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(57) ABSTRACT 

The present invention provides a process for preparing a low 
molecular weight olefin (co)polymer having a narrow 
molecular weight distribution with high productivity, by 
polymerizing or copolymerizing an olefin in the presence of 
an olefin polymerization catalyst comprising (A) a specific 
Group 4 transition metal compound, and (B) at least one 
compound selected from the group consisting of (B-1) an 
organometallic compound, (B-2) an organoaluminum com 
pound, (B-3) an organoaluminum oxy-compound, and (B-4) 
a compound which reacts with the Group 4 transition metal 
compound (A) to form an ion pair; and compounds useful in 
that process. 
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PROCESS FOR PREPARINGLOW 
MOLECULARWEIGHT OLEFIN (CO) 
POLYMER AND POLYMERIZATION 

CATALYST USED THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional of application Ser. 
No. 10/695,831, filed Oct. 30, 2003, which claims priority to 
Japanese Application No. 2002-316579, filed Oct. 30, 2002, 
the disclosures of all of which are incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a process for pre 
paring a low molecular weight olefin (co)polymer and a poly 
merization catalyst used therefor, more particularly, a process 
for preparing a low molecular weight olefin (co)polymer 
having a narrow molecular weight distribution with high pro 
ductivity and a polymerization catalyst used therefor. 

BACKGROUND ART 

0003. An olefin low molecular weight polymer such as a 
polyethylene wax is used in applications such as a pigment 
dispersant, a resin processing aid, a printing ink additive, a 
paint additive, a rubber processing aid and a fiber treating 
agent. In addition, an olefin low molecular weight polymer is 
also used in a releasing agent for toner. Recently, from a 
viewpoint of energy saving, a low temperature fixing toner is 
sought, and an appearance of a wax having better release 
characteristics at a low temperature, that is, a wax having a 
lower melting point with the same composition and the same 
molecular weight is desired. 
0004 As a process for preparing such an olefin low 
molecular weight polymer, conventionally, a titanium cata 
lyst has been usually used industrially. However, although the 
catalyst has an advantage that, in case of using the catalyst 
system, the yield of the low molecular weight polymer per 
unit amount of the catalyst is high, and the productivity is 
high, it also has a technical challenge that it is necessary to 
maintain a high hydrogen partial pressure in the gaseous 
phase in the polymerization system and, as a result, a large 
amount of alkanes as side products are produced. 
0005. Furthermore, the molecular weight distribution of 
the resulting low molecular weight polymer is wide and, in 
particular, since the low molecular weight polymer having a 
molecular weight of 1000 or smaller is greatly sticky, it is 
difficult to use it in the aforementioned applications without 
removing the low-molecular weight fraction. 
0006. As a method for solving these challenges, Japanese 
Patent Laid-Open Publication No. 210905/1984 proposes a 
process for preparing a low molecular weight polymer using 
a vanadium catalyst. This publication describes that a low 
molecular weight polymer having a narrow molecular weight 
distribution can be prepared under a low hydrogen partial 
pressure, as compared with that prepared using a titanium 
catalyst. However, the molecular weight distribution is not 
necessarily sufficient. In addition, Japanese Patent Laid 
Open Publication No.JP-A No. 78462/1985 proposes a pro 
cess for preparing an ethylene wax, comprising the step of 
polymerizing ethylene or copolymerizing ethylene with an 
C-olefin, in the presence of a metallocene catalyst comprising 
(A) a compound of a transition metal selected from the group 
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consisting of Group 4 elements, Group 5 elements and Group 
6 elements of the periodic table and (B) an aluminoxane. 
According to this process, an ethylene wax having a narrow 
molecular weight distribution can be prepared, but a process 
for preparing an ethylene wax having further excellent pro 
ductivity is desired. 
0007 Furthermore, Japanese Patent Laid-Open Publica 
tion No. 203410/1989 and Japanese Patent Laid-Open Pub 
lication No. 49129/1994 describe preparation of an ethylene 
wax using a metallocene catalyst comprising a metallocene 
and an aluminoxane. However, in these methods, the produc 
tivity is not necessarily sufficient. When a polymerizing tem 
perature is raised, it becomes easy to remove the polymeriza 
tion heat, and the productivity can be improved, but there is a 
challenge that a yield of a low molecular weight polymer per 
unit weight of a catalyst is lowered. 
0008 Japanese Patent Laid-Open Publication No. 
239414/1996 has already proposed a process for preparing an 
ethylene wax, comprising the step of (co)polymerizing eth 
ylene in the presence of an olefin polymerization catalyst 
comprising (A) a Group 4B transition metal compound con 
taining a ligand having a cyclopentadienyl skeleton, (B) a 
compound which reacts with the (A) to form an ion pair, and 
(C) an organoaluminum compound. According to this pro 
cess, an ethylene wax having a narrow molecular weight 
distribution can be prepared at high production efficiency, but 
a process for preparing an ethylene wax further excellent in 
the productivity and the quality is desired. 

SUMMARY OF THE INVENTION 

0009. The present inventors intensively studied in order to 
Solve the aforementioned Challenges in the background art 
and, as a result, have found that a low molecular weight olefin 
(co)polymer having a narrow molecular weight distribution is 
obtained with high productivity by polymerizing or copoly 
merizing an olefin in the presence of an olefin polymerization 
catalyst containing a specific transition metal compound. 
0010. Also, we have found that, in the case that the main 
monomer is ethylene, a low molecular weight olefin (co) 
polymer having a narrow molecular weight distribution, a low 
melting point and a low intrinsic viscosity is obtained with 
very high productivity when the aforementioned (co)poly 
merization is performed at a temperature of 100° C. or higher. 
0011. The present invention provides a process for prepar 
ing a low molecular weight olefin (co)polymer having a nar 
row molecular weight distribution with high productivity. 
0012. The present invention provides a process for prepar 
ing a low molecular weight olefin (co)polymer having a nar 
row molecular weight distribution with the high productivity, 
comprising a step of polymerizing or copolymerizing an ole 
fin in the presence of a polymerization catalyst containing a 
specific transition metal compound. 
0013 The present invention provides an olefin polymer 
ization catalyst that can prepare a low molecular weight olefin 
(co)polymer having a narrow molecular weight distribution 
with high productivity in the presence of a specific transition 
metal compound. 
0014 Furthermore, the present invention provides a novel 
transition metal compound Suitable as a component for poly 
merizing an olefin. 
00.15 More specifically, a process for preparing a low 
molecular weight olefin (co)polymer having a narrow 
molecular weight distribution with high productivity in 
accordance with the present invention is: 
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0016 a process for preparing a low molecular weight ole 
fin (co)polymer by polymerizing or copolymerizing an olefin 
in the presence of an olefin polymerization catalyst compris 
ing: 
0017 (A) a Group 4 transition metal compound repre 
sented by the following general formula (1) and (B) at least 
one compound selected from the group consisting of (B-1) an 
organometallic compound. (B-2) an organoaluminum com 
pound, (B-3) an organoaluminum oxy-compound, and (B-4) 
a compound which reacts with the Group 4 transition metal 
compound (A) to form an ion pair; 

(1) 

0018 wherein R, R2, R,R,R,R, R7, R,R,R,R'', 
R", R' and R'' may be the same or different, and are inde 
pendently selected from the group consisting of hydrogen, a 
hydrocarbon group and a silicon-containing group; each adja 
cent pair of substituents R' to R' may be taken together to 
form a ring; M is Ti, Zr or Hf;Y is a Group 14 atom; each Q 
is independently selected from the group consisting of a 
halogen, a hydrocarbon group, a neutral conjugated or non 
conjugated diene having 10 or fewer carbonatoms, an anionic 
ligand, and a neutral ligand that can be coordinated with a 
lone electron pair; n is an integer of from 2 to 4; and j is an 
integer of from 1 to 4; wherein an intrinsic viscosity m of the 
low molecular weight olefin (co)polymer measured in decalin 
at 135° C. is 0.6 dl/g or less. 
0019. In the present invention, in particular, when ethylene 

is a main monomer, the polymerization or copolymerization 
of an olefin at a polymerizing temperature of 100° C. or 
higher is a preferable embodiment of the aforementioned 
polymerizing process. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0020 Preferred embodiments of the process for preparing 
a low molecular weight olefin (co)polymer and the polymer 
ization catalyst used therefor in accordance with the present 
invention will be specifically explained below. 
0021. As used herein, the term “polymerization' includes 
not only homopolymerization but also copolymerization, and 
the term “polymer includes not only a homopolymer but also 
a copolymer. 
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0022 First, respective components constituting an olefin 
polymerization catalyst used in the present invention will be 
explained. 
0023 
0024. Among components constituting an olefin polymer 
ization catalyst used in the present invention, (A) a Group 4 
transition metal compound is represented by the following 
general formula (1). 

(A) Group 4 Transition Metal Compound 

(1) 

0025. In the formula, R. R. R. R. R. R. R. R. R. 
R', R'', R', R'' and R' may be the same or different, and 
are independently selected from the group consisting of 
hydrogen, a hydrocarbon group and a silicon-containing 
group; each adjacent pair of substituents R* to R' may be 
taken together to form a ring; M is Ti, Zr or Hf Y is a Group 
14 atom; each Q is independently selected from the group 
consisting of a halogen, a hydrocarbon group, a neutral con 
jugated or non-conjugated diene having 10 or fewer carbon 
atoms, an anionic ligand, and a neutral ligand that can be 
coordinated with a lone electron pair; n is an integer of from 
2 to 4; and is an integer of from 1 to 4. 
0026. In the above formula (1), the hydrocarbon group that 
may constitute R' to R' is preferably an alkyl group having 
1 to 20 carbonatoms, an arylalkyl group having 7 to 20 carbon 
atoms, an aryl group having 6 to 20 carbon atoms, or an 
alkylaryl group having 7 to 20 carbonatoms, and may contain 
one or more ring structures. 
0027. Examples thereof include methyl, ethyl, n-propyl, 
isopropyl, 2-methylpropyl, 1,1-dimethylpropyl. 2,2-dimeth 
ylpropyl, 1,1-diethylpropyl, 1-ethyl-1-methylpropyl, 1.1.2.2- 
tetramethylpropyl, sec-butyl, tert-butyl, 1,1-dimethylbutyl, 
1,1,3-trimethylbutyl, neopentyl, cyclohexylmethyl, cyclo 
hexyl, 1-methyl-1-cyclohexyl, 1-adamantyl, 2-adamatyl, 
2-methyl-2-adamantyl, menthyl, norbornyl, benzyl, 2-phe 
nylethyl, 1-tetrahydronaphthyl, 1-methyl-1-tetrahydronaph 
thyl, phenyl, naphthyl, tolyl and so on. 
0028. In the above formula (1), the silicon-containing 
group is preferably an alkyl- or arylsilyl group having 1 to 4 
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silicon atoms and 3 to 20 carbonatoms, and examples thereof 
include trimethylsilyl, tert-butyldimethylsilyl, triphenylsilyl 
and so on. 

0029. In the present invention, R' to R' in the above 
formula (1) are selected from the group consisting of hydro 
gen, a hydrocarbon group and a silicon-containing group, and 
may be the same or different from each other. Preferable 
examples of a hydrocarbon group and a silicon-containing 
group include those as described above. 
0030 Each adjacent pair of substituents R' to R' on a 
cyclopentadienyl ring in the above formula (1) may be taken 
together to form a ring. 
0031) M in the formula (1) is a Group 4 element of periodic 

table, that is, Zirconium, titanium or hafnium, preferably Zir 
conium. 

0032 Y is a Group 14 atom, preferably a carbonatom or a 
silicon atom, and n is an integer of from 2 to 4, preferably 
from 2 or 3, particularly preferably 2. 
0033 Each Q is independently selected from the group 
consisting of a halogen, a hydrocarbon group, a neutral con 
jugated or non-conjugated diene having 10 or fewer carbon 
atoms, an anionic ligand and a neutral ligand that can be 
coordinated with a lone electron pair. When Q is a hydrocar 
bon group, it is more preferably a hydrocarbon group having 
1 to 10 carbon atoms. 

0034 Examples of the halogen include fluorine, chlorine, 
bromine and iodine, and examples of the hydrocarbon group 
include methyl, ethyl, n-propyl, isopropyl, 2-methylpropyl. 
1,1-dimethylpropyl. 2,2-dimethylpropyl, 1,1-diethylpropyl. 
1-ethyl-1-methylpropyl, 1.1.2.2-tetramethylpropyl. Sec-bu 
tyl, tert-butyl, 1,1-dimethylbutyl, 1,1,3-trimethylbutyl, neo 
pentyl, cyclohexylmethyl, cyclohexyl, 1-methyl-1-cyclo 
hexyl and so on. Examples of the neutral conjugated or non 
conjugated diene having 10 or fewer carbon atoms include 
s-cis- or S-trans-m'-1,3-butadiene, s-cis- or S-trans-m'-1,4- 
diphenyl-1,3-butadiene, s-cis- or s-trans-m-3-methyl-1,3- 
pentadiene, s-cis- or S-trans-m'-1,4-dibenzyl-1,3-butadiene, 
s-cis- or S-trans-m-2,4-hexadiene, s-cis- or S-trans-m'-1,3- 
pentadiene, s-cis- or S-trans 4-m-ditolyl-1,3-butadiene, s-cis 
or s-trans-m-m-1,4-bis(trimethylsilyl)-1,3-butadiene and so 
on. Examples of the anionic ligand include an alkoxy group 
Such as methoxy, tert-butoxy and phenoxy; a carboxylate 
group Such as acetate and benzoate; a Sulfonate group Such as 
mesylate and tosylate; and so on. Examples of the neutral 
ligand which can be coordinated with a lone electron pair 
include an organophosphorus compound such as trimeth 
ylphosphine, triethylphosphine, triphenylphosphine and 
diphenylmethylphosphine, and ethers such as tetrahydrofu 
ran, diethyl ether, dioxane, 1,2-dimethoxyethane and so on. 
When is an integer of 2 or larger, each Q may be the same or 
different from any other Q. 
0035. In the formula (1), the compound has more than one 
(2 to 4)Y Each Y may be the same or different from any other 
Y. Plural R's and plural R's which bind to Y may be the 
same or different from each other. For example, plural R's 
which bind to the same Y may be different, or plural R's 
which bind to differentY’s may be the same. Further, R's or 
R's may be taken together to form a ring. 
0036 Preferable examples of a Group 4 transition metal 
compound represented by the formula (1) include a com 
pound represented by the following formula (1"): 
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(1) 

0037. In the formula (1"), R. R. R. R. R. R. R7, R, 
R. R', R', and R' may be the same or different, and are 
independently selected from the group consisting of a hydro 
gen atom, a hydrocarbon group and a silicon-containing 
group; each of R. R. R' and R' is independently a 
hydrogen atom or a hydrocarbon group; n is an integer of 
from 1 to 3 and, when n is 1, not all of R' to R' are hydrogen 
atoms and may be the same or different from each other. Each 
adjacent pair of substituents R to R' may be taken together 
to form a ring: R' and R' may be taken together to form a 
ring, or the pair of RandR'' and the pair of RandR' may 
be taken together to form rings simultaneously: Y and Y 
may be the same or different from each other, and each of 
them is a Group 14 atom; M is Ti, Zr or Hf, each Q is 
independently selected from the group consisting of a halo 
gen, a hydrocarbon group, an anionic ligand and a neutral 
ligand that can be coordinated with alone electron pair, and 
is an integer of from 1 to 4. 
0038. In the Group 4 transition compound represented by 
the formula (1"), an order arrangingY' and singular or plural 
Y(s) may be arbitrarily selected in spite of the above for 
mula. 
0039. The Group 4 transition metal compound repre 
sented by the above formula (1") is a novel compound useful 
for forming an olefin polymerization catalyst. 
0040. Examples of Group 4 transition metal compounds 
represented by the above general formula (1) or (1), which is 
a preferable example thereof, will be shown below, but the 
Scope of the present invention is not limited by them. A ligand 
structure of the Group 4 transition metal compounds repre 
sented by the general formula (1) or (1) except for the part of 
MQ, (metal part) is divided into three parts of Cp (cyclopen 
tadienyl ring part), Bridge (bridging part) and Flu (fluorenyl 
ring part) for the convenience of expression. Examples of 
respective structures of the parts and examples of a ligand 
structure in a combination thereof will be shown below. In 
examples of Cp and Bridge, points represented by black spots 
(O) represent points where they are connected with Bridge 
and Cp, respectively. 
0041. Examples of Cp 

al 
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COC's 

Cycloo o 
COC) C10 

Co-C C-COO 
0044) The above-exemplified Cp (cyclopentadienyl ring 
part), Bridge (bridging part) and Flu (fluorenyl ring part) may 
be combined arbitrarily, and each combination of selected 
Cp, Bridge and Flu is a specific example of the ligand struc 
ture. For example, when a ligand structure is a combination of 
a1-b1-c2, and MQ, as a metal part is ZrCl3, the following 
metallocene compound is exemplified. 

ZrCl 

COO 
I0045 Examples of MQ, in the above formula (1) include 
ZrC1, ZrBr, ZrMe, ZrEt, Zr(n-Pr). ZrMeEt, ZrCIMe, 
ZrBrMe, Zr(s-trans-m-1,3-butadiene), Zr(s-trans-m-1,4- 
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Ph-1,3-butadiene), Zr(s-trans-m-3-Me-1,3-pentadiene), 
Zr(s-trans-m-1,4-(CHPh)-1,3-butadiene), Zr(s-trans-m-2, 
4-hexadiene), Zr(s-trans-4-1,3-pentadiene), Zr(s-trans-m'-1, 
4-(p-tol)-1,3-butadiene), Zr(s-trans-m'-1,4-(SiMe3)-1,3- 
butadiene), Zr(s-cis-m-1,3-butadiene), Zr(s-cis-m-1,4-Phe 
1,3-butadiene), Zr(s-cis-m-3-Me-1,3-pentadiene), Zr(s-cis 
m-1,4-(CHPh)-1,3-butadiene), Zr(s-cis-m-2,4- 
hexadiene), Zr(s-cis-m-1,3-pentadiene), Zr(s-cis-m'-1,4-(p- 
tol)-1,3-butadiene), Zr(s-cis-m-1,4-(SiMe)-1,3- 
butadiene), Zr(OTs), Zr(OMs), and Zr(OTf), and 
compounds in which the transition metals, Zirconium, of the 
compounds described above are replaced with titanium or 
hafnium. 
0046 (B-1) Organometallic Compound 
0047. As the (B-1) organometallic compound used in the 
present invention, specifically, the following organometallic 
compound is used. 
0048 Dialkyl compound of a Group 2 or Group 12 metal 
of the periodic table represented by the formula: 

RoRM3 

(0049 (In the formula, R" and R may be the same or 
different from each other, and represent a hydrocarbon group 
having 1 to 15, preferably 1 to 4 carbonatoms, and M is Mg, 
Zn or Cd.) 
0050. These organometallic compounds (B-1) may be 
used alone or in combination of two or more of them. 
0051 (B-2) Organoaluminum Compound 
0052 Examples of the (B-2) organoaluminum compound 
constituting the olefin polymerization catalyst include orga 
noaluminum compounds represented by the following gen 
eral formula (7), and alkylated complexes of a Group 1 metal 
and aluminum represented by the following general formula 
(8). 
0053 Organoaluminum compounds represented by: 

R, Al(OR),HX. (7) 
10054 (In the formula, R" and R may be the same or 
different from each other, and represent a hydrocarbon group 
having 1 to 15, preferably 1 to 4 carbonatoms, X represents a 
halogen atom, m is a number of 0<ms3. n is a number of 
0sn-3. p is a number of Osp<3, q is a number of 0sqs3. 
and m+n+p+q-3.) Examples of such compounds include tri 
methylaluminum, triethylaluminum, triisobutylaluminum, 
and diisobutylaluminum hydride. 
0055 Alkylated complexes of a Group 1 metal of the 
periodic table and aluminum represented by: 

M’AIR (8) 

0056 (In the formula, M° represents Li, Na or K, and R' 
represents a hydrocarbon group of 1 to 15, preferably 1 to 4 
carbon atoms.) 
0057 Examples of such compounds include LiAl(CHs), 
and LiAl(CHs). 
0.058 Examples of the organoaluminum compound repre 
sented by the above general formula (7) include compounds 
represented by the following formula (9), (10), (11) or (12). 

R.Al(Orb) (9) 

10059 (In the formula Rand R may be the same or dif 
ferent from each other, and each represents a hydrocarbon 
group having 1 to 15, preferably 1 to 4 carbon atoms, and m 
is preferably a number of 1.5sms3.) 

RAIX3. (10) 



US 2008/0171651 A1 

0060 (In the formula, R represents a hydrocarbon group 
having 1 to 15, preferably 1 to 4 carbon atoms, X represents a 
halogen atom, and m is preferably such a number that: 
0<m.<3.) 

RAIH3. (11) 

0061 (In the formula, R represents a hydrocarbon group 
having 1 to 15, preferably 1 to 4 carbonatoms, m is preferably 
Such a number that; 2sms3.) 

R.Al(OR),Xq (12) 

I0062 (In the formula, R" and R may be the same or 
different from each other, and representahydrocarbon group 
having 1 to 15, preferably 1 to 4 carbon atoms, X represents a 
halogen atom, m is a number of 0<ms3, n is a number of 
0sn-3. q is a number of 0sq3, and m+n+q 3.) 
0063 More specific examples of aluminum compounds 
represented by the above general formula (9), (10), (11) or 
(12) include tri-n-alkylaluminum Such as trimethylalumi 
num, triethylaluminum, tri-n-butylaluminum, tripropylalu 
minum, tripentylaluminum, trihexylaluminum, trioctylalu 
minum, and tridecylaluminum; tri-branched alkylaluminum 
Such as triisopropylaluminum, triisobutylaluminum, tri-sec 
butylaluminum, tri-tert-butylaluminum, tri-2-methylbutyla 
luminum, tri-3-methylbutylaluminum, tri-2-methylpentyla 
luminum, tri-3-methylpentylaluminum, tri-4- 
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3- 
methylhexylaluminum, and tri-2-ethylhexylaluminum; 
tricycloalkylaluminum such as tricyclohexylaluminum, and 
tricyclooctylaluminum; triarylaluminum Such as triphenyla 
luminum, and tritolylaluminum; dialkylaluminum hydride 
Such as diisopropylaluminum hydride, and diisobutylalumi 
num hydride; alkenylaluminum Such as isoprenylaluminum 
represented by the general formula (i-CHo), Al(C5H10). 
(wherein X, y and Z are a positive number, and Zs2X); alky 
laluminum alkoxide Such as isobutylaluminum methoxide, 
isobutylaluminum ethoxide, and isobutylaluminum isopro 
poxide; dialkylaluminum alkoxide Such as dimethylalu 
minium methoxide, diethylaluminium ethoxide, and dibuty 
laluminium butoxide; alkylaluminium sesquialkoxide Such 
as ethylaluminium sesquiethoxide, and butylaluminium ses 
quibutoxide; partially alkoxylated alkylaluminium having 
the average composition represented by the general formula 
Ras Al(OR)s; alkylaluminum aryloxide such as diethyla 
luminum phenoxide, diethylaluminium (2,6-di-t-butyl-4-me 
thylphenoxide), ethylaluminium bis(2,6-di-t-butyl-4-meth 
ylphenoxide), disobutylaluminum (2,6-di-t-butyl-4- 
methylphenoxide), and isobutylaluminum bis(2,6-di-t-butyl 
4-methylphenoxide); dialkylaluminum halide such as 
dimethylaluminum chloride, diethylaluminum chloride, 
dibutylaluminum chloride, diethylaluminum bromide, and 
disobutylaluminum chloride; alkylaluminum sesquihalide 
Such as ethylaluminum sesquichloride, butylaluminum ses 
quichloride, and ethylaluminum sesquichloride; partially 
halogenated alkylaluminum Such as alkylaluminum dihalide 
Such as ethylaluminum dichloride, propylaluminum dichlo 
ride, and butylaluminum dibromide: dialkylaluminum 
hydride such as diethylaluminum hydride, and dibutylalumi 
num hydride; other partially hydrogenated alkylaluminum 
Such as alkylaluminum dihydride Such as ethylaluminum 
dihydride, and propylaluminum dihydride; partially alkoxy 
lated and halogenated alkylaluminum Such as ethylaluminum 
ethoxychloride, butylaluminum butoxychloride, and ethyla 
luminum ethoxybromide; and so on. 
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0064. Alternatively, compounds similar to the compounds 
represented by the above general formula (7) may be used, 
and examples thereof include organoaluminum compounds 
in which two or more aluminum compounds are connected 
through a nitrogen atom. Specific examples of Such the com 
pound include (CHs). AlN(CHs)Al(CHs). 
0065. Examples of the compounds represented by the 
above general formula (8) include LiAl(CHs), and LiAl 
(C7H1s)4. 
0.066 Alternatively, a compound from which the above 
organoaluminum compound is formed in the polymerization 
system, for example, a combination of a halogenated alumi 
num and an alkyllithium, or a combination of a halogenated 
aluminum and an alkylmagnesium may be used. 
0067. Among them, organoaluminum compounds are 
preferable. 
0068 Organoaluminum compounds represented by the 
above formula (7), or alkylated complexes of a Group 1 metal 
and aluminum represented by the above formula (8) may be 
used alone or in combination of two or more of them. 
0069 (B-3) Organoaluminum Oxy-Compound 
0070 (B-3) The organoaluminum oxy-compound used in 
the present invention may be the conventionally known alu 
minoxane, or may be the benzene-insoluble organoaluminum 
oxy-compound exemplified in Japanese Patent Laid-Open 
Publication No. 78.687/1990. 
0071. The conventionally known aluminoxane can be pre 
pared, for example, by the following method, and is usually 
obtained as a solution in a hydrocarbon solvent. 
0072 (1) A method of adding an organoaluminum com 
pound Such as trialkylaluminum to a suspension of a com 
pound having absorbed water or a salt containing water of 
crystallization, for example, magnesium chloride hydrate, 
copper Sulfate hydrate, aluminum Sulfate hydrate, nickel Sul 
fate hydrate, or cereus chloride hydrate in a hydrocarbon 
medium, to react the organoaluminum compound with the 
absorbed water or the water of crystallization. 
0073 (2) A method of reacting water, ice or water vapor 
directly with an organoaluminum compound Such as trialky 
laluminum in a medium Such as benzene, toluene, ethyl ether, 
or tetrahydrofuran. 
0074 (3) A method of reacting an organoaluminum com 
pound Such as trialkylaluminum with an organotin oxide Such 
as dimethyltin oxide, and dibutyltin oxide in a medium such 
as decane, benzene, or toluene. 
0075. The aluminoxane may contain a small amount of an 
organometallic component. A solvent or an unreacted orga 
noaluminum compound may be distilled off from a recovered 
Solution of the aluminoxane, and the aluminoxane may be 
redissolved in a solvent or Suspended in a poor solvent for 
aluminoxane. 
0076 Examples of an organoaluminum compound used 
upon preparation of aluminoxane include the same orga 
noaluminum compounds as those exemplified as the orga 
noaluminum compound of the above (B-2). 
0077. Among them, trialkylaluminum, and tricycloalkyla 
luminum are preferable, and trimethylaluminum is particu 
larly preferable. 
0078. The aforementioned organoaluminum compounds 
may be used alone or in combination of two or more of them. 
0079. In addition, as the benzene-insoluble organoalumi 
num oxy-compound used in the present invention, those com 
pounds in which an Al component soluble in benzene at 60° 
C. is usually 10% or smaller, preferably 5% or smaller, par 
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ticularly preferably 2% or smaller in terms of Al atom, that 
means, those compounds which is insoluble or hardly soluble 
in benzene are preferable. These organoaluminum oxy-com 
pounds (B-3) are used alone or in combination of two or more 
of them. 
0080 Aluminoxane prepared from trimethylaluminum is 
called methylaluminoxane or MAO, and is a compound 
which is used particularly frequently. 
0081 Examples of a solvent used for preparing aluminox 
ane include aromatic hydrocarbons such as benzene, toluene, 
Xylene, cumene, and cymene; aliphatic hydrocarbons such as 
pentane, hexane, heptane, octane, decane, dodecane, hexade 
cane, and octadecane; alicyclic hydrocarbons such as cyclo 
pentane, cyclohexane, cycloctane, and methylcyclopentane; 
petroleum fractions such as gasoline, kerosene, and gas oil; 
and halides of the aforementioned aromatic hydrocarbons, 
aliphatic hydrocarbons, and alicycilc hydrocarbons, inter 
alia, chlorinated or brominated hydrocarbon solvents. Fur 
thermore, ethers such as ethyl ether and tetrahydrofuran may 
be used. Among these solvents, aromatic hydrocarbons and 
aliphatic hydrocarbons are particularly preferable. 
0082 Examples of the organoaluminum oxy-compound 
used in the present invention also include organoaluminum 
oxy-compounds represented by the following formula (13). 

(13) 
Rd RC Rd 
V W 
Al-O-B-O-A 

R Rd 

0083 (In the formula, R represents a hydrocarbon group 
having 1 to 10 carbon atoms, and each R" independently 
represents a hydrogenatom, a halogenatom or a hydrocarbon 
group having 1 to 10 carbon atoms.) 
0084. The organoaluminum oxy-compound containing 
boron represented by the above formula (13) can be prepared 
by reacting alkylboronic acid represented by the following 
formula (14) and an organoaluminum compound at a tem 
perature of from -80° C. to room temperature for from 1 
minute to 24 hours in an inert Solvent under an inert gas 
atmosphere. 

RB(OH), (14) 

(In the Formula, R is as Defined Above.) 
0085 Examples of alkylboronic acid represented by the 
above general formula (14) include methylboronic acid, eth 
ylboronic acid, isopropylboronic acid, n-propylboroinc acid, 
n-butylboronic acid, isobutylboronic acid, n-hexylboronic 
acid, cyclohexylboronic acid, phenylboronic acid,3,5-difluo 
rophenylboronic acid, pentafluorophenylboronic acid, and 
3,5-bis(trifluoromethyl)phenylboronic acid. Among them, 
methylboronic acid, n-butylboronic acid, isobutylboronic 
acid, 3.5-difluorophenylboronic acid, and pentafluorophe 
nylboronic acid are preferable. These are used alone or in 
combination of two or more of them. 
I0086 Examples of an organoaluminum compound to be 
reacted with such the alkylboronic acid include the same 
organoaluminum compounds as those exemplified as the 
organoaluminum compound represented by the above for 
mula (7) or (8). 

Jul. 17, 2008 

I0087 Among them, trialkylaluminums, and tricycloalky 
laluminums are preferable, and trimethylaluminum, triethy 
laluminum, and triisobutylaluminum are particularly prefer 
able. These are used alone or in combination of two or more 
of them. 
I0088 (B-4) Compound which Reacts with the Aforemen 
tioned Group 4 Transition Metal Compound (A) to Form an 
Ion Pair 

I0089. Examples of the compound (B-4) which reacts with 
the aforementioned Group 4 transition metal compound (A) 
to form an ion pair include Lewis acids, ionic compounds, 
borane compounds and carborane compounds described in 
Japanese Patent Laid-Open Publication No. 1-501950/1989, 
Japanese Patent Laid-Open Publication No. 502036/1989, 
Japanese Patent Laid-Open Publication No. 179005/1991, 
Japanese Patent Laid-Open Publication No. 179006/1991, 
Japanese Patent Laid-Open Publication No. 207703/1991, 
Japanese Patent Laid-Open Publication No. 207704/1991, 
and U.S. Pat. No. 5,321,106. 
0090. Examples of the Lewis acid include compounds rep 
resented by BR (R is a phenyl group optionally having a 
Substituent Such as fluorine, a methyl group, and a trifluorom 
ethyl group, fluorine or an alkyl group Such as methyl group 
or isobutyl group.) Such as trifluoroboron, triphenylboron, 
tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron, 
tris(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)bo 
ron, tris(p-tolyl)boron, tris(o-tolyl)boron, tris(3,5-dimeth 
ylphenyl)boron, trimethylboron, and triisobutylboron. 
0091 Examples of the ionic compounds include com 
pounds represented by the following formula (2): 

(2) 
Rg 

-- 

Re Rf- -R 
Ri 

0092. In the formula, examples of R" include H", carbe 
nium cation, Oxonium cation, ammonium cation, phospho 
nium cation, cyclopentyltrienyl cation, and ferrocenium cat 
ion having a transition metal. Each of R. R. RandR may be 
the same or different from each other, and is an organic group, 
preferably an aryl group or a Substituted aryl group. 
0093 Examples of the carbenium cation include tri-sub 
stituted carbenium cations such as triphenylcarbenium cat 
ion, tris(methylphenyl)carbenium cation, and tris(dimeth 
ylphenyl)carbenium cation. 
0094. Examples of the ammonium cation include trialky 
lammonium cations such as trimethylammonium cation, tri 
ethylammonium cation, tri(n-propyl)ammonium cation, tri 
isopropylammonium cation, tri(n-butyl)ammonium cation, 
and triisobutyl ammonium cation, N,N-dialkylanilinium cat 
ions such as N,N-dimethylanilinium cation, N,N-diethyla 
nilinium cation, and N,N-2,4,6-pentamethylanilinium cation; 
and dialkylammonium cations such as diisopropylammo 
nium cation, and dicyclohexylammonium cation. 
0.095 Examples of the phosphonium cation include tri 
arylphosphonium cations such as triphenylphosphonium cat 
ion, tris(methylphenyl)phosphonium cation, and tris(dimeth 
ylphenyl)phosphonium cation. 
0096. Among the examples described above, as R, carbe 
nium cations and ammonium cations are preferable, and 
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triphenylcarbenium cation, N,N-dimethylanilinium cation 
and N,N-diethylanilinium cation are particularly preferable. 
0097 Examples of a carbenium salt include triphenylcar 
benium tetraphenylborate, triphenylcarbenium tetrakis(pen 
tafluorophenyl)borate, triphenylcarbenium tetrakis(3,5-ditri 
fluoromethylphenyl)borate, tris(4-methylphenyl)carbenium 
tetrakis(pentafluorophenyl)borate, and tris(3,5-dimethylphe 
nyl)carbenium tetrakis(pentafluorophenyl)borate. 
0098. Examples of an ammonium salt include a trialkyl 
Substituted ammonium salt, an N,N-dialkylanilinium salt, 
and a dialkylammonium salt. 
0099 Examples of a tri-alkyl substituted ammonium salt 
include triethylammonium tetraphenylborate, tripropylam 
monium tetraphenylborate, tri(n-butyl)ammonium tetraphe 
nylborate, trimethylammonium tetrakis(p-tolyl)borate, trim 
ethylammonium tetrakis(o-tolyl)borate, tri(n-butyl) 
ammonium tetrakis(pentafluorophenyl)borate, 
triethylammonium tetrakis(pentafluorophenyl)borate, tripro 
pylammonium tetrakis(pentafluorophenyl)borate, tripropy 
lammonium tetrakis(2,4-dimethylphenyl)borate, tri(n-butyl) 
ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl) 
ammonium tetrakis(4-trifluoromethylphenyl)borate, tri(n- 
butyl)ammonium tetrakis(3,5-ditrifluoromethylphenyl) 
borate, tri(n-butyl)ammonium tetrakis(o-tolyl)borate, 
dioctadecylmethylammonium tetraphenylborate, dioctade 
cylmethylammonium tetrakis(p-tolyl)borate, dioctadecylm 
ethylammonium tetrakis(o-tolyl)borate, dioctadecylmethy 
lammonium tetrakis(pentafluorophenyl)borate, 
dioctadecylmethylammonium tetrakis(2,4-dimethylphenyl) 
borate, dioctadecylmethylammonium tetrakis(3,5-dimeth 
ylphenyl)borate, dioctadecylmethylammonium tetrakis(4- 
trifluoromethylphenyl)borate, dioctadecylmethylammonium 
tetrakis(3,5-ditrifluoromethylphenyl)borate, and dioctade 
cylmethylammonium. 
0100 Examples of the N,N-dialkylanilinium salt include 
N,N-dimethylanilinium tetraphenylborate, N,N-dimethyla 
nilinium tetrakis(pentafluorophenyl)borate, N,N-dimethyla 
nilinium tetrakis(3,5-ditrifluoromethylphenyl)borate, N.N- 
diethylanilinium tetraphenylborate, N,N-diethylanilinium 
tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium tet 
rakis(3,5-ditrifluoromethylphenyl)borate, N,N-2,4,6-pen 
tamethylanilinium tetraphenylborate, and N,N-2,4,6-pen 
tamethylanilinium tetrakis(pentafluorophenyl)borate. 
0101 Examples of the dialkylammonium salt include 
di(1-propyl)ammonium tetrakis(pentafluorophenyl)borate, 
and dicyclohexylammonium tetrafluoroborate. 
0102. Further examples include ferrocenium tetrakis(pen 
tafluorophenyl)borate, triphenylcarbenium pentaphenylcy 
clopentadienyl complex, N,N-diethylanilinium pentaphenyl 
cyclopentadienyl complex, borate compounds represented by 
the following formula (3) or (4), borate compounds contain 
ing active hydrogen represented by the following formula (5), 
and borate compounds containing a silyl group represented 
by the following formula (6). 

(3) 
CF 

-- B 

H(OEt) 

CF 
4 

(In the formula, Et represents an ethyl group.) 
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(4) 
CF3 

Nat B 

CF 
4 

B-Q,(G(T-H).) A" (5) 

0103) In the formula (5), B represents boron. G represents 
a multi-binding hydrocarbon radical, examples of a prefer 
able multi-binding hydrocarbon include alkylene having 1 to 
20 carbon atoms, allylene, ethylene, and alkalylene radicals, 
and preferable examples of G include phenylene, bisphe 
nylene, naphthalene, methylene, ethylene, propylene, 1,4- 
butadiene, and p-phenylenemethylene. The multi-binding 
radical G has r-1 bonds, that is, one bond binds to the borate 
anion, and other r bonds of G bind to the (T-H) groups. A' is 
a cation. 
0104 T in the above formula (5) represents O, S, NR, or 
PR, R represents a hydrocarbanyl radical, a trihydrocarba 
nylsilyl radical, a trihydrocarbanylgermanium radical, or 
hydride, and q is an integer of 1 or larger, preferably 1. 
Examples of the T-H group include —OH, -SH, NRH, 
and—PRH, wherein R is a hydrocarbinyl radical having 1 to 
18 carbon atoms, preferably 1 to 10 carbon atoms, or hydro 
gen. Examples of preferable R group include alkyl, 
cycloalkyl, allyl, and allylalkyl, and alkylalkyl groups having 
1 to 18 carbonatoms. -OH, -SH, -NRH or - PRH may 
be, for example, —C(O) OH, - C(S)—SH, —C(O) 
NRH, or C(O) PRH. The most preferable group having 
active hydrogen is —OH group. Q can be hydride, or a dihy 
drocarbylamide, preferably a dialkylamide, a halide, a hydro 
carbyl oxide, an alkoxide, an allyloxide, a hydrocarbyl, or a 
substituted hydrocarbyl radical. In the formula, n+Z is 4. 
I0105. Examples of B-Q,(G(T-H),) of the above for 
mula (5) include triphenyl(hydroxyphenyl)borate, diphenyl 
di(hydroxyphenyl)borate, triphenyl(2,4-dihydroxyphenyl) 
borate, tri(p-tolyl)(hydroxyphenyl)borate, tris 
(pentafluorophenyl)(hydroxyphenyl)borate, tris(2,4- 
dimethylphenyl)(hydroxyphenyl)borate, tris(3,5- 
dimethylphenyl)(hydroxyphenyl)borate, tris(3,5-di 
(trifluoromethyl)phenyl(hydroxyphenyl)borate, tris 
(pentafluorophenyl)(2-hydroxyethyl)borate, tris 
(pentafluorophenyl)(4-hydroxybutyl)borate, tris 
(pentafluorophenyl)(4-hydroxycyclohexyl)borate, tris 
(pentafluorophenyl)-4-(4-hydroxyphenyl)phenylborate, 
and tris(pentafluorophenyl)(6-hydroxy-2-naphthyl)borate. 
The most preferable example is tris(pentafluorophenyl)(4- 
hydroxyphenyl)borate. Furthermore, compounds obtained 
by substituting the OH groups of the aforementioned borate 
compounds with NHR' (wherein, R is methyl, ethyl, or 
t-butyl) are also preferable. 
0106 Examples of A", which is a countercation of the 
borate compound, include a carbonium cation, a tropylium 
cation, an ammonium cation, an oxonium cation, a Sulfonium 
cation, and a phosphonium cation. Further examples include 
positive ions of metals and positive ions of organometallics, 
which can easily be reduced. Examples of these cations 
include a triphenylcarbonium ion, a diphenylcarbonium ion, 
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a cycloheptatrinium, indenium, triethylammonium, tripropy 
lammonium, tributylammonium, dimethylammonium, 
dipropylammonium, dicyclohexylammonium, trioctylam 
monium, N,N-dimethylammonium, diethylammonium, 2.4. 
6-pentamethylammonium, N,N-dimethylphenylammonium, 
di-(i-propyl)ammonium, dicyclohexylammonium, triph 
enylphosphonium, triphosphonium, tridimethylphenylphos 
phonium, tri(methylphenyl)phosphonium, a triphenylphos 
phonium ion, a triphenyloxonium ion, a triethyloxonium ion, 
pyrinium, a silverion, a gold ion, a platinum ion, a copperion, 
a palladium ion, a mercury ion, and a ferrocenium ion. Inter 
alia, an ammonium ion is preferable. 

0107. In the formula (6), B represents boron. G represents 
a multi-binding hydrocarbon radical. Preferable examples of 
the multi-binding hydrocarbon include alkylene, allylene, 
ethylene, and alkalylene radicals having 1 to 20 carbonatoms, 
and preferable examples of G include phenylene, bisphe 
nylene, naphthalene, methylene, ethylene, propylene, 1,4- 
butadiene, and p-phenylenemethylene. The multi-binding 
radical G has r-1 bonds, that is, one bond binds to the borate 
anion, and other r bonds bind to the (SiR'R'R") groups. A'is 
a cation. 
0108. Each of R, R and R” in the above formula inde 
pendently represents a hydrocarbanyl radical, a trihydrocar 
banylsilyl radical, a trihydrocarbanylgermanium radical, 
hydrogen radical, an alkoxy radical, a hydroxyl radical or a 
halogen compound radical. R. RandR" may be the same or 
independent. Q can be a hydride, or a dihydrocarbylamide, 
preferably a dialkylamide, a halide, a hydrocarbyl oxide, an 
alkoxide, an allyl oxide, a hydrocarbyl, or substituted hydro 
carbyl radical, more preferably pentafluorobenzyl radical. In 
the formula, n+Z is 4. 
0109 Examples of B-Q(G(SR'R'R")). in the above 
formula (6) include triphenyl (4-dimethylchlorosilylphenyl) 
borate, diphenyl-di(4-dimethylchlorosilylphenyl)borate, 
triphenyl(4-dimethylmethoxysilylphenyl)borate, tri(p-tolyl) 
(4-triethoxysilylphenyl)borate, tris(pentafluorophenyl)(4- 
dimethylchlorosilylphenyl)borate, tris(pentafluorophenyl) 
(4-dimethylmethoxysilylphenyl)borate, tris 
(pentafluorophenyl)(4-trimethoxysilylphenyl)borate, and 
tris(pentafluorophenyl)(6-dimethylchlorosilyl-2-naphthyl) 
borate. 

0110. Examples of A", which is a countercation of the 
borate compound, include the same A's as those in the above 
formula (5). 
0111 Examples of the borane compound include salts of 
anions such as decaborane, bistri(n-butyl)ammonium non 
aborate, bistri(n-butyl)ammonium decaborate, bistri(n-bu 
tyl)ammonium undecaborate, bistri(n-butyl)ammonium 
dodecaborate, bistri(n-butyl)ammonium 
decachlorodecaborate, and bistri(butyl)ammonium 
dodecachlorododecaborate; and salts of metal boran anions 
Such as tri(n-butyl)ammonium bis(dodecahydridedodecabo 
rate)cobaltate (III), and bistri(n-butyl)ammonium bis 
(dodecahydridedodecaborate)nickelate (III). 
0112 Examples of the carborane compound include salts 
of anions such as 4-carbanonaborane, 1,3-dicarbanonabo 
rane, 6,9-dicarbadecaborane, dodecahydride-1-phenyl-1,3- 
dicarbanonaborane, dodecahyd ride-1-methyl-1,3-dicarba 
nonaboarne, undecahydride-1,3-dimethyl-1,3- 
dicarbanonaborane, 7,8-dicarbaundecaborane, 2,7- 
dicarbaundecaborane, undecahydride-7,8-dimethyl-7,8- 
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dicarbaundecaborane, dodecahydride-11-methyl-2,7- 
dicarbaundecaborane, tri(n-butyl)ammonium 
1-carbadecaborate, tri(n-butyl)ammonium 1-carbaunde 
caborate, tri(n-butyl)ammonium 1-carbadodecaborate, tri(n- 
butyl)ammonium 1-trimethylsilyl-1-carbadecaborate, tri(n- 
butyl)ammonium bromo-1-carbadodecaborate, tri(n-butyl) 
ammonium 6-carbadecaborate, tri(n-butyl)ammonium 
6-carbadecaborate, tri(n-butyl)ammonium 7-carbaunde 
caborate, tri(n-butyl)ammonium 7,8-dicarbaundecaborate, 
tri(n-butyl)ammonium 2,9-dicarbaundecaborate, tri(n-butyl) 
ammonium dodecahydride-8-methyl-7,9-dicarbaundecabo 
rate, tri(n-butyl)ammonium undecahydride-8-ethyl-7,9-di 
carbaundecaborate, tri(n-butyl)ammonium undecahydride 
8-butyl-7,9-dicarbaundecaborate, tri(n-butyl)ammonium 
undecahydride-8-allyl-7,9-dicarbaundecaborate, tri(n-butyl) 
ammonium undecahydride-9-trimethylsilyl-7,8-dicarbaun 
decaborate, and tri(n-butyl)ammonium undecahydride-4,6- 
bromo-7-carbaundecaborate; and salts of metal carborane 
anions such as tri(n-butyl)ammonium bis(nonahydride-1,3- 
dicarbanonaborate)cobaltate(III), tri(n-butyl)ammonium bis 
(undecahydride-7,8-dicarbaundecaborate)ferrate(III), tri(n- 
butyl)ammonium bis(undecahydride-7,8- 
dicarbaundecaborate)cobaltate(III), tri(n-butyl)ammonium 
bis(undecahydride-7,8-dicarbaundecaborate)nickelate(III), 
tri(n-butyl)ammonium bis(undecahydride-7,8-dicarbaunde 
caborate)cuprate(III), tri(n-butyl)ammonium bis(undecahy 
dride-7,8-dicarbaundecaborate)aurate(III), tri(n-butyl)am 
monium bis(nonahydride-7,8-dimethyl-7,8- 
dicarbaundecaborate)ferrate (III), tri(n-butyl)ammonium bis 
(nonahydride-7,8-dimethyl-7,8-dicarbaundecaborate) 
chromate(III), tri(n-butyl)ammonium bis 
(tribromooctahydride-7,8-dicarbaundecaborate)cobaltate 
(III), tristri(n-butyl)ammonium bis(undecahydride-7-car 
baundecaborate)chromate(III), bistri(n-butyl)ammonium 
bis(undecahydride-7-carbaundecaborate)manganate(IV), bis 
tri(n-butyl)ammonium bis(undecahydride-7- 
carbaundecaborate) cobaltate (III), and bistri(n-butyl) 
ammonium bis(undecahydride-7-carbaundecaborate) 
nickelate (IV). 
0113. Two or more kinds of compounds (B-4) which react 
with the aforementioned Group 4 transition metal compound 
(A) to form an ion pair may be used by mixing them. 
0114. In preparation of an olefin polymerization catalyst 
of the present invention, a carrier can be used if necessary. The 
carrier is usually an inorganic or organic compound, and is 
granular or fine particle Solid. Among them, examples of the 
inorganic compound include porous oxides, inorganic chlo 
rides, clays, clay minerals and ion-exchanging layer com 
pounds. 
I0115. As the porous oxide, specifically, SiO, Al-O. 
MgO, ZrO, TiO, BO, CaO, ZnO, BaO, or ThC), or a 
compound oxide or a mixture containing them, for example, 
natural or synthetic Zeolite, SiO, MgO, SiO, Al2O, 
SiO TiO, SiO V-Os, SiO Cr2O, and SiO 
TiO, MgO can be used. 
0116. In the present invention, an olefin low molecular 
weight polymer is prepared by polymerizing an olefin alone, 
or copolymerizing olefins in the presence of the aforemen 
tioned olefin polymerization catalyst. 
0117. Herein, examples of the olefin include olefins hav 
ing 2 to 20 carbon atoms, preferably 2 to 16 carbon atoms, 
Such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
4-methyl-1-pentene, 3-methyl-1-pentene, 1-octene, 1-non 
ene, 1-decene, 1-undecene, 1-dodecene, 1-tetradecene, 
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1-hexadecene, 1-octadecene, and 1-eicocene. These olefins 
having 2 to 20 carbon atoms may be used by arbitrarily 
combining two or more species. 
0118. It is preferable that at least one of olefins to be 
polymerized is ethylene, propylene, 1-octene, 1-decene, 
1-dodecene or 1-tetradecene. Particularly preferable are 
homopolymerization of ethylene, copolymerization of ethyl 
ene and other olefin, homopolymerization of propylene, 
homopolymerization of 1-octene, homopolymeriZaiton of 
1-decene, homopolymerization of 1-dodecene and homopo 
lymerization of 1-tetradecene. 
0119) Specific modes for preparing the olefin low molecu 
lar weight polymer of the present invention will be explained 
in detail below. 
0120 In the present invention, a polymerization reaction 

is performed in a hydrocarbon medium. Examples of such the 
hydrocarbon medium include aliphatic hydrocarbons such as 
propane, butane, pentane, hexane, heptane, octane, decane 
and dodecane; alicyclic hydrocarbons such as cyclopentane, 
cyclohexane, and methylcyclopentane; aromatic hydrocar 
bons such as benzene, toluene, and Xylene; halogenated 
hydrocarbons such as ethylene chloride, chlorobenzene, and 
dichloromethane; and petroleum fractions such as gasoline, 
kerosene, and gas oil. Furthermore, the olefins used for poly 
merization may be used. 
0121. In the present invention, polymerization is per 
formed in the presence of such an olefin polymerization cata 
lyst. In this case, the Group 4 transition metal compound (A) 
is used in an amount in a range of usually from 10 to 10° 
gram atom/liter, preferably from 107 to 10 gram atom/liter 
in terms of the concentration of the transition metal atom in 
the polymerizing reaction system. 
0122) The component (B-1) is used in such an amount that 
the molar ratio of the component (B-1) to the total transition 
metal atom (M) in the component (A) (B-1)/MI is usually in 
the range of from 0.01 to 5,000, preferably from 0.05 to 2,000. 
The component (B-2) is used in Such an amount that the molar 
ratio of the component (B-2) to the total transition metal atom 
(M) in the component (A) (B-2)/MI is usually in the range of 
from 100 to 25,000, preferably from 500 to 10,000. The 
component (B-3) is used in Such an amount that the molar 
ratio of the aluminum atom in the component (B-3) and the 
total transition metal (M) in the component (A) (B-3)/MI is 
usually in the range of from 10 to 5,000, preferably from 20 to 
2,000. The component (B-4) is used in such an amount that 
the molar ratio of the component (B-4) to the transition metal 
atom (M) in the component (A) (B-4)/MI is usually in the 
range of from 1 to 50, preferably 1 to 20. 
0123. When olefins are copolymerized in an arbitrary 
combination, the composition of the olefins as raw materials 
can be appropriately selected, depending the type of the low 
molecular weight olefin (co)polymer to be obtained. For 
example, in copolymerization using ethylene as a main 
monomer, it is preferable that the content of ethylene in raw 
material olefins is in the range of usually from 60 to 100 mol 
%, preferably from 70 to 100 mol %, and the content of the 
other olefin(s) is in the range of usually from 0 to 40 mol %, 
preferably from 0 to 30 mol%. 
0.124. In the present invention, it is preferable that poly 
merization is performed at a temperature in the range of from 
50 to 250° C. When ethylene is used as a main monomer, it is 
desirable that polymerization is performed at a temperature in 
the range of preferably from 100 to 250° C., more preferably 
from 120 to 250° C., particularly preferably from 130 to 
2009 C. 
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0.125. When a polymerization temperature is in the afore 
mentioned range, it is easy to remove the heat in the polymer 
ization system, and a heat removal device can be miniatur 
ized. In addition, even with the same heat removal device, 
since the heat removing efficacy is enhanced, the productivity 
can be improved. Furthermore, since polymerization is per 
formed at a high temperature, even when the polymer con 
centration is increased, the Solution viscosity is not increased 
so much, thus the stirring power required can be reduced, and 
the polymerization can be performed at high concentration, 
thereby improving the productivity. 
I0126. Usually, when an olefinis (co)polymerized, the heat 
is removed by circulating a solvent in order to stabilize the 
polymerizing temperature. In a heat removal device usually 
used herein, when an amount of heat to be removed is the 
same, as a polymerization temperature grows higher, a heat 
transfer area can generally be made smaller. The effect 
thereof varies depending on the conditions such as a cooling 
medium and so on. For example, when a simple countercur 
rent-type heat exchanger employing cooling water is used, in 
the case where a polymerizing temperature is 100° C., a 
necessary heat transfer area can be reduced to about/2 of that 
required in a polymerization at a temperature of 70° C. As 
described above, when a polymerization temperature is 
raised, the heat transfer area required can be made Smaller, 
and a heat removal device can be miniaturized, thus, equip 
ment cost can be reduced. 

I0127. It is preferable that the average residence time (poly 
merizing time) is 2 hours or shorter, preferably 1 hour or 
shorter. The polymerizing pressure is usually in a range of 
from atmospheric pressure to 100 kg/cm, preferably from 
atmospheric pressure to 50 kg/cm, more preferably from 
atmospheric pressure to 40 kg/cm. 
I0128. The molecular weight of the resulting low molecu 
lar weight olefin (co)polymer can be controlled by an amount 
of hydrogen Supplied to the polymerization reaction system 
and/or the polymerizing temperature. The amount of hydro 
gen to be supplied to the polymerization reaction system is in 
the range of usually from 0.01 to 2, preferably from 0.05 to 1, 
in terms of the molar ratio of hydrogen to the olefin. 
I0129. In the present invention, a low molecular weight 
olefin (co)polymer is obtained by treating the polymerization 
products mixture after completion of the polymerization 
reaction according to the conventional method. 
0.130. A molecular weight distribution (Mw/Mn) of the 
low molecular weight olefin (co)polymer of the present 
invention measured by gel permeation chromatography 
(GPC) is usually 3 or smaller, preferably 2.5 or smaller. 
I0131) An intrinsic viscosity m of the low molecular 
weight olefin (co)polymer of the present invention measured 
at 135° C. in decalin is in the range of 0.60 dl/g or smaller, 
preferably 0.40dl/g or smaller, more preferably from 0.005 to 
0.40 dl/g, further preferably from 0.005 to 0.35dl/g, particu 
larly preferably from 0.01 to 0.30 d1/g. Among the polymers 
above, a low molecular weight olefin (co)polymer using eth 
ylene as a main monomer is usually called ethylene wax. It is 
preferable that the content of an ethylene component unit 
therein is in the range of from 80 to 100 mol %, preferably 
from 85 to 100 mol%. It is preferable that the content of an 
olefin component unit having 3 or more carbonatoms is in the 
range of from 0 to 20 mol %, preferably from 0 to 15 mol%. 
A melting point of the ethylene wax obtained in the present 
invention is usually 132° C. or lower. 
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0.132. According to the present invention, a low molecular 
weight olefin (co)polymer can be prepared with high produc- -continued 
tivity. In addition, when a polymerizing temperature is 100° 
C. or higher, a low molecular weight olefin (co)polymer hav 
ing a narrow molecular weight distribution and a low melting 
point can be prepared with high productivity. Furthermore, a 
heat removal device can be miniaturized, the equipment cost 
can be reduced and, at the same time, the residence time can 
be shortened. 
0133. The novel Group 4 transition metal compound rep 
resented by the aforementioned general formula (1) can be 
prepared, for example, by the process described in J. Orga 
nomet. Chem., 361, 37 (1998). A specific process will be 
shown below, without limiting the scope of the invention in 
any way. R1 
0134) For example, the compound of the general formula R2 
(1) can be prepared by the following steps. 
0135 First, a precursor compound 20 of the general for 
mula (1) can be prepared by the method of the following R3 
process A or B. R4 
0.136 Process A: 

A) 
R12 Lt R5 

R11 COC R6 0.137 Process B: -- 

R10 R7 B 
R9 Rs R12 Lt R5 

(15) 

R13 R15 R11 C O R6 -- 
z- J. OSiMe3 10% HCl ad. 

O 7 

R 14 R 16 R R9 R8 R 

(16) (15) 

R13 R 15 

z- J. Z2 -- 
ke 

1. methanesulfonyl 
- Non - (21) 

(18) (19) 
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-continued 

R15 

ls R 
R2 

R 16 

R3 
R4 

(20) 

0138 (In the formula, R' to R', and Y are same as defined 
in the general formula (1), L is an alkali metal, and each of Z' 
and Z is a halogen or an anionic ligand, and may be the same 
or different from each other.) 
0.139. Further, a precursor of a cyclopentadienyl ligand of 
the formula (1), for example, (24) wherein each of R and R' 
is a hydrogen atom in the precursor, can be prepared selec 
tively by the following Process C. 
0140 Process C: 

O R3 

RMZ 
-- Her 

RI (23) R1 

(22) (24) 

0141 (In the formula, R' and Rare same as defined in the 
general formula (1"), M' is an alkali metal oran alkaline earth 
metal, Z is the same as R, or a halogen oran anionic ligand, 
and e is a valence number of M'.) 
0142. In addition, as a Substitute process for producing 
(24), there are the following Process D and Process E. In 
these processes, an isomer, wherein R' and Rare adjacent to 
each otherin (24), is produced as a side product in some cases. 
Therefore, the Process D and the Process E can be 
employed, depending on a combination of R' and Rand the 
reaction conditions, as far as the isomer is not produced as a 
side product. 
0143 Process D): 

R3 

R3Zl 
-- -e- 

RI Lt (27) R1 

(26) (24) 

0144 Process E: 
R3 R3 

RIZI (O) - Lt (29) RI 

(28) (24) 

(0145 (In the formula, R' and Rare same as defined in the 
general formula (1), L is an alkali metal, and Z' is a halogen 
or an anionic ligand.) 
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I0146). Furthermore, when R is a substituent represented 
by CR'R'R'', (24) may also be prepared by the following 
Process F. 
0147 Process F: 

O 

(31) 
O RI He 

R Lt 

(26) (30) 

R17 R17 R18 

s R19L. K. -- 
R1 RI 

(32) (24) 

I0148 (In the formula, R is as defined in the general for 
mula (1), each of R'7, RandR' is independently selected 
from hydrogen, a hydrocarbon group and a silicon-containing 
hydrocarbon group, and may be the same or different from 
each other, and L is an alkali metal.) 
0149. Also in this process, since an isomer of (24) wherein 
R" and R are adjacent to each other is produced as a side 
product in some cases, the Process F can be employed, 
depending on a combination of R' and R and the reaction 
conditions, as far as the isomer is not produced as a side 
product. 
0150. Examples of the alkali metal used in the reactions of 
the above Processes A to F include lithium, sodium and 
potassium and examples of the alkaline earth metal include 
magnesium and calcium. In addition, examples of the halo 
gen include fluorine, chlorine, bromine and iodine. Examples 
of the anionic ligand include alkoxy groups such as methoxy, 
tert-butoxy and phenoxy; carboxylate groups such as acetate 
and benzoate; Sulfonate groups such as mesylate and tosylate; 
and so on. 

0151. Next, an example of preparing a metallocene com 
pound from the precursor compounds of the general formula 
(20) will be shown. However, this does not limit the scope of 
the invention, and the metallocene compound may be pre 
pared by appropriately selecting other processes. 
0152 The precursor compound of the general formula 
(20) obtained by the reaction of the Process A or B is 
contacted with an alkali metal, an alkali metal hydride or an 
organic alkali metal at a reaction temperature in the range of 
from -80 to 200° C. in an organic solvent to obtain a dialkali 
metal salt. 
0153. Examples of the organic solvent used in the above 
reaction include aliphatic hydrocarbons such as pentane, hex 
ane, heptane, cyclohexane and decalin; aromatic hydrocar 
bons such as benzene, toluene and Xylene; ethers such as 
THF, diethyl ether, dioxane and 1,2-dimethoxyethane; halo 
genated hydrocarbons such as dichloromethane and chloro 
form; and so on. 
0154 Example of the alkali metal used in the above reac 
tion include lithium, Sodium, potassium and so on, examples 
of the alkali metal hydride include sodium hydride, potassium 
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hydride and so on, and examples of the organic alkali metal 
include methyllithium, butyllithium, phenyllithium and so 
O. 

0155 Then, a metallocene compound represented by the 
general formula (1) can be synthesized by reacting the afore 
mentioned dialkali metal salt with a compound represented 
by the following general formula (33) in an organic solvent. 

MZ. (33) 

0156 (In the formula, M is a metal selected from Group 4 
of the Periodic Table, each Z may be independently selected 
from a halogen, an anionic ligand and a neutral ligand which 
can be coordinated with a lone electron pair, and k is an 
integer of 3 to 6.) 
0157 Preferable examples of the compound represented 
by the general formula (33) include trivalent or tetravalent 
titanium fluoride, chloride, bromide and iodide; tetravalent 
Zirconium fluoride, chloride, bromide and iodide; tetravalent 
hafnium fluoride, chloride, bromide and iodide; and com 
plexes of these compounds and ethers such as THF, diethyl 
ether, dioxane and 1,2-dimethoxyethane. 
0158. In addition, examples of the organic solvent to be 
used include those as described above. A reaction of the 
dialkali metal salt and the compound represented by the gen 
eral formula (33) is preferably performed by an equimolar 
reaction, and can be performed at a reaction temperature in a 
range of from -80 to 200° C. in the aforementioned organic 
solvent. 

0159. The metallocene compound obtained in the reaction 
can be isolated and purified by a method such as extraction, 
recrystallization or sublimation. In addition, the bridged met 
allocene compound of the present invention obtained by Such 
a process can be identified by using an analyzing procedure 
Such as proton nuclear magnetic resonance spectrum, 'C 
nuclear magnetic resonance spectrum, mass spectrometry or 
elementary analysis. 
0160 Since the low molecular weight olefin (co)polymer 
obtained by the present invention, in particular, the low-mo 
lecular weight ethylene (co)polymer has a narrow molecular 
weight distribution and a low melting point, the polymer can 
be suitably used in utilities such as a paint modifier, a glazing 
agent, a pigment dispersant (in particular, a raw material for 
pigment master batch), a lubricant for polyvinyl chloride, a 
resin molding lubricant, a rubber processing aid, a releasing 
agent for toner, a paper improver, an ink anti-abrasion agent, 
a fiber processing aid, a hot melt adhesive additive, an elec 
trical insulator, a natural wax component, an asphalt flowabil 
ity improver, various oil hardeners, a communication cable 
filler, a raw material for moisture proof coating agent, a 
peelability imparting agent for paper coating, a polymer 
emulsifying aid for Suspension or emulsion polymerization, a 
base material for antistatic or weathering agent, an automo 
bile engine oil, a gear oil, ATF, a base oil and a viscosity index 
improver for the industrial lubricant, a base oil for grease, a 
metal processing oil, a rubber/resin modifier, a releasing 
agent for aluminum die casting, a fuel oil additive, a paint, and 
an ink modifier. 

EXAMPLES 

0161 The present invention will be more specifically 
explained below by way of Examples, but the present inven 
tion is not limited by these Examples. 
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0162 The physical properties and the characteristics of 
the resulting polymers were measured by the following meth 
ods. 
0163 Weight average molecular weight (Mw), number 
average molecular weight (Mn) 
0164. These molecular weights were measured using 
GPC-150C (manufactured by Waters Corporation) as fol 
lows: separation columns used were TSKgel GMH6-HT and 
TSKgel GMH6-HTL, the column had a size of 7.5 mm in 
inner diameter and 600 mm in length, the column temperature 
was 140°C., the mobile phase was o-dichlorobenzene (Wako 
Pure Chemical Industries, Ltd.) and 0.025 wt.% of BHT 
(Takeda Chemical Industries, Ltd.) as an antioxidant, the 
mobile phase was moved at 1.0 ml/min, the sample concen 
tration was 0.1 wt.%, the sample injection amount was 500 
ul, and the detector used was a differential refractometer. As 
a standard polystyrene, a polystyrene manufactured by Tosoh 
Corporation was used for a molecular weight range of Mw-1, 
000 and Mws 4x10, and a polystyrene manufactured by 
Pressure Chemical Co. was used for a molecular weight range 
of 1,000sMws4x10°. 
0.165 Intrinsic Viscosity (m) 
0166 The intrinsic viscosity was measured at 135° C. 
using a decalin solvent. About 20 mg of a granulated pellet 
was dissolved in 15 ml of decalin, and a specific viscosity m. 
is measured in an oil bath at 135° C. Five ml of a decalin 
solvent is added to this decalin solution to dilute the solution, 
and a specific viscosity m, is measured similarly. This dilut 
ing procedure is further repeated two times, and a m/C value 
when the concentration (C) is extrapolated to 0 is calculated 
and obtained as an intrinsic viscosity. 

(0167 Melt Flow Rate (MFR) 
(0168 This is a numerical value measured at 190° C. under 
10 kg load by a standard method of ASTM D-1238. 
(0169. Density 
(0170 A strand after the measurement of MFR at 190° C. 
under 2.16 kg load was heat-treated at 120° C. for 1 hour, and 
gradually cooled to room temperature over 1 hour and, there 
after, the density was measured by a density gradient tube 
method. 
(0171 Melting Point (Tm) 
0172. By differential scanning calorimetry (DSC), a poly 
mer sample was held at 240°C. for 10 minutes, cooled to 30° 
C., held for 5 minutes, and, thereafter, a temperature of the 
sample was raised at 10° C./min. The melting point was 
calculated from a crystal melting peak measured during the 
temperature raise. 

Example 1 

0.173) One liter of hexane was charged into an stainless 
autoclave having an inner volume of 2 liter which had been 
sufficiently replaced with nitrogen, the temperature in the 
system was raised to 145°C., and hydrogen was introduced to 
make a total pressure in the system reach 0.3 MPa-G. There 
after, the total pressure was retained at 3 MPa-G by continu 
ously supplying only ethylene. Then, 0.3 mmol of triisobuty 
laluminum, 0.04 mmol of N,N-dimethylanilinium tetrakis 
(pentafluorophenyl)borate and 0.00005 mmol of ethylene(1- 
cyclopentadienyl)(fluorenyl)Zirconium dichloride were 
charged therein with nitrogen to initiate polymerization. The 
polymerization was performed at 150° C. for 30 minutes. The 
polymerization was stopped by addition of a small amount of 
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ethanol to the system, and unreacted ethylene was purged. 
The resulting polymer solution was dried at 80°C. overnight 
under reduced pressure. As a result, 20.0 g of an ethylene 
polymer having m of 0.05 dl/g was obtained. The results are 
shown in Table 1. 

Example 2 

0.174. One liter of hexane was charged into a stainless 
autoclave having an inner volume of 2 liter which had been 
sufficiently replaced with nitrogen, the temperature in the 
system was raised to 145°C., and hydrogen was introduced to 
make a total pressure in the system reach 0.2 MPa-G. There 
after, the total pressure was retained at 3 MPa-G by continu 
ously supplying only ethylene. Then, 0.3 mmol of triisobuty 
laluminum, 0.04 mmol of N,N-dimethylanilinium tetrakis 
(pentafluorophenyl)borate and 0.00005 mmol of ethylene(1- 
cyclopentadienyl)(fluorenyl)Zirconium dichloride were 
charged therein with nitrogen to initiate polymerization. The 
polymerization was performed at 150° C. for 30 minutes. The 
polymerization was stopped by addition of a small amount of 
ethanol to the system, and unreacted ethylene was purged. 
The resulting polymer solution was dried at 80°C. overnight 
under reduced pressure. As a result, 32.0 g of an ethylene 
polymer having m of 0.11 dl/g was obtained. The results are 
shown in Table 1. 

Example 3 

0.175 One liter of hexane was charged into a stainless 
autoclave having an inner volume of 2 liter which had been 
sufficiently replaced with nitrogen, the temperature in the 
system was raised to 145°C., and hydrogen was introduced to 
make a total pressure in the system reach 1.0 MPa-G. There 
after, the total pressure was retained at 3 MPa-G by continu 
ously supplying only ethylene. Then, 0.3 mmol of triisobuty 
laluminum, 0.04 mmol of N,N-dimethylanilinium tetrakis 
(pentafluorophenyl)borate and 0.0001 mmol of ethylene 
(1-cyclopentadienyl)(3,6-t-butylfluorenyl)Zirconium dichlo 
ride were charged therein with nitrogen to initiate polymer 
ization. The polymerization was performed at 150° C. for 30 
minutes. The polymerization was stopped by addition of a 
Small amount of ethanol to the system, and unreacted ethyl 
ene was purged. The resulting polymer Solution was dried at 
80° C. overnight under reduced pressure. As a result, 11.0 g of 
an ethylene polymer having m of 0.04 dl/g was obtained. 
The results are shown in Table 1. 

Example 4 

0176 One liter of hexane was charged into a stainless 
autoclave having an inner volume of 2 liter which had been 
sufficiently replaced with nitrogen, the temperature in the 
system was raised to 145°C., and hydrogen was introduced to 
make a total pressure in the system reach 0.2 MPa-G. There 
after, the total pressure was retained at 3 MPa-G by continu 
ously supplying only ethylene. Then, 0.3 mmol of triisobuty 
laluminum, 0.04 mmol of N,N-dimethylanilinium tetrakis 
(pentafluorophenyl)borate and 0.00005 mmol of ethylene(1- 
cyclopentadienyl)(3,6-t-butyl fluorenyl)Zirconium dichloride 
were charged therein with nitrogen to initiate polymerization. 
The polymerization was performed at 150° C. for 30 minutes. 
The polymerization was stopped by addition of a small 
amount of ethanol to the system, and unreacted ethylene was 
purged. 
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0177 Resulting polymer solution was dried at 80°C. over 
night under reduced pressure. As a result, 16.1 g of an ethyl 
ene polymer having m of 0.22 dll/g was obtained. The results 
are shown in Table 1. 

Comparative Example 1 

0178. One liter of hexane was charged into a stainless 
autoclave having an inner volume of 2 liter which had been 
sufficiently replaced with nitrogen, the temperature in the 
system was raised to 145°C., and hydrogen was introduced to 
make a total pressure in the system reach 1.3 MPa-G. There 
after, the total pressure was retained at 3 MPa-G by continu 
ously supplying only ethylene. Then, 0.3 mmol of triisobuty 
laluminum, 0.04 mmol of N,N-dimethylanilinium tetrakis 
(pentafluorophenyl)borate and 0.0002 mmol of ethylenebis 
(indenyl)Zirconium dichloride were charged therein with 
nitrogen to initiate polymerization. The polymerization was 
performed at 150° C. for 30 minutes. The polymerization was 
stopped by addition of a small amount of ethanol to the 
system, and unreacted ethylene was purged. The resulting 
polymer solution was dried at 80°C. overnight under reduced 
pressure. As a result, 12.7 g of an ethylene polymer having m 
of 0.04 dI/g was obtained. The results are shown in Table 1. 

Example 5 

0179. One liter of hexane was charged into a stainless 
autoclave having an inner volume of 2 liter which had been 
Sufficiently replaced with nitrogen and, Subsequently, 100 g 
of propylene was charged therein. The temperature in the 
system was raised to 145° C., the total pressure was retained 
at 3 MPa-G by continuously supplying only ethylene. Then, 
0.3 mmol of triisobutylaluminum, 0.04 mmol of N,N-dim 
ethylanilinium tetrakis(pentafluorophenyl)borate and 0.0002 
mmol of ethylene(1-cyclopentadienyl)(fluorenyl)Zirconium 
dichloride were charged therein with nitrogen to initiate poly 
merization. The polymerization was performed at 150° C. for 
30 minutes. The polymerization was stopped by addition of a 
Small amount of ethanol to the system, and unreacted ethyl 
ene was purged. The resulting polymer Solution was dried at 
80°C. overnight under reduced pressure. As a result, 23.6 g of 
an ethylene polymer having m of 0.56 dl/g was obtained. 
The results are shown in Table 2. 

Example 6 

0180. One liter of hexane was charged into a stainless 
autoclave having an inner volume of 2 liter which had been 
Sufficiently replaced with nitrogen and, Subsequently, 80 g of 
propylene was charged therein. The temperature in the system 
was raised to 145° C., and hydrogen was introduced to make 
a total pressure in the system reach 0.1 MBa-G. Thereafter, 
the total pressure was retained at 3 MPa-G by continuously 
supplying only ethylene. Then, 0.3 mmol of triisobutylalumi 
num, 0.04 mmol of N,N-dimethylanilinium tetrakis(pen 
tafluorophenyl)borate and 0.0002 mmol of ethylene(1-cyclo 
pentadienyl)(fluorenyl)Zirconium dichloride were charged 
therein with nitrogen to initiate polymerization. The polymer 
ization was performed at 150° C. for 30 minutes. The poly 
merization was stopped by addition of a small amount of 
ethanol to the system, and unreacted ethylene was purged. 
The resulting polymer solution was dried at 80°C. overnight 
under reduced pressure. As a result, 28.8 g of an ethylene 
polymer having m of 0.18 dl/g was obtained. The results are 
shown in Table 2. 
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TABLE 1. 

Component 
A. Component (B Polymerization Polymerization 

Amount Amount Amount Hydrogen temperature time m Polymerization 
Kind (mmol) Kind (mmol) Kind (mmol) pressure * 1 (° C.) (min) Yield (g) (di?g) activity *2 

Example 1 a OOOOOS I OO.04 TIBA O.3 O.3 150 30 2O O.OS 400,000 
Example 2 a OOOOOS I OO.04 TIBA O.3 O.2 150 30 32 O.11 640,000 
Example 3 b O.OOO1 I OO.04 TIBA O.3 1.O 150 30 11 O.04 110,000 
Example 4 b O.OOOOS I OO.04 TIBA O.3 O.2 150 30 16.1 O.22 322,000 
Comparative c. O.OOO2 I OO.04 TIBA O.3 1.3 150 30 12.7 O.04 63,500 
Example 1 

a: Ethylene(1-cyclopentadienyl)(fluorenyl)Zirconium dichloride 
b: Ethylene(1-cyclopentadienyl)(3,6-tBu2fluorenyl)Zirconium dichloride 
c: Ethylenebis(indenyl)Zirconium dichloride 
I: N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 
TIBA: Triisobutylaluminum 
* 1: Mpa-G 
* 2: g-PE/mmol-Zr 

TABLE 2 

Component Poly- Poly 
A. Component (B merization merization Poly 

Amount Amount Amount Propylene Hydrogen temperature time Yield m) Density merization 
Kind (mmol) Kind (mmol) Kind (mmol) (g) pressure * 1 (° C.) (min) (g) (d.1/g) (kg/m) activity *2 

Example 5 8. O.OOO2 I O.04 TIBA O.3 1OO.O O 150 30 23.6 OS6 902 118,000 
Example 6 8. O.OOO2 I O.04 TIBA O.3 80.0 O.1 150 30 28.8 0.18 897 144,000 

a: Ethylene(1-cyclopentadienyl)(fluorenyl)Zirconium dichloride 
I: N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 
TIBA: Triisobutylaluminum 

* 2: g-Polymerimmol-Zr 

Example 7 

0181. A glass autoclave having an inner volume of 1000 
ml was equipped with a thermometer, a gas blowing tube and 
a glass stirring wing, and Sufficiently replaced with nitrogen. 
Thereafter, 250 ml of n-decane and 250 ml of 1-decene were 
charged into the autoclave, and the temperature in the system 
was raised to 90°C. while nitrogen was being flown therein at 
an amount of 50 liter/hr. On the other hand, a magnetic stirrer 
chip was placed into a flask with a branch having an inner 
volume of 30 ml, which had been sufficiently replaced with 
nitrogen, and 0.002 mmol of a toluene solution of ethylene 
(1-cyclopentadienyl)(fluorenyl)Zirconium dichloride as a 
transition metal compound, and 2 mmol of a toluene Solution 
of methylaluminoxane (1.53M of Al) were added thereto, 
followed by stirring for 30 minutes. The nitrogen flow to the 
glass autoclave was stopped, then hydrogen was flown at an 
amount of 20 liter/hr, and the aforementioned solution was 
added to initiate polymerization. During the polymerization, 
hydrogen was continuously supplied at an amount of 20 liter/ 
hr, the polymerization was performed at 90° C. for 60 minutes 
under normal pressure, and the polymerization was stopped 
by addition of a small amount of isopropanol. The obtained 
polymer solution was added in 300 ml of 1N hydrochloric 
acid, followed by stirring. This solution was transferred to a 
separating funnel, the organic layer was taken, the organic 
layer was washed with water, and the solvent and unreacted 
1-decene were distilled off at 175°C. under reduced pressure 
(1 mmHg). The resulting transparent liquid polymer was 
97.17 g, and the polymerization activity was 48.59 kg-poly 

mer/mmol-Zr/hr. The polymer was analyzed. Im was 0.04 
dl/g, Mw was 4,250, Mn was 2.320, and Mw/Mn was 1.64. 
The results are shown in Table 3. 

Example 8 
0182. The same procedures as those of Example 7 were 
performed except that the polymerization temperature was 
changed to 60°C., and the amount of hydrogen was changed 
to 10 liter/hr. 
0183 The weight of the resulting transparent liquid poly 
mer was 74.64g, and the polymerization activity was 37.32 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.09 dl/g, Mw was 13.360, Mn was 7, 220, and Mw/Mn was 
1.85. The results are shown in Table 3. 

Example 9 
0.184 The same procedures as those of Example 7 were 
performed except that the polymerization temperature was 
changed to 70° C., and the amount of hydrogen was changed 
to 50 liter/hr. 
0185. The weight of the resulting transparent liquid poly 
mer was 77.34g, and the polymerization activity was 38.67 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.06 dl/g, Mw was 9.720, Mn was 5,170, and Mw/Mn was 
1.88. The results are shown in Table 3. 

Example 10 
0186. A glass autoclave having an inner volume of 1000 
ml was equipped with a thermometer, a gas blowing tube and 
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a glass stirring wing, and Sufficiently replaced with nitrogen. 
Thereafter, 250 ml of n-decane and 250 ml of 1-decene were 
charged into the autoclave, and the temperature of the system 
was brought to 60°C. while nitrogen was being flown therein 
at an amount of 50 liter/hr. The flow nitrogen into the glass 
autoclave was stopped, hydrogen was flown at an amount of 
10 liter/hr. Thereafter, 2 mmol of an n-decane solution of 
triisobutylaluminum was added. Then, 0.002 mmol of a tolu 
ene solution of ethylene(1-cyclopentadienyl)(fluorenyl)Zir 
conium dichlorideas a transition metal compound was added 
and, finally, 0.04 mmol of a toluene solution of N,N-dimethy 
laluminium tetrakis(pentafluorophenyl)borate was added to 
initiate polymerization. During the polymerization, hydrogen 
was continuously supplied at an amount of 10 liter/hr, the 
polymerization was performed at 60°C. for 60 minutes under 
normal pressure, and the polymerization was stopped by 
addition of a small amount ofisopropanol. The polymer Solu 
tion was added in 300 ml of 1N hydrochloric acid, followed 
by stirring. This solution was transferred to a separating fun 
nel, the organic layer was taken, thereafter, the organic layer 
was washed with water, and the solvent and unreacted 
1-decene were distilled off at 175°C. under reduced pressure 
(1 mmHg). The weight of the resulting transparent liquid 
polymer was 106.20 g, and the polymerization activity was 
53.10 kg-polymer/mmol-Zr/hr. The polymer was analyzed. 
m was 0.13 dl/g, Mw was 22,670, Mn was 13,700, and 
Mw/Mn was 1.65. The results are shown in Table 3. 

Example 11 

0187. A glass autoclave having an inner volume of 1000 
ml was equipped with a thermometer, a gas blowing tube and 
a glass stirring wing, and Sufficiently replaced with nitrogen. 
Thereafter, 400 ml of n-decane and 100 ml of 1-decene were 
charged into the autoclave, and a temperature was brought to 
60° C. while nitrogen was being flown therein at an amount of 
50 liter/hr. On the other hand, a magnetic stirrer chip was 
placed into a flask with a branch having an inner volume of 30 
ml which had been sufficiently replaced with nitrogen, and 
0.002 mmol of a toluene solution of ethylene(1-cyclopenta 
dienyl)(fluorenyl)Zirconium dichloride as a transition metal 
compound, and 2 mmol of a toluene solution of methylalu 
minoxane (1.53M of Al) were added thereto, followed by 
stirring for 30 minutes. The nitrogen flow into the glass auto 
clave was stopped, ethylene was flown for 5 minutes at an 
amount of 50 liter/hr, hydrogen was flown at an amount of 10 
liter/hr while maintaining a flow rate of ethylene, and the 
aforementioned solution was added to initiate polymeriza 
tion. During the polymerization, ethylene and hydrogen were 
continuously supplied at an amount of 50 liter/hr and 10 
liter/hr, respectively. The polymerization was performed at 
60° C. for 60 minutes under normal pressure, and the poly 
merization was stopped by addition of a small amount of 
isopropanol. The polymer solution was added in 300 ml of 1N 
hydrochloric acid, followed by stirring. This solution was 
transferred to a separating funnel, the organic layer was taken, 
the organic layer was washed with water, and the solvent and 
unreacted 1-decene were distilled off at 175° C. under 
reduced pressure (1 mmH). The weight of the resulting trans 
parent liquid polymer was 49.49 g, and the polymerization 
activity was 27.74 kg-polymer/mmol-Zr/hr. The polymer was 
analyzed. Im was 0.16dl/g, Mw was 27,060, Mn was 17,980, 
and Mw/Mn was 1.51. The results are shown in Table 3. 

Jul. 17, 2008 

Example 12 

0188 The same procedures as those of Example 7 were 
performed except that 1-decene as a monomer was changed to 
1-octene, the polymerization temperature was changed to 50° 
C., and the amount of hydrogen was changed to 10 liter/hr. 
0189 The weight of the resulting transparent liquid poly 
mer was 49.95 g, and the polymerization activity was 24.98 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.10 dl/g, Mw was 16,700, Mn was 9,380, and Mw/Mn was 
1.63. The results are shown in Table 3. 

Example 13 

0190. The same procedures as those of Example 7 were 
performed except that 1-decene as a monomer was changed to 
1-dodecene, the polymerization temperature was changed to 
50° C., and the amount of the hydrogen was changed to 10 
liter/hr. 
0191 The weight of the resulting transparent liquid poly 
mer was 29.59 kg, and the polymerization activity was 14.80 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.10 dI/g, Mw was 18.360, Mn was 11,400, and Mw/Mn was 
1.61. The results are shown in Table 3. 

Example 14 

0.192 The same procedures as those of Example 7 were 
performed except that 1-decene as a monomer was changed to 
1-tetradecene, the polymerization temperature was changed 
to 50° C., and the amount of hydrogen was changed to 10 
liter/hr. 
0193 The weight of the resulting transparent liquid poly 
mer was 20.40 kg, and the polymerization activity was 10.20 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.11dl/g, Mw was 23,570, Mn was 14,460, and Mw/Mn was 
1.63. The results are shown in Table 3. 

Example 15 

0194 The same procedures as those of Example 7 were 
performed except that ethylene(1-cyclopentadienyl)(fluore 
nyl)Zirconium dichloride was changed to ethylene(1-cyclo 
pentadienyl)(2.7-di-tert-butyl-fluorenyl)Zirconium dichlo 
ride, the polymerization temperature was changed to 60°C., 
and the amount of the hydrogen was changed to 10 liter/hr. 
0.195 The weight of the resulting transparent liquid poly 
mer was 28.25 kg, and the polymerization activity was 14.13 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.08 dl/g, Mw was 12,120 Mn was 7,410, and Mw/Mn was 
1.64. The results are shown in Table 3. 

Example 16 

0196. The same procedures as those of Example 7 were 
performed except that ethylene(1-cyclopentadienyl)(fluore 
nyl)Zirconium dichloride was changed to ethylene(1-cyclo 
pentadienyl)(octamethyloctahydrodibenzofluorenyl)Zirco 
nium dichloride, the polymerization temperature was 
changed to 80° C., and the amount of the hydrogen was 
changed to 35 liter/hr. 
0197) The weight of the resulting transparent liquid poly 
mer was 47.51 kg, and the polymerization activity was 23.76 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.07 dl/g, Mw was 9,910, Mn was 5,860, and Mw/Mn was 
1.69. The results are shown in Table 3. 
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Example 17 
0198 The same procedures as those of Example 7 were 
performed except that ethylene(1-cyclopentadienyl)(fluore 
nyl)Zirconium dichloride was changed to ethylene (1-cyclo 
pentadienyl)(octamethyloctahydrodibenzofluorenyl)Zirco 
nium dichloride, 1-decene as a monomer was changed to 
1-dodecene, the polymerization temperature was changed to 
50° C., and the amount of hydrogen was changed to 35 liter/ 
hr. 
0199 The weight of the resulting transparent liquid poly 
mer was 45.30 kg, and the polymerization activity was 22.65 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Im was 
0.07 dl/g, Mw was 8,720, Mn was 4,900, and Mw/Mn was 
1.78. The results are shown in Table 3. 

Jul. 17, 2008 

Example 18 

0200. The same procedures as those of Example 7 were 
performed except that ethylene(1-cyclopentadienyl)(fluore 
nyl)Zirconium dichloride was changed to (1-cyclopentadi 
enyl)(ocatamethyloctahydrodibenzofluorenyl)Zirconium 
dichloride, 1-decene as a monomer was changed to 1-tet 
radecene, the polymerization temperature was changed to 50° 
C., and the amount of hydrogen was changed to 35 liter/hr. 
0201 The weight of the resulting transparent liquid poly 
mer was 39.20 kg, and the polymerization activity was 19.60 
kg-polymer/mmol-Zr/hr. The polymer was analyzed. Imwas 
0.06 dl/g, Mw was 9,680, Mn was 6,150, and Mw/Mn was 
1.57. The results are shown in Table 3. 

TABLE 3 

Component Monomer charging amount 

(A) Component (B) Temperature Time Ethylene Hydrogen 1-Decene 1-Octene 

Example Kind mmol Kind mmol Kind mmol (° C.) (min) (1/h) (1/h) (ml) (ml) 

Example 7 a O.OO2 - MAO 2 90 60 2O 250 

Example 8 a O.OO2 - MAO 2 60 60 10 250 
Example 9 a O.OO2 - MAO 2 90 60 50 250 

Example 10 a O.OO2 O.04 TIBA 2 60 60 10 250 

Example 11 a O.OO2 - MAO 2 60 60 50 10 1OO 

Example 12 a O.OO2 - MAO 2 50 60 10 250 
Example 13 a O.OO2 - MAO 2 50 60 10 

Example 14 a O.OO2 - MAO 2 50 60 10 
Example 15 d 0.002 - MAO 2 60 60 10 250 

Example 16 a O.OO2 - MAO 2 8O 60 35 250 
Example 17 a O.OO2 - MAO 2 50 60 35 

Example 18 a O.OO2 - MAO 2 50 60 35 

Monomer charging amount 

1-Dodecene 1-Tetra decene Yield Polymerization m GPC 

Example (ml) (ml) (g) activity *1 (dl/g) Mn MW MW Mn 

Example 7 97.17 48.59 0.04 2,320 4,250 1.64 
Example 8 74.64 37.32 0.09 7,220 13,360 1.85 
Example 9 77.34 38.67 0.06 5,170 9,720 1.88 
Example 10 106.2O S3.10 0.13 13,700 22,670 1.65 
Example 11 49.49 24.74 0.16 17,980 27,060 1.51 
Example 12 49.95 24.98 0.10 9,380 16,700 1.63 
Example 13 250 29.59 14.80 0.10 11,400 18,360 1.61 
Example 14 250 20.40 10.2O 0.11 14460 23,570 1.63 
Example 15 28.25 14.13 0.08 7,410 12,120 1.64 
Example 16 47.51 23.76 0.07 5,860 9,910 1.69 
Example 17 250 45.30 22.65 0.07 4,900 8,720 1.78 
Example 18 250 39.20 1960 0.06 6,150 9,680 1.57 

a: Ethylene(1-cyclopentadienyl)(fluorenyl)Zirconium dichloride 
d: Ethylene(1-cyclopentadienyl)(2,7-di-tert-butyl-fluorenyl)Zirconium dichloride 
e: Ethylene(1-cyclopentadienyl)(octamethyloctahydrodibenzofluorenyl)Zirconium dichloride 
I: N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 
MAO: Methylaluminoxane 
TIBA: Triisobutylaluminium 
* 1: kg-Polymerimmol-Zrthr 
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What we claim is: 
1. An olefin polymerization catalyst Suitable for preparing 

a low molecular weight olefin (co)polymer by homopolymer 
izing or copolymerizing an olefin, which comprises: 

(A) a Group 4 transition metal compound represented by (1) 
the following formula (1), and 

(B) at least one compound selected from the group consist 
ing of (B-1) an organometallic compound, (B-2) an 

3. A Group 4 transition metal compound represented by the 
following formula (1"): 

organoaluminum compound, (B-3) an organoaluminum R R2 
oxy-compound, and (B-4) a compound that reacts with 
the Group 4 transition metal compound (A) to form an 
ion pair; 

R3 
R4 

(1) 
R2 R3 

R1 R4 wherein R,R,R,R,R,R,R,R,R,R,R'' and R? 
are independently selected from the group consisting of 
a hydrogen atom, a hydrocarbon group, and a silicon 
containing group, and may be the same or different; each 
of R. R. R' and R' is independently a hydrogen 
atom or a hydrocarbon group; n is an integer of from 1 to 
3 and when n is 1, not all of the R' to R' are hydrogen 
atoms, and each of the R' to R' may be the same or 
different; each adjacent pair of substituents R to R' 
may be taken together to formaring: RandR' may be 
taken together to form a ring, or the pair of R' and R' 
and the pair of R'' and R' may be taken together to form 
rings simultaneously; each of Y and Y is a Group 14 
atom, and may be the same or different; M is Ti, Zror Hf, 
each Q is independently selected from a group consist 

wherein R', R,R,R,R,R, R7, R,R,R,R,R, 
R" and R'' are independently selected from the group 
consisting of hydrogen, a hydrocarbon group, and a 

ing of halogen, a hydrocarbon group, an anionic ligand 
and a neutral ligand that can be coordinated with a lone 
electron pair; and is an integer of from 1 to 4. 

silicon-containing group, and are the same or different; 
and each adjacent pair of substituents R' to R' may be 
taken together to form a ring; M is Ti, Zr or Hf Y is a 
Group 14 atom; each Q is independently selected from 
the group consisting of a halogen, a hydrocarbon group, 
a neutral conjugated or non-conjugated diene having 10 
or fewer carbon atoms, an anionic ligand, and a neutral 
ligand that can be coordinated with a lone electron pair; 
n is an integer of from 2 to 4; and is an integer of from 
1 to 4. 

2. The olefin polymerization catalyst according to claim 1, 
wherein the Group 4 transition metal compound represented 
by the general formula (1) is a Group 4 transition metal 
compound represented by the said formula (1). 

4. The Group 4 transition metal compound according to 
claim3, whereinn is 1 or 2, and each ofY and Y is a carbon 
atom or a silicon atom, in the formula (1"). 

5. The Group 4 transition metal compound according to 
claim3, wherein two or more of the substituents R. R. R' 
and R'' are hydrocarbon groups having 1 to 20 carbonatoms, 
in the formula (1"). 

6. The group 4 transition metal compound according to 
claim3, wherein R and 

R" are taken together to forman aliphatic ring, and R'' and 
R'' are taken together to form an aliphatic ring, in the 
formula (1"). 

  


