-30 are

25 preferred. Further, even when the-r3gber of carbon atons Is | ess
than 8, those conpounds wherein mis O or 2 are nore preferred because
t hey give copohyners havi ng a narrower conposition distributi.on.

Speci fi c ekanfieslegfotes a hydrogen atom and/o; an alkoxy group/ a is 4
such corrpoundsnuimrg:elg dd?efb.{rlse(éi ibnl}etthr}/el aergunaotzifoirz a0n|<ur2 € 3, and ¢ is an |
integer of 1 or more, preferably 2-30. |
Specific examples of the organoaluminum
5 compouﬁds (Bl) represented by the formula RloaAlz33_a-_
include trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triproipylalumi;um, triisobutyl-
aluminum, trihexylaluminum, trioctyialuminum, and
tridecylaluminum, dialkylaluminum hydrides, such as
10 dimethylaluminum hydride, diethylaluminum hydride,
dipropylaluminum hydride, diisobutylaluminum hydride,
dihexylaluminum hydride, dioctylaluminum hydride, and
didecylaluminum hydride, élkoxyaluminum hydrides, such as
methoxymethylaluminum hydride, methoxyethylaluminum
15 hydride, methoxyisobutylaluminum hydride, ethoxyhexyl-
aluminum hydride, ethoxyoctylaluminum hydride, and -
ethoxydecylaluminum hydride, and alkylaluminum alkoxides,.
such as dimethylaluminuﬁ methoxide, meﬁhylaluminum
diﬁethoxide, diethylalumiﬁum methoxide, ethylaluminum
20 dimethoxide, diisobutylaluminum methoxide, isobutyl-
aluminug dimethoxide, dihexylaluminum methoxide,
hexylaluminum dimethoxide, dimethylaluminum ethoxide,
methylaluminum diethoxide, diethylaluminum ethoxide,
ethylaluminum diethoxide, diisobutylalumihum ethoxide,
25 and isobutylaluminum diethoxide.
| Preferred éf such compounds from the viewﬁdint

of catalytic activity are trialkylaluminums, which are

' compounds of the formula wherein a is 3, such as
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di chloride, tetrakis(dinmethylamno)titani um bi s(di ethylam no)titani um

dichloride, tetrakis- (di ethyl am no)titani um

bi s(dii sopropylam no)titanium 5 dichloride,

t'et r aki s(dii sopropyl am no)titanium bi s(di propyl am no) titani um

di chl oride, tetrakis(dipropyl- ami #®)Titani um

bi s(diisobutyl am no)titani umdichl oride,
tetrakls(dl|sobutylan1no)t|tan|un1 bis(di-tert- E Tn&no)tltanlum
di chlori de, terimgtaylplymiqun, mrl%%%%%wwt aEFbRF° ylaluminum,

bi s(di but Ian1n t t an . dichloride etrak s(d | a titani um
b: s§di hgx% I I#% ‘P&Jrﬁ‘b‘ﬁtl dFE I%ﬂ’%j “‘Pb?‘r“i’;lkf%%‘g ﬁéﬁy?&%e%ol)- -
titani um d|g§? Ian1n itaniumtrichlo

(di octyl ani no)TYT &Rt U E?cﬂf%??ﬂ l?Y?%%ﬁ?%cf?antlglméﬁg ofPi £88i um
chlori de, tet %Lﬂégg gﬁg&1€8&£5&§g§um di decyl am noti tani um
|s(

trichloride, ecyl am no ti1tani umdichl ori de,
tris(didegylam no)titansygrcpieredemples of aluminoxanes (B2)
represented by the formula -[AZ(Rll)-Olz- include
tetramethyldialuminoxané, tetraethyldialuminoxane,
tetrabutyldialuminoxane, tetrahexyldialuminoxane,
-methylaluminoxane, ethylaluminoxane, butylaluminoxane
10 and hexylaluminoxane. The present invention,
however, is not limited to the above-mentioned compounds.
The component (B) may be used in a wide range
such as usually 0.01-10,000 moles relative to 1 mole of
titanium atom of the component (A), but it is preferably
15 wused in the range of 0.05-500 moles, more preferably
0.1-50 moles, relative to 1 mole of titanium atom.
Next, the synthesis of the reaction product (A)
in the present invention is described below.
The reaction product (A), namely one of the
20 catalyst coﬁponents in the present invention, can be
prepared by reacting a titanium compéuﬁd (Al) with an
organdmetallic compound (A2). When the reaction product
thus obtained contains a solid, it is preferable that the
reaction product is used in the form of slurry, or the
25 solid is removed by filtration and the resultxng liquid
alone is used for polymerization. The use of the solid
alone is not preferable because the solid formed has a

very low Catalytic activity as compared with the liquid
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tetrakis(didecylanino)titaniun1 di oct adecyl am notitani um trichloride,
bi s(di octadecyl am no)titaniumdichloride, 20
tris(dioctadecyl am no)titaniumchloride, tetrakis-

(di oct adecyl ami no) titani um ethoxy(di methylanino)titanium di chloride,
et hoxy(di et hyl am no)titaniumdichloride36 - et hoxy(di propyl am no) titani um
di chl ori de, ethoxy(diiso- propyl am no)titani umdi chl ori de,

et hoxy(diisobutylamno)- 25 titaniumdichloride,
.ethoxy(dllterqommmqﬁawnam@tfuzmhemnglvesdcopbbymdes having a wide
et hoxy(di butyl ami no)titani um dichl ori de, et hoxy(di hexyl am no) titani um
di chl ori de, e¥9mRgsition dlﬂtﬁ%b?thmmno)tltanlun1d|chlor|de
propoxy(di met hyl - The reaction of the titanium compound (Al) with
'thé organometallic compound (A2) may be effected either
5 by adding the organometallic compound (AZ) to the
titanium compound'(Al) or by adding the titanium compound
(Al) to the orgénometallic compound (A2).
' ~ The reaction temperature is usually in the
range of -50 to 230°C, preferably 0 to 200°C. The
10 reaction time is not particularly restricted, but usually
1 minutes to 2 hours. | |
| The amount of the organometallic éompouﬁd (A2)
used is, in terms of the atomic ratio of the metal in the
_ orgénometallic compound (A2) to the titanium in the
15 titanium compound (Al), in the range of usually 0.01—100,
preferalby 0.05-50, more preferably 0.1-10.

The catalyst components and the catalyst
according to the present invention are used for producing'
éthylene-a-olefin copolymers. Said copolymers herein

20 refer to copolymers formed from ethyleng-and one or more
a-olefin.

Specific examples of the a-olefin include «-
olefiﬁs having 3-30 carbon atoms, such as propylene,
butene-l, pentene-l, hexene-1, 4-methylpentene-1,

25 octene-l, decene~-1l, octadecene-1l, and eicosene-1l. .

Further, dienes may also be copolymerized in

order to improve the vulcanizability of the copolymer.

Specific examples of such dienes include 1,3-butadiene,

This Sheet Has Been Re ﬁ

AR




-+ 18 1 anino)titaniun1dich|oride;.propoxy(diethylaniho)titanium

di chl oride, propoxy(dipropylam no)titani umdichloride,

propoxy(diisopropylam no)titani umdichloride, propoxy-

(di i sobutyl am no)titaniumdichloride, propoxy(di-tert- 5

but yl ani no) ti tani um di chl ori de, propoxyfdrbutyl ani no) - titani um

di chl ori de, propoxy(dihexy!aninp)titapiun1 di chl ori de,

e T, el i s, 5-mechyl-2, -

R L

put oxy(di -t R TEEEPERShn 3y eplEopeny1Z2 olbptfepe, 5-(2'-butenyl)-

out 06y DU AU BRIeh®) 47 aChlyoedeaocac 1B ML Al Ay g antu

heXy|OXY(§i9%E£Eahydroindene, trans-1l,2-divinylcyclobutane, 1,4-
hexadiene, 4-methyl-l,4-hexadiene, 1l,3-hexadiene, 1,6~
octadiene, and 6-methyl-1,5-heptadiene. The present
inventiqn, however, is not to be limited to the above
compounds.

10 The copolymer obtainéd according to the ?resent
invention can have a density in the range of 0.85-0.95
g/cm3, but preferably has a density in the range of
0.88-0.95 g/cm3, more preferably 0.90-0.95 g/cm3.

An example of the prdcess for producing’

15 ethylene-apolefin_éopolymérs uéing the catalyst
components or the catalyst according to the present
invention is described below.

The method for feeding the respective cataiyst
components to the pblymerization vessel is subject to no

20 particular restriction except'that they should be fed in
an inert gas, such as nitrogen or argon; and in the
absence of moisture. The catalyst components (A) and (B)
may be either fed each individually or fed after having
been made to contact with each other in advance.

25 The polymerization tempefatﬁre may be usually -
in the range of -30 to 300°C, but is preferably 0 to
280°C, more preferably 20 to 250°C. |

The polymerization pressure is not particularly
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amno )titaniumdichloride, 2-ethyl hexyl oxy(dioctyl - am no) titani um
- dichloride, decyl oxy(dioctylamno)titanium di chl ori de,

et hoxy(di decyl ami no)titani um di chl ori de,

hexyl oxy(di decyl am no)titani umdichloride, 2- 20

et hyl hexyl oxy(di decyl am no) titani um di-cBBori de,

decyl oxy(di decyl am no)titani umdi chl oride, ethoxy-

(di octadecyl am no)titani umdichloride, 2-ethyl hexyl oxy-
(dloctadeéylan?ﬂﬁ;&ctaduuhﬂﬂlEhﬁéﬁrableéb9u§x§téé8§téﬂm from the

decyl am no)titani um di chLoride, hexyloxybis(dioctyl- ~25 amino)titanium
chloride, 2- evwwae*pltoswbr-geaﬁﬁgw - practigal byt Angh EGANOMiGalde,
decyl oxybi s(di am no)titani um chloride,

hexyloxybls(dﬁggééFﬁﬁFXo) titani um chl oride,
2- ethylhexyloxybls(dldegxla Ty%erlzatlon can be conducted either

5 continuously or batchwise. It may be slurry or solution
pdlyherization which use an inert hydrocarbon solvent,
such as propane, butane, pentane, hexane, and octane, or
liquid phase or gas phase polymerization which use no
solvent.

10 Further, a ch;in £ranéfer agent, such as
'hydrogen, may be added to the polymerization system in
order to controllthe molecular weight of the copolymer of
the present invention.

According to the present invention, a catalyst

15 having a high catalytic activity per unit weight of
transistion metal is obtained, whereby productivity can
ﬁe improved and further the production of ethylene-a-
olefin copolymers having a high molecular weight and
narrow éomposition distribution becomes possible; thus,

20 ethylene-a-olefin copolymers excellent_in weather
resistance, color development,'traﬁsparency, corrosive-
'ness, and mechanical properties can be provided.

The present invention will be described further
in detail below with refe;ence to Examples and

25 Comparative Examples. .

The polymer properties described in Exampleé
were determined by the following methods.

The c-blefin content was &etermined from the
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-~ 19 - 1 titaniumchloride, decyl oxybi s(didecylam no)titani um

chl ori de, hexyl oxybi s(di octadecyl am no)titani um chl ori de,

2- et hyl hexyl oxybi s(di oct adecyl am no)titani um chl ori de,

decyl oxybi s(di oct adecyl ami no)titaniumchloride, 5

met hoxyt ri s(di met hyl ami no)titani um eth@gytris(dimethyl -

am no)titanium butoxytris(dinmethylam no)titanium

hexyl oxytri s(di met hyl am no)titani um 2-ethyl hexyl oxy-

tri s(di nethyl clmragterastio absoypoikghsi s€dethybyhenand) a-olefihi t ani um
met hoxytris(di ethylamno)titanium ethoxytris- 10 (diethylam no)titanium
but oxyt ri s( di®2a$ered noy t usimg vap infrapedybpegtrophdtemayeani FASCOani um

2- et hyl hexyl tris- &dleth yl am no)titani um
decyloxytrls(ﬂg%thﬁf%nihﬁ) IPPON BUNKQi KRGYO CO.).

h [ I th t d | tit
met hoxyt ri s(di pr opy an]nhgtiﬁggigSLC v;sc851g§y[£Hs&agpégggrgghgg) ; ant um

but oxytri s(di propyl -
' 5 using an Ubbeelohde’s viscometer in tetralin solution at
135°C.
As the measure for representing composition
distribution, an average melting point <Tm> defined by
the following equation was determined by using a
10 differential scanning colorimeter (DSC). The smaller

<Tm> value indicates the narrower composition distribu-

tion.

L(Hi x ti)
<Tm> =

ZHL

wherein 50°C < ti <.120°C, and Hi denotes the melting

energy (w/g) at temperature ti.

15 Example 1
(1) Synthesis of reaction product (A)
Synthesis of titanium compound (Al):
A 300-ml flask equipped with a stirrer,
dropping funnel and thermometer was purged with argon
20 gas, and 18.1 ml (60 mmbls) of dioctylamine and 150 ml of
hexane were charged therein.
Then, 38.7 ml (60 mmols) of n-butyllithium

diluted with hexane was added dropwise from the dropping
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15 aninb)titaniuhl hexyl oxytri s(di propyl ami no)titanium 2-
et hyl hexyl oxytri s(di propyl am no)titani um decyl oxytris-

(di propyl ami no) titanium nethoxytris(dibutylamnmno)- titani um

et hoxytri s(di butyl am no)titanium butoxytris- - (dibutylam no)titanium
hexyl oxytris(di butylam no)- 20 titaqiyg .2-ethyl hexyl oxytris

(di butyl am no)titani um decyl oxytris(di butylam no)titanium

met hoxytris(di hexyl - anino) titanium et hoxytri s(di hexyl am no)titani um

but oxytri 3(di Ba¥HkaTo08L! bt pBICYBH BEXBlONEhuitesdwittylstirring while
amno)titanium 2-ethyl hexyloxytris(di hexylam no)- 25 titanium

decyl oxytri s(diebpiygatheoxkempatatiire of tive koiwtiion( dinodthd diliask) taitt ani um
et hoxytris(dioctyl - am no)titanium butoxytris(dioctylamno)titanium
hexyl oxytri s(8i°gct y Rfemo rompdeition 2fetthel laddyiltdop,r ithe reaction was
further conducted at 5°C for 2 hours and at 30°C for 2
5  hours.
Then, 2.2 ml (20 mmols) of TiCl, diluted with
hexane was added dropwise from the dropping funnel to the
liquid mixture obtéined by the above reaction over a
period of 30 minutes while keeping the temperature of the
10 1liquid mixture at 5°C. After completion of fhe.addition,
ﬁhe reaction was further continued at 5°C for 1 hoﬁr and
at 30°C for 2 hours, to obtain 20 mmols (as 100% yield)

of a titanium compound (Asl) represented by the compo-

sition formula [(CgH;7)oN]3TiCl.

15 Reaction of titanium compound (Al) with organometallic
compound (A2): _ _

To the reaction product obtaxned above was
added 30 ml (19.8 mmols) of butylethylmagnesium ‘
(hereinafter abbreviated as BEM) (mfd. by Tosoh-Akzo Co.)

20 diluted with heptane, and the resulting mixture was
allowed to react for 1 hour while keeping the temperature
at 30°C, to obtain 20 mmo;s of a reaction product (A)
(hereinafter called “"component (A)"). (catalyst'

concentration: 0.077 mmol Ti/ml).

25 (2) Polymerization of ethylene

. An autoclave of 400-ml inner volume equipped
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- 20 - 1 (dioctylamno)titanium decyloxytris(dioctylam no)-
titanium nmethoxytris(didecylamno)titanium ethoxy-

tris(didecylam no)titanium butoxytris(didecylam no)- titani um
hexyl oxytris(di decyl amino)titanium 2- 5

et hyl hexyl oxytri s(di decyl am no)titaniungj decyl oxytris-

(di decyl am no)titani um methoxytris(dioctadecylamno)- ~ titanium
et hoxytris(di octadecyl ami no)titanium

but oxyt ri §( diwaaihade @t iaid¥0)drd anitHa et X Wdd Sdried under vacuum
(di oct adecyl am no)titani um 2-ethylhexyloxytris- 10

(di oct adecyl andiquirdeahiwith axjateagdoxytThen, 100 ml of toluene as a
(di oct adecyl am no)titani um Anong such titani um conpounds,
t hose wher ei rsolivent &and t800 frowohs aoi sheixene-has ianlerdlepinfwerad because
' charged therein, and the reactor was heated up to 180°C.
5 Thereafter, ethylene was ged into the reactor while
| adjusting the ethylene pressure to 25'kg/cﬁ2. After the
reaction system had become stable, 0.1 mmol of triethyl-
aluminum (hereinafter abbreviated as TER) was fed as the
orgnaocaluminum compound (B) and succeedingly 0.063 mmol
10 of the component'(h) synthesized in (1) above was fed
into the reactor. Then polymerization was conducted for
2 minutes while controlling the temperature at 180°C. As
the result of the.polymerization, 47,000 g of copolymer
was obtained per 1l mol of transition metal (activity:
15 47,000 g-coplymer/mol. M). The results are shown in
‘Table 1. . The melting behavior of the copolymer obtained
was determined with a DSC and the resulting diagram is
shown in Fig. 1. In Fig; 1, the numbers on the abscissa
indicate the temperature (°C) and those on the ordinate
20 indicate the melting energy (mW). In Fig. 1, as the
melting peak is recognized at the lower temperature side,
the composition distribution tends to be the narrower.
The composition distribution of the copolymer cbtained

was shown to be very narrow.

25 Example 2

A reaction product was synthesized in the same

manner as in the synthesis of the reaction product (A) of
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fhey givé t he highest catalytic activity. Exanples of 15 such conpounds

I nclude tris(dioctylam no)titanium chl ori de, :
tris(didecylamino)titaniumchloride, tris- (di oct adecyl am no)titani um
chl oride, hexyl oxybi s(dioctyl - am no)titani um chl ori de,

2- et hyl hexyl oxybi s(di octyl - an1no%4%taniun1chloride,

decyl oxybi s(dioctylanino)- 20 titaniU hT ori de,

hexyl oxybi s(di decyl am no)titani um chl ori de,

T e
hexyloxybls(q%hggqg¥a ng 0&6¢5ﬁﬂ§ﬂ@608$ﬁ§ ﬂ? @sed in place of BEM,
y or

et hyl hexyl ox octadecyl am no)titaniu I'de, and
decyl oxybi S(%&deﬁdﬁaampiéﬁéa@w%&mﬂéfﬂeed in the same maMher ke -
i's

organonetal I ic conpound or ganoal um num conpound, anong such
titani um conppyNeample iheﬁeep«heﬂeaﬂ thénréheti6nNPraduet obtainkher are
5 above was used in place of the reaction product (A) of
Example 1. . The results are shown in Table 1. A polymer

having a narrow composition distribution was obtained as

in Example 1.

Example 3 |

10 Polymerization of ethylene

| An autoclave of 400-ml inner volume equipped

with a stirrer and a thermometer was dried under wvacuum
and purged with argon gas. Then, 82 g of butane as a
solvent and 3?1 mmols of butene-~l as an a-olefin were

15 charged therein, and the reactor was heated up to 70°C.
Thereafter, hydrogen and ethylene were fed into the
reactor while adjusting the hydrogen‘p:essure to 1.0.
kg/cm2 and the ethylene pressure to 6.0 kg/cmzm After
the reaction system had become.stable,fo.zs mmol of TEA

20 was fed as the organocaluminum compound (B), and
succeedingly 0.16 mmol of the component (A) synthesized
in Example 1(1) was fed into the.reactor. Then,
pblyﬁerization was conducted-for 60 minutes while
controlling the temperature at 70°C. The results are

25 shown in Table 1. A polymer having a narrow composition

disttibution'was obtained as in Example 1 (see Fig. 2).
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- 21 - 1 nore preferred because they yield copolyners having stil
narrower conposition distribution. Exanples of such conpounds i ncl ude
tetraki s(di met hyl am no)titani um tetraki s(diethylam no)titanium
tetraki s(di propylanmino)- 5 titanium tetrakis(diisopropylamno)titanium
tetrakis(diisobutylam no)titanium tetrdBis(di-tert-

butyl amno)titani um tetrakis(di butylam no)titanium

tetraki s(di hexyl am no)titanium tetrakis(dioctylam no)- titani um

t et raki s( 8i deComparativiet Bxrmplet 8t rakis- 10 (di octadecyl)titani um
nethoxytris(dinethylaninoL- titanium .

et hoxyt ri s(di net hyl ani nEFhvigRPuUWRShEPAYPEEiged in the same manner as

(dinEthyIanihg%tE;gggggl3hg§%£géy%£2%(%lqgtkaﬁnk%og-titanium com-
pound (Al) represented by the composition formula:
5 [(CgH17)oN]3TiCl was used in the pelymerization in place
of the component (A). The results are shown in Table 1.
The results of polymerization showed that the catalytic
activity was low and the polymer obtained had a wide

composition distribution (see Fig. 3).

10 Example 4 |
(1) Synthesis of reaction product (A)
Synthesis of titanium compound (Al):

A 300;m1 flask equipped with a stirrer,

dropping funnel and.thermometer was purged with argon
15 gas, and then 6.3 ml (60 mmols) of diethylamine and 150
ml of hexane were charged therein.

Then, 38.7 ml (60 mmols) of n-butyllithium
diluted with hexane was added dropwise from the dropping
funéél over a period of 30 minutes whi}e keeping the

20 temperature of the solution in the flask at 5°C. After
‘completion 6£ the addition, the reaction was further
conducted at 5°C for 2 hours and at 30°C for 2 hours.

Subsequently, 3.3 mi (30 mmols) of TiCl,
diluted with hexane was added dropwise from the dropping

25 funnel to the liquid mixture obtained by'the abové
reaction over a period of 30 minutes while keeping the

temperature at 5°C. After completion of the addition,
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titanium 2-ethyl hexyl oxytris(di methylam no)titani um

decyl oxytris(di net hylam no)titanium nethoxytris- 15

(diethylam no)titanium ethoxytris(diethylam no)titanium

but oxytri s(di et hyl am no)titanium hexquﬁ%tris(diethyL- am no )
titanium 2-ethyl hexyl oxytris(di et hyl d&m%ro)™= titani um

decyl oxytris(di ethylam no)titanium nethoxy- ' '

tris(dipropyl ani no)titaniu (ﬂ{ﬁﬁ(tris di prag am no) s 20 ,titaniu
but oxytris diﬁ&%bﬂ%%WHQﬁﬁQ:Qﬁﬂﬂ eﬁﬁﬁ( Qﬁéﬁcégg 8t 'B¥¢ £6r’ 1 hour' an
tris(dipropylagr | tani - et hyl he OXYtSd S= .
(di propyl am n(?)rq i%&acﬁ?l 2 t#;]é‘yq rﬁ%(ﬁéﬁlﬁ%yﬁdamoojﬁ (as 199? a%ll'eujfﬁi)
met hoxyt ri s(diutyl.am.na). i tan t trl S ted BPUENd a0LR9 4§ L ani um
but oxytri s(di ﬁ%ﬁa‘%ﬁ?&ﬁ a%“ﬁﬁﬂMSS@%X‘{/ %&Sﬁr} s? diq%%t yl?{a?na_%l'g?télif ani um
2- et hyl hexyl ox4idr Sformula [(@Myéla FQ14 L ani um .
decyl oxytri s(di butyl am no) - I tani u
met hoxytri s(di hexyl am no)titanium ethoxytris-
(di hexyl am no)titani um butoxytris(di hexylam no)titanium
5 Reaction of titanium compound (Al) with organometallic
compound (A2):
To the reaction product obtained above was
added 45.5 ml (30 mmols) of butjlethylmagnesium (BEM)
(mfd. by Tosoh-Akzo Co.) diluted with heptane, and the
10 resulting mixture was allowed to react for 1 hour while
keeping the temperature aﬁ 30°C, to obtain 21.2 mmols of |

a reaction product (A) (catalyst concentration 0.112

mmol Ti/ml).

(2) Polymerization of ethylene

.15 . Polymerization was conducted in the same manner
as in Example 1(2) except that 0.063 mmol of the |
component (A) synthesized in (1) above was used as the
reaction product (A) and 0.1 mmol of triisobutylaluminum -
(abbreviaﬁed as TIBA) was used as the.érgancaluminum

20 compound (B). The results are shown in Table 1. A

polymer having a narrow composition distribution was

obtained as in Example 1.

Comparative Example 2
Polymerization was conducted in the same manner

25 as in Example 4 except that 0.063 mmol of a titanium
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- 22 - 1 hexyl oxytris(di hexylam no)titanium 2-ethyl hexyl oxytris-

(dlhexylan1no)t|tan|un1 decyl oxytri s(di hexyl am no) - titani um

met hoxytri s(di octyl am no)titanium ethoxytris- (dioctylam no)titani um
but oxytris(dioctylam no)titanium 5 hexyloxytris(dioctylam no)titanium

2- et hyl hexyl oxytri s- (dioctylam no)fjtani um

decyl oxytri s(di octyl am no) - titant - _

met hoxytri s(di decyl am no)titani um ethoxytris- (di decyl am no)titani um

but oxytris{didecyl am no)titaniu hex tris n1no)t|tan|um
2 etiyl eyt oarS T et GRS by % SaR 20" 65K
decyloxytrls(dﬂﬂfgysfgﬁp§91c1z was added in place of the component (A)
used in ethylene polymerization of Example 4(2j. The
results are shown in Table 1. The result of polymeri-

5 zation showed a very low activity of the catalyst.

Example 5

Polymerization was conducted in the same manner
as.in Example 1 except that 0.1 mmol of trihexylaluminum
(abbreviated as THA) was added as the organoaluminum

10 compond in place of TEA used in ethylene polymérization
of Example 1(2). The results of polymerization are shown
in Table 1. A polymer having also a narrow composition

distribution was obtained as in Example 1.

Example 6 .
15 A reaction product was prepaied in the same
manner as in Example 3 except that MAGALA 7.SE (a trade
. hame, composition formula: 7.5(n-C4Hg), Mg+ (CyHg )AL, mfd.
" by Tosoh-Akzo Co.) was used in pléce of BEM used in the
synfhesis of the reaction pfoduct (A) of Example 3(1),
20 and then ethYlene was polymerized in the same manner as
in Ekample 3 except that the reaction product prepared
above was used. The results are shown in Table 1. The
polymerization yielded a polymer having a narrow

composition distribution as in Example 3.
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titani um met hoxytri s(di octadecyl am no)titani um
et hoxytri s(di octadecyl am no)titanium butoxytris-

(di oct adecyl am no) titani um hexyl oxytris(dioctadecyl - amno)titani um
2- et hyl hexyl oxytris(di octadecyl- 15 amno) titanium and :
decyl oxytri s(di oct adecyl am no) - < igleard um ' Such titanium
conpounds (Al) may be synt hesi zed, for exanple, by using the nethods
descri bed TH JP—B4T @ﬁww - ger et al., J. of 20
Organonet. Ch 8‘(-19'6$ K. Burgper et g, J. of
Or ganonet . Che s1969)a 139 @9 oang H. FBumgern Z. Anorg. Allg.
Chem, 365, 2 ’{-QRA’J\J‘CTQH The titanijum conpounds may be
synt hesi zed, accordi rqﬂt o h& af@repi d meghogs) for exapple, by 25
reacting (i) g secomdary gni:ne -represent ed bL/ the fopmul a <
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group having 1-30 carbon atons and may be the sanme or different, with
(i1) an al kylalkali netal represented by

- 23 - 1 the fornmula Rlerr]M wherein Rl err] denotes a hydrocarbon group
having 1-30 carbon atons and M denotes an al kali netal such as Li and

K, and then reacting the resulting alka7 - netal amde with a titanium
tetrahalide represented by 5 the fornula Ti X[err], wherein X denotes a
hal ogen, such as chlorine, brom ne, or iodine, preferably chlorine.

" In the abbveEgyﬁEHés , two or nore al kali metal ami des may be used
S|nultaneously I n _conbi nation.
(1) Synthesis of reaction product (A)

A reaction product (A) was synthesized in the
same manner as in Example 1 except that 12.0 ml of a l.67
5 mol/%2 hexane solution of n-butyllithium was used in place
of BEM diluted with heptane used in the synthesis of the
' reaction product (A) of Example 1(1), to obtain 20 mmols
of the reaction product (A) (cﬁtalyst concentration: |

0.087 mmolTi/ml).

10 (2) Copolymerization of ethylene with butene-1
An autoclave of 3000-ml inner volume equipped
" with a stirrer and a thermometer was dried under vacuum
and purged with argon gas. Then, hydrogen to a pressure
of 300 mmHg, 765 g of butane as a solvent and 140 g of
15 Dbutene-l1 as an a-olefin were charged into the reaétor,
and the reactor was heated up to 70°C. Thereafter,
ethylene was fed to the reactor while adjusting the
ethylene pressure to 6 kg/cmz. After the reaction system
hadlbecome stable, 1.6 mmols of triethylaluminum (TEA)
20 was fed as the organocaluminum compound (B), succeedingly
0.39 mmol of the component (A) synthesized in (1) above
was fed into the reactcr, and polymerization was
conducted for 2 hours while controlling the temperature
at 70°C._ As.the result of the polymerization, 30.0 g of
25 a copélymer was obtained (activity: 76,900 g-coplymer/
moleTi<hr). The results are shown in Table 2. The melt

index of the copolymer obtained was determined according
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= 24 - 1 The or ganomagnesi um conpound used in the

present invention nmay be any type of organonmagnesi um conpound whi ch
contai ns a magnesi um car bon bond. Exanpl es of the organonagnesi um
conpound (A2) include 5 organonagnesiunlconpounds represented by the

formula Rlerr]Rerr] M, wherein R and Rlerr] each denote a
hydr ocar bon group havi ng 1-20 carb atons the formul a

Rlerr]MyZ[err}, wherein R err] denotes a hydrocarbon group having 1-20

The "10™ for rEPadrsExs T BcrE: 15B8EGS SnatRaTRsRes baPatic: Sy tnd OUh, FN
1-20 Carbon a&88819ﬁ8rxw92”Skﬁérﬁlﬁédoaﬁ%h gnDEEeand the resulting

diagram is shown in Fig. 4. 1In Fig. 4, the numbers on
the abscissa indicate the temperature (°C), and those on
5 the ordinate indicate the melting energy. In Fig. 4, as
the melting peak is recognized at the lower temperature
side, the composition distribution tends to be the
narrower. The composition distribution of the copolymer

obtained was shown to be very narrow.

10 Example 8
Copolymerization of ethylene with butene-l1 was
conducted in the same manner as in Example 7 except that
20 mmols of sec-butyllithium was used in place of n-Buli
in the synthesis of the component (A), and thé component
15 (A) thus obtained was used in the cépblymeriiation. As
result, Zl.b g of a copolymer was obtained (activity:

53,900). The results thus obtained are shown in Table 2
and Fig. §5.
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above fornmulas, Rerr], Rerr], Rerr] and R err] nay be the sane or

different and each denote an al kyl group, aryl group, aral kyl group or
al kenyl group each having 1-20 carbon 15 atons, e.g., nethyl, ethyl,
propyl, isopropyl, butyl, sec- butyl, tert-butyl, anyl, isoanyl, hexyl,
octyl, 2- - et hyl hexyl, phenyl, beQ@yI vinyl, 1-propenyl and 2-

pr openyl . Spec] fic e anpl es of the conmpounds represent ed
20 by the formula RAMy include qinet hyl magnesi um : di-et hyl magnesi um

di propyl magnesi um d |§gpropyl- - magnesi um di but yl magnesi um

di i sobut yl magnesi um v - seerbusylnagnesiunl di -tert-butyl magnesi um
di anyl magnesi um di neapent yl magnesi um di hexyl magnesi um 25

di cycl ohexyl magnesi-um di pheny| gaangdi um di benzyl - magnesi um

di vi nyl magnesi um di t 2- p@gpeny gpgqgsiunl di - 2- but enyl magnesi um

bi s(trimethylsilylnethyl) : '

Comonomer
content

o
0P

V- T
$ oo ™~
3
—

Activity

g-polymer _

moleTishr
76,900
53,900

Table 2
Organo-
aluminum
compound

B)
TEA
EA

metallic

compound
n-BulLi

sec-Bulii

Organo-

Titanium

Reaction product (A)
compound

[(CgHyq)oN]13TiCL
[(CgHyq)gN13TiCl

Example 7
Examplela
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ragnesi um et hyl et hyl magnesi um net hyl propyl magnesi um

- 25 - 1 et hylisopropyl magnesi um et hyl but yl magnesi um
met hyl i sobut yl magnesi um et hyl - sec- but yl magnesi um

fret hyl -t ert - but yl magnesi um net hyl anyl magnesi um

met hyl neopent yl magnesi um net hyl hexyl mag®esi um 5

nmet hyl cycl ohexyl magnesi um net hyl phenyl nagnesi um

met hyl benzyl magnesi um net hyl vi nyl magnesi um net hyl -
propeny| megneExampleedhyl - 2- but enyl magnesi um net hyl -
(trlnethyI5|IyInethéI)na ne5|un1 ethylpropylneg;e5|un]

et hyl i sopr opyl{Aa Sdsh b&'@?lcﬁdtj’ﬁ’e Hy)
Fsobut i mneg i SR el G ter -

A 300-ml flask equipped with a stirrer,

5 dropping funnel and thermometer was purged with argon
gas, and 18.1 ml (60 mmols) of dioctylamine and 150 ml of
hexane were charged therein.

Then, 38.7 ml (60 mmolg) of n-butyllithium
diluted with hexane was added dropwise from the dropping
10 funnel over a period of 30 minutes while keeping the
temperature of the solution in the flask at 5°C. After
completion of the addition, the reaciton was further
conducted at 5°C for 2 houré and at 30°C for 2 hours.
Then, 1.65 ml (15 mmols) of TiCl, diluted with
15 hexane was added dropwise from the dropping funnel to fhe
liquid mixture obtained in the above reaction over a
beriod of 30 minutes while keéping the temperature of the
liquid mixture at 5°C. After completion of the addition,
the reaction was further conducted at 5°C for 1 hour and

20 at 30°C for 2 hours, to obtain 15 mmols (as 100% yield)

of a titanium compound (Al) represented by the composi-

tion formula [ (CgHy7) 2N} 4Ti .

Reaction of titanium compound (Al) with organometallic
compound (A2): .

25 ' To the titanium compound obtained above was
added 30 ml (30 mmols) of triethylaluminum (A2) diluted

with hexane, and the resulting mixture was allowed to
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but yl magnesi um et hyl anyl magnesi um et hyl neopentyl - magnesi um

et hyl hexyl magnesi um et hyl cycl ohexyl magnesi um et hyl phenyl magnesi um
et hyl benzyl magnesi um et hyl vi nyl - magnesi um

et hyl - 2- propenyl magnesi um ethyl-2- 15 but enyl magnesi um

ethyl (trimethylsilylmethyl)mgnesium ~ s1 -propyl|sopropylnagne5|un1

pr opyl but yl magnesi um propyl i sobut yl magnesi um -

propyl - sec- but yl magnesi um propyl -tert-butyl magnesi um

propyl anyllImagreactmfor 1 hpuapyhidepdeepimgyids memgprabudeat rﬁi)j’ttbsumm
20 propyl cycl ohexyl magnesi um propyl phenyl magnesi um

propyl benzyl magtadnud0 -5r oppilei of pageesition pogsdpct2-(A) (catalyst
propenyl magnesi um propyl - 2- but enyl ma ne5|un1 propyl -
(tr|nethyIS|I?Pﬁﬁ?ﬁyFﬁﬁ&@ﬁésﬁuﬂﬁzl§@§W A/l magnesi um

I sopropyl i sobutyl magnesi um i sopropyl -sec-butyl magnesi um 25

| Sopropyl -tert-butyl magnesi um isopropyl anyl magnesi um

|sopropylneop?g5yl 9%%&%ggt£%%pr%pét%F§ylnagne5|un1

5 - An autoclave of 400-ml inner volume equipped
with a stirrer and a thermometer was dried under vacuum
and purged with argbﬁ‘gaé. Then, 100 ml of toluene as a
solvent and 800 mmols of hexene-1 as én a-olefin were
charged therein, and ﬁhe reactor was heated up to 180°C.

10 Thereafter, ethylene was fed into the reactor while
adjusting the ethylene pressufe to 25 kg/cmz. After the
reaction systeh had become stable, 0.5 mmol of .
triethylaluminum (TEA) was fed as the organoaluminum
compound (D), and succeedingly 0.32 mmol of the component

15 (A) synthesized in (1) above was fed into the reactor.
Then, polymerization was conductéd for 2 minutes while
controlling the température at 180°C. As the result of
the polymerization, 8750 g of a copolymer was obtained
per 1 mol of transition metal (activity: 8750 g-coplymer/

20 moleM). The results are shown in Table 3. The meltihg '
behavior of the copolymef obtained was determined with a
DSC and the résulting diagram is shown in Fig. 6. In
Fig. 6, the numbers on the abscissa indicaﬁe the
temperature (°C) and those on the ordinate indicate .the

25 melting energy (uW). In Fig. 6, as the meltiﬁg peak is
fecognized at the lower temperature side, the composition

distribution tends to be the narrower. The <Tm>
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i 'sopr opyl cycl ohexyl magnesi um i sopropyl phenyl nagnesi um

| sopropyl benzyl nagnesi um i sopr.opyl vi nyl magnesi um

- 26 - 1 isopropyl-2-propenyl magnesi um isopropyl -2-butenyl -
magnesi um i sopropyl (trinethylsilyl nethyl)mgnesi um

but yl i sobut yl magnesi um butyl - sec- but yl mesi um butyl - :
tert-butyl magnesi um butyl anyl magnesi um butyl neopentyl- -5 nmagnesium

i SR R AT g AT pver L U7
e AR A 5 e AR s

i sobutyl -tertgbub¥spution.

Compﬁrative Example 3

-5 Polymerization was conducted in the same manner
as in Example 9'except that 47 mmols of diethylaluminum
chloride (abbreviated as DEAC) was used as £he orgéno-
metallic compound in place of TEA used in the reaction of
a titanium compound (Al) with an organometallic compound

10 (A2) in the synthesis of a reaction product (A) of - _

~ Example 9(1) and that no TEA was added.in the polymeriza-

tion of ethylene of (2) above. The results are shown in
Table 3. The catalytic qcﬁivity was very low as compared

with that in Example $S.

15 Example 10
Polymerization of ethylene
An autoclave of 400-ml inner volume equipped
with a stirrer and a thermometer was dried under vacuum
and.purged with argon gas. Then, 75 g.of butane as a
20 solvent and 446 mmols of butene-1 as an a-olefin were
charged therein, and the reactor was heated up to 70°C.
Then, hydfdgen and ethylene were fed into the reactor
while adjusting the hydrogen pressure to 0.5 kg/cm2 and
the ethylene pressure to 6.0 kg/cmz. After the reaction
25 system had become stable, 0.5 mmol 6f TEA was fed as the

organoaluminum compound (B) and succeedingly 0.32 mmol of
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10 nagnésiun1 I sobut yl anyl magnesi um i sobutyl neopentyl - magnesi um

i sobut yl hexyl magnesi um i sobutyl cycl ohexyl - magnesi um

I sobut yl phenyl nagnesi um isobutylbenzyl- nmagnesi um

i sobut yl vi nyl magnesi um i sobutyl - pr openyl magnesi um _

| sobut yl - 2- but enyl magnesi um 15 |sobut$3({rinethylsiIylnethyl)nagne5|un1
sec-butyl-tert- butylnagne5|un1 sec- but yl anyl magnesi um seec- butyl neo-

pentylnagne5|un1 sec- but yl hexyl nagnesi um sec-

but yl cycl chexiheagrrmpanent oA b uaynphesizediginesExampbecd (1) was fed
butylbenzylnagne5|un1 sec- butyl vi nyl magnesi um sec-butyl- 20

2- pr openyl magieiQurkhe xeashay « 2-Temen \poiyrEi 2atiepwas conducted for

~butyl (trinmethy S|Iylnethyuﬁ§?gne5|un1 tert-butylanyl - magnesi um
tert-butylneo t?ﬂqtr°lllninﬁ%ﬁrﬁﬁ@@?ﬁ&ﬁﬁﬁ$uﬁ¥ 70°C.

tert-butyl cyclghex nes tﬁgph y esium
tert-butyl benz’@ﬁmyg%?r% are25shqvg} t“bfn;%}?bﬁ? @S}aﬁpﬁr having a
tert‘b”ty'szzlHé%%ﬂb”éB%BB?&éﬁBn distribution was obtained as in

Example 9 (see Fig. 7).

COmparatlve Example 4
Polymerization was conducted in the same manner
as in Example 10 except that, in the ethylene polymeri-
10 zation of Example 9(2), 0.25 mmol of triethylaluminum
(TEA) was used as the organocaluminum compound (B) and
0.16 mmol of.a titanium compound represented by the
composition formula [CgH;7)oN]3TiCl was used in place of
the component (A). The results thus obtained are shown
15 in Table 3. As the result of polymerization, the
catalytic activity was lower and the composition
distribution of the resulting polymer was wider than in

Example 10 (see Fig. 8).

Examplelll

20 Poljmefization was conducted in the same manner
as in Example 9 except that 0.5 mmol of trihexylaluminum
(THA).was used as the organoaluminum compound (B) in
place of TEA uséd in the ethylene polymerization of
Example 9(2). The results of polymerization are shown in

25 Table 3. A polymer having also a narrow composition

distribution was obtained as in Example 9.
' This Sheet Has Been Reﬂlaced
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tert-butyl -2-butenyl magnesium tert-butyl (trinmethyl-

silyl met hyl ) magnesi um anyl neopent yl magnesi um anyl hexyl - magnesi um
anyl cycl ohexyl nagnesi um anyl phenyl magnesi um

=27 1 -anyl benzyl magnesi um anyl vi nyl magnesi um anyl - 2-

propenyl magnesi um anyl - 2- but enyl nagnesi g - anyl -
(trinmethylsilylnethyl)nmagnesi um neopentyl hexyl magnesi um

neopent yl cycl ohexyl magnesi um neopentyl phenyl magnesi um 5
neopent yl bEnzygka@gesi 12n neopent yl vi nyl magnesi um

neopent yl - 2- propenyl magnesi um neopentyl - 2- but enyl -

10

15

20

25

(1) Synthesis of reaction product (A)

Synthesis of titanium compound (Al):

A 300-ml fiask equipped with a stirfer,
droppihg funnel and thermometer was purged wiﬁh argon
gas, and 6.3 ml (60 mmols) of diethylamine and 150 ml of
hexane were charged therein. .

Then, 38.7 ml (60 mmols) of n-butyllithium
diluted with hexane was added dropwise from the dropping
funnel over a period of 30 minutes while keeping the
temperature of the solution in the flask at 5°C. After
completion of the addition, the reaction was further
conducted at 5°C for 2 hours and at 30°C for 2 hours.

Then, 1.65 ml (15 mmols) of TiCl, diluted with
hexane was added drépwiSe from the dropping funnel to the
liquid mixture obtained in the above reaction over a
period of 30 minutes while keeping the temperature at
5°C. After completion of the addition, the reaction was
further conducted at 5°C for 1 hour and at 30°C for 2
hou:s to obtain 15 mmols (as 100% field) of a titanium

compound (Al) represented by the composition fdrmnla

- [(CpHg)aN]4Ti.

Reaction of titanium compound (Al) with organometallic
compound (A2):

N To the reaction mixture obtained above was
added 30 ml (30 mmols) of triethylaluminum diluted with

hexane, and the resulting mixture was allowed to react
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magnesi um neopentyl (trimet hyl silyl nmethyl)magnesi um

hexyl cycl ohexyl nmagnesi um hexyl phenyl magnesi um

hexyl vi nyl magnesi um hexyl -2- 10 propenyl nagnesi um

hexyl - 2- but enyl magnesi um hexyl - (trimethylsilylmethyl)magnesi um
cycl ohexyl phenyl - magnesi um cycloRéxyl benzyl magnesi um

cycl ohexyl vi nyl - - magnesi um cyclohexyl 2- propenylnagne5|un]

h t thyl il Inethyl)-
magnes um lpheﬁyrbi FHEnRaaRy ReoBEA, b FembgesHan o6 30°C
Phenyl (71t hOPERER L K rBagnes: b“te”ﬁém' et @mm&mmﬁt
benzyl - 2- propeeghgggﬁﬁérggr)bgnégb &01T1581bvtenylnagne5|um

benzyl (trimethylsily

magnesi um inyl -2 propenylnagne5|un1

hexyl benzyl magnesi um

15

vi nyl - 2- but enyl magnesi um and vinyl (trinmethylsilylnmethyl) nmagnesium
Exanpl es of the conpounds represented by the

10

15

20

25

(2) Polymerization of ethylene

. Polymerization was cbnducted in the same manner
as in Example §(2) except that 0.32 mmol of the.component
(A) systhesized in (1) above was used as the reaction
product (A). The results are shown in Table 3. A
polymer having a narrow composition distribution was

obtained as in Example 9.

Comparative Eiample 5

Polymerization was conducted in the same mannef
as in Example 12 except that, in the polymerization of
ethylene of Example 12(2), 1.1 mmols of TEA was used and
0.32 mmol of a titanium compound [(CoHg) N1, Ti synthe-
sized in the same manner as in Example 12(1) was'used in
place of the component (A). The results of polymer-
ization are shown in Table 3. The catalytlc actlvxty was

low as compared with that in Example 12.

Example 13

A reaction product (A) waé synthesized in the
same manner as in Exaﬁple 9 except that triisobutyl-
aluminum (TIBA) was used in place of TEA in the synthesis
of the reaction product (A) of Example 9(1) and then

polymerization was conducted in the same manner as in

This Sheet Has Been Re
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formula Rlerr]MgZ[ err] include ethyl magnesi um hydri de, -
propyl magnesi um hydri de, isopropyl magnesi um hydride, 25 butyl magnesi um

hydri de, sec-butyl magnesi um hydri de, tert-butyl magnesi um hydri de,
phenyl magnesi um hydri de, et hyl magnesi um net hoxi de, et hyl magnesi um
et hoxi de, ethylnagnesiun1propoxide,5§thyrnagnesiun1butoxide,

- 28 - 1 ethylnagnesiun1phenoxide propylnagnesiun1nethoxide

propyl magnesi um et hQx pr opy ne |un1pr poxi de op ne5|um
but oxi de, §TopFFﬁE§385|uﬁF§ﬁ8 %Sgg e %ﬂF@p esﬂ@ﬁ
|sopropylnagn65|zed above was used. The results are shown in Table 3.
A polymer having a narrow composition distribution was

obtained as in Example 9.

5 Example 14
A reaction product (A) was synthesized in the

same manner as in Example 9 except that methylaluminoxane
(abbreviated as MAO) (mfd. By Tosoh-Akzo Co.) was used in
place of TEA in the syntheéis of the reaction product (A)

10 of Example 9(1), and then polymerization was conducted in
the same manner as in Exmaple 9 except that the reaction
product"synthesized above was used. The results are
shown in Table 3. A polymer having a narrow composition

distribution was obtained as in Example 9.

15  Examp1e 15
Polymerization was cqnduéted in the same manner

as iﬁ Example 9 except that 1 g of 1,3-butadiene was
further added in the polymerization of Exméple 9(2). The
resﬁlts are shown in Table 3. The p¢iymer obtained

20 showed.an iodine value of 21.2. The iodine value was
obtained from the characteristic dbsorptioh of diene
determined by using an infrared spectrophotometer

'(JASCO-302, mfd. by NIPPON BUNKO KOGYO CO.).

N
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5 ethoxide, isopropyl magnesi um propoxi de, -i sopropyl -
but oxi de, 1 sopropyl magnesi um phenoxi de, but yl magnesi “m'l]‘ﬂﬁtsﬂ&%(ﬁﬂ%eenke laced
but yl magnesi um et hoxi de, but yl nagnesi um propoxi de, buty

but oxi de, but yl magnesi um phenoxi de, sec-butyl nragnesi um rrﬂ'ﬂﬂﬁmmmmﬁl
sec- butyl nagnesi um et hoxi de, sec-buty]| nesi um propoxi d

sec- but yl magnesi um but oxi de, sec-butyl*=

magnesi um phenoxi de,

tert-butyl mgpesium net hgxide tert-butylnmagnesiumethoxi de,
tert-butyl maghesi ynm pT‘opﬂmd% ®er M bRyl MagesiYm Buf oxi de, tert- 15
but yl magnesi um phefox§de, yl gn 2si gn gﬁethoxmlew S | phenyl mggnesmm
et hoxi de, phepyl rr&gnes—r um pI’OpOXI eny] magnesi um but oxi de Fand
phenyl magnesi fim phenoxi de. ~ = = o [Bangl ess oIt he ¢onpounds
represented by theZ fo?°rru||a FPer ] MYX i'ficl dde ‘Gret'flyl Magnesi um (§1I ori de,
20 ethylmagnesium<chl orijd® ethytfmagheRurPbren &, © S .
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et hyl magnesi um i odi de, propyl magnesi um chl ori de, Jpropyl magnesi um

brom de, butyl magnesi um chl ori de, butylnagne5|un1bron1de

sec- but yl magnesi um chl ori de, sec- but yl magnesi um br ﬂthB%nRel
tert-butyl magnesi umchloride, 25 tert- l;%éyl magnesi um br mﬂ”wll
anyl magnesi um chl ori de, i soanyl mag iTm chl ori de,

brom de, vi nyl magnesi um chl ori de, 1-propeny|nagne3|un1bron1de 1-
propenylnagne5|un1chlor|de 2- propenyl magnesi um br om de,

D29 - .1 2ChAEMEAY| magnesi um chloride, phenyl magnesi um chlori de,

phenyl magnesi ujn broni de, 5 hedizy] JRONESE U 501 Pthé €21 G dethylene with an
'a—olefin comprising a reaction product (A) of a titanium
compound (Al) having at least one titahium-ﬁitrogén bond
with an organometallic compound (A2) having at least: one
e;ement selected from the groups IA, IIA, IIB, IIIA and
IVA of the periodic table and an organcaluminum compound
(B).
2.  The catalyst according to claim 1 wherein the
titanium compound (Al) having at least one titanium-
nitrogen bond is one which is represented by the formula
(RIRZN)4_(m+n)Timen, wherein R! and R? each denote a
hyﬁrocarbon group having 1-30 carbon atoms and may be the
same or different,,x.deqotes a halogen, Y denotes an
alkoxy group, and m and n are numbers respectively
defined by the equations 0 s m £ 3 and 0 £ n < 3,
provided that (m+n) is defined by the eguation 0 g (m+n)
s 3. |
3. The catalyst accordiﬂg to claim 1, wherein the
elemsnt selected from the groups IA, IIA, IIB, IIIA and
IVA of the perzodxc table is Li, Na, K, Be, Mg, Ca, 2Zn,
cd, B, Al, Ga, In or Sn.
4. The catalyst according to claim 1, wherein the
organometallic compound (A2) is at least one organo-
metallic compound seLected from the group consisting of
organolithium compounds, organosodium_compounds,
brganopotassium compounds, organoberyllium compounds,

organomagnesium compounds, organocalcium compounds,

* c L M S *




benzyl magnesi um br om de. From the viewpoint ef—the—— "~
conposi tion distribu- 5 tion of the copolyner forned, the 0{r Q oih RiPlaced
conpounds are preferably those which are represented by
Rlerr]Rlerr]My. Among them those wherein Rlerr] and Rerr] I
an aliphatic hydrocarbon group are ner89 - preferred. Specifi
of such organonmagnesi um 10 conpounds include di nethyl magnesi um
di et hyl magnesi um di propyl magnesi um dii sopropyl magnesi um .di butyl -
magnesi um dPF¥3aRAELNARGABRPUNGSdi oxganbgadmingneomgounds, _
di -tert-butyl magnesi'um di anyl nagnesi um di neopentyl - nmagnesi um
dihexylnagne%FGﬂP°HP€9BI6ﬁ@29pﬁ§§neQFGﬁFOElgmlnﬂmhypvpﬁymdﬁgnes|un1 .
met hyl propyl ma nesiugh_ nethylisopropylnagne5|un1 met hyl but yl magnesi um
met hyl i sobut F#RBREST LM EPRPPURLE - REGRAAGAEILYM compounds,
nEthyl'tert'QH&XL8§QH§EEUgmeELHXL?HXLHagggghggkn compounds.
5. The catalyst according to claim 4, wherein the
organometallic compound (A2) is an organomagnesium
compound.
6. The catalyst according to claim 5, wherein the
organomagnesium compound is at least one organomagnesium
compbund selected from the group consisting of compounds
represented by the following formulas:
(1) : R3R4Mg, wherein R3 and R? each denote a

~ hydrocarbon group having 1-20 carbon atoms and may be the
same or different,

(2) R5Mgzl, wherein R denotes a hydrocarbon group
having 1-20 carbon atoms and Zl denotes a hydrogen atom
or an alkoxy group, . |

(3) RGng, wherein R® denotes a hydrocarbon group
having 1-20 carbon atqms and X denotes a halogen.

7. The catalyst according to claim 4, wherein the
organometallic compound (A2) is an organolithium com-
pound..

- 8. . The catalyst according to claim 7, wherein the
organolithium compound is an organolithium compound
rep:esented by the formula R9Li, wherein R® denote§ a
hydrocarbon group havihg 1-20 carbon atoms.

9. 'The'catalyst acéording to claim 4, wherein the

organometallic compound (A2) is an organoaluminum

A R




et hyl neopent yl magnesi um et hyl hexyl magnesi um 20

nmet hyl cycl ohexyl magnesi um et hyl propyl magnesi um

et hyl i sopropyl nagnesi um et hyl but yl magnesi um et hyl.-
Fsobut yl magnesi um et hyl -sec-butylnagg sium ethyl-tert-

but yl magnest um et hyl anyl magnesi um @t glﬁeopentyl- magnesi um
et hyl hexyl magnesi um et hyl cycl ohexyl magnesi um 25

propylisopro-¥ %ggsiunl propyl but yl magnesi um

propylisobut€ Tum propyl -sec-butyl magnesi um

propY"tert' tylnagn?fh&”ba@é@?%Lag¥£8§8f3§'EH]claim 9, wherein the

pr opyl neopentyl magnesi Uim prop exyl magnesrum , |

- 30 organocaluminum compound is an organocaluminum compound
represented by the fofmula R7aAlzz3_a, wherein R7 denotes
a hydrocarbon group having 1-20 carbon atoms, z2 denotes
a hydrogen atom and/dr an alkoxy group, and a denotes a
number defined by the equation 0 < a g 3, or a chain-"
like or cyclic aluminoxane having a's;ructure_represented
by the formula -[Al(Rs)-OJ]L-, wherein R® denotes a
hydrocatbon group having 1-20 carbon atoms and 4 denctes
an integer of 1 or more. |
11. The catalyst according to claim 1, wherein the
organcaluminum compound (B) is an organcaluminum compound
(Bl) represented.bj the formula RloaAlz33_a, wherein R10
denotes a hydrocarbon group having 1-20 cérbon atoms,'z3
degotes a hydrogen atom and/or an alkoxy group, and a
denotes a number defined by the equation 0 < a g 3.

12. Use of a catalyst according to anyone of claims

1l to 11 for pfoducing ethylene-ax~clefin copolymérs.
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pr opyl cycl ohexyl magnesi um i sopropyl but yl magnesi um

i sopropylisobutyl magnesi um i sosropyl -sec-butyl magnesi um
i sopropyl -tert-butyl magnesi um i sopropyl amhyl magnesi um

i sopropyl neopent yl magnesi um i sopropyl hexyl magnesi um 5
i sopropyl cycl ohexyl magnesi um butyl i sobut yl magnesi um

but yl - sec- but yl magnesi um butyl -tert-butyl nagnesi um

but yl anmyl nagnesi um butylneopentylnagﬂegﬁﬁnl but yl hexyl - magnesi um
but yl cycl ohexyl magnesi um i sobutyl - sec- but yl magnesi um

i sobutyl -tert-butyl magnesium 10 i sobutyl anyl magnesi um

i sobut yl neopent yl magnesi um i sobut yl hexyl magnesi um :

i sobut yl cycl ohexyl nagnesi um sec-butyl -tert-butyl nagnesi um

sec- but yl anyl magnesi um sec- but yl neopent yl magnesi um

sec- butyl hexyl magnesi um sec- butyl cycl ohexyl magnesi um
tert-butyl anyl magnesium 15 tert-butyl neopentyl magnesi um

tert-butyl hexyl magnesi um tert-butyl cycl ohexyl magnesi um

anyl neopent yl magnesi um

140
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anyl hexyl magnesi um anyl cycl ohexyl magnesi um neopentyl -

hexyl magnesi um neopentyl cycl ohexyl magnesi um and

hexyl cycl ohexyl magnesi um 20 In place of the aforesaid

or ganonagnesi um conpounds, hydrocarbon sol ubl e conpl exes of the

or ganomagnesi um conpounds w th organonetal | i ¢ conpounds may be used.
The organonetal | i ¢ conpounds nmay be, for exmapl e, organi ¢ conpounds
of Li, Be, B, Al or Zn. 25 Further,zt/l"g present invention: is not limted
to the af oresai d conpounds. ) -
31 -
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The organoal um num conpounds (B) used as one conponent of the catal yst
in the present invention nmay be 20 those known in the art. The

or ganoal um num conpounds ( B) - may be, for exanple, organoal um num
conpounds (B1) represented by the formula Rlerr] Aferr] [err] and
chain-1ike or cyclic alum noxanes (B2) having the structure shown by
the formula -[Alerr] (Rlerr])-Oferr§/QPreferred anong the 25

or ganoal um num conpounds (B) are or.ganoal um num conpounds (Bl)
represented by the formula Rerr]A Zerr][err]. 1In the above
formulas, R err] and R err] are each a hydrocarbon group havi ng

1-20 carbon atons, preferably 1-10 carbon at ons,

150

122.9C
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- 32 - 1 Z[err] denotes a hydrogen atom and/or an al koxy group, ais a

nunber defined by the equation O < a [err] 3, and [err] is an i nt eger
of 1 or nore, preferably 2-30. Speci fic exanples of the
organoal uminum 5 conpounds (Bl) represented by the formula

Rlerr]A Zerr][err] i nclude trial kyl al um nuns, such as

trimethylal um num triethylalunuﬂzfg triproipylalumnum triisobutyl-
al umi num trihexylal um num trioctylal™Mmhum and ~ tridecyl al um num

di al kyl al um num hydri des, such as- 10 di nethyl al um num hydri de, _
di et hyl al um num hydri de, di propyl al um num hydri de, diisobutylal um num
hydri de, - di hexyl al um num.hydri de, dioctyl al um num hydri de, and

di decyl al um num hydri de, al koxyal um num hydri des, such as
met hoxynet hyl al um num hydri de, net hoxyet hyl al um num .15 hydri de,
met hoxyi sobut yl al um num hydri de, et hoxyhexyl -

150

123

104.4C

FIG 5
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al um num hydri de, ethoxyoctylal um num hydride, and

et hoxydecyl al um num hydri de, and alkylaluninunyalkoxidés, ~ such as
di met hyl al um num net hoxi de, net hyl al um num di met hoxi de,
di et hyl al-.um num net hoxi de, et hyl alum num 20  di net hoxi de,
di i sobut yl al um num.nmet hoxi de, i sobutyl - al um num di net hoxi de,
~di hexyl al um num net hoxi de, : hexylsép num di met hoxi de,
di et hyl al um num et hoxi de,’ et hy num di et hoxi de, di et hyl al um num
et hoxi de, et hyl al um num di et hoxi de, dylsobutylaluninun1ethoxide, 25
and i sobutyl al um num di et hoxi de. Preferred of such
conpounds fromthe vi ewpoi nt of catalytic activity are
trial kytal um nuns, which are -conpounds of the formul'a wherein a is 3,
such -as
O
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-~ 33 1 trinethy]aluninunl triethylalum num tripropylal um num

triisobutylalumnum trihexylalumnum and the |ike. However, the
present invention is not limted to the above-nmenti oned conpounds.
Speci fic exanpl es of al um noxanes (B2) represented by the formula
-[Alerr](Rerr]-0][err]- include et anethyldialuninoxane

t et r aet hyl di al um noxane, t et rabut alunlnoxane

t et rahexyl di al um noxane, met hyl al um noxane, ethylalunlnoxane

but yl al um noxane, 10 hexyl al um noxane, and the |like. The present

i nvention, however, is not limted to the above-nenti oned conpounds.

The conponent (B) may be used in a w de range

140

U
120.8C
14

102.5C
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such as usually 0.01-10,000 noles relative to 1 nole of titani um atom
of the conponent (A), but it is preferably 15 wused in the range of

0. 05-500 nol es, nore preferably 0.1-50 noles, relative to 1 nole of
titanium atom - Next, the synthesis of the reaction product
(A -in the present invention is described bel ow. The
reaction product (A), nanely one of th8 /@0 catalyst conponents in the
present invention, can be prepared by reacting-a titani um conpound
(Al') with an organonetal | i ¢ conmpound (A2). \Wen the reaction product

t hus obtai ned contains a solid,

the 25 solid is renoved by filtration and the resulting liquid al one
is used for polynerization. The use of the solid i s not

pr ef er abl e because the solid fornmed has a very low catalytic activity

as conpared with the liquid

140

_

122.9C

4

=
[ =~
-:
[~}
-g; @
0 T
® =~
o = 9
Q.
et =
Ty Lo F
. (O
”©
. o
s + O
X T

mw 0sa

i




-~ 34 - 1 conponent and further gives copolyners having a w de

conposi tion distribution. The reaction of the titanium
conmpound (Al') with the organonetal lic conpound (A2) :nayisSheetds laced
eitherr 5 by adding the organonetallic conpound (A2) to the “1
conpound (Al') or by adding the titanium conpound (A) t
organonetal | i c conmpound (A2). 9/9 The reaction tenperature is
usually in the range of -50 to 230[err]C, preferably O to 200[err]C.
-The 10 reaction tine is not particularly restricted, but usually
2
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1 mnutes to 2 hours. ' The amount of the organonetal lic

conpound (A2) * used is, in terms of the atomic ratio of the nmetal in

t he organonetal lic conpound (A2) to the titaniumin the 15 titanium

compound (Al'), in the range of usually 0.01-100, preferal by 0.05-50,

nore preferably 0.1-10. The catal yst conponents and the

cat al yst according to the presenABSTRACMN on are used for producing
~ethylene-[err]-olefin copolynmers. Said copolynmers herein 20 refer to

copol ymers formed from et hyl ene and one or nore [err]-olefin.

Speci fic exanpl es of thgg-aklaP @dP%&hW%ﬁg&%&E]ETHY FN%Ieflns havi ng

3-30 carbon atons, such as propylene ne-1, "péntene-1, hexene-1,

4-nethyl pentene-1 25 weoleqCoL.EF 86 CENS- BROGCESS ISR "SRODUGHG €i cosene- |
Further, dienes nmay al so be copol ynerized in

ETHYLENE-0.-OLEFIN COPOLYMER ﬁSING THE CATALYST

A.catalyst for copolymefizing ethyiéne with'an
a-olefin éomp:ising.a reaction produét (A) of a titanium
compound (Al) having at least one titanium-nitrogen bond
with'aﬁ organometallic compound (AZ) having at least one
element selected from the groups I#, IIA, IIB, IIIA and

IVA 6£ the periodic table and an organoaiuminum compound
(B), and a process for producing ethylene-a-olefin‘
cépolyme:s using the above catalfst. The present'inven—
tion can provide a catalyst having a high activity per
unit weight of transition metal and an ethylene-c-olefin

: copoljﬁer having nﬁrrow'camposition distribution and a
high molecular weight and excellent in weather resist-

ance, color development, transparency, corrosiveness and

meéhan;cal_properties.

(Figure 9)
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order to inprove the vul canizability of the copol ymer. Specﬁﬁf%?L
exanpl es of such dienes include 1, 3-butadi ene, 7e
-.'35'- 3 1-dicycl opentadiene, tricyclopentadiene, 5-nethyl-2,5-

nor bor nadi ene, 5-net hyl ene- 2- nor bor nene, 5- et hyl di ene- 2- nor bor nene,
5-i sopropenyl - 2- nor bornene, 5-(2'-butenyl)- r ene, 6
1,5, 9-cycl ododecatri ene, 6-nethyl -4, 7§/99 SSutbgt%F%yﬂﬁe?ndgngay 199
trans-1, 2-divi ne, 1,4- héxadi ene, 4-nethyl -1, 4- Hexadi ene,
1, 3- hexadi ene,f ne, and 6-nethyl -1, 5-heptadi ene. The
present '
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i nvention, however, is not to be limted to the above conpounds #¢¢5¢ g2

The copol yner obtai ned according to the present I nventi on can have a
densi‘t.y*in the range of 0.85-0.95 g/cnferr], but Prefg{abgyggag a
density in the range of . 0.88-0.95 g/cnB era

g/ cnfeerr}. An exanpl e of the ﬁPgD gqiyeeﬁr&%gppguar%mgs
ethylene-[err]- olefln copol ymers using < lee-cat al yst conmpenents or the
catal yst according to the present |nvent|on S descrlbed belom%

The met hod for feedlng t he r ective cataly nponents to_the

pol yner i zat | SHSYER &D FQ BIgY] Qgta Rf°f'?8532§°‘|bd?‘tqdé‘&ﬁ-&9 ?@H%ﬁ@rp‘oﬁle%@pt

t hat t hey shoopdlymerfsdy msing the) catvilytdgas systen wisthial haghnyeldrgen,
and in the po1vABSERCE QfisdT0} de%.tg?{:i:e LA §§£@ny§t,hm<m%8 cbpb1ghgrd B)
may be elther fed each i ndi vi
have a narrow comp051tlon distribution and a high molecular
S weight and are -excellent in weather resistance, color
- development, transpérency, corrosiveness, and mechanical
properties.
. These objects have been achieved by providing a catalyst
for copolymerizing ethylene with an a-olefin which comprises the
10 reaction product (A) of a titanium cdmpound {Al) having at least
one titanium-nitrogen bond with an organomagnesium compound (A2)
and an organo-aluminum compound (B) said reaction product (A)
being in the form of a liquid, and a process for producing
ethylene-a-olefin copolymers which uses the catalyst.
15 _
Fig. 1 is a diagram showing the ﬁelting behaviour of the
copolymer obtained in Example 1 determined with a differential
scanning calorimeter (hereinafter abbreviated as DSC).

20 Fig. 2 is a diagram showing the melting behaviour of the
copolymer obtained in Example 3 determined with a DSC.

Fig. 3 is a diagram showing the melting behaviour of the
copolymer obtained in Comparative Example 1 determined with a
25 DsC. '
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been made to contact with each other in advance. 25 The

pol yneri zation tenperature may be usually in the range of -30 to
300[ err]«C, but i.s preferably 0 to - 280[err]C, nore preferably 20 to
250[ err] C. The pol ynerization _pressure is not particul arl g
- 36 - 1 restricted, but preferably about 3- Bubstitifte shest -1/t February 199
vi ewpoi nt of industrial practicality and eggnom’ cal efficiency.

The pol ynerization can be conducted either“° "5 continuously or batchw se.
It may be sl ucLRIMS:sol ution pol yneri zati on which use an inert

hydr ocar bon sol vent, :

1. A catalyst for copolymerizing ethylene with an a-olefin
comprising-a reaction product (A) of a titanium compound (Al)
having at least one titanium-nitrogen bond with an
organomagnesium compound (A2) and an organo-aluminum compound
(B}, said réaction product (A) being in the form of a liquid.

2. The catalyst according to claim 1 wherein the
titanium compound ‘(Al) h&ving at least oé; titanium-
ni;rogen bond is one which is represented by the formula
(RlRZN)4_(m*animen, wherein Rl and R? each denote a
hydrocarbon group having 1-30 carbon atoms and may be the
same or different, X denotes a halogen, Y denotes an
alkoxy group, and m and n are numbers respectively
defined by the equations 0 s m g 3 and 0 £n<3,
provided that (m+n) is defined by the equation 0 g (m+§)
< 3. : :

3. The catalyst according to claim 1, wherein the element

15 selected for the groups IA, IIA, IIB, IIIA and IVA of the
periodic table is Li, Na, K, Be, Mg, Ca, 2n, Cd, B, Al, Ga, In
or Sn.
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such as propane, butane, pentane, hexane, and octane, or i quid phase

or gas phase polynerization which use no solvent. 10 _
Further,»a chain transfer agent, such as hydrogen, may be added to the
pol yneri zati on.systemin  ° order to control the nol ecul ar wei ght of the
copol ymer of the present invention. Substitute sheeticc24 Febhguaty 1988
present invention, a catalyst 15 having a high catalytic activity per

uni t wei ght of transi stion metal +8%obtained, whereby productivity can
be i mproved and further the production of ethylene-[err]- ol efin

i 5t r1 but on becorie poBaFRHEEt | HASSOTSRY o FYI eaREBr r ol CPRTE SHbol Fher s
excel l ent in yepdriiagnesiumescompied d@ oatdelehsPnidie toryaPRaghe)ium
cor_r osive- com;g]oeégd easgqeré%%ganérco%ll %ﬁgpeértci'ueps %%Rs?gtgﬁg\/iodf d'compounds
represented by the following formulas:
S (1) R’R;‘Mg, wherein R? and R!' each denote a hydrocarbon group
having 1-20 carbon atoms and may be the same or different,
(2) RMgZ}, wherein RS denotes a hydrocarbon group having 1-20
carbon atoms and Z! denotes a hydrogen atom or an alkoxy group,
(3) R™MgX, wherein R® denotes a hydrocarbon group having 1 -20
10 carbon atoms and X denotes a halogen.
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The present invention will be described further in detail below with

reference to Exanples and 25 Conparative Exanpl es. The

pol yfrere properti es described in Exanpl es were determ ned by the

fol | owi ng net hods. _ The [err]-ol efin content -was determ ned
fromst he : Substitutg sheet t 24 figbruaryr 1998¢
absorptions of ethylene and [err]-olefin * measured by using an infrared
spect rophot onet er (JASCO 302, nf'd? by NI PPON BUNKO KOGYO CO.). :

5. The catalyst according to «claim 1, wherein the

organoaluminum compound (B) is an organcaluminum compound (Bl)

represented by the formula R!9,AlZ3,, wherein R! denotes a

hydrocarbon group having 1-20 carbon atoms, 2Z° denotes a
5 hydrogen atom and/or an alkoxy group, and a denotes a number
 defined by the equation 0 < a < 3.

6. Use of a catalyst according to anyone of claims 1 to 5 for
producing ethylene-a-olefin copolymers.

This Sheet Has Been Reﬂ
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The intrinsfe—-scositly [n] was determned by 5 wusing an Uobe&F8rtie’ s

vi sconet¥er {i ﬁ%ﬁiﬁ&kﬁﬁﬂmtggEﬁﬁsdt 135[err] C. As the
neasure forf E bﬁ‘é{%@nbn ﬂg.oﬂn'pamsm 4z | distributiong: a,n,oamgrrapmbm QMt
poi nt <Tnp [d&f 4 d.cby the o wi-ng| equati on,was, determ ned usi

10 differ ¢nf Gtscanni ng ‘coyori meteri Oso) . TheSuhptityts sheet - lﬂﬁi\/ sﬁ

i ndi cat es {h& Mar.roner. £ompogl LiX bt rfi bu- ti onDate:

[err] (H x{ti) : e pged.n. (L1 - [err] Hi

wher ei n 50| eDATE & ﬁ?é O[err and Hi denotes the nelti ng ener gy
(w g) at temper atU“‘, ------------------

Cin
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CATALYST FOR COPOLYMERIZING ETHYLENE WITH a-OLEFIN
AND PROCESS FOR PRODUCING ETHYLENE-a~OLEFIN CO“OLYMER

USING THE CATALYST

The present invention relates to a novel Zie-
gler catalyst and to a process for producing ethylene-c-
olefin copolymers using the catalyst. In more particu-
lar, it relates to a catalyst comprising a novel catalyst
component and an organoaluminum compound and to a procéss'
for producing ethylene-c-olefin copolymers using the
catalyst. In still more particular, it relates to a

. catalyst and to a process £for éroducing ethylene-a-
olefin copolymers which have a narrow composition
distribution, have a high molecular weight, and are
excellent in weather resistance,.color development,

transparency, corrosiveness and mechanical properties by

using the catalyst.

Olefin copolymers are in a vast varietf of
uses, inclu@ing film, laminates, electric wire covering,
injection molded articles, and special molded articles.
It is generally known that, to obtain products.which are
excellent in transparenéy, impact resistancerfanti-
blocking property " in these uses,'polymeés which
have narrow molecular weight distribution and ﬁompositioh

distribution are preferably used. In the case of



15 Exanple 1 (1) Synthesis of reaction product (A) Synt hesi s

of titardi um conpound (Al): A 300-m flask equipped with a
stirrer, droppi ng funnel and thernoneter was purgédiaistiheasplacemat sheei
gas, and 18.1 m (60 nmmol s) of dioctylam ne and 150 nl of hexane were °
char ged”t herei n. Then, 38.7 ni (6BMBEIEHLY sheetr butuly 11999 um
diluted with hexane was added dropwi se fromthe droppi 6:

- 38 - ‘funnel over a period of 30 niqytes with stirring while

1 copolymers, particularly, as the content of copolymerized
a-olefin increases, the influences of molecular weight
distribution and composition distribution exerted on the
properties of the copolymer'beome greater. Accordingly,

5 olefin copolymers which have narrow molecular weight
distribution and composiﬁion distribution are eagerly
waited for.

Among the methods for producing olefin
copolymers, there are widely known a group of methods
16 which use so-called Ziegler-Natta ﬁatalysts, which
comprise a compound of a transistion metal of the groups
IV to VI of the periodic table and an organcmetallic
compound of the groups I to III.
As to Ziegler-type solid catalysts, there have

been proposed catalysts comprising a transition metal

|-l
wn

compound, such as titanium tetrachloride, suppported on a
carrier, such as a magnesium compound (Belgian Patent |
Application No. 759601, JP-B—47—46259, JP-B-47-26383, and
othefs), and solid catalytic systems obtained by reducing

20 a titanium compound with an organomagnesium compound,
which include a solid catalyst component comprising a
Grignard reagent and titanium ﬁetrachloride or an
alkoxy-containing titanium halide (JP-A-46-4391,
JP-B—47—40959,gﬁP-B-SO-BDIOZ, and others), and a solid

25 catalyét compdﬁent obtained by reacting a Grignard
reagent and an alkoxy-containing titanium halide and
treating the reaction product with titanium tetrachloride

(JP-B-57-24361, JP-A-56-115302, and others). These



keeping the tenperature of the solution in the flask at S5[err]C. After

conpl eti®dn of the addition, the reaction was further conducted at
5[err]C for 2 hours and at 30[err]Cfor 2 5 hours. The

22 m (20 nmols) of Tid[err] diluted with hoxand RS HFeRIaRenIRIL Sheet
from the dropping funnel to the liquid m xtuSebstituterstitelty 1 Dalahoge
reaction over a period of 30 m nutes while keepi ngDatee tenperature of
the 10 liquid mxture at 5[err]C. After _conpletion of the addition,

the reaction was further continued at S[érF]C for 1 hour and at
30[err]C for 2 hours, to obtain 20 mmls (as 100%yiel d). of a titanium

(G orr] H orr]} [ cPPFRIT R 1Y SRR enerr oSl oh oY s riesmmanrt )

wi th organonetal | Wede com§eRAEHN di82kibution, while the methods dis-
closed in EP-0104374, JP-B-42-11646, JP-B-42-22691 and J.
of Polym. Sci. Part A-1l, 241, 6 (1968) are not satis-

5 factory in the activity ;nd qééolymerizability of the
catalyst and the width of composition distribution of the
copolymer obtained.

To solve the problems described above, the
present inventors previously pfopo;ed a process for
10 producing, in ciopolymerization of ethylene with an a-
olefin, a coipolymer having é narrow composition
distribution by using a catalytic system comprising a
titanium compound represented by the formula
(RleN)4_(m+n)TiXmYn, wherein Rl and R2 are each a
15 saturated hydrocarbon group having 8-30 carbon atoms, X
is a halogen, Y is an alkoxy group,.and m and n are
respectively numbers defined by the eqﬁatiqps lsmg 3
and 0 £ n £ 2, provided that (m+n) is defined by the
equation 1 £ (m+tn) £ 3, and an organoaluminum compound
20 (JP-A-2-77412).
The abové process, however, is not fully satis-
factory in the activity of the catalyst, though it gives
copolymers having'substantially improved composition

By

distribution.

25
In view of the above situation, the object of

the present invention is to provide a catalytic



To the reaction product obtained above was added 30 m (19.8 mol s) of
but yl et hyyl magnesi um (hereinafter abbreviated as BEM (nfd. b L )
Tosoh-Akzo Co. ) 20 diluted with heptane, and the resu ?th“ﬁiﬁ%ﬂﬁﬁ?mﬁ§§3h*$‘
allowed to react for 1 hour while keeping the tenperature at 30[err]C,

to obtain 20 nmols of a reaction product (A) Substicu emt -ChlJupgd 1999
"conponent (A)"). (catalyst concentration: 0.077 mvol Ti/m). 25

(2) Polynerization of ethylene - § - An autoclave of 400-ni

i nner vol une equi pped

1 system and to provide a process for producing ethylene-
a-olefin copolymers by using the catalytic system with a
high yield of polymer per unit weight of transition metal
which copolymers have a narrow composition distribution

5 and a high molecular weight and are excellent in weather
resistance, color development, t;ansparency, corrxosive-
ness, and mechanical properties.

These objects have been achieved by providing
a catalyst for copolymerizing ethylene with
10 an c-olefin which comprises the reaction product (&) of a
titanium compound (Al) ha?ing at least one titanium-
nitrogen bond with an organomégnesium compound (A2) and
an aluminum compound (B), said reaction product (a) being
in the form of a liqu;a,
15 - and a process for producing

ethylene-c~olefin copolymers which uses the catalyst.

Fig. 1 is a diagram showing the melting
behavior of the copolymexr obtained in Exagple 1
20 determined with a differential. scanning c&lorimeter
(hereinafter abbreviated as DSC).
Fig. 2 is a diagram showing the melting
behavior of the copolymer obtained in Example 3
deﬁermihed with a DSC.
25 o Fig. 3 is a diagram showing the melting
behavior of the copolymer obtained ip Comparative Example

1 determined with a DSC.



- 39 wth astirrer and a thernoneter was dried under vacuum and purged
w th argdbn gas. Then, 100 ml of toluene as a solvent and 800 mmol s of

hexene-1 as an [err]-olefin were charged therein, andudi ﬂh@a@bmcemtshoe{
heated up to 180[err]C. Thereafter, ethylene was fed into the reactor

while adjusting the ethylene pressure to 25 kg/ cSubstituteIshegtcnf dulhy $999
0.981 bar). After the reaction system had beconme stabll6: 0.1 muvl of
triethylal um num (hereinafter abbreviated as; TEA) was fed as the
or ganoal um num conpound (B) and succeedingly 0.063 mmol of the conponent
(A) synthesized in (1) above was fed into the reactor. Then polyneriza-
tion was conductied for 2 m natigs Qhisea chidddnm i stpwirey dhenpelatige at
180[err]C. As the result of the polyneriza- tion, 47,000 g of copolyner
was obt ai ned per 1 behawifor ofatbet copolptet ghivaingd yin Exaggd.e 7 deter-
g-copolynmer/nol. M. .
mined with a DSC.

Fig. 5 is a diagram showing the melting
5 behavior of the copolymer obtained in Example 8 deter-

mined with a DSC.

Fig. 6 is a flow chart to help undersﬁanding
the present invention. The flow chart merely represeﬁts
a typical example of the embodiments of the present
invention, and the‘present invention is in no way limited

20 thereto.

Thg_present invention will now be described in
detail below.
The titanium compound (Al) used in the present
25 invention is a compouﬁd which has at least one titanium-
nitrogen bond. It may be, for examp;e, a titanium

compound represented by the formula (RleN)4_(m+n)Timen,



The results are shown in Table 1. The nelting behavior of the copol yrrer'
obt ai ned*was determ ned with a DSC and the resulting dlé%;an1|s shown in
Fig. 1. In Fig. 1., the nunbers of the abscissa indicatdhihis ﬁl@ml@sme@t sheei

([err]O) and those on the ordinate indicate the nelting energ . In
Fig. 1, as the melting peak is recogni zed at the |3pstitut Jebll‘sﬂ@@g
t he conp05|t|on distribution tends to be the narrower. conp05|t|on

di stribution of the copolyner obtained was igomm to be very narrow.
Exampl e 2 A reaction product was Synthesized in the sanme nmanner

as in the synthesis of the reaction product (A) of
1 amino)titanium chloride, tetrakis(dimethylamino)titanium,

diethylaminotitanium trichloride, bis(diethylamino)-
titanium dichloride, tris(diethylamino)titanium chloride,
tetrakis(diethylamino)titanium, diisopropylaminotitanium
5 trichloride, bis(diisoprcpylamino)titanium dichloride,
tris(diisopropylamino)titanium chloride, tetrakis(diiso-
propylamino)titanium, dipropylaminotitanium trichloride,
bis(dipropylamino)titanium dichloride, tris(dipropyl-
amino)titanium chloride, tetrakis(dipropylamino)titanium,

10 diisobutylaminotitanium trichloride, bié(diisobutyl-
amino)titanium dichloride, tris(diisobutylamino)titanium
chloride, tetrakis(diisobutylamino)titanium, di-tert-
butylaminotitaniuﬁ trichloride, bis(di-tert-butylamino)-
titanium dichiorida, tris(di-tert-butylamino)titanium

15 chloride, tetrakis(di-tert-butylamino)titanium,
dibutylaminotitanium trichloride, bis(dibutylamino)-
titanium dichloride, tris(dibutylamino)titanium chloride,]
tetrakis(dibutylamino)titanium, dihexylaminotitanium
trichloride, bis(di@exylamino)titanium dichloride,

20 tris(dihéxylamino)titanium chloride, tetrakis-
(dihexylamino)titanium, dioctylaminotitanium trichloride,
bis(dioctylamino)titanium dichloride, tris(dioctyl-
amino)titanium chloride, tetrakis(dioctylamino)titanium,
didecylaminotitanium trichloride, bis(didecylamino)- 4

25 titanium dichloride, tris(didec?lamino)titanium
chloride, tetrakis(didecylamino)titanium, dioctadecyl-
aminotitanium trichloride, bis(Qioétadecylamino)titnaium

dichloride, tris(dioctadecylamino)titanium chloride,



- 40 - 1 Exanple 1(1) except that dihexyl mangesi um (abbrevi ated as

DHVM (nmede by Tosoh- Akzo Co.) was used in place of BEM and t hen

et hyl ene was polynerized in the sane manner as i n Exanplibe 1epiaoepent sheet
that the reaction product obtained 5 above was used in place of the

reaction product (A) of Exanple 1. The resuSubsﬁMEagngn-HnJﬁwbIQSQ.

A pol yner havi ng a narrow conposition distribution ®obt ai ned as

in Exanmple 1. Exanple 3 10 Polynerization of ethylene

An aut ocl ave of 400-m inner vol unme equippkd - with a stirrer and a

t her nroneter was dri ed under- vacuum

1 tetrakis(dioctadecylamino)titanium, ethoxy(dimethyl-
amino)titanium dichloride, ethoxy(diethylamino)titanium
dichloride, ethoxy(dipropylamino)titanium dichloride,
ethoxy(diisopropylamino)titanium dichloride, ethoxy-

(diisobutylamino)titanium dichloride, ethoxy(di-tert-

wn

butylamino)titanium dichloride, ethéxy(dibutylamino)-
titanium dichloride, ethoxy(dihexylamino)titanium
dichloride, ethoxy(dioctflamino)titanium dichloride,
propoxy(dimethylamino)titanium dichloride,  propoxy-
10 (diethylamino)titanium dichloride, propoxy(dipropyl-

. amino)titanium dichloriae, propoxy(diisopropylamino)-
titanium dichloride, propoxy(diisobutylamino)titanium
dichloride, propoxy(di-tert-butylamino)titanium
dichloride, propoxy(dibutylamino)titanium dichloride,

153 propoxy(dihexylamino)titanium dichloride, propoxy-
(dioctylamino)titanium dichloride, butoxy(dimethyi—
amino)titanium dichloride, butoxy(diethylam;no)titaniuﬁ
dichloride, butoxy(dipropylamino)titanium dichloride,
butoxy(diisopropylamino)titanium dichloride, butoxy-

20 (diisobutylamino)titanium dichloride, butoiy(di~tert-
butylamino)titanium dichloride, butoxy(dibutylamino)-
titanium dichloride, butoxy(dihexylamino)titanium |
dichloride, butoxy(dioctylamino)titanium dichloride,
hexyloxy(dioctylgﬁino)tiﬁanium dichloride, 2-

25 ethylhexfloxy(didctylamino)titanium dichloride;
decyloxy(&ioctylamino)titanium dichloride, ethoxy-
(didecylamino)titanium dichloride, hexyloxy-

(didecylamino)titanium dichloride, 2-ethylhexyloxy-



and purged wth argon gas. Then, 82 g of butane as a sol vent and 321
nmmol s of=butene-1 as an a-olefin were 15 charged therein, and the reactor
was heated up to 70[err]C. Thereafter, hydrogen arw‘@tshmba@mammni sheet
into the reactor while adjusting the hydrogen pressure to 1.

kg/cnieffr] and the ethylene pressure to 6.0 kg/cniSabstituteAfheet - 1 Junimsgg
reaction system had becone stable, 0.25 mmol of TEA 2@Pal@as fed as the

or ganoal um num conpound (B), and succeedingly 0.16 mol of the
conponent (A) synthesized in Exanpl e-18%) was fed into the reactor.
Then, pol yrrerl zation was conducted for 60 m nutes while

cont ol 1ng'the {ereralire at, TerC Toe, erullouftsods oo

obtained as in ExagBLﬁo}t£E§ﬁiuﬂ!&ic%hor;de, ethoxy(dioctadecylamino)-
titanium dichloride, 2-ethylhexyloxy(dioctadecyl-
amino)titanium dichloride, decyloxy(dioctadecylamino)-

5 titanium dichloride, hexyloxybis(dioctylamino)titanium

chloride, 2-ethylhexyloxybis(dioctylamino )titanium
cﬁloride, decyloxybis(dioctylamino)titanium chloride,
" hexyloxybis(didecylamino)titanium chloride, 2-
ethylhexyloxybis(didecylamino)titanium chloride,

10 decyloxybis(didecylamino)titanium chloride,
hexyloxybis(dioctédecylamino)titanium chloride, 2-
eihylhexyloxybis(dioétadecylamino)titanium chloride,
dechoxybis(dioctadécylamino)titanium chléride,
methoxytris(dimethylamino)titanium, ethoxytris-

15 (dimethylamino)titanium, butoxytris(dimethylamino)—
titanium, hexyloxytris(dimethylamino)titanium, 2-
ethylhexyloxytris(dimethylamino)titanium, decyloxytris-
(dimethylamino)titanium, methoxytris(diethylamino)-
titanium, ethoxytris(diethylamino)titanium,

20 butoxytris(diéthylamino)titanium, hexyloxytris-
(diethyldmino)titanium, 2-ethylhexyloxytris(diethyl-
amino)titanium, decyloxytris(diethylamino)titanium,
methoxytris(dipropylamino)titanium, ethoxytris-
(dipropylamino)titanium, butoxytris(dipropylaniino)-

25 titaniﬁm, hexyloxytris (dipropylamino)titanium, 2-
ethylhexyloxytris(dipropylamino)titanium, decyloxytris-
(diprbpylamino)titanium, methoxytris(dibutylamino)-

titanium, ethoxytris(dibutylamino)titanium,



- 41 - 1 Conpar ati ve Exanple 1 Et hyl ene was

pol ynmerized in the sane manner as I n Exanpl e 3 except that 0.16 mol

of a titaniumcom pound (Al) represented by the compl %ﬁdﬁpwmmﬂ‘
5 [(Cerr]Herr])[err]N[err]Tid was used in the polynerization in place
of the conponent (A). The results are shown in Tal8ubstitusagheethel rreyl1igpof
pol yneri zati on showed that the catal ytic activity was low and the !
pol ymer obtai ned had a wi de conposition distribution (see Fig. 3).

10 Exanple 4 - 16 -

1 butoxytris(dibutylamino)titanium, hexyloxytris(dibutyl-
amino)titanium, 2-ethylhexyloxytris( dibutylamino)-
titanium, decyloxytris(dibutylamino)titanium,
methoxytris(dihexylamino)titanium, ethoxytris(dihexyl-

5 aﬁino)titanium, butoxytris(dihexylamino)titanium,
hexyloxytris(dihexylamino)titanium, 2-ethylhexyloxy-
tris(dihexylamino)titanium, decyloxytris(dihexylamino)-
titanium, methoxytris(dioctylamino)titaniunm,
ethoxytris(dioctylamino)titanium, butoxytfis(dioctyl—

10 amino)titanium, hexyloxytri;(dioctylamino)titanium, 2~
ethylhexyloxytris(dioctylgm;no)titanium, decyloxytris-
(dioctylamino)titanium, methoxytris(didecylamino)-
titanium, ethoxytrisfdidecylamino)titanium, butoxytris-~
(didecylamino)titanium, hexyloxytris(didecylamino)-

15 titanium, 2-ethylhexyloxytris(didecylamino)titanium,
decyloxytris(didecylamino)titanium, methoxytris-
édioctadecylamino)titanium, ethoxytris(dioctadecyl-
amino)titanium, butoxytris(dioctadecylamino)titanium,
hexyloxytris{dioctadecylamino)titanium, 2-ethylhexyloxy-

20 tris(dioctadecylamino)titanium,“and decyloxytris-
(dioctadecylamino)titanium.

"Among such titanium compounds, when RY and Rr?
are each an aliphatic hydrocarbon group, particularly
those“wherein the number of carboratoms is 8-30 are

25. prefé}réd. Further, even when thé number of carbon atoms
is less than 8, those coméounds wherein m is 0 or 2 are
more preferred because they give copolymers having a

narrower composition distribution. Specific examples of



(1) Synthesis of reaction product (A Synt hesi s of titanium conpound

(Al): . A 300-m flask equipped with a stirrer, dr oppi ng
funnel and thernoneter was purged with argon 15 gas,,and then 6.3 m (60
nmol s) of diethyl am ne and 150 n of hexane vvereTch‘FaHgé‘G reRiacEMent sheet
Then, 38.7 ml (60 mols) of n-butyllithium dbubstituteishaethedadhdy w399
added dropwi se fromthe dropping funnel over a pqydied of 30 m nutes
whil e keeping the 20 tenperature of the 9Iytion in the flask at 5[err]C
After conpl etion of the addition, the'reaction was further

conducted at 5[err]C for 2 hours and at 30[err]C for 2 hours.

Subsequently, 13. 3sti¢h (ehpBlRIdE) iAk1AHEILEE [dimethy THhiHE It WddL daeXane was

added dropwi se fromthe dropping 25 funnel to t%e |l iquid m xture obtai ned

by the above dielabdride owatrakpe( domeohy BAminat ssanihind e keepi ng t he
bis(diethylamino)titanium dichloride, tetrakis-
(diethylamino)titanium, bis(diisopropylamino)titanium

5 dichloride, tetrakis(diiéopropylamino)titanium,

bis(dipropylamino)titanium dichlofide, tetrakis(dipropyl-
amino)titanium, sis(diisobutylamino)titanium dichloride,
tetrakis(diisobutylamino)titanium, bis(di-tert-
butylamino)titanium dichloride, tetrakis(di-tert-

10 butylamino)titanium, bis(dibutylamino)titanium
dichloride, tetrakis(dibutylamino)titanium, bis{dihexyl-
amino)titanium dichloride, tetrakis(dihexylamino)-
titanium, dioctylaminotitanium trichloride, bis-
(dioctylamino)titanium dichloride, tris(dioctyl-

15 eamino)titanium chloride, tetrakis(dioctylamino)tit&nium,
didecylaminotitanium trichloride, b;s(didecylamino)-
titanium dichloride, tris(didecyléminojtitanium chloridé,
tetrakis(didecylamino)titanium, dioctadecylaminotitanium
trichloride, bis(dioc;adecylémino)titanium dichloride,

20 tris(dioctadecylamino)titanium chloride, tefrakis-
(dioctadecylémino)ﬁitanium, ethoxy(dimethylamino)titanium
dichloridey.ethoky(diéthylamino)titaniug dichloride,
ethoxy(dipropylamino)titanium dichlo:ide, ethoxy(diiso-

. propylamino)titanium dichloride, ethoxy(diisobutylamino)-

25 titanium dichloride, ethoxy(di~tert-butylamino)titanium
dichloride, ethoxy(dibutylamino)titanium dichloride,
ethoxy(dihexylamino)titanium dichloride, ethoxy-

( dioctylamino)titanium dichloride, propoxy(dimethyl-



tenperature at 5[err]C. After conpletion of the addition,

- 42 - the reaction was further conducted at 5[err]C for 1 hour and

at 30[err]C for 2 hours, to obtain 30 nmols (as 100% yi el d) - of a

titani um conpound (Al) represented by the conposi - This @ithp Jepigegment sheet
[(CJerrTHerr])[err] N [err]Tid[err]. 5 React Sobstifutei sheeitum dahpe99g
(Al') with organonmagnesi um .conmpound (A2): Yata: To the °
reaction product obtai ned above was agd_‘e_g 45.5 m Qaég mmol s) of

but yl et hyl magnesi um ( BEM

1 amino)titanium dichloride, propoxy(diethylamino)titanium
dichloride, propoxy(dipropylamino)titanium dichloride,
propoxy(diisopropylamino)titanium dichloride, propoxy-
(diisobutylamino)titanium dichloride, propoxy(di-tert-

5 butylamino)titanium dichloride, propoxy(dibutylaminoy)-
titanium dichloride, propoxy(dihexylamino)titanium
dichloride, propoxy(dioctylamino)titanium dichloride,
butoxy(dimethylamino)titanium dichloride, butoxy-
(diethylamino)titanium dichloride, butoxy(dipropyl-

10 amino)titanium dichloride, butoxy(diisopropylamino)-
titanium dichloride, butoxy(diisobutylamino)titanium
dichloride, butoxy(di~tert~butylamino)titanium
dichloride, butoxf(dibutylamino)titanium dichloride,
butoxy(dihexylamino)t;tapium dichloride, butoxy-

(dioctylamino)titanium dichloride;_hexyloxy(dioctyl-

[ R
wi

amino)titanium dichloride, 2—ethy;hexyloxy(dioctyl—
amino)ﬁitanium dichloride, decyloxy(dioctylamino)titanium
dichloxride, ethoxy(didecylamino)titanium dichloride,
hexyloxy(didecylamiﬁa)titanium dichloride, 2-

20 ethylhexyloxy(didecylamino)titanium dichlorxride,
decyloxy(didecylémfno)titanium dichloride, ethoxy-
(dioctadecylamino)titanium dichloride, 2~ethylhexyloxy-
(dioctadecylamino)titanium dichloride, decyloxy(diocta-
decylamino)titanium dichloride, hexyloxybis(dioctyl- B

25 aminoftitanium'chloride, Z-ethylhexyloxybis(dioctyl-.
aminb)titanium chloride, decyloxybis(dioctyl-
amino)titanium chloride, hexyloxybis(didecylamino)-

titanium chloride, 2-ethylhexyloxybis(didecylamino)-



(nfd. by Tosoh-Akzo Co.) diluted with heptane, and the 10 resulting

m xture-was allowed to react for 1 hour while keepi ng the tenperature
at 30[err]C, to obtain 21.2 mmvls of a reaction prirué therjeplaratreny sheet
concentraiton: 0.112 mrol Ti/m). (2) Pol ynerization of

ethyl ene 15 Pol ymeri zati on was conducBeBstiyitesbeshind dalyntpo®

as in Exanple 1(2) except that 0.063 mmol of the é@#ﬁonent (A
synthesi zed in (1) above was used as the_ 5, _reaction product (A) and 0.1
mrol of triisobutylal um num (abbreviated as TIBA) was used as the

or ganoal um num 20 conpound (B). The results are shown in Table 1. A
pol ymer havi ngla hexybexyporis|{dilmExydiasinbhuitaniwas 2-ethyplternbuboascisr

Exanpl e 1. :
{(dihexylamino)titanium, decyloxytris(dihexylamino)-
titanium, methoxytris(dioctylamino)titanium, ethoxytris-
(dioctylamino)titanium, butoxytris(dioctylamino)titanium,

5 hexyloxytris(dioctylamino)titaniﬁm, 2-ethylhexyloxytris-
(dioctylamino)titanium, decyloxytris(dioctylamino)-
titanium, methoxytris(didecylamino)titanium, ethoxytris-
(didecylamino)titanium, butoxytris(didecylamino)titanium,
hexyloxytris(didecylamino)titanium, 2~ethylhexyloxy-

10 tris(didecylamino)titanium,.decyloxytris(didecylamino)—
titanium, methoxytris(dioctadecylamino)titanium,
ethoxytris(dioctadecylamino)titanium, butoxytris-
(dioctadecylamino)titanium, hexyloxytris(dioctadecyl-
amino)titanium, 2-sthylhexyloxytris(dioctadecyl-

15 amino)titanium, and decyloxytris(dioctadecylamino)-
titanium. |
| Such titanium compounds (Al) may be
synthesized, for example, by using the methods described
in JP-B-41-5397; JP-B-42-11646; H. Burger et al., J. of

20 Organomet. Chem., 108 (1976), 69-84; H. Burger et.al., J.
of Organomet. Chem., 20 (1969), 129-139; and H. Burger,
Z. Anoxg. Allg. Chem., 365, 243-254 (1991).

The titanium compounds may be synthesized,
according to the aforesaid methods, for example, by °

25 reacting (i) a secondary amine represented by the formula
RllRlzNH, wherein R}1 aLnd__R12 each denote a hydrocarbon
group having'1~30 carbon atoms and may be the same or

different, with (ii) an alkylalkali metal represented by



Conmpar ati ve Exanple 2 Pol ynmeri zati on was conducted in the
sane manner 25 as in Exanple 4 except that 0.063 mmol of a titanium

- 43 - 1 conpound represented by the conposition f or nifhis is the replacement shewt
[(C[err]H[err])[err]l\l][err]T| Clerr] was added in place of the conponent

(A used in ethylene polynerization of Exan$ubsm@%fh§h'e 1 July 1999
results are shown i.n Table 1. The result of polyneri- @ation showed a.
very low activity of the catalyst. 2fxanple 5

Pol yneri zati on was conducted in the same nanner

1 the formula R13M, wherein R!3 denotes a hydrocarbon group
having 1-30 carbon atoms and M denotes an alkali metal
such as Li and K, and then reacting the resulting alkali
metal amide with a titanium tetrahalide represented by

5 the formula Tix#, whereiﬁ X denotes a halogen, such as
chlorine, bromine, or iodine, preferably chlorine.

In the above synthesis, two or more alkali

metal amides may be used simultaneously in combination.



as in Exanple 1 except that 0. 1 mmol of trihexylal um num
(abbreviated as THA) was added as the organoal um num 10 conpond in place

of TEA used in ethylene polynerization of Exanp néﬁ éé% The results
of pol ynerization are shown in Table 1. A pol yn2PSH3J8 geripcgmant sheet
narrow ¢onposition di stribution was obtalneSUBsUﬂneEhaapFé July 1999
Exanpl e 6 15 A reaction product was prepgagd in the sane
manner as in Exanple 3 except that MAGALA J,5E (a trade nane,
conposition formula: 7 5U1qu]WeH]HeH]M)Miarﬂ{mrDAl nf d.

by Tosoh- Akzo Co.) was used in place of BEM used in the ynthe5|s of
the reaction produghyX#gnzflnRyagphem ] (dnylv ey Bidhddeiunmt Rytydre -nas

pol ymeri zed in the same manner as i n Exanpl e 3 except that the

reaction product preyeeredmagnesaboyeampt-2skeatefhonagmeitm, aesydirown in
Table 1. The _ )
(trimethylsilylmethyl)magnesium, neopentylhexylmagnesium,

neopentylcyclohexylmagnesium, neopentylphenylmagnesium,
5 neopentylbenzylmagnesium, neopentylvinylmagnesium,
neopentyl-2-propenylmagnesium, neopentyl-2-butenyl-
magnesium, neopentyl(trimethylsilylmethyl)magnesium,
hexylcyclohexylmagnesium, hexylphenylmagnesium,
hexylbenzylmagnesium, hexylvinylmagnesium, hexyl-2-

10 propenylmagnesium, hexyl-2-butenylmagnesium, hexyl-
(trimethylsilylmethyl)magnesium, cyclohexylphenyl-
magnesium, cyclohexylbenzylmagnesium, cyclohexylvinyl-
magnesium, cyclohe#yl—2-propenylmagnesium, cyclohexyl-
2-butenylmagnesium, cyclohexyl(trimethylsilylmethyl)-

magnesium, phenylbenzylmagnesium, phenylvinylmagnesium,

|
wn

phenylfz—propenylmagnesium, phenyl-2-butenylmagnesium,
phenyl(trimethylsilylmethyl)magnésium, benzylvinyl- |
magnesium, benzyl-2-propenylmagnesium, benzyl-2-
butenylmagnesium, benzyl(trimethylsilylmethyl)magnesium,
2¢ vinyl-2-propenylmagnesium, viﬂyl—z-butenylmagnesium,‘and
vinyl(trimethylsiiylmethyl)magnesium.

. Examples of the compounds represented by the
formula RSMgz;_inélude ethylmagnesium hydride,
propylmagnesium hydiide;-iSOPropylmagnesium hydride,

25 butylmagnesium hydride, sec-butylmagnesium hydride,
tert-butylmagnesium hydride, phenylmagnesium hydride,
ethylmagnesium methoxide, ethylmagnesium ethoxide,

ethylmagnesium propoxide, ethylmagnesium butoxide,



pol yneri zation yi el ded a pol yner having a narrow conposition

distribution as in Exanple 3. - 44 -
[err] - | This is the replacement sheet
- . Substitute sheet - 1 July 1999
‘Date:
- 28 -

1l ethylmagnesium phenoxide, propjlmagnesium methoxide,
propylmagnesium ethoxide, propylmagnesium propoxide;
propylmagnesium butoxide, propylmagﬁesium phenoxide,
isopropylmagnesium methoxide, isopropylmagnesium

S ethoxidé, isopropylmagnesium propoxide, isopropyl-
magnesium butoxide, isoprbpylmagnesium phenoxide,
butylmagnesium methoxide, butylmagnesium ethoxide,
butylmagnesiﬁm propoxide, butylmagnesium butoxide,
butylmagnesium phenoxide, sec-butylmagnesium methokide,

10 sec-butylmagnesium ethoxidé, sec-butylmagnesium
propoxide, sec-butylmagné;ium butoxide, sec-butyl-
magnesium phenoxide, tert-butylmagnesium methoxide,
tert-butylmagnesium ethokide, tert-butylmagnesium

propoxide, tert-butylmagnesium butoxide, tert-

=
ui

butylmagnesium phenoxide, phenylmagnesium methoxide,

phenylmagnesium ethoxide, phenylmagnesium propoxide,

éhenylﬁagnesium butoxide and phenylmagnesium phenoxide.'
Examples of the compounds represented by the
formula R5ng includg methylmagnesium'chloride,

20 ethylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium iodide, propylmagnesium chloride,
propylmagnesium bromide; butylmagnesium chloride,
butylmagnesium'bromide, sec~butylmagnesium chloride,
sec-butylmagnesium bromide, «tert-butylmagnesium chloride,

25 tert-butylmagnesium bromide, amylmagnesium chloride,

isocamylmagnesium chloride, vinylmagnesium bromide,

vinylmagnesium chloride, l-propenylmagnesium bromide, 1l-

propenylmagnesium chloride, 2-propenylmagnesium bromide,



- 45 Exanple 7 (1) Synthesis of reaction product (A
A reaction product (A) was synthesized in the sane nmanner as in

Exanple 1 except that 12.0 mM of a 1.67 5 nol/[err] a
n-butyl lithiumwas used in place of BEM di | ut ed Jﬁ?ﬁ %Zh{%rf’%use

the synthesis of the reaction product (A) of Sekatifute Si‘@f}' 1téUWb139ﬂ
20 mmol s of the reaction product (A) (catalyst coDgwnatration:
0.087 mml Ti/m). 10 (2) Copolynerizabigon of ethylene with butene-1
An aut ocl ave of 3000-m inner volunme equi pped with a stirrer and a
t hermronet er was dried under vacuum and purged with argon gas. Then,
hydrogen to a Jr e2sprepenylmagfne3(i@ummehd ori@d , gpbénplinagme sisum sl axide and
140 g of phenylmagnesium bromide, benzylmagnesium chloride, and
benzylmagnesium bromide.
From the viewpoint of the composition distribu-
5 tion of the copolymer férmed,.the organomagnesium
compounds are preferably those which are represented by
the formula R3R4Mg. Among them, those wherein R3 and R
are each an aliphatic hydrocarbon group are more
preferred. Specific examples of such organomagnesium

10 compounds include dimethylmagnesium, diethylmagnesium,

‘ dipropylmagnesium, diisopropylmagnesium, dibutyl-
magnesium, diisobutylmagnesium, di-sec-butylmagnesium,
di—tert—butylmagnesium, diamylmagnesium, dineopentyl-
magnesium, dihexylmagnesium, dicyclohexylmagnesium,

15 methylethylmagnesium, methylpropylmagnesium,

| 'methyli;opropylmagnesium, methylbutylmagnesium,
methylisobutylmagnesiﬁm, methyl—sec—bufylmagnesium,
methfl—tert—butylmagnesium, methylamylmagnesium,
methylneopentylmagnesium, methylhexylmagnesium,

20 methylcyclohexylmagnesium, ethylpropylmagnesium,
ethylisopropylmagnésium, ethylbutylmagﬁesium, ethyl-
isobutylmagnesium, ethyl-sec-butylmagnesium, ethyl-tert-
butylmagnesium, ethylamylmagnesium, ethylneopentyl-

& - magnesium, ethylhexylmagnesium, ethylcyclohexylmagnesium,

25 propylisopropylmagnesium, propylbutylmagnesium,
propylisobutylmagnesium; propyl-sec-butylmagnesium,
propyl-tert-butylmagnesium, propylamylmagnesium,

propylneopentylmagnesium, propylhexylmagnesium,



15 butene-l as an [err]-olefin were charged into the reactor, and the
reactor was heated up to 70[err]C. Thereafter, et hyl.ens, ) fed to
the reactor while adjusting the - ethyl ene pressure to Gng%@ﬁng?TeniSh‘M
After the reaction system. had beconme stable, 1.6 muols of
triethylal uminum (TEA) 20 was fed as the organoé%‘ﬁﬁ&téﬂﬁ%ouﬁd%ﬁﬂ!?%
succeedi ngly 0. 39 mol of the conponerit (A) synthesized in (1) above
was fed. into the reactor, and polynerlzatlgn conducted for 2 hours
while controlling the tenperature at 7oferr]C. As the result of the
pol ynmeri zation, 30.0 g of 25 a copolyner was obtained (activity: 76,900
g- copl yner/ 1 noprenyldy¢ bshdlmaghbe infs ULl s8paopy thovylmagrediuwn,2. The
mel t i ndex of the copol ymer obtained was determ ned accordi ng
isopropylisobutylmagnesium, isopropyl-sec-butylmagnesium,

isopropyl-tert-butylmagnesium, isopropylamylmagnesium,
isopropylneopentylmagnesium, isopropylhexylmagnesium,

isopropylcyclohexylmagnesium, butylisobutylmagnesium;

w

butyl-sec-butylmagnesium, butyl-tert-butylmagnesium,
butylamylmagnesium, butylneopentylmagnesium, butylhexyl-
magnesium, butylcyclohexylmagnesium, isobutyl-sec-
butylmagnesium, iscbutyl-tert-butylmagnesium,

10 isobutylamylmagnesium, isobutylneopentylmagnesium,
isobutylhexylmagnesium, isobutylcyclohexylmagnesium,
sec-butyl-tert-butylmagnesium, sec-butylamylmagnesium,
sec;butylneopentyimagnesium, sec-butylhexylmagnesium,
sec-butylcyclohexylmagnesium, tert-butylamylmagnesium,

tert-butylneopentylmagnesium, tert-butylhexylmagnesium,

[
wm

tert-butylcyclohexylmagnesium, amylneopentylmagnesium,
amylhexylmagnesium, amylcyclohexylmagnesium, neopentyi-
hexylmagnesium, neopentylcyclohexylmaénesium, and
hexylcyclohexylmagnesium.

20 ' In place of the aforesaid organomagnesium
compounds, hydrocarbbn soluble complexes of the
organomagnesium compounds with organometallic compounds
may be used. The organometallic compounds may be, for
exmaple,-organic compounds of Li, Be, B, Al or Zn.

25 Further; the present invention:is not limited to the

aforesaid compounds.



- 46 - 1 to JIS K-6760 at 190[err]C. The nelting behavior of the
copol yner was determned with a DSC and the resulting

in Fig. 4. In Fig. 4, the nunbers on the abscissa f Waﬂ%é‘?%f% @cememshﬁe{ _
tenperature ([err]C), and those on 5 the ordinate ind| cate the nmelting
energy. " In Fig. 4, as the nelting peak is Sebsthjjggheat -thdulyo®es9
t enperat ure side, the conposition distribution tends to be the
narrower. The conposition distribution(ﬁ_tﬁp_popolyner obt ai ned was
shown to be very narrow. 10 Exanple 8 Copol yneri zati on of
et hyl ene with butene-1 was

The organoaluﬁinuﬁ compounds (B) used as one
component of the catalyst in the present invention may be
20 those known in the art. The organoaluminum compounds (B)
may be, for example, organoaluminum compounds (Bl)
represented by the formula RloaAlz33_a, and chain-like or
cyclic aluminoxanes (B2) having the structure shown by
the formula —[Az(Rll)-O]g-. Preferred among the =~
= 5 25 organoaiuminum compounds (B) are organcalumindm cempounds
(Bl) represented by the formula RloaAlz33_a. In the

g10 g1l

above formulas, and are each.a hydrocarbon group

having 1-20 carbon atoms, preferably 1-10 carbon atoms,



conducted in the same manner as in Exanple 7 except that 20 mmol s of
sec-butylFlithiumwas used in place of n-BulLi in the_synthesis of the
conmponent (A), and the conponent 15 (A) thus obt ained Wﬁ§3w%éh9?9N$¢EMentsh.§t
copol yneri zati on. As the result, 21.0 g of a copol yner was obtai ned
(activity: 53,900). The results thus obtai nechﬂrs&itWee’tn Takily 1299

and Fig. 5. fo- 47 - [err] T

- 32 -

1 323 denotes a hydrogen atom and/or an alkoxy group, a is a
number defined by the equation 0 < a g 3, and £ is an
integer of 1 or more, preferably 2-30.

Specific examples of the organocaluminum

5 compounds (Bl) represented by the formula RloaAlZ33_a
include trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triproipylaluminum, triisobutyl-
aluminum, trihexylaluminum, trioctylaluminum, and
tridecylaluminum, dialkylaluminum hydrides, such as

10 dimethylaluminum hydride, diethylaluminum hydride,
dipropylaluminum hydride, diisobutylaluminum hydride,
dihexylaluminum hydride, dioctylaluminum hydride, and
didecylaluminum hydiide, alkoxyaluminum hydrides, such as
methoxymethylaluminum hydride, methoxyethylaluminum

15 hydride, methoxyisocbutylaluminum hydride, ethoxyhexyl-

| aluminum hydride, ethoxyoctylaluminum hydride, and
éthoxydecylaluminum hydride, and alkylalumi#um alkoxidés,
~such as dimethylaluminum methoxide, methylaluminum
dimethoxide, diethylaluminum'methoxide, ethylaluminum

20 dimethoxide, diisobutylaluminum methoxide, isobutyl-
aluminum dimethoxide, dihexylaluminum methoxide,
hexylaluminum dimethoxide, dimethylaluminum ethoxide,
methylaluminum_diethoxide, diethylaluminum ethoxide,
ethylaluminum diethoxide, diisobutylaluminum ethoxide,

25 and isobutylaluminum diethoxide.

Preferred of such compounds from the viewpoint
of catalytic activity are trialkylaluminums, which are

compounds of the formula wherein a is 3, such as



- 48 Cam 1. A catalyst for copolynerizing ethylene with an
[err]-ol«efin conprising a reaction product (A) of a titanium conpound

(Al') having at |east one titaniumnitrogen bond W th aﬁhﬁﬂgahamagaemhuﬁgsmuq
conmpound (A2) and an organo- al um num conmpound (B), said reaction product
(A) beihg in the formof a liquid. 2. Bobstittglyheet acicduly 19980
claim1 wherein the titani um conpound (Al') having at |eas " one titanium
nitrogen bond is one which is represented 3% the formul a
(Rlerr]Rerr]NJ[err]-(mn)Ti X[err]Y[err],” 2rein Rl and R2 each denote a

1 trimethylaluminum, triethylaluminum, tripropylaluminum,
triisobutylaluminum, trihexylalﬁminum, and the like.
However, the present invention is not limited to the
above-mentioned compounds.

Specific examples of aluminoxanes (B2)

wn

represented by the formula —[Al(Rll)-O]z— include
tetramethyldialuminoxane, tetraethyldialuminoxane,
tetrabutyldialuminoxane, tetrahexyldialuminoxane,
methylaluminoxane, ethylaluminoxane, butylaluminoxane,
10 hexylalumihoxane, and the like. The present invention,
however, is not limited to the above-mentidned compounds.
The component (B) may be used in a wide range
such as uéually 0.01-10,000 moles relative to 1 mole of
titanium atom of the component (A), but it is preferably
.lS usaed in the range of 0.05-500 moles, more preferably
0.1-50 moles, relative to 1 mole of titanium atom.
Next, the synthesis of the reaction product (A)
in the present invention is described below.
The reactiqﬁ product (A), namely one of the
20 catalyst components in the present invention, can be
prepared by reacting a titanium COﬁpound (Al) with an
organometallic compound (A2). When the reaction product
thus obtained. contains a solid,
- the
25 solid is removed by filtratioh and the resulting ligquid
alone is used for polymérization. The use of the solid
is not preferable because the solid formed has a

very low catalytic activity as compared with the liguid



hydr ocar bon group having 1-30 carbon atons and may be the sanme or
differemt, X denotes a hal ogen, Y denotes an alkoxy group and mand n

are nunbers respectively defined by the equations 0 2&#?‘
[err] n <3, provided that (men) is defined by the equét 6‘1;%&{’ er'i?'?
[err] 37 3. The catal yst according to cl aSubstitutbesheien -thduly 1999

or ganomagnesi um conpound i s at l‘east one organomagnesi Datg:conpound sel ect ed
fromthe group consisting of conpounds represented by the follow ng

f or mul as: (1) Rlerr]Rerr]My, whet®in Rlerr] and Rlerr] each
denote a hydr ocar bon group haV|ng 1-20 carbon atons and may be the

Py ocar bon gr sup " P RaS g 1 5 e o s ERA O Grr 1 enbt b5 &Ry ar ogen
atom or an al kexmp8s9HPon dlstrlbutlon.
The reaction of the titanium compound (Al) with
the organometallic compound (Azj may be effected either
5 by adding the organometallic compound (A2) to the
titanium compound (Al) or by adding the titanium compound
(Al) to the organometallic compound (A2).
The reaction temperature is usually in the
range of -50 to 230°C, preferably 0 to 200°C. The
10 <reaction time is not particularly restricted, but usually
1 minutes to 2 hours.
The amount of the organometallic compound (A2)

used is, in terms of the atomic ratio of the metal in the

organometallic compound (A2) to the titanium in the

| ed
(S]]

titanium compound (21), in the range of usually 0.01-100,

_ preferalby d.05—50, nore preferably 0.1-10.

The catalyst compénents and the catalyst
according to the present invention éré used for producihg

- ethylene-a-olefin copolymers. Said copolymers herein

20 refer to copolymers formed from ethylene and one or more
c-olefin.

--Specific examples of the ac-olefin include a-
olefins having 3-30 carbon atoms, such as propylehe,
butene-l, pentene-l, hexene-l, 4-methylpentene-1;7

25 octene-i,'decene—l, octadecene-1l, and eicosene-1%

Further, dienes may also be copolymerized in

order to improve the vulcanizability .of the copolymer.

Specific examples of such dienes include 1,3~butadiene,



(3) Rlerr] MgX, wherein R err] denotes a hydrocarbon group
- 49  having 1-20 carbon atoms and X denotes a halogen. 4. The

catal yst according to claim1, wherein the organoal unfismng men(éﬁt shivet
an organoal um num conmpound (Bl) represented by the fornula '

Rlerr]A"Z[err]-a, wherein Rlerr] denotes a hydroSabb rshiget Rav oty 19980
carbon atonms, Z3 denotes a hydrogen atom and/or an al G group and a
denotes a number defined by the equatlon 0 § aferr] 3. : Use of a
catal yst according to anyone of clains 4 for prodUC|ng

et hyl ene-a-ol efin copol yners.

1 dicyclopentadiene, tricyclopentadiene, 5-methyl-2,5-
norbornadiene, 5-methylene-2-norbornene, S-ethyldiene-2-
norbornene, 5-isopropenyl-2-norbornene, S5-(2’-butenyl)-
2-norbornene, 1,5,9-cyclododecatriene, 6-methyl-4,7,8,9~

5 tetrahydroindene, trans-1,2-divinylcyclobutane, 1,4-
hexadiene, 4-methyl-1l,4-hexadiene, 1,3-hexadiene, 1,6-
octadiene, and 6-methyl-1l,5-heptadiene. The present
invention, however, is not to be limited to the above
compounds .

10 The copolymer obtained according to the present
invention can have a density in the range of 0.85-0.95
g/cm3, but preferably has a density in the range of
0.88-0.95 g/cm3, moie preferably 0.90-0.95 g/cm3.

An example of the process for producing

(=
W

ethylene-c-olefin copolymers using the catalyst
components or the catalyst according to thg present
invention is described below.

The method for feeding the respective catalyst
components to the polymerization vessel is subject to no
20 particular restriction except that they should be fed in

an inert gas, such as nitrogen or argon, and in the
absence of moisture. The catalyst components (A) and (B)
may be either fed each individually or fed after having
been made to contact with each other in advance.
25 ' The polymerizaﬁion temperature may be usually
in the range of -30 to.300°C, but is preferably 0 to
280°C, more preferably 20 to 250°C.

The polymerization pressure is not particularly



- 50- 1 Exanple 9 (1) Synthesis of reaction product (A
Synt hesi § of titanium conpound (Al): A 300-m flask equi pped

with a stirrer, 5 dropping funnel ‘and thernoneter masTﬁgngqg@m@,
gas, and 18.1 m (60 mml s) of dioctylam ne and 150 m of égﬁgﬁg\e@””h”t

char ged therein. Then, 38.7 nl (60 Suhsiti teo$heatbu1 yluly t11998m
diluted with hexane was added dropmﬁse fromthe droppi n§a%0 funnel over a
period of 30 mnutes while keeping the ggnperature of the solution in
the flask at 5[err]C After -

1 restricted, but preferably about 3-1500 atm from the
viewpoint of industrial practicality and economical
efficiency.

The polymerization can be conducted either

S continuously or batchwise. It may be slurry or solution
polymerization which use an inert hydrocarbon solvent,
such as propane, butane, pentane, hexane, and octane, or

" liquid phase or gas phase polymerization which use no
solvent..

10 Furtﬁer, a chain transfer agent, such as
hydrogen, may be added to the polymerization system in
order to control the molecular weight of the copolymer of
the present invenﬁion.

According to the present invention, a catalyst

15 having a2 high catalytic activity per unit weight of
transistion metal is obtained, whereby productivity can
be improved and further thé production of ethylene-o- |
olefin copolymers having a high molecular weight and
narrow composition,distribution becomes possible; thus,

20 ethylene-c-olefin copolymers excellent in weather
resistance, color development, transparency, corrosive-
ness, and mechanical properties can be provided.

The present invention will be described further
in detail below with reference to Examples and

25 Comparative Examples.

- The polymer properties described in Ekamples
were determined by the following methods. |

The a-olefin content was determined from the



conpletion of the addition, the reaciton was further conduct ed at

5[err]CHor 2 hours and-at 30[err]C for 2 hours. - -Then, 1.65
m (15 mols) of TiCl[err] diluted with 15 hexane wag added Q[quﬁsgqj&gﬂ%
t he droppi ng funnel to the - liquid nixture obtai nedSn¥t'A# "&hBve ™ |
reacti of over a peri od of 30 mnutes while kE&upstityte sheetndedulyul 8991

t he liquid mxture at 5[err]C. After conpletion ofythe addition,

the reaction was further conducted at 5[erf]C for 1 hour "and 20 at 30C
for .2 hours, to obtain 15 muols (as 100%§/| el d) of a titanium
conpound (Al') represented by the conposi - tion fornul a

[(Terr]Herr]y[eenhbhéesFiskic absorpRe8ati 68 @thylémeiand conpoafich (Al )
wi th organonetallic conpound (AE): 25 To the titanium
conpound obt ai nedmabsweedasy usingaddednBfarnéd (Spenrmdordmatdmt (WASIQmMI num

(A2) diluted
) 302, mfd. by NIPPON BUNKO KOGYO CO.).
The intrinsic viscosity (n] was determined by
S using an Ubbeelohde’s viscometexr ih tetralin solution at
135°C.
As the measure for representing composition
distribution; an average melting point <Tm> defined by
+he following equation was determined by using a
10 differential scanning colorimeter (DSC). The smaller

<Tm> value indicates the narrower composition distribu-

tion.

- D(Hi x ti)
<Tm> =

LHi

wherein 50°C < ti < 120°C, and Hi denotes the melting

energy (w/g) at temperature ti.

15 Example 1
(1) Synthesis of reaction product (A)
Synthesis -of titanium compound (Al):
A 300-ml flask equipped with a stirrer,
- dropping funnel and thermometer was purged with argon
20 gas; and 18.1 ml (60 mmols) of dioctylamine and 150 ml of
hexane were charged therein.
Then, 38.7 ml.(so mmols) of n-butyllithium

diluted with hexane was added dropwise from the dropping



w th hexane, and the resulting mxture was allowed to 1 react
for 1 hour while keeping the teneprature at 30[err]Cto obtain 10.5

mol s of a reaction product (A) (catalyst concent i .Qn, . .
Ti/m). (2) Polymerization of ethylene 5 - hls' 8lg YapEEeEhL shaet
400-m i nner vol une equi pped with a stirrer Sobstitutésheetretiedulyat999
dried under vacuum and purged with argon gas. TheBatd:00 ml of tol uene

as a solvent and 800 nmmol s of hexene-1 as an [err]-olefin were
charged therein, and the reactor was heate¥ up to 180[err]C.

1 funnel over a period of 30 minutes with stirring while
keeping the temperature of the solution in the flask at
5°C. After completion of the addition, the reaction was
further conducted at 5°C for 2 hours and at 30°C for 2

5  hours.

Then, 2.2 ml (20 mmols) of TiCl, diluted with
hexane was added dropwise from the dropping funnel to the
liguid mixture obtained by the above reaction over a
period of 30 minutes while keeping the temperature of the

10 liquid mixture at 5°C. Aféer completion of the addition,
~the reaction was further continued at 5°C for 1 hour and

at 30°C for 2 hours, to obtain 20 mmols (2s 100% yield)

of a titanium compound (A-1) represeﬁted by the compo-

sition formula [(CgH;5)oN]3TiCl.

15 Reaction of titanium compound (Al) with organometallic
eompound (A2):

‘To the reaction product -obtained above was
added 30 ml (19.8 mmols) of butylethylmagnesium
(hereinafter abbreviated as BEM) (mfd. by Tosoh-Akzo Co.)

20 diluted with heptane, and the resulting mixture was
allowed to react for 1 hour while keeping the temperature
at 30°C, to obtain 20 mmols of a reaction product (A)
(hereinafter ¢alled "component (A)"). (catalyst

concentration: 0.077 mmol Ti/ml).

25 (2) Polymerization of ethylene

An autoclave of 400-ml inner volume equipped



10 Thereafter, ethylene was fed into the reactor while adjusting the
ethyl ené pressure to 25 kg/cmerr]. After the r s 130theSEplRBIAT sheet
beconme stable, 0.5 muol of triethylalum num (TEA) was fed as the

or ganoal um num conpound (D), and succeedingly O. mol of the
conponent 15 ( A) synthesized in (1) above was fSubsii Sheatreq 1999
Then, polynerization was conducted for 2 mnutes while - contralling the
tenperature at 180[err]C. As the result of t he pol ynerization, 8750 ¢
of a copol yner was obt ai ned per 1 nok 3% transition nmetal (activity:
8750 g-coplyner/ 20 nol[err]M. The results are shown in Table 3. The

DSC and the rosul t{ o dh dUTSAdte SONoRnEFRERIECSS o ax (edrigdes vagigm

DSC and the resulting diagramis

The or di nat e | ndi cat e The pe rn BFAS™ F8F by Tlerr 1. PhnoE §0100Ms dERE ©F

nmelting peak is solvent and 800 mmols of hexene-l as an a-olefin were
charged therein, and the reactor was heated up to 180°cC.
Thereafter, ethylene was fed into the reactor while
adjusting the ethylene pressure to 25 kg/cm? (1 kg/cm2=
0.981 bar). After the reaction system had become stable,
0.1 mmol of triethylaluminum (hereinafter abbreviated as
TEA) was fed as the organoaluminum compound (B) and
succeedingly 0.063 mmol of the component (A) synthesized
in (1) above was fed into the reactor. Then polymeriza-
tion was conducted for 2 minutes while controlling the
temperature at 180°C. As the result of the polymeriza-
tion, 47,000 g of copolymer was obtained per 1 mol of
transition metal (activiéy: 47,000 g—copélymer/mol. M).
The results are shown in Table 1. The melting behavior
of the copolymer obtained was determined with a DSC and
the resulting diagram is shown in Fig. 1.  In Fig. 1, the
numbers of the abscissa indicate the temperature (°C) and
those on the ordinate indicate the melting enefgy (mW).
In Fig. 1, as thé meiting peak is recognized at the lower
temperature side, the composition distribution tends to
be the narrower. The composition distribution of the

copolymer obtained was shown to be very narrow.

Example 2
A reaction product was synthesized in the same

manner as in the synthesis of the reaction‘product (A) of



recogni zed at the | ower tenperature side, the conposition di stribution

tends to be the narrower. The <Tn - 52
- determned fromFig. 6 was 98.1[err], revealing that the -
copol yner obtai ned had a very narrow conposition % {8 1heiepkasement sheet
Conparative Exanple 3 5 Pol yreri zat i ubyititutersishxt e4l Jd%ﬁ@%g
sanme nmanner as in Exanple 9 except that 47 mmol s @fidi et hyl al um num -
chl oride (abbreviated as DEAC) was used as the organo- metallic
conpound in place of TEA used in the react$®n of a titani um conpound

(Al) with an organonetal lic conpound
1 Example 1(1) except that dihexylmangesium (abbreviated as

DHM) (made by Tosoch-Akzo Co.) was used in place of BEM,
and then ethylene was polymerized in the same manner as
in Example 1 except that the reaction product obtained

5 above was used in place of the reaction product (A) of
Example 1. The results are shown in Table 1. A polymer
having a narrow composition distribution was obtained as

in Example 1.

Example 3
10 Polymerization of ethylene
An autoclave of 400-ml inner volume equipped
with a stirrer and a thermometer was dried under vacuum
and purged with argon gas. Then, 82 g of butane as a

solvent and 321 mmols of butene-l1 as an a-olefin were

|..l
(V1]

.charged therein, and the reactor was heated up to 70°C.
Thereafter, hydrogen and ethylene were fed into the
reactor while adjusting the hydrogen éressure to 1.0
kg/cm2 and the ethylene pressure to 6.0 kg/cmz. After
the reactionVsystem had become stable, 0.25 mmol of TEA
20 was fed as the organoaluminum compound (B), and
succeedihgly 0.16 mmol of the component (A) synthesized
in Example 1(1l) was fed into the reactor. Then,
polYmeszation was conducted for 60 minutes while
controfiing the temperature at 70°C. The results are
25 shown in Table 1. A polymer having a narrow composition

distribution was obtained as in Example 1 (see Fig. 2).

.
Pl



10 (A2) in the synthesis of a reaction product (A) of Exanpl e 9(1) and
~that nd TEA was added in the pol yneriza- tion of ethylene of (2)

above. The results are shown in - Tabl e 3. The cat atpij i€ trRctdptadeynem Sheet
very | ow as conpared with that in Exanple 9. 15 Exanpl e 10

Pol yneri zati on of ethyl ene An auBubstittge shed00-Inluiynneo9
vol une equi pped with a stirrer and a thernoneter R89:dri ed under
vacuum and purged with argon gas. Thegn, _75 g of butane as a 20
solvent and 446 mmol s of butene-1 as an [err]-olefin were char ged
therein, and the reactor was heated up to 70[err]C. Then, hydrogen and
et hyl ene wer @ fedompdratiie rExaniple 1 whi | e adjusting the hydrogen
pressure to 0.5 kg/cn2 and the ethyl ene pressure to 6.0 kg/cnferr].
After the reaction Ethylene was polymerized in the same manner as

in Example 3 except that 0.16 mmol of a titanium com~
pound (Al) represented by the composition formula

5 {(CgH;7)2N]3TiCl was used in the polymerization in place
of the component (A). The results are shown in Table 1.
The results of polymerization showed that the catalytic
activity was low and the polymer obtained héd a wide

composition distribution (see Fig. 3).

10 Example 4
(1) Synthesis of reaction product (a)
Synthesis of titanium compound (Al):

A 300-ml flask equipped with a stirrer,

dropping funnel and thermometer was purged with argon
.15 gas, and then 6.3 ml (60 mmols) of diethylamine and 150
ml of hexane were charged therein.

Then, 38.7 ml (60 mmols) of n-butyllithium
diluted with hexane was added dropwise from the dropping
funnel over a period'of 30 minutes while keeping the

20 temperature of the solution in the flask at 5°C. After
completion of the addition, the reaction was furthex
conducted at 5°C for 2 hours and at 30°C for 2 hours.

Subsequently, 3.3 ml (30 mmols) of TiCl,
diluted with hexane was added dropwise from.the dropping

25 funnel to the liquid mixture obtained by the above
reaction over a period of 30 minutes while keeping the

temperature at 5°C. After completion of the addition,



25 system had beconme stable, 0.5 mmol of TEA was fed as the

or ganoal um num conpound (B) and succeedi ngly 0.32 mol of

- B3 - t he conponent (A) synthesized in Exanple 9(1) -was fed

into the reactor. Then, polynerization was conducted fbis is the réflatemehesneet
while controlling the tenperature at 70[err]C.  Substiligtershagtt-s1 duly 3998n
in Table 3. A polyner having a 5 narrow conpositiona.distribution was
obtained as in Exanple 9 (see Fig. 71.42 Co ‘ati.ve Exanple 4
Pol yrmeri zation was conducted in the sanme manner

1 the reaction was further conducted at 5°C for 1 hour and
at 30°C for 2 hours, to obtain 30 mmols (as 100% yield)
of a titanium compound (Al) represented by the composi-

tion formula [(CZHS)zN]ZTlClz.

5 Reaction of titanium compound (Al) with organomagnesium
compound (A2):

To the reaction product obtained above was
added 45.5 ml (30 mmols) of butylethylmagnesium (BEM)
(mfd. by Tosoh-Akzo Co.) diluted with heptane, and the

10 resulting mixture was allowed to react for 1 hour while
keeping the temperature at 30°C, to obtain 21.2 ﬁmols of
a2 reaction product (A) (catalyst concentraiton: 0.112

mmol Ti/ml).

(2) Polymefization of ethylene

15 Polymerization was conducted in the same manﬁer
as in Example 1(2) except that 0.063 mmol of the
component (A) synthésized in (1) above was used as the
reaction product (A) and 0.1 mmol of triisobutylaluminum
(abbreviated as TIBA) ﬁas used as the organoaluminum

20 compouhd~(B). The results are shown in Table 1. A
polymer having a narrow comosition distribution was

-

' obtained as in Example 1. =

Comparative Example 2
Polymerization was conducted in the same manner

25  as in Example 4 except that 0.063 mmol of a titanium



as in Exarrpl e 10 except that, in the ethylene polyneri- 10 zation of
Exanpl € 9(2), 0.25 mmol of)triethylaluninun1 (TEA) was used as the

or ganoal um num conpound (B) and 0.16 nmol of a tTHIAMW tHY &AM «
represented by the conposition formul a [C[err]H[err])[err]I\I][err]Tlhg1
was used in place of t he conponent (A). Th&ummlut&sshéals- bty nedaar e
shown 15 in Table 3. As the result of pol yneri zati on, Patge catal ytic
activity was |ower and the conmposition _ 43distribution of the resulting
pol ymer was wi der than in Exanpl e 10 (see Fig. 8). Exanple 11
20 Pol yrmeri zation was conducted in the sanme manner as in
Exanpl e 9 except qqmﬁoqdeIRWEBSQnted|mewheﬂ¢nmansmulon fiokA)lanas used as

t he organoalun1nun1conpound (B) in place of TEA used in the ethylene

pol yneri zati on ofl (C2Hs)pRpgiEle(¥3s adeed duinlacs qfoltjies componentand)

hown in
sho used in ethylene polymerization of Example 4(2). The

results are shown in Table 1. The result of polymeri-

5 zation showed a very low activity of the catalyst.

Example 5
Polymerization was conducted in the same manner
as in Example 1 except that 0.1 mmol of trihexylaluminum
(abbreviated as THA) was added as the organoaluminum
10 compond in place of TEA used in ethylene polymerization
of Example 1(2). The results of polymerization are shown
in Table 1. A polymer having also a narrow composition

distribution was obtained as in Example 1.

Example 6

15 A reaction product was prepared in the same
manner as in Example 3 except that MAGALA .7.5E (a trade
name, composition formula: 7.5(n-CyHg),Mg-(CoHg)ALl, mfd.
by Tosoh-Akzo Co.) was used in place of BEM used in the
synthesis of the reaction product () of Example 1(1),

20 and then ethylene was polymerized in the same manner as
in Example 3 except that the reaction product prépared
above was used. The results Are shown in Table 1. The
polymerizatibﬁ vielded a polymer having a.narrow

composition distribution as in Example 3.



di stribution

havi ng al so a narrow conposition

A pol yner

25 Tabl e 3.

¥

was obtained as in Exanple 9.
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10 funpel over a period of 30 m nutes while keeping the tenperature
of the solution in the flask at 5[err]C After conpletion of the
addition, the reaction was further conducted at ﬁtﬁﬂ?“ﬁiggéﬁﬁ hour s.

and at ,30[err]C for 2 hours. Then, 1.65 pOpn pheet
TiCl[err] diluted with 15 hexane was added droPMbstitiitecshadte tubpil999
funnel to the liquid mixture obtained in the abbatsrreacti on over a
period of 30 mnutes while keeping the tenperature at 5[err]C. After
conpletion of the addition, the reacti on we& furt-her conducted at
5[err]C for 1 hour and at 30[err]C for 2 20 hours to obtain 15 mmls (as
100% yi el d) of1ia texampleny conpound (Al) represented by the
conposition formul a ((Cerr]Herr])[err]N[err]Ti. React i on of
titani um conpound (QAl ) Swhthesigabdaddiich produc&oqpound (A2):
A reaction product (A) was synthesized in the
same manner as in Example 1 except that 12.0 ml of a 1.67
5 mol/% hexane solution of n-butyllithium was used in place
of BEM diluted with heptane used in the synthesis of the
reaction product (A) of Example 1(1), to obtain 20 mmols
‘of the reaction product (A) (catalyst concentration:

0.087 mmolTi/ml).

10 (2) Copolymerization of ethylene with butene-1l
An autoclave of 3000-ml inner volume equipped
with a stirrer and a thermometer was dried under vacuum
and purged with argon gas. . Then, hydrogen to a pressure
of 300 mmHg, 765 g of butane as a solvent and 140 g of
15 Dbutene-1 as an a—élefin wére chargeé into the reactor,
and the reactor was heated up to 70°C.- Thereafter,
ethylene was fed to the reactof while adjusting the
ethylene pressure to 6 kg/cmz. After the reaction system
had become stable, 1.6 mmols of triethylaluminum (TEA)
20 was fed as the organocaluminum compound (B), succeedingly
0.39 mmol of the component (A) synthesized in (1) above
was fed into .the reactor, and polymerization was
éondu;ted for 2 hours while contfolling the temperature
‘at 70°C. As the result of the polymerization, 30.0 g of
25 a copolymer was obtained (activity: 76,900 g-coplymer/
mol-Ti-hr). The results are shown in Table 2. The melt

index of the copolymer obtained was determined according



25 To the reaction m xture obtai ned above was added 30 ni

(30 nmol*’s) of triethylalum numdiluted with hexane, and the resulting
m xture was allowed to react ' rhﬁia‘Hareﬁai@Mentﬂhini
for 1 hour while keeping the tenperature at 30[er

mml s of a reaction product (A) (catalyst %JHE%HPF%\FVB?F 8'&}33 1999

mol Ti/m .) (2) Polymerization of ethylene 5

Pol ymeri zation was conducted in the sane _mgpyer as in Exanple 9(2)
except that 0.32 mol of the conponent (A) systhesized in (1) above
was used as the reaction product (A). The results are shown in Table

3. A 1 to JIS R-6760 at 190°C. The melting behavior of the

copolymer was determined with a DSC and the resulting
diagram is shown in Fig. 4. In Fig. 4, the numbers on
the abscissa indicate the temperature (°C), and those on
"5 the ordinate indicate the melting energy. 1In Fig. 4, as
the melting peak is recognized at the lower temperature
side, the composition distribution tends to be the
narrower. The composition distribution of the copolymer

obtained was shown to be very narrow.

10 Example 8
Cooolymerlzatlon of ethylene with butene-l was
conducted in the same manner as in Example 7 except that
20 mmols of sec-butyllithium was used in place of n-Buli
in the synthesis of the component (A), and the component

(&) thus obtained was used in the copolymerization. As

|
wm

the result, 21.0 g of a copolymer was obtained (activitf:
53,900). The results thus obtained are shown in Table 2

and Fig. 5.



pol ymer having a narrow conposition distribution was 10 obtained as in

Exanpl € 9. Conparati ve Exanple 5 Pol yneri zation was
conducted in the sane manner as in Exanple 12 eﬁ%ept that inthe
pol ynmer.i zati on of et hyl ene of Exanple 12(2) eplacementaheet
used and 15 0.32 nmol of a titani um conpound Substitute sheet-1Ju|y1999
[(CTerr]Herr])[err]N[err]Ti synt he- sized in m@g sanme nmanner as in’
Exanpl e 12(1) was used in pl ace of- tgye-conmponent (A). The results of
pol yner - i zation are—stowr—p—Ttabte 3. The catalytic activity was
| ow as conpared wi th that i e npl e+ 12 20 Exanpl e 13
A reaction product (A wgs nQ'eS|zmd thn| t he sane nmanner as in
Exanpl e 9 except that tri}i sobutyl - al um num (TI BA) was used in place
of TEA in the synthesis
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Table 2
‘Organo-
aluminum
compound

(B)
TEA
TEA

magnesium

compound
n-BuLi

sec~-Buli

Organo-

compound

Reaction product (A)
Titanium

[(CgHyq)oN]13TiCL

Example 7
Bxample 8




of the reaction product (A) of Exanple 9(1) and then 25 pol ymeri zati on
was conducted in the sanme manner as in

56 - 1 Exanple 9 except that the reaction product th Bwhbhepmcemenﬁbﬁﬁﬂ
above was used. The results are shown in Table 3, ner haV|ng
narrow conposition distribution was obt ai ne§ulstit ré duly 1989
Exanpl e 14 A reaction product (A) was heS|zed in the
same nanner as in Exanple 9 except that neagylalunlnoxane (abbrevi at ed
as MAO (nfd. by Tosoh-Akzo Co.) was used

Claim:

1. A catalyst for copolymerizing ethylene with an

@-olefin comprising a reaction product (A) of a titanium
compound (Al) having at least one titanium-nitrogen bond
with an organomagnesium compound (A2) and an organo-
aluminum compound (B), said reaction product (2&) being in
the form of a liquid.

.2, The catalyst according to claim 1 wherein the
titanium compound (Al) having at least one titanium-
~nitrogen bond is one which is represented by the formula
(RYR?N) 4-(m+n)TiXp¥n, wherein R' and R? each denote a
hydrocarbon group having 1-30 -carbon atoms and may be the
same Or different,'x denotes a halogen, ¥ denotes an
alkoxy group, and m and n are numbers respectively
defined by the equations 0 Sm £ 3 and 0 £ n < 3,
provided that (m+n) is defined by the equation 0 < (m+n)
<3

3. The catalyst according to claim i, wherein the
organomagnesium compdund is at least one organomagnesium
compound selected frbm the group consisting of compounds
represented by the following formulas:.

(1) _ .R?R4Mg, wherein R® and R* each denote a
hydrocarbon group having 1-20 carbon atoms and may be the
same or differént,

(2) . RMgz!, wherein RS denotes a hydrocarbon group
having 1-20 carbon atoms and z! denotes a hydrogen atom

or an alkoxy group,

(3) RSMgX, wherein RS denotes a hydrocarbon group

* c L M S *




pl ace of TEA in the synthesis of the reaction product (A) 10 of Exanple

9(1), ahd then polynerization was conducted in the same manner as in
Exmapl e 9 except that the reaction’ product synt hemiig di-abrsescsrsant Shekt
The results are shown in Table 3. A polyner having a narrow

conposi tion di stribution was obtained as i nSakatipite sheet - 1 9ukx48pBe
15 Pol ynmeri zati on was conducted in t he B8#e nmanner as
in Exanple 9 except that 1 g of 1,3-butaQi§ e was further added in the
pol yneri zati on of Exmaple 9(2). The results are shown in Table 3. The

pol yner obtained 20 showed an iodine value of 21.2. The iodine value was
obt ai ned from t hehahfn§cl-ez0 Yarboababpti 8Ad 0t détes a hadeigenni ned by

using an infrared spectrophot oneter (JASCO 302, nfd. by N PPON BUNKO

KOGYO CO.). 4, The catalyst according to claim 1, wherein the
organoaluminum compound (B) is an organoaluminum compound
(Bl) represented by the formula R}0,a1%z3;_,, wherein R0
denotes a hydrocarbon group having 1-20 carbon atoms, z3

denotes a hydrogen atom and/or an alkoxy group, and a

I

denotes a number defined by the equation 0 < a = 3.
5. Use of a catalyst according to anyone of claims

1l to 4 for producing ethylene-a—-olefin copolymers.

_
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Thi s Sheet Has Been Re |aced - 57 - [err]
-58 - CLAI VE: 1. A catal yst for copolynerizing ethylene with an
a-olefin conprising a reaction product (A) of a titanium conpound (Al)

having ., at least one titaniumnitrogen bond W t4ki: Ahe replacement shibet
or ganonmagnesi um conpound (A2) and an organo- al umsrﬂhﬁt;[g‘éiﬁpéfwﬁ{ _p!'a(%g'\y 1289
%%ﬁé:

reaction product (A) being i.n the formof a |iquid.

—so.

ABSTRACT
CATALYST FOR COPOLYMERIZING ETHYLENE WITH c-OLEFIN
AND PROCESS FOR PRODUCING ETHYLENE-a-OLEFIN COPOLYMER

USING THE CATALYST
A catalyst for copolymerizing ethylene with an

a-olefin cémprising a reaction product (A) of a titanium
compound (Al) having at least one titanium—-nitrogen bond
‘with an organomagnesium compound (A2) and an organo-
aluminum compouna (B), said reaction product (A) being in
the form of a liquid. The present invention can provide
a catalyst having a high activity per unit weight of
transition metal and an ethylene—-a—olefin copolymer
having narrow composition distribution and a high
molecular.weight ana excellent in weather resistance,
color development,.transparency, corrosiveness and

mechanical properties.

(FIG. 6)



2. The catal yst according to claim1 wherein the titanium
compund (Al') having at |east one titanium

nitrogen bond is one which
is represented by the fomul a (Rlerr]Rlerr]N)[err]Ti X[ err]Y[err] wherein
Rlerr] and R err] each denote a hydr ocar bon grou | [ 3 Q;?q@é At
atone and may be the sane or different, X denotegTﬁgﬁgﬂ%béﬁg déﬂotes
an al koxy group, and mand n are nunbers respgiditGle/sheetdel idubyg 199X he
equations O [err] m[erf] 3 and O [err] n < 3, prateded that (mtn) is
defined by the equation O [err] (mtn)

[err] 3. 3. The cat al yst .
according to claim1, wherein the element 15 selected for the groups IA
I[1TA 1B, IIl'Aand I VA of the periodic taplegis Li, Na, K Be, My, Ca,
Zn, Cd, B, Al, G, In or Sn.
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- 59 -, 4. The catalyst according to claim 1, wherein the

or ganomagnesi um conpound is at |east one organomagnesium conpound

sel ected fromthe group consisting of conpounds represented by the
following fornmulas: 5 (1) Rerr]Rerr]M, wherein Rerr] and Rlerr] each
denot e a hydrocarbon group havi ng 1-20 carbon at ons _and, nﬁg 28 |abBf entiabeet
or different, (2) Rerr]MZerr], wherein R[erzésl_| déﬁb’tb hydrocarbon
group having 1-20 carbon atonms and Z[ err] denot af ol 989
al koxy group, (3) Rerr]MyX, wherein R err] denotes s@at@ydrocar bon group
having 1 -20 10 carbon atons and X denotes a hal ogen.

-60 - 5. The catalyst according to cl&@pgl, wherein the
organoal um num conpound (B) is an organoal um num conpound (B1)

TEMP °C (Heatlng )
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represented by the formula Rerr]A Z[err] wherein R err] denotes a
hydr ocar bon group having 1-20 carbon atoms, Z[err] denotes a 5 hydrogen
atom and/ or an al koxy group, and a denotes a nunber defined by the equation

0 <agerr] 3. 6. Use of a catalyst according to W@@tmfréﬁlﬁeﬁﬁni:sw
5 for producing ethyl ene-a-ol efin copol yners. '

Substitiitgteheet - 1 July 1999
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This ia the replacemen:i sheet

Subsﬁ'%lttee: sheet - 1 Jﬁly 1999
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FIG. 5

This is-the replacement shost

Substitute sheet - 1 July 1999
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This ie the replacement shegt
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