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(57) ABSTRACT 
The present invention provides ethylene polymers capable 
of preparing various molded articles Such as films, sheets or 
the like, and having excellent moldability, particularly excel 
lent high-speed moldability. 
The ethylene polymers of the present invention have a 
density and molecular weight distribution in Specific ranges. 
The first ethylene polymer is characterized by having (C) a 
ratio (MFR/MFR) of a melt flow rate (MFR) at 190° C. 
under a load of 10 Kg to a melt flow rate (MFR) at 190° C. 
under a load of 2.16 Kg of from 16.2 to 50. The second 
ethylene polymer is characterized by having (C) a ratio 
(MFR/MFR) from 12 to 50. The third ethylene polymer 
is characterized by having (D) a relation of (02/co1218 
where (D1 and (02 denote angular velocity (rad/sec) when 
complex elastic modulus G* (dyne/cm) at 200° C. is 
5.0x10 dyne/cm and 2.0x10° dyne/cm, respectively, 
which are determined by measurement of the angular Veloc 
ity dependence of the complex elastic modulus of the 
copolymer. 
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ETHYLENE POLYMER, PREPARATION PROCESS 
THEREOF AND MOLDED ARTICLES OF THE 

SAME 

FIELD OF THE INVENTION 

0001. The present invention relates to a novel ethylene 
polymer, a preparation process thereof and molded articles 
prepared from the ethylene polymer. More particularly, it 
relates to an ethylene polymer having a density and molecu 
lar weight distribution (MW/Mn) in specific ranges and 
excellent polymer fluidity, a preparation process thereof and 
molded articles prepared from the ethylene polymer. 

BACKGROUND OF THE INVENTION 

0002. When an ethylene homopolymer and copolymers 
of ethylene and an O-olefin having 3 to 20 carbon atoms 
prepared by polymerization using a transition metal catalyst 
Such as metallocene catalyst or Ziegler-Natta catalyst (here 
inafter referred to as ethylene polymers) in the same density 
region as conventional high-pressure low density polyeth 
ylene are molded into a film or sheet, it has more excellent 
mechanical Strength Such as tensile Strength, tear Strength or 
impact Strength, and further excellent heat resistance, StreSS 
and Scratch properties, optical properties and heat Sealing 
properties as compared with high-pressure low density poly 
ethylene. 
0003. The ethylene copolymers, however, have such a 
problem in that the fluidity represented by a ratio (MFR/ 
MFR) of a melt flow rate (MFR) under a load of 10 Kg 
at 190° C. to a melt flow rate (MFR) under a load of 2.16 
Kg at 190° C. is lower than that of conventional high 
preSSure low density polyethylene, and the moldability is not 
Sufficient. 

0004. On this account, if ethylene polymers which have 
a high MFR/MFR value and excellent fluidity at the same 
density region as conventional high pressure low density 
polyethylene can be prepared by polymerization with the 
transition metal catalyst, its industrial value will be very 
high. 
0005. At present, it is impossible for the high-pressure 
method to prepare low-density polyethylene having a 
Mw/Mn of lower than 4.0. The polymers having a lower 
Mw/Mn have high homogeneity and show that, after poly 
mer molding, blocking or appearance failure is hardly 
induced. Accordingly, the production of low-density poly 
ethylene having a Mw/Mn ratio of lower than 4.0 and a high 
MFR/MFR ratio like the high-pressure low-density poly 
ethylene at the same density region as high-pressure low 
density polyethylene (0.921 to 0.929 g/cm) has been 
desired. 

0006 Further, ethylene polymers in the lower density 
region than that of conventional high-pressure low-density 
polyethylene are useful as a modifier or compatibilizing 
agent, but it is impossible for the ethylene polymer in this 
density region to improve the fluidity by increasing the 
MFR/MFR, ratio thereof. 
0007) The method of increasing the MFR/MFR ratio 
by increasing the Mw/Mn value is known generally. The 
method, however, has Such a problem that increasing the 
Mw/Mn value to more than 11 lowers the homogeneity of 
the polymer, thereby resulting in occurrence of blocking or 
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appearance failure. On this account, it is desired that the 
Mw/Mn value be less than 10. However, it is very difficult 
for the ethylene polymers in the region of the Mw/Mn value 
of less than 10 to increase the MFR/MFR ratio until the 
same region of high-pressure low-density polyethylene (the 
MFR/MFR ratio being from 16.2 to 50). 
0008 Furthermore, ethylene polymers in the higher den 
sity region than that of conventional high-pressure low 
density polyethylene are molded into vessels or films and 
then used Suitably. However, ethylene polymers having the 
Same fluidity as that of conventional high-pressure low 
density polyethylene cannot be prepared. 
0009. In the light of the foregoing background, the prepa 
ration of ethylene polymers having a high MFR/MFR 
ratio and excellent fluidity by polymerization with the 
transition metal catalyst has been Studied. 
0010 JP-A-2-276807/1990 discloses that copolymeriza 
tion of ethylene and an O-olefin of 3 to 20 carbon atoms in 
the presence of an olefin polymerization catalyst comprising 
a specific hafnium compound and organic aluminum oxy 
compound produces ethylene copolymers having the MFR/ 
MFR ratio increased until that of conventional high-pres 
Sure low-density polyethylene in the lower density region 
than that of conventional high-pressure low-density poly 
ethylene, even if the Mw/Mn value is less than 10. 
0011. The present inventors found that the use of an 
organic boron compound with a specific organic hafnium 
compound in place of the organic aluminum oxy compound 
is more effective in preparation of ethylene polymers in the 
lower density region than that of conventionally high 
preSSure low-density polyethylene. Thus, the preparation 
process of the present invention has been accomplished. 
0012 Further, the preparation of, at the higher density 
region than that of conventional high-pressure low-density 
polyethylene, ethylene polymers having the MFR/MFR 
ratio increased to that of conventional high-pressure low 
density polyethylene has been desired. For increasing the 
MFR/MFR, ratio with keeping Mw/Mn of less than 10, it 
is generally known that it is effective to introduce a long 
chain branch into a polymer main chain. In this case, 
introduction of the long chain branch into the polymer main 
chain lowers the density of the ethylene polymer, So that this 
procedure is effective only in the low density region as 
described in JP-A-2-276807/1990 and it is difficult to apply 
this procedure in the high density region. JP-A-7-500622/ 
1995 discloses that a MFR/MFR ratio is increased even in 
a higher density region than that of conventional high 
pressure low-density polyethylene with keeping Mw/Mn of 
less than 10 by the combined use of an organic boron 
compound and a Specific organic titanium compound. 
Though the MFR/MFR ratio is increased, it does not 
reach to the same level (MFR/MFR ratio in the region of 
16.2 to 50) as that of conventional high-pressure low-density 
polyethylene. Further, JP-A-7-500622/1995 discloses that 
the preparation of an ethylene polymer in the high density 
region is more difficult than that of an ethylene polymer in 
the low density region. In the examples thereof, an ethylene 
polymer having a high density as described above is pre 
pared by carrying out polymerization at a higher tempera 
ture. That is, in the examples of JP-A-7-500622/1995, 
polymerization is carried out at 200 C. which is much 
higher than usual polymerization temperatures in order to 
increase the MFR/MFR ratio to 16.1. 
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0013 The present inventors found an ethylene polymer 
which MFR/MFR ratio has been increased to the same 
extent (MFR/MFR ratio in the range of 16.2 to 50) of 
conventional high-pressure low-density polyethylene with 
keeping Mw/Mn of lower than 10 in the higher density 
region than that of conventional high-pressure low-density 
polyethylene. Thus, the first ethylene polymer of the present 
invention has been accomplished. 
0.014. The preparation of an ethylene polymer which 
MFR/MFR ratio has been increased to the same as that of 
conventional high-pressure low-density polyethylene with 
keeping the Mw/Mn of less than 4.0 in the same density 
region as conventional high-pressure low-density polyeth 
ylene (0.921 to 0.929 g/cm) has been desired. JP-A-7- 
500622 discloses that a MFR/MFR ratio is increased in 
the same density region than that of conventional high 
pressure low-density polyethylene with keeping the Mw/Mn 
of less than 4.0 by the combined use of an organic boron 
compound and a specific organic titanium compound. How 
ever, a polyethylene having a MFR/MFR value of higher 
than 10.6 still is not prepared. 
0.015 The present inventors found an ethylene polymer 
which MFR/MFR ratio has been increased to the value 
including the value of the MFR/MFR ratio of conven 
tional high-pressure low-density polyethylene with keeping 
the Mw/Mn of lower than 4.0 even in the higher density 
region than that of conventional high-pressure low-density 
polyethylene. Thus, the Second ethylene polymer of the 
present invention has been accomplished. 
0016 Further, conventional ethylene polymers have been 
desired to be more improved on their high-Speed moldabil 
ity. The present inventors found an ethylene polymer having 
more excellent high-speed moldability than that of conven 
tional ethylene polymers. Thus, the present invention has 
been accomplished. 
0017 Moreover, the present inventors found the com 
bined use of the organic boron compound and a specific 
hafnium compound in place of an organic aluminum oxy 
compound is more effective in preparation of an ethylene 
polymer having excellent high-speed moldability. Thus, the 
present invention has been accomplished. 
0.018. The present inventors, further, have accomplished 
the invention of molded articles prepared by using the 
ethylene polymers. 

OBJECT OF THE INVENTION 

0019. The present invention is intended to solve the 
problems associated with the prior art as mentioned above. 
0020. It is an object of the invention to provide an 
ethylene polymer having, when it is molded into various 
molded articles Such as films or sheets, properties of ethyl 
ene polymers prepared by using transition metal catalyst 
polymerization, for example, excellent mechanical Strength 
Such as tensile Strength, tear Strength and impact Strength, 
heat resistance, StreSS crack properties, optical properties 
and heat sealing properties, and also having a high MFR/ 
MFR ratio and excellent fluidity. It is a further object of the 
invention to provide a process for preparation thereof and 
molded articles prepared therefrom. 
0021. It is a furthermore object of the invention to 
provide an ethylene polymer having, when it is molded into 
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various molded articles Such as films or sheets, properties of 
ethylene polymers prepared by polymerization using a tran 
Sition metal compound catalyst, for example, excellent 
mechanical Strength Such as tensile Strength, tear Strength 
and impact Strength, heat resistance, StreSS crack properties, 
optical properties and heat Sealing properties, and also, 
particularly, having excellent fluidity under high-Speed 
molding conditions. It is a further object of the invention to 
provide molded articles prepared therefrom. 

SUMMARY OF THE INVENTION 

0022. The first ethylene polymer of the present invention 
has: 

0023 (A) a density of from 0.930 to 0.970 g/cm, 
0024 (B) a ratio (MW/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 10, and 

0.025 (C) a ratio (MFR/MFR) of a melt flow rate 
(MFR) at 190° C. under a load of 10 Kg to a melt 
flow rate (MFR) at 190° C. under a load of 2.16 Kg 
of from 16.2 to 50. 

0026. The second ethylene polymer of the invention has: 
0027 (A) a density of 0.921 g/cm or more but less 
than 0.930 g/cm, 

0028 (B) a ratio (MW/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 4.0, and 

0029 (C) a ratio (MFR/MFR) of a melt flow rate 
(MFR) at 190° C. under a load of 10 Kg to a melt 
flow rate (MFR) at 190° C. under a load of 2.16 Kg 
of from 12 to 50. 

0030 The third ethvlene polvmer of the invention has: y poly 

0.031) (A) a density of from 0.850 to 0.970 g/cm, 
0032 (B) a ratio (MW/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 10, and 

0033) (D) a relation of co2/co1218 where co1 and (02 
denote angular velocity (rad/sec) when complex 
elastic modulus G* (dyne/cm) at 200° C. is 5.0x10 
dyne/cm and 2.0x10° dyne/cmf, respectively, which 
are determined by measurement of the angular Veloc 
ity dependence of the complex elastic modulus of the 
copolymer. 

0034. The first process for preparing an ethylene polymer 
according to the present invention comprises preparing an 
ethylene polymer in the presence of an olefin polymerization 
catalyst comprising an organic hafnium compound having at 
least one Substituted cyclopentadienyl group and an organic 
boron compound essentially, wherein the ethylene polymer 
has: 

0035 (A) a density of from 0.850 to 0.970 g/cm, 
0036 (B) a ratio (MW/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 10, and 
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0037 (C) a ratio (MFR/MFR) of a melt flow rate 
(MFR) at 190° C. under a load of 10 Kg to a melt 
flow rate (MFR) at 190° C. under a load of 2.16 Kg 
of from 12 to 50. 

0.038. The second process for preparing an ethylene poly 
mer according to the present invention comprises preparing 
an ethylene polymer in the presence of an olefin polynmer 
ization catalyst comprising an organic hafnium compound 
having at least one Substituted cyclopentadienyl group and 
an organic boron compound essentially, wherein the ethyl 
ene polymer has: 

0.039 (A) a density of from 0.850 to 0.970 g/cm, 
0040 (B) a ratio (MW/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 10, and 

0041 (D) a relation of (02/co1213 where (01 and (02 
denote angular velocity (rad/sec) when complex 
elastic modulus G* (dyne/cm) at 200° C. is 5.0x10 
dyne/cm and 2.0x10" dyne/cm, respectively, which 
are determined by measurement of the angular Veloc 
ity dependence of the complex elastic modulus of the 
copolymer. 

0042. The molded articles are selected from the group 
consisting of (a) injection molded articles, (b) hollow or 
extrusion molded articles, (c) rotational molded articles, (d) 
film or sheet molded articles and (e) extrusion coating 
molded articles, and comprise, as an essential component, 
any one of the first to third ethylene polymers or ethylene 
polymers prepared using the first or Second preparation 
process (hereinafter, Sometimes referred to as ethylene poly 
mers of the present invention simply). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0043. The ethylene polymers, preparation processes 
thereof and molded articles prepared using the polymers 
according to the present invention are described in detail 
hereinafter. 

0044) The first to third ethylene polymers according to 
the invention and the ethylene polymers prepared by the first 
and Second preparation processes are Sometimes referred to 
as “ethylene polymers of the present invention'. 
004.5 The ethylene polymers of the present invention are 
an ethylene homopolymer or a random copolymer of ethyl 
ene and an O-olefin of 3 to 20 carbon atoms. When the 
ethylene polymers are random copolymers of ethylene and 
an O-olefin of 3 to 20 carbon atoms, usable examples of 
C-olefin of 3 to 20 carbon atoms may include propylene, 
1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexa 
decene, 1-octadecene and 1-eicocene. Among them, C.-ole 
fins of 3 to 15 carbon atoms are preferred, C.-olefins of 4 to 
12 carbon atoms are more preferred, and C-olefins of 6 to 10 
carbon atoms are further preferred. The ethylene polymer 
has an O-olefin content of preferably less than 10 mol %, 
more preferably less than 8 mol % and further preferably 
less than 6 mol %. The content of C-olefin is generally 
determined by homogeneously dissolving about 200 mg of 
a copolymer in 1 ml of hexachlorobutadiene in a 100 mmqp 
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test tube to prepare a specimen and measuring the C-NMR 
Spectrum of the Specimen under measuring conditions of a 
measuring temperature of 120° C., a measuring frequency of 
25.05 MHz, a spectrum width of 1500 Hz, a pulse repetition 
time of 4.2 Sec and a pulse width of 6 usec. 
0046) The ethylene polymer of the present invention 
desirably has an intrinsic viscosity m), as measured in 
decalin at 135 C., of preferably 0.5 to 20 dl/g, more 
preferably 0.6 to 15 dl/g. 
0047 The first ethylene polymer of the present invention 
further has the following properties in addition to the 
above-described properties. 
0048. The first ethylene polymer of the present invention 
has (A) a density of from 0.930 to 0.970 g/cm, preferably, 
0.935 to 0.965 g/cm, more preferably 0.940 to 0.960 g/cm. 
The density is determined using a Strand obtained in melt 
flow rate measurement at 190° C. under a load of 2.16 Kg 
by a density gradient tube. 
0049. The first ethylene polymer of the invention, further, 
has (B) a molecular weight distribution (MW/Mn), as deter 
mined by a gel permeation chromatography (GPC), of from 
1.2 to 10, preferably 1.4 to 8, more preferably 1.5 to 4. In the 
present invention, it is preferred to control the molecular 
weight distribution in a wide range. Further, it is more 
preferred to prepare an ethylene polymer having a narrow 
molecular weight distribution from the standpoint of the 
preparation of an ethylene polymer having high homogene 
ity. The Mw/Mn value is determined in the following 
manner in accordance with “Gel permeation chromatogra 
phy” written by Takeuchi, published by Maruzen Co. 
0050 (1) Standard polystyrene having a known molecu 
lar weight (mono-dispersed polystyrene manufactured by 
Toyo Soda Co.) is used and the molecular weight M and the 
GPC (Gel Permeation Chromatograph) count are measured 
to make a correlation diagram calibration curve of the 
molecular weight M and EV (Elution Volume). The concen 
tration at this time is 0.02 wt %. 

0051 (2) GPC chromatography of the specimen is deter 
mined by GPC measurement, and the number average 
molecular weight and weight average molecular weight in 
terms of polystyrene are calculated by the process (1). 
Further, applying to the empirical formula of conventionally 
known ethylene polymers, the number average molecular 
weight Mn and the weight average molecular weight Mw in 
terms of polyethylene are calculated to determine the 
MW/Mn value. In this procedure, the Sample preparation 
conditions and GPC measuring conditions are as follows. 
0.052 Sample Preparation 

0053 (a) The sample is dispersed in an amount of 
0.1 wt % with an o-dichlorobenzene solvent in an 
erlenmeyer flask. 

0054 (b) The erlenmeyer flask was heated to 140° 
C. and the dispersed solution is stirred for about 30 
min to dissolve. 

0.055 (c) The solution is subjected to GPC. 
0056 IGPC Measuring Conditions 
0057 The GPC measurement is conducted in the follow 
ing conditions. (a) Apparatus: 150C-ALC/GPC manufac 
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tured by Waters Co. (b) Column: GMH type manufactured 
by Toyo Soda Co. (c) Sample amount: 400 ul (d)Tempera 
ture: 140° C. (e) Flow velocity: 1 ml/min. 
0058. The first ethylene polymer of the invention has (C) 
a ratio (MFR/MFR) of a melt flow rate (MFR) at 190° 
C. under a load of 10 Kg to a melt flow rate (MFR) at 190° 
C. under a load of 2.16 Kg of from 16.2 to 50, preferably 
16.3 to 45, more preferably 16.4 to 43, further preferably 
16.5 to 40, most preferably 16.6 to 35. 
0059) The MFR/MFR ratio is a numerical value of 
dividing the MFR value by the MFR value. The MFR 
value is measured at 190° C. under a load of 10 Kg in 
accordance with ASTM D 1238-89. The MFR value is 
measured at 190° C. under a load of 2.16 Kg in accordance 
with ASTM D 1238-89. The MFR value is in range of 
preferably from 0.01 to 100 g/10 min, more preferably 0.015 
to 50 g/10 min, most preferably 0.02 to 30 g/10 min. 
0060. The ethylene polymer having such a MFR/MFR 
ratio of from 16.2 to 50 has extremely good fluidity in 
melting polymers. 

0061. To the contrary, conventionally known ethylene 
polymers having a density of from 0.930 to 0.970 g/cm has 
a MFR/MFR ratio of from 4 to 16.1, and has low fluidity 
in melting polymers. 

0062) The first ethylene polymer of the invention as 
described above has a high density, a high MFR/MFR 
ratio and excellent moldability in melting polymer. 
0.063. The second ethylene polymer of the invention has 
(A) a density of 0.921 g/cm or more but less than 0.930 
g/cm, preferably 0.921 to 0.929 g/cm, more preferably 
0.922 to 0.928 g/cm. 
0064. The second ethylene polymer has (B) a ratio (Mw/ 
Mn) of a weight average molecular weight (Mw) to a 
number average molecular weight (Mn), as measured by 
GPC, of from 1.2 to 4.0, preferably 1.3 to 3.8, further 
preferably 1.4 to 3.5, and (C) a ratio (MFR/MFR) of a 
melt flow rate (MFR) at 190° C. under a load of 10 Kg to 
a melt flow rate (MFR) at 190° C. under a load of 2.16 Kg 
of from 12 to 50, preferably 13 to 45, more preferably 14 to 
43, further preferably 15 to 40, most preferably 16 to 35. 
0065. The MFR value thereof is in range of preferably 
from 0.01 to 100 g/10 min, more preferably 0.015 to 50 g/10 
min, most preferably 0.02 to 30 g/10 min. 
0.066 The first and second ethylene polymers of the 
present invention desirably have a relation (O2/co1 of not leSS 
than 18, preferably not less than 20 where co1 and (02 denote 
angular velocity (rad/sec) when complex elastic modulus G 
(dyne/cm) at 200° C. is 5.0x10 dyne/cm and 2.0x10 
dyne/cm, respectively. Particularly, the first and second 
ethylene polymers having a relation (O2/c)1 in these ranges 
have excellent flow properties under high-Speed molding 
conditions. The measurement proceSS will be described later. 
0067. The third ethylene polymer of the present invention 
has (A) a density of from 0.850 g/cm to 0.970 g/cm. A 
preferred embodiment thereof has a density of 0.930 g/cm 
or more but less than 0.970 g/cm, preferably 0.935 g/cm 
to 0.965 g/cm, more preferably 0.940 g/cm to 0.960 g/cm. 
Another preferred embodiment thereof has a density of 
0.921 g/cm or more but less than 0.930 g/cm, preferably 
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0.921 g/cm to 0.929 g/cm, more preferably 0.922 g/cm to 
0.928 g/cm. Further, other preferred embodiment thereof 
has a density of from 0.850 g/cm to 0.920 g/cm, preferably 
0.855 g/cm to 0.915 g/cm, more preferably 0.860 g/cm to 
0.910 g/cm. 
0068 The third ethylene polymer of the invention, fur 
ther, has (B) a ratio (MW/Mn) of a weight average molecular 
weight (Mw) to a number average molecular weight (Mn), 
as measured by gel permeation chromatography (GPC), of 
from 1.2 to 10, preferably 1.2 to 8, more preferably 1.2 to 4. 
0069. The third ethylene polymer has (D) a co2/co1 ratio 
of not less than 18, preferably not less than 20 where (D1 and 
co2 denote angular velocity (rad/sec) when complex elastic 
modulus G* (dyne/cm) at 200° C. is 5.0x10 dyne/cm and 
2.0x10° dyne/cm, respectively, which are determined by 
measurement of the angular Velocity dependence of the 
complex elastic modulus of the copolymer. The upper limit 
thereof is not particularly determined, and preferably leSS 
than 60. 

0070 The co2/c)1 ratio denotes a gradient of a flow curve 
at a higher shear rate (under shear stress) than MFRo/ 
MFR. Particularly, the ethylene polymer having a high 
(02/co1 ratio has excellent flow properties under high-speed 
molding conditions. 
0071. The co2/co1 ratio was determined as follows. 
0072) Using Rheometer RDS-IITM (manufactured by 
Rheometric Co.), a dispersion of an angular velocity (c)(rad/ 
Sec)) of a complex elastic modulus (G(dyne/cm)) is mea 
Sured. A 25 mmcp parallel plate is used as a Sample holder 
and a Sample thickness is about 2 mm. A high-temperature 
Zone in a measuring part is replaced with nitrogen. The 
measuring temperature is set to 200 C., and the complex 
elastic modulus (G*(dyne/cm)) is measured in the range of 
0.04s (os400. The data is employed on 5 points per one 
order. When G* is 5.0x10 dyne/cm, the angular velocity 
(c)(rad/sec)) is taken as col, and when G* is 2.0x10 
dyne/cm, the angular velocity (c)(rad/sec)) is taken as co2, 
and then (02/cD1 is determined. 
0073. It is considered that even if measuring at an angular 
velocity () of 400 rad/sec, the value (02/co1 will be not 
determined occasionally according to a molecular weight, 
because G* is less than 2.0x10° dyne/cm’. In this case, the 
measurement is conducted by decreasing the measuring 
temperature. When the measurement is conducted at a 
temperature of less than 150° C., sample is heated to 150 
C. to completely melt crystals, and thereafter temperature is 
Set to measuring temperature. 
0074 To the contrary, it is considered that even if mea 
Suring at an angular velocity () of 0.04 rad/sec, the (02/co1 
ratio will be not determined occasionally because G* is not 
less than 5.0x10 dyne/cm. In this case, the measurement is 
conducted by elevating the measuring temperature. The data 
(c)-G curve) measured at a temperature of excluding 200° C. 
is shifted parallel in an abscissa (co) direction in accordance 
with time-temperature conversion rule until it is in contact 
with the end of the ()-G curve of the data group measured 
at 200 C. to obtain a resultant curve and then the co2/co1 
ratio is determined from the resultant curve. 

0075. The distortion is selected in the range of from 2 to 
25%. So that the torque is detectable in the measuring range 
where the torque is not over-loaded. The (O2/c)1 ratio is read 
from a chart. 
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0.076 The third ethylene copolymer, further desirably, 
has a MFR (MFR) under a load of 2.16 Kg of from 0.01 to 
100 g/10 min, preferably 0.015 to 50 g/10 min, especially 
0.02 to 30 g/10 min. 
0.077 Examples of the third ethylene polymer may 
include a polymer having a density of from 0.930 g/cm to 
0.970 g/cm, a Mw/Mn of from 1.2 to 10, preferably 1.2 to 
8, more preferably 1.2 to 4 and a co2/co1 value of not less 
than 18; 

0078 a polymer having a density of 0.921 g/cm or 
more but less than 0.930 g/cm, a Mw/Mn of from 
1.2 to 4.0, preferably 1.3 to 3.8, more preferably 1.4 
to 3.5 and a (02/c)1 value of not less than 18; and 

(0079), a polymer having a density of from 0850 
g/cm to 0.920 g/cm, a Mw/Mn of from 1.2 to 10, 
preferably 1.2 to 8, more preferably 1.2 to 4 and a 
(02/c)1 value of not less than 18. 

0080. The first to third ethylene polymers are prepared by 
controlling the density of a resulting polymer with the first 
or Second preparation process as described below. 
0081. The first process for preparing the ethylene poly 
mer according to the present invention comprises conduct 
ing in the presence of an olefin polymerization catalyst 
comprising an organic hafnium compound having at least 
one Substituted cyclopentadienyl group and an organic 
boron compound essentially, to prepare the ethylene poly 
mer having: 

0082 (A) a density of from 0.850 to 0.970 g/cm, 
0083) (B) a ratio (Mw/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 10, and 

0084) (C) a ratio (MFR/MFR) of a melt flow rate 
(MFR) at 190° C. under a load of 10 Kg to a melt 
flow rate (MFR) at 190° C. under a load of 2.16 Kg 
of from 12 to 50. 

0085. The second process for preparing the ethylene 
polymer according to the present invention comprises con 
ducting in the presence of an olefin polymerization catalyst 
comprising an organic hafnium compound having at least 
one Substituted cyclopentadienyl group and an organic 
boron compound essentially, to prepare the ethylene poly 
mer having: 

0086) (A) a density of from 0.850 to 0.970 g/cm, 
0.087 (B) a ratio (Mw/Mn) of a weight average 
molecular weight (Mw) to a number average 
molecular weight (Mn), as measured by GPC, of 
from 1.2 to 10, and 

0088 (D) a relation of co2/co1213, preferably 
(02/co1218 where (D1 and (02 denote angular Veloc 
ity (rad/sec) when complex elastic modulus G* 
(dyne/cm) at 200° C. is 5.0x10 dyne/cm and 
2.0x10 dyne/cm, respectively, which are deter 
mined by measurement of the angular Velocity 
dependence of the complex elastic modulus of the 
copolymer. 

0089. In the first place, the organic hafnium compound is 
described in detail. 
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0090 The substituted cyclopentadienyl group in the 
organic hafnium compound having at least one Substituted 
cyclopentadienyl group is a group in which at least one 
hydrogen is Substituted with other groups. The organic 
hafnium compound preferably has the Structure of any one 
of the following formula (1) to (3), most preferably the 
structure of the formula (2). 

(1) 

H R9 

A V 
X X 

(2) 
R3 R4 

R7 

R8 

R1 
If R10 R9 

A V 
X X 

(3) 
R2 

R1 

R3 

r -X R4 - Hf 
N 51 N. 

kn 

0.091 In the formulas, L is a crosslinking part, R1 to R10 g p 
each are hydrogen or a Substituent group, R11 is a Substitu 
ent group and X is an atom or Substituent group, as described 
later. 

0092 Preferred examples of the crosslinking part L are 
crosslinked parts of methylene, ethylene, isopropylene, dim 
ethylsilylene, diphenylsilylene and methylphenylsilylene. 
0093. At least one of R1 to R5, at least one of R6 to R10 
and R11 each are a Substituent group and these Substituent 
groups may be the same as or different from each other. 
Though Substituents are not particularly limited, examples 
thereof include alkyl groupS. Such as methyl, ethyl, n-propyl, 
i-propyl, n-butyl, i-butyl, t-butyl, pentyl, hexyl, heptyl, 
cyclopentyl, cyclohexyl, pentadienyl, phenyl and meth 
ylphenyl groups. 
0094) Examples of the substituent groups other than alkyl 
groups may include: 

0095 halogen or halogen-containing groupS Such as 
fluorine, bromine, chlorine, trichloromethyl group, 
dichloromethyl group, trifluoromethyl group, pen 
tafluorophenyl group; 

0.096 oxvgen-containing groups Such as methox yg g grOup y 
group, ethoxy group, n-propoxy group, i-propoxy 
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group, phenoxy group, 2,4,6-trimethylphenoxy 
group, methoxymethyl group, 2-methoxy ethyl 
group, 4-methoxyphenyl group, formyl group, acetyl 
group, benzoyl group, p-chlorobenzoyl group, 
p-methoxybenzoyl group, acetyloxy group, benzoy 
loxy group, methoxycarbonyl group, phenoxycarbo 
nyl group and p-chlorophenoxycarbonyl group; 

0097 nitrogen-containing groups Such as aceta 
minde group, N-methylacetamide group, N-methyl 
benzamide group, methylamino group, dimethy 
lamino group, diethylamino group, dipropylamino 
group, dibutylamino group, dicyclohexylamino 
group, phenylamino group, diphenylamino group, 
ditolylamino group, dinaphthylamino group, meth 
ylphenylamino group, acetoimide group, benzimide 
group, methylimino group, ethylimino group, pro 
pylimino group, butylimino group and phenylimino 
grOup, 

0098 sulfur-containing groups such as methylthio 
group, ethylthio group, phenylthio group, meth 
ylphenylthio group, naphthylthio group, acetylthio 
group, benzoylthio group, methylthiocarbonyl 
group, phenylthiocarbonyl group, Sulphenylsulfona 
mide group, N-methylsulfonaminde group, N-me 
thyl-p-toluene Sulfonamide group, methylsulfonic 
acid group, ethylsulfonic acid group, phenylsulfonic 
acid group, methylsulfonate group, trifluoromethane 
Sulfonate group, phenylsulfonate group, benzylsul 
fonate group, p-toluene Sulfonate group, trimethyl 
benzene Sulfonate group, triisobutylbenzene Sul 
fonate group, p-chlorobenzene Sulfonate group, 
pentafluorobenzene Sulfonate group, methylsulfinate 
group, phenylsulfinate group, benzyl Sulfinate group, 
p-toluene Sulfinate group, trimethylbenzene Sulfinate 
group and pentafluorobenzene Sulfinate group; 

0099 phosphorus-containing groups such as dim 
ethylphosphino group, diphenylphosphino group, 
methylphosphoryl group, isopropylphosphoryl 
group, phenyl phosphoryl group, methylphospho 
thioyl group, isopropylphosphothioyl group, phe 
nylphosphothioyl group, dimethyl phosphoric acid 
group, diisopropyl phosphoric acid group and diphe 
nyl phosphoric acid group. Further examples of X 
may include Substituent groups as described later. 

0100. At least two groups of R1 to R5 and/or R6 to R10, 
preferably neighboring groups may be linked each other to 
form an aliphatic ring, aromatic ring or hydrocarbon ring 
including a hetero atom (for example, nitrogen atom), and 
further these rings may have a Substituent group. It is 
preferred in the present invention that the neighboring 
groups are linked each other to form a hydrocarbon ring 
including an aliphatic ring or aromatic ring. Particularly, 
preferred examples of the Substituted cyclopentadienyl ring 
in which the neighboring groups are linked each other to 
form a hydrocarbon ring including an aliphatic ring and 
aromatic ring may include indenyl group, tetrahydroindenyl 
group, fluorenyl group, 2-methylindenyl group, 2,4-dimeth 
ylindenyl group, 2-ethylindenyl group, 2-n-propylindenyl 
group, 2-methyl-4-ethylindenyl group, 2-methyl-4-phenyl 
indenyl group, 2-methyl-4-(1-naphthyl)indenyl group, 2-n- 
propyl-4-(9-phenanetolyl)indenyl group, 2-methylfluorenyl 
group, 2-ethylfluorenyl group, 2,7-dimethylfluorenyl group, 
and 2-methyl-7-ethylfluorenyl group. 
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0101 X shows hydrogen atom, a halogen atom, oxygen 
atom, hydrocarbon group, oxygen-containing group, Sulfur 
containing group, nitrogen-containing group, boron-con 
taining group, aluminum-containing group, phosphorus 
containing group, halogen-containing group, hetero-cyclic 
compound residue, Silicon-containing group, germanium 
containing group or tin-containing group. When X is an 
oxygen atom, M and X are linked with double bond. 
0102) Examples of the halogen atom may include fluo 
rine, chlorine bromine and iodine. 
0.103 Examples of the hydrocarbon group may include 
an alkyl group Such as methyl, ethyl, propyl, butyl, hexyl, 
octyl, nonyl, dodecyl and eicosyl, a cycloalkyl group of 3 to 
30 carbon atoms Such as cyclopentyl, cyclohexyl, norbornyl 
and adamantyl; an alkenyl group Such as Vinyl, propenyl and 
cyclohexenyl; an arylalkyl group Such as benzyl, phenyl 
ethyl, phenylpropyl; and an aryl group Such as phenyl, tolyl, 
dimethylphenyl, trimethylphenyl, ethylphenyl, propylphe 
nyl, biphenyl, naphthyl, methylnaphthyl, antolyl and 
phenanetolyl. These hydrocarbon groups may include halo 
genated hydrocarbons, for example, groups in which at least 
one hydrogen in a hydrocarbon group of 1 to 30 carbon 
atoms is substituted with halogen. Of these, the hydrocarbon 
groups having 1 to 20 carbon atoms are preferred. 
0104 Examples of the oxygen-containing group may 
include oxy group; peroxy group; hydroxy group; hydrop 
eroxy group; alkoxy groupS Such as methoxy, ethoxy, pro 
poxy and butoxy, aryloxy groupS Such as phenoxy, meth 
ylphenoxy, dimethylphenoxy and naphthoxy, arylalkoxy 
groupS Such as phenylmethoxy and phenylethoxy; acetoxy 
group; carbonyl group; acetylacetonate group (acac), and 
OXO group. 

0105 Examples of the sulfur-containing group may 
include Sulfonate groupS. Such as methyl Sulfonate, trifluo 
romethane Sulfonate, phenyl Sulfonate, benzyl Sulfonate, 
p-toluene Sulfonate, trimethylbenzene Sulfonate, trisobutyl 
benzene Sulfonate, p-chlorobenzene Sulfonate and pen 
tafluorobenzene Sulfonate, Sulfinate groupS Such as methyl 
Sulfinate, phenyl Sulfinate, benzyl Sulfinate, p-toluene Sulfi 
nate, trimethyl benzene Sulfinate and penta-fluorobenzene 
Sulfinate, alkyl thio group, aryl thio group; Sulfuric acid 
group, Sulfide group; poly Sulfide group and thiolate group. 
0106 Examples of the nitrogen-containing groups may 
include amino groups, alkylamino groupS. Such as methy 
lamino, dimethylamino, diethylamino, dipropylamino, dibu 
tylamino and dicyclohexylamino, arylamino or alkylary 
lamino groupS. Such as phenyl amino, diphenyl amino, 
ditolyl amino, dinaphthyl amino and methylphenyl amino; 
alkyl or arylamine groupS. Such as trimethyl amine, triethyl 
amine, triphenyl amine, N.N,N',N'-tetramethylethylene 
diamine (tmeda) and N,N,N',N'-tetraphenylpropylene 
diamine (tppda). 
0107 Examples of the boron-containing group may 
include BR where R is hydrogen, an alkyl group, aryl group 
optionally having a Substituent group or a halogen atom. 
0.108 Examples of the aluminum-containing group may 
include AllR where R is hydrogen, an alkyl group, aryl 
group optionally having a Substituent group or a halogen 
atOm. 

0109 Examples of the phosphorus-containing group may 
include trialkyl phosphine groupS Such as trimethyl phos 
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phine, tributyl phosphine and tricyclohexyl phosphine, tri 
aryl phosphine group Such as triphenyl phosphine and 
tritolyl phosphine; phosphate groups (phosphide groups) 
Such as methyl phosphate, ethyl phosphate and phenyl 
phosphate, phosphonic acid group; and phosphinic acid 
grOup. 

0110 Examples of the halogen-containing group may 
include fluorine-containing groups Such as PF and BF, 
chlorine-containing groupS Such as CIO and SbCl and 
iodine-containing group Such as IO. 
0111 Examples of the heterocyclic compound residue 
may include residues of nitrogen-containing compound 
including pyrrol, pyridine, pyrimidine, quinoline and triaz 
ine, Oxygen-containing group including furan and pyran, and 
Sulfur-containing compound including thiophene, and 
groups obtained by further Substituting these heterocyclic 
compound residues with a Substituent group Such as an 
alkoxy or alkyl group having 1 to 30 carbon atoms, prefer 
ably 1 to 20 carbon atoms. 
0112 Examples of the Silicon-containing group may 
include hydrocarbon-Substituted Sillyl groupS Such as phenyl 
silyl, diphenyl silyl, trimethylsilyl, triethylsilyl, tripropyl 
Sillyl, tricyclohexyl Sillyl, triphenyl Sillyl, methyldiphenyl 
silyl, tritolyl silyl and trinaphthylsilyl; hydrocarbon-substi 
tuted Sillylether groupS. Such as trimethyl silylether; Silicon 
Substituted alkyl groupS. Such as trimethyl silylmethyl, Sili 
con-Substituted aryl groupS Such as trimethyl silylphenyl. 
0113 Examples of the germanium-containing group may 
include groups obtained by Substituting Silicon in the above 
Silicon containing groups with germanium. 
0114) Examples of the tin-containing group may include 
groups prepared by Substituting Silicon in the above Silicon 
containing groups with tin. 
0115 When n is two or greater, plural atoms or groups 
represented by X may be the same as or different each other, 
and further, plural groupS X may be linked each other to 
form a ring. Examples of the organic hafnium compounds 
represented by the formulas (1) to (3) are described in below, 
but the present invention is not limited thereby. 
0116 Examples of the organic hafnium compound of the 
formula 

0117 (1) may include 
0118 bis(methylcyclopentadienyl)hafnium dichlo 
ride, 

0119) bis(dimethylcyclopentadienyl)hafnium 
dichloride, 

0120 bis(dimethylcyclopentadienyl)hafnium 
ethoxy chloride, 

0121 bis(dimethylcyclopentadienyl)hafnium 

0122) bis(trifluoromethane sulfonate), 
0123 bis(ethylcyclopentadienyl)hafnium dichloride 
0124 bis(methylethylcyclopentadienyl)hafnium 
dichloride, 

0125 bis(propylcyclopentadienyl)hafnium dichlo 
ride, 
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0126 bis(methylpropylcyclopentadienyl)hafnium 
dichloride, 

0127 bis(butylcyclopentadienyl)hafnium 
ride, 

dichlo 

0128 bis(methylbutylcyclopentadienyl)hafnium 
dichloride, 

0129 bis(methylbutylcyclopentadienyl)hafnium 
bis(methane Sulfonate), 

0130 bis(trimethylcyclopentadienyl)hafnium 
dichloride, 

0131 bis(tetramethylcyclopentadienyl)hafnium 
dichloride, 

0132) bis(pentamethylcyclopentadienyl)hafnium 
dichloride, 

0133) bis(hexylcyclopentadienyl)hafnium dichlo 
ride and 

0134) bis(trimethylsilylcyclopentadienyl)hafnium 
dichloride. 

0.135 Examples of the organic hafnium compound of the 
formula 

0.136 (2) may include 
0137) 
0138 rac-ethylene-bis(tetrahydroindenyl)hafnium 
dichloride, 

0139 rac-dimethylsilylene-bis(2,3,5-trimethyl 
cyclopentadienyl) hafnium dichloride, 

0140 rac-dimethylsilylene-bis(1-(4-phenylinden 
yl)hafnium dichloride, 

0141 rac-dimethylsilylene-bis 1-(2-methyl-4-phe 
nylindenyl) hafnium dichloride, 

0142 rac-dimethylsilylene-bis 1-2-methyl-4-(1- 
naphthyl) indenyl)} hafnium dichloride, 

0143 rac-dimethylsilylene-bis 1-2-methyl-4-(2- 
naphthyl) indenyl)} hafnium dichloride, 

014.4 rac-dimethylsilylene-bis 1-2-methyl-4-(1- 
anthracenyl) indenyl)} hafnium dichloride, 

0145 rac-dimethylsilylene-bis 1-2-methyl-4- 
(9-anthryl)indenyl)} hafnium dichloride, 

0146 rac-dimethylsilylene-bis 1-2-methyl-4-(9- 
phenanthryl) indenyl)} hafnium dichloride, 

0147 rac-dimethylsilylene-bis 1-2-methyl-4-(o- 
chlorophenyl) indenyl)} hafnium dichloride, 

0148 rac-dimethylsilylene-bis 1-2-methyl-4-(pen 
tafluorophenyl) indenyl)} hafnium dichloride, 

0149 rac-dimethylsilylene-bis 1-(2-ethyl-4-phenyl 
indenyl) hafnium dichloride, 

0150 rac-dimethylsilylene-bis 1-2-ethyl-4-(1- 
naphthyl) indenyl)} hafnium dichloride, 

0151 rac-dimethylsilylene-bis 1-2-ethyl-4-(9- 
phenanethryl) indenyl)} hafnium dichloride, 

rac-ethylene-bis(indenyl)hafnium dichloride, 
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0152 rac-dimethylsilylene-bis 1-(2-n-propyl-4- 
phenyl indenyl) hafnium dichloride, 

0153 rac-dimethylsilylene-bis 1-2-n-propyl-4-(1- 
naphthyl) indenyl)} hafnium dichloride, 

0154 rac-dimethylsilylene-bis 1-2-n-propyl-4-(9- 
phenanthryl)indenyl)} hafnium dichloride, 

0155 ethylene 2-methyl-4-(9-phenanthryl)-1-inde 
nyl (9-fluorenyl) hafnium dichloride, 

0156 ethylene 2-methyl-4-(9-phenanthryl)-1-inde 
nyl)(2,7-dimethyl-9-fluorenyl) hafnium dichloride, 

0157 dimethylsilylene (9-fluorenyl)(3-t-butyl 
cyclopentadienyl) hafnium dichloride, and 

0158 diphenylsilylene (9-fluorenyl)(3-t-butyl 
cyclopentadienyl) hafnium dichloride. 

0159. Examples of the organic hafnium compound of the 
formula 

0160 (3) may include 
0161 (t-butylamide)(tetramethyl-m5-cyclopentadi 
enyl)-1,2-ethanediyl hafnium dichloride, 

0162 (t-butylamide)(tetramethyl-m5-cyclopentadi 
enyl)-1,2-ethanediyl hafnium dimethyl, 

0163 (methylamide)(tetramethyl-ms-cyclopentadi 
enyl)-1,2-ethanediyl hafnium dichloride, 

0164 (ethylamide)(tetramethyl-ms-cyclopentadi 
enyl)methylene hafnium dichloride, 

0165 (t-butylamide)dimethyl(tetramethyl-m5-cy 
clopentadienyl)-silane hafnium dichloride, 

0166 (t-butylamide)dibenzyl(tetramethyl-ms-cy 
clopentadienyl)-silane hafnium dichloride, 

0167 (t-butylamide)dimethyl(tetramethyl-m5-cy 
clopentadienyl)-silane hafnium dibenzyl, 

0168 (benzylamide)dimethyl(tetramethyl-m5-cy 
clopentadienyl)-silane hafnium dichloride, and 

0169 (phenylphosphide)dimethyl(tetramethyl-ms 
cyclopentadienyl) silane hafnium dibenzyl. 

0170 Among the above, the organic hafnium compounds 
of the formula (2) are more preferred. Particularly, preferred 
compounds are 

0171 ethylene bis(indenyl)dimethyl hafnium, 
0172 ethylene bis(indenyl)diethyl hafnium, 
0173 ethylene bis(indenyl)diphenyl hafnium, 
0174) ethylene bis(indenyl)methyl hafnium 
monochloride, 

0175 ethylene bis(indenyl)ethyl hafnium 
monochloride, 

0176 ethylene bis(indenyl)methyl hafnium mono 
bromide, 

0177 ethylene bis(indenyl) hafnium dichloride, 
0178) 
0179 ethylene 
nyl)dimethyl hafnium, 

ethylene bis(indenyl)hafnium dibromide, 
bis(4,5,6,7-tetrahydro-1-inde 
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0180 ethylene bis(4,5,6,7-tetrahydro-1-indenyl)m- 
ethyl hafnium monochloride, 

0181 ethylene bis(4,5,6,7-tetrahydro-1-indenyl 
)hafnium dichloride, 

0182 ethylene bis(4,5,6,7-tetrahydro-1-indenyl 
)hafnium dibromide, 

0183) ethylene bis(4-methyl-1-indenyl)hafnium 
dichloride, 

0184 ethylene bis(5-methyl-1-indenyl)hafnium 
dichloride, 

0185 ethylene bis(6-methyl-1-indenyl)hafnium 
dichloride, 

0186 ethylene bis(7-methyl-1-indenyl)hafnium 
dichloride, 

0187 ethylene bis(5-methoxy-1-indenyl)hafnium 
dichloride, 

0188 ethylene bis(2,3-dimethyl-1-indenyl)hafnium 
dichloride, 

0189 ethylene bis(4,7-dimethyl-1-indenyl)hafnium 
dichloride 

0.190 and ethylene bis(4,7-dimethoxy-1-indenyl y y y 
)hafnium dichloride. 

0191 The above organic hafnium compounds may con 
tain a Small amount of Zirconium or titanium. In this case, 
the amount of Zirconium or titanium is preferably not more 
than 1% by weight, more preferably not more than 0.7% by 
weight, further preferably not more than 0.5% by weight. 
0.192 The above organic hafnium compounds may be 
used singly or in combination with two or more, and further 
may be used in combination with an ethylene polymeriza 
tion catalyst other than the organic hafnium compounds. 
0193 Further, the above organic hafnium compounds 
may be used in a State Supported on an organic carrier or 
inorganic carrier. The carriers may be used Singly or in 
combination with two or more and further may be a complex 
oxide. AS the process for Supporting on these carriers, any 
conventional processes are employable. Examples of the 
inorganic carrier are Silica, alumina, magnesium chloride, 
clay mineral, magnesia, Zirconia, titania, manganese chlo 
ride, nickel chloride and calcium chloride. Examples of the 
organic carrier are polyethylene, polypropylene, polybutene, 
poly(3-methyl-1-butene), poly(4-methyl-1-pentene), poly 
Styrene and Styrene-divinylbenzene copolymer. The above 
organic hafnium compounds may be Supported on the above 
carrier Singly or in combination with two or more. The above 
organic hafnium compounds may be Supported in combina 
tion with an organic boron compound and/or organic alu 
minum compound as described below. 
0194 Examples of the organic boron compound may 
include triphenyl boron, tris(4-fluorophenyl) boron, tris(3, 
5-difluorophenyl) boron, tris(4-fluoromethylphenyl) boron, 
tris(pentafluorophenyl) boron, tris(p-tolyl) boron, tris(o- 
tolyl) boron, tris(3,5-dimethylphenyl) boron, thexylborane, 
dicyclohexyl borane, dicyamylborane, 9-borabicyclo3,3,1 
nonane, dimethylborane, dichloroborane, catechol borane, 
B-bromo-9-borabicyclo3.3.1 nonane, borane-triethylamine 
complex and borane-methyl Sulfide complex. 
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0.195 As the organic boron compounds, ionic boron 
compound may be used. Examples thereof may include: 

0196) triethylammonium tetra(phenyl)boron, 
0197) tripropylammonium tetra(phenyl) boron, 
0198 trimethylammonium tetra(p-tolyl) boron, 
0199 trimethylammonium tetra(o-tolyl)boron, 
0200 tri(n-butyl)ammonium tetra(pentafluorophe 
nyl)boron, 

0201 tripropylammonium tetra(op-dimethylphe 
nyl)boron, 

0202 tri(n-butyl)ammonium tetra(p-trifluoromethyl 
phenyl)boron, 

0203 N,N-dimethylanilinium tetra(phenyl)boron, 
0204 dicyclohexylammonium tetra(phenyl)boron, 
0205 triphenylcarbenium tetrakis(pentafluorophe 
nyl)borate, 

0206 N,N-dimethylanilinium tetrakis(pentafluo 
rophenyl)borate, 

0207 bistri(n-butyl)ammoniumnonaborate, and 
0208 bistri(n-butyl)ammonium decaborate. 

0209 The above organic boron compounds may be used 
Singly or in combination with two or more. Further, the 
organic boron compounds may be used in combination with 
the following organic aluminum compounds. 
0210 For example, compounds represented by the fol 
lowing formula may be described as the organic aluminum 
compounds. 

RAIXs. 
0211. In the formula, R is a hydrocarbon group having 1 
to 12 carbon atoms, X is halogen or hydrogen and n is an 
integer of 0 to 3. 
0212 Examples of R may include a hydrocarbon group 
having 1 to 12 carbon atoms Such as alkyl group, cycloalkyl 
group or aryl group, Specifically, methyl, ethyl, n-propyl, 
isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclo 
hexyl, phenyl and tolyl. 
0213 Examples of Such organic aluminum compounds 
may include: 

0214 tri-alkyl aluminum such as tri-methyl alumi 
num, tri-ethyl aluminum, tri-isopropyl aluminum, 
tri-isobutyl aluminum, tri-octyl aluminum or tri-2- 
ethylhexyl aluminum; 

0215 tri-alkenyl aluminum such as tri-isoprenyl 
aluminum; 

0216 di-alkyl aluminum halide such as dimethyl 
aluminum chloride, diethyl aluminum chloride, di 
isopropyl aluminum chloride, di-isobutyl aluminum 
chloride or dimethyl aluminum bromide; 

0217 alkyl aluminum sesqui-halide such as methyl 
aluminum Sesqui-chloride, ethyl aluminum Sesqui 
chloride, isopropyl aluminum Sesqui-chloride, butyl 
aluminum Sesqui-chloride or ethyl aluminum Sesqui 
bromide; 
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0218 alkyl aluminum di-halide such as methyl alu 
minum dichloride, ethyl aluminum dichloride, iso 
propyl aluminum dichloride or ethyl aluminum di 
bromide; and 

0219 alkyl aluminum hydride such as di-ethyl alu 
minum hydride, di-iso-butyl aluminum hydride or 
ethyl aluminum dihydride. 

0220) Further, compounds represented by the following 
formula may be used as the organic aluminum compounds. 

RAIY 

0221) 
0222 Y is —OR, —OSiR, —OAIR', -NR, 
—SiR or -N(R)AIR", n is 1 or 2, R, R, R and 
R" each are methyl, ethyl, isopropyl, isobutyl, cyclo 
hexyl or phenyl, R is hydrogen, methyl, ethyl, 
isopropyl, phenyl or trimethylsilyl and R and R' 
each are methyl or ethyl. 

In the formula, Ra is the same as in the above. 

0223 Examples of the organic aluminum compound may 
include the following compounds. 

0224) (i) Compound of R", Al(OR), such as dim 
ethyl aluminum methoxide, diethyl aluminum ethoX 
ide or di-isobutyl aluminum methoxide, 

0225 (ii) Compound of R.Al(OSiR). Such as 
EtAl(OSiMe), (iso-Bu)2Al(OSiMe) or (iso 
Bu)Al(OSiFt.) 

0226 (iii) Compound of R, Al(OAIR) such as 
EtAIOAlEta or (iso-Bu)2AIOAl (Iso-Bu), 

0227 (iv) Compound of RAI(NR) such as 
Me AlNEt, EtAINHMe, MeAINHEt, 
EtAIN(MeSi) or (iso-Bu)AlN(MeSi), 

0228) (v) Compound of R.Al(SiR) such as 
(iso-Bu)2AlSiMe, 

0229 (vi) Compound of RAIN(R)-AlR"). 
such as EtAIN(Me)-AlEt(iso-Bu) or AlN(Et)Al 
(iso-Bu). 

0230. Further examples of the organic aluminum com 
pound may include compounds Similar to these compounds, 
for example, organic aluminum compounds in which two or 
more aluminums are linked through an oxygen atom or 
nitrogen atom. 
0231 Examples thereof are (CH3)2AlOAl(CH3), 
(CH)AlOAl(CH), and (CHS)AlN(CH)Al(CHs). 
0232 Further examples thereof may include aluminox 
anes Such as methyl aluminoxane, ethyl aluminoxane, pro 
pyl aluminoxane and butyl alumioxane. 
0233 Moreover, organic aluminum compounds repre 
Sented by the following formula may be used as the organic 
aluminum compounds. 

RAIXY 

0234. In the formula, R, X and Y are the same as in the 
above. 

0235. In the present invention, it is preferred to use the 
above organic aluminum compounds, and the organic alu 
minum is more preferably trialkyl aluminum. 
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0236. The olefin polymerization catalyst which essen 
tially comprises the organic hafnium compound and organic 
boron compound may be Subjected to prepolymerization. 
The process for prepolymerization is not particularly lim 
ited, for example, a process in the presence of an inert 
Solvent comprises the Steps of adding an olefin and each 
catalyst components to the inert Solvent and carrying out 
prepolymerization preferably under relatively mild condi 
tions. The process may be carried out under the conditions 
that the produced prepolymer is dissolved in the polymer 
ization medium, or the condition that it is not dissolved in 
the medium, preferably the conditions that it is not dissolved 
in the medium. 

0237 Examples of the olefin used in the prepolymeriza 
tion may include C-olefins having two or more carbon atoms 
Such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
3-methyl-1-butene, 3-methyl-1-pentene, 3-ethyl-1-pentene, 
4-methyl-1-pentene, 4,4-dimethyl-1-pentene, 4-methyl-1- 
hexene, 4,4-dimethyl-1-hexene, 4-ethyl-1-hexene, 3-ethyl 
1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 
1-hexadecene, 1-octadecene, and 1-eicosene. These may be 
used in combination with two or more. Further, the C-olefin 
used in the prepolymerization may be the same as or 
different from those used in the olefin polymerization as 
described later, preferably the same as those. 
0238 Examples of the inert solvent are aliphatic hydro 
carbons Such as propane, butane, pentane, hexane, heptane, 
octane, decane, dodecane and kerosine, alicyclic hydrocar 
bons Such as cyclopentane, cyclohexane and methylcyclo 
pentane; aromatic hydrocarbons Such as benzene, toluene 
and Xylene; halogenated hydrocarbon Such as ethylene chlo 
ride and chlorobenzene. These may be used in combination. 
0239 Particularly, it is preferred to use the aliphatic 
hydrocarbons, of these inert Solvents. The prepolymeriza 
tion may be carried out under the conditions that the C-olefin 
is in a liquid State, or under a gas phase condition. The 
prepolymerization may be carried out in any of batch, 
Semi-continuous and continuous processes. Further, in the 
prepolymerization, it is preferred to use a catalyst having a 
higher concentration than that of the catalyst inside the main 
polymerization System. 
0240 The ethylene polymer is obtainable by polymer 
ization of ethylene Singly or copolymerization of ethylene 
and C-olefins of 3 to 20 carbon atoms in the presence of the 
catalyst as described above (hereinafter Sometimes referred 
to as “olefin polymerization” Simply). 
0241 The olefin polymerization can be carried out with 
any process of a liquid phase polymerization proceSS Such as 
Solution polymerization and Suspension polymerization, or a 
gas phase polymerization process. The reaction Solvent 
uSable in Suspension polymerization may be the above inert 
Solvent or olefins in a liquid State at a reaction temperature. 
In the present invention, liquid phase polymerization is 
preferable, and further, Solution polymerization is more 
preferable. The reaction temperature is generally from O C. 
to 190° C., preferably 40°C. to 180° C., more preferably 50° 
C. to 170° C., further preferably 60° C. to 160° C. When the 
reaction temperature is lower than or higher than the above 
ranges, the retention of the temperature is difficult industri 
ally, thereby inducing disadvantage in production. The poly 
merization pressure is generally from 0.01 to 10 MPa, 
preferably 0.1 to 5 MPa. The olefin polymerization can be 
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carried out with any of batch, Semi-continuous and continu 
ous processes. When the olefin polymerization is carried out 
in two or more Steps, the reaction conditions may be the 
Same or different. The molecular weight of the polymer can 
be regulated by hydrogen and/or polymerization tempera 
ture. 

0242. The density of the polymer can be appropriately 
regulated by the amount of an O-olefin added and/or the 
polymerization temperature. 

0243 Consequently, the first ethylene polymer of the 
invention is prepared by a process that an O-olefin having 
three or more carbon atoms is not added and ethylene 
polymerization is carried out at a relatively higher tempera 
ture of 100° C., or a process that an O.-olefin such as hexene 
is added in a small amount of about 1 ml based on 100 liters 
of ethylene and polymerization is carried out at a tempera 
ture of 60 to 80° C. 

0244. The second ethylene polymer of the invention is 
prepared by, for example, slurry polymerization under pres 
sure of ethylene of 0.9 Mpa, at 80 C. for 1.5 hr in such a 
way that about 40 ml of hexene is added or an O-olefin 
having Smaller carbon atoms than those of hexene is added 
in a larger amount than the above amount. 
0245. The third ethylene polymer of the invention can be 
prepared by the same processes as the first and Second 
polymers. 

0246 The ethylene polymer of the invention can be 
mixed with a thermoplastic resin, filler, nucleating agent and 
additive usable for polymers in arbitrary amounts and, 
further, may be Subjected to post modification Such as 
crosslinking or foaming. The ethylene polymer of the inven 
tion is useful as a modifier for resins. In the case of mixing 
with thermoplastic resins, the ethylene polymer of the inven 
tion is mixed with the thermoplastic resins in a proportion of 
from 99.9/0.1 to 0.1/99.9. 

0247 Usable examples of the thermoplastic resin may 
include crystalline thermoplastic resins Such as polyolefin, 
polyamide, polyester and polyacetal; and non-crystalline 
thermoplastic resins Such as polystyrene, acrylonitrile/buta 
diene/styrene copolymer (ABS), polycarbonate, polyphe 
nylene oxide and polyacrylate. Further, polyvinyl chloride is 
also preferably used. 

0248 Examples of the above polyolefin may include 
ethylene polymer, propylene polymer, butene polymer, 
4-methyl-1-pentene polymer, 3-methyl-1-butene polymer 
and hexene polymer. Among them, ethylene polymer, pro 
pylene polymer and 4-methyl-1-pentene polymer are pref 
erable. The ethylene polymer used as the polyolefin may be 
the ethylene polymer of the present invention, conventional 
ethylene polymer or ethylene/polar group-containing vinyl 
copolymer, preferably the conventional ethylene polymer. 

0249 Examples of the polyester may include aromatic 
polyesterS Such as polyethylene terephthalate, polyethylene 
naphthalate and polybutylene terephthalate, and polycapro 
lactam and polyhydroxybutylate. 

0250) Examples of the polyamide may include aliphatic 
polyamides Such as nylon-6, nylon-66, nylon-10, nylon-12, 
and nylon-46, and an aromatic polyamide prepared by an 
aromatic dicarboxylic acid and aliphatic diamine. 
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0251 Examples of the polyacetal may include polyform 
aldehyde(polyoxymethylene), polyacetoaldehyde, polypro 
pionaldehyde and polybutylaldehyde. Particularly, among 
them, polyformaldehyde is preferable. 
0252) The above polystyrene may be either a styrene 
homopolymer or a binary copolymer of Styrene and acry 
lonitrile, methyl methacrylate or C.-methylstyrene. 
0253) An ABS comprising 20 to 35 mol% of a structural 
unit derived from acrylonitrile, 20 to 30 mol % of a 
structural unit derived from butadiene, 40 to 60 mol % of a 
Structural unit derived from Styrene is preferably used as the 
above ABS. 

0254 Examples of the above polycarbonate may include 
polymers obtainable from bis(4-hydroxyphenyl)methane, 
1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl 
)propane or 2,2-bis(4-hydroxyphenyl)butane. Particularly 
polycarbonate obtainable from 2,2-bis(4-hydroxyphenyl 
)propane is preferable among them. 
0255 The polyphenylene oxide used preferably is poly(2, 
6-dimethyl-1,4-phenylene oxide). 
0256 The polyacrylate used preferably may include 
polymethylmethacrylate and polybutylacrylate. 
0257 The thermoplastic resins may be used singly or in 
combination with tow or more. Particularly, the preferable 
thermoplastic resin is polyolefin and more preferable one is 
the ethylene polymer. 
0258. The ethylene polymer of the present invention may 
contain, in addition to the above thermoplastic resin, a 
croSS-linking agent, filler, cross-linking accelerator, croSS 
linking assistant, Softener, tackifier, antioxidant, foaming 
agent, processing assistant, adhesion-imparting agent, inor 
ganic filler, organic filler, crystalline nucleating agent, heat 
resistant Stabilizer, weather resistant Stabilizer, anti Static 
agent, colorant, lubricant, flame retardant and blooming 
inhibitor. 

0259 Examples of the cross-linking agent may include 
Sulfur, a Sulfur compound and organic peroxide. The organic 
peroxide having the half-life period of 1 min at a tempera 
ture from 130 to 200 C. is preferable. Preferable examples 
thereof are dicumylperoxide, di-t-butyl peroxide, di-t-butyl 
peroxy-3,3,5-trimethylcyclohexane, t-butyl cumyl peroxide, 
di-t-amyl peroxide, t-butyl hydroperoxide and 2,5-dimethyl 
2,5-di-(t-butylperoxy)-hexane. In the case of using the 
organic peroxide as the cross-linking agent, Simultaneous 
use of the cross-linking agent is preferred. 
0260. Of the above various cross-linking agents, sulfur 
and the Sulfur compound are preferable because the use of 
Sulfur can prepare crosslinked products having excellent 
properties. The organic peroxide is more preferable because 
of having an excellent cross-linking efficiency. 
0261) Usable examples of the cross-linking accelerator 
are N-cyclohexyl-2-benzothiazole sulfene amide (CBZ), 
N-oxydiethylene-2-benzothiazole Sulfene amide, N,N-diiso 
propyl-2-benzothiazole Sulfene amide, 2-mercaptoben 
Zothiazole and 2-(2,4-dinitrophenyl)mercaptobenzothiazole. 
0262 The cross-linking assistant is used in cross-linking 
using the organic peroxide. Examples of the croSS-linking 
assistant are Sulfur, quinone dioxime compounds Such as 
p-quinone dioxime and p,p'-benzoyl quinone dioxime, and 
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poly-functional monomers, i.e.(meth)acrylate compounds 
Such as trimethylol propane triacrylate, polyethylene glycol 
dimethacrylate, 

0263 allyl compounds such as diallylphthalate and 
triallyl cyanurate; maleimide compounds Such as 
N,N'-m-phenylene bismaleimide; and divinyl ben 
ZCC. 

0264. As the softener, softeners mixed for conventional 
polyolefins are used widely. Examples of the Softener are 
petroleum SoftenerS Such as proceSS oil, lubricating oil, 
paraffin, fluid paraffin, petroleum asphalt and Vaseline, coal 
tar SoftenerS Such as coal tar and coal tar pitch; aliphatic oil 
SoftenerS Such as castor oil, linseed oil, rape oil and coconut 
oil; tall oil; factice, waxes. Such as beeswax, carnauba wax 
and lanolin; aliphatic acids and aliphatic acid Salts. Such as 
ricinoleic acid, palmitic acid, barium Stearate, calcium Stear 
ate, Zinc laurate; and Synthesized polymer Substances Such 
as petroleum resins, atactic polypropylene and cumarone 
indene resin. Among them, the petroleum Softeners are 
preferably used, and particularly, process oil is preferably 
used. 

0265 AS the foaming agent, foaming agents generally 
used in foaming and molding polyolefins can be used 
widely. Examples of the foaming agent are inorganic foam 
ing agents Such as Sodium bicarbonate, Sodium carbonate, 
ammonium bicarbonate, ammonium carbonate, ammonium 
nitrite; nitroso compounds such as N,N'-dimethyl-N,N'- 
dinitrosoterephthalamide and N,N'-dinitrosopentamethylene 
tetramine, aZO compounds Such as azodicarbonamide, azo 
bisisobutylonitrile, azocyclohexylnitrile, azodiaminoben 
Zene and bariumaZodicarboxylate, Sulfonyl hydrazide com 
pounds Such as benzene Sulfonyl hydrazide, toluene Sulfonyl 
hydrazide, p.p'-oxybis(benzene Sulfonyl hydrazide) and 
diphenyl sulfone-3,3'-disulfonyl hydrazide; and azide com 
pounds Such as carcium azide, 4,4'-diphenyl disulfonyl azide 
and p-toluene Sulfonyl azide. Of these, the nitroSO com 
pounds, azo compounds and azide compounds are prefer 
able. 

0266 The foaming assistant can be used with the foam 
ing agent. The Simultaneous use of the foaming agent with 
the foaming assistant contributes to lowering of the decom 
position temperature of the foaming agent, acceleration of 
decomposition and homogenization of bubbles. Examples of 
the foaming assistant may include organic acids Such as 
Salicylic acid, phthalic acid, Stearic acid and nitric acid, urea 
and derivatives thereof. 

0267 Examples of the processing assistant may include 
acids Such as ricinoleic acid, Stearic acid, palmitic acid and 
lauric acid, Salts of these higher aliphatic acids Such as 
barium Stearate, Zinc Stearate and calcium Stearate and 
eSterS. 

0268. The adhesion-imparting agent improves adhesion 
between a cross-linked product and a facing layer Such as 
coating film, and may include an organic tin compound, 
tertiary amine compound, hydroxyl group-containing 
(co)polymer and metal hydroxy compound. 
0269. Examples of the inorganic filler may include silica, 
diatomaceous earth, alumina, titanium oxide, magnesium 
oxide, pumice, pumice balloon, aluminum hydroxide, mag 
nesium hydroxide, basic magnesium carbonate, dolomite, 
calcium Sulfate, calcium titanate, barium Sulfate, calcium 
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Sulfite, talc, clay, mica, asbestos, glass fiber, glass flake, 0277 Examples of salts of aromatic phosphate may 
glass beads, calcium Silicate, montmorillonite, bentonite, include: 
graphite, aluminum powder and molybdenum Sulfate. 

0270. Among them, layered compounds are preferably 
used, and particularly, clay minerals having Swelling and 
cleavage properties to the dispersion medium are preferably 
used. The clay minerals are classified into a type having a 
two-layered Structure which comprises a Silica tetrahedral 
layer and, formed thereon, an octahedral layer having a 
center of metals Such as aluminum or magnesium, and a type 
having a three-layered Structure which comprises an octa 
hedral layer having a center of metals Such as aluminum or 
magnesium held between Silica tetrahedral layers. 

0271 The former two-layered structure type compounds 
are kaolinite group and antigorite group. The latter three 
layered Structure type compounds are Smectites group, Ver 
miculite group and mica group, which are different by the 
interlayer cation number. 

0272 Specific examples of the clay minerals are kaolin 
ite, dickite, nacrite, halloysite, antigorite, chrysotile, pyro 
phyllite, montmorillonite, beidellite, nontronite, Saponite, 
Sauconite, Stevensite, hectorite, tetrasilylic mica, Sodium 
taeniolite, muscovite, mercallite, talc, Vermiculite, phlogo 
pite, Xanthophyllite and chlorite. 

0273. Further, clay minerals treated with organic com 
pounds (hereinafter referred to as organic modified clay 
minerals) can be also used as the inorganic layered com 
pound. (For the clay minerals treated with organic com 
pounds, refer to “Clay cyclopedia” published by Asakura 
Book Co.) Among the above clay minerals, from the Stand 
point of the Swelling and cleavage properties, Smectites 
group, Vermiculite group and mica group are preferable, and 
further, Smectites group is more preferably. Examples of 
Smectites group are montmorillonite, beidellite, nontronite, 
Saponite, Sauconite, Stevensite and hectorite. 

0274 The dispersion mediums which Swells and cleaves 
the inorganic layered compounds, when the clay minerals 
are natural clay minerals having Swelling properties, are 
water, alcohols Such as methanol, ethanol, propanol, isopro 
panol, ethylene glycol and diethylene glycol, dimethylfor 
mamide, dimethyl Sulfoxide and acetone. Further, water, 
alcohols Such as methanol etc. are more preferable. 

0275 When the clay minerals are the organic modified 
clay minerals, the dispersion mediums are aromatic hydro 
carbons Such as benzene, toluene and Xylene, etherS Such as 
ethyl ether and tetrahydrofurane, ketones Such as acetone, 
methyl ethyl ketone and methyl isobutyl ketone, aliphatic 
hydrocarbons Such as n-pentane, n-hexane and n-octane, 
halogenated hydrocarbons Such as chlorobenzene, carbon 
tetrachloride, chloroform, dichloromethane, 1,2-dichloroet 
hane, perchloroethylene, ethyl acetate, methyl methacry 
late(MMA), dioctyl phthalate(DOP), dimethylformamide, 
dimethyl sulfoxide, methylcellosolve and silicone oil. 
0276 AS the crystalline nucleating agent, conventionally 
known various nucleating agents are used without particular 
limitation. Examples of the crystalline nucleating agents are 
the following Salts of aromatic phosphate, benzylidene Sor 
bitol, aromatic carboxylic acid and rosin nucleating agent. 

0278 sodium-2,2'-methylene-bis(4,6-di-t-butylphe 
nyl)phosphate, 

0279 sodium-2,2'-ethylidene-bis(4,6-di-t-butylphe 
nyl) phosphate, 

0280 lithium-2,2'-methylene-bis(4,6-di-t-butylphe 
nyl) phosphate, 

0281 lithium-2,2'-ethylidene-bis(4,6-di-t-butylphe 
nyl) phosphate, 

0282 sodium-2,2'-ethylidene-bis(4-i-propyl-6-t-bu 
tylphenyl) phosphate, 

0283 lithium-2,2'-methylene-bis(4-methyl-6-t-bu 
tylphenyl) phosphate, 

0284 lithium-2, 2'-methylene-bis(4-ethyl-6-t-bu 
tylphenyl) phosphate, 

0285 calcium-bis 2,2'-thiobis (4-methyl-6-t-bu 
tylphenyl) phosphate, 

0286 calcium-bis(2,2'-thiobis(4-ethyl-6-t-butylphe 
nyl) phosphate, 

0287 calcium-bis(2,2'-thiobis(4,6-di-t-butylphenyl) 
phosphate, 

0288 magnesium-bis(2,2'-thiobis(4,6-di-t-bu 
tylphenyl) phosphate, 

0289 magnesium-bis(2,2'-thiobis(4-n-octylphe 
nyl)phosphate, 

0290 sodium-2,2'-butylidene-bis(4,6-di-meth 
ylphenyl) phosphate, 

0291 sodium-2,2'-butylidene-bis(4,6-di-t-butylphe 
nyl) phosphate, 

0292 sodium-2,2'-t-octylmethylene-bis(4,6-di-me 
thylphenyl) phosphate, 

0293 sodium-2,2'-t-octylmethylene-bis(4,6-di-t-bu 
tylphenyl) phosphate, 

0294 calcium-bis-2,2'-methylene-bis(4,6-di-t-bu 
tylphenyl) phosphate, 

0295 magnesium-bis-2,2'-methylene-bis(4,6-di-t- 
butyl phenyl)phosphate, 

0296 barium-bis-2,2'-methylene-bis(4,6-di-t-butyl 
phenyl)phosphate, 

0297 sodium-2,2'-methylene-bis(4-methyl-6-t-bu 
tylphenyl) phosphate, 

0298 sodium-2,2'-methylene-bis(4-ethyl-6-t-bu 
tylphenyl) phosphate, 

0299 sodium-4,4'-dimethyl-5,6'-di-t-butyl-2,2'-bi 
phenyl) phosphate, 

0300 calcium-bis(4,4'-dimethyl-6,6'-di-t-butyl-2, 
2'-biphenyl)phosphate, 

0301 sodium-2,2'-ethylidene-bis(4-n-butyl-6-t-bu 
tylphenyl) phosphate, 

0302) sodium-2,2'-methylene-bis(4,6-di-methylphe 
nyl) phosphate, 
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0303 sodium-2,2'-methylene-bis(4,6-di-ethylphe 
nyl)phosphate, 

0304) potassium-2,2'-ethylidene-bis(4,6-di-t-bu 
tylphenyl) phosphate, 

0305 calcium-bis(2,2'-ethylidene-bis(4,6-di-t-bu 
tylphenyl) phosphate, 

0306 magnesium-bis(2,2'-ethylidene-bis(4,6-di-t- 
butylphenyl) phosphate, 

0307 barium-bis(2,2'-ethylidene-bis(4,6-di-t-bu 
tylphenyl) phosphate, 

0308) aluminum-tris(2,2'-methylene-bis(4,6-di-t- 
butylphenyl) phosphate, and 

0309 aluminum-tris(2,2'-ethylidene-bis(4,6-di-t- 
butylphenyl) phosphate, and further mixtures of two 
or more of these compounds. 

0310 Particularly, sodium-2,2'-methylene-bis(4,6-di-t- 
butylphenyl)phosphate is preferable. 
0311 Further examples of salts of aromatic phosphate 
may include: 

0312 sodium-bis(4-t-butylphenyl)phosphate, 
0313 sodium-bis(4-methylphenyl)phosphate, 
0314 sodium-bis(4-ethylphenyl)phosphate, 
0315 sodium-bis(4-i-propylphenyl)phosphate, 
0316 sodium-bis(4-t-octylphenyl)phosphate, 
0317) 
0318) 
0319) 
0320 
0321) aluminum-bis(4-t-butylphenyl)phosphate, 
and mixtures thereof. Particularly, sodium-bis(4-t- 
butylphenyl)phosphate is preferable. 

potassium-bis(4-t-butylphenyl)phosphate, 
calcium-bis(4-t-butylphenyl)phosphate, 
magnesium-bis(4-t-butylphenyl)phosphate, 
lithium-bis(4-t-butylphenyl)phosphate, and 

Xamples of benzylidene Sorbitol may include: O322 E les of b lid bitol includ 

0323) 1,3,2,4-benzylidene Sorbitol, 
0324) 1,3-benzylidene-2,4-p-methyl benzylidene 
Sorbitol, 

0325 1,3-benzylidene-2,4-p-ethyl benzylidene sor 
bitol, 

0326 1,3-p-methylbenzylidene-2,4-benzylidene 
Sorbitol, 

0327 1,3-p-ethylbenzylidene-2,4-benzylidene sor 
bitol, 

0328 1,3-p-methylbenzylidene-2,4-p-ethyl ben 
Zylidene Sorbitol, 

0329. 1,3-p-ethylbenzylidene-2,4-p-methyl ben 
Zylidene Sorbitol, 

0330) 1,3,2,4-di(p-methyl benzylidene) sorbitol, 
0331) 1,3,2,4-di(p-ethyl benzylidene) sorbitol, 
0332 1,3,2,4-di(p-n-propyl benzylidene) sorbitol, 
0333 1,3,2,4-di(p-i-propylbenzylidene) Sorbitol, 
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0334) 1,3,2,4-di(p-n-butylbenzylidene) sorbitol, 
0335) 1,3,2,4-di(p-s-butylbenzylidene) sorbitol, 
0336 1,3,2,4-di(p-t-butylbenzylidene) sorbitol, 
0337) 1,3,2,4-di(2',4'-dimethyl benzylidene) Sorbi 

tol, 

0338 1,3,2,4-di (p-methoxybenzylidene) Sorbitol, 
0339) 1,3,2,4-di(p-ethoxybenzylidene) sorbitol, 
0340) 1,3-benzylidene-2-4-p-chlorobenzylidene 
Sorbitol, 

0341) 1,3-p-chlorobenzylidene-2,4-benzylidene sor 
bitol, 

0342 1,3-p-chlorobenzylidene-2,4-p-methylben 
Zylidene Sorbitol, 

0343 1,3-p-chlorobenzylidene-2,4-p-ethylben 
Zylidene Sorbitol, 

0344) 1,3-p-methylbenzylidene-2,4-p-chloroben 
Zylidene Sorbitol, 

0345 1,3-p-ethylbenzylidene-2,4-p-chloroben 
Zylidene Sorbitol, and 1,3,2,4-di(p-chloroben 
Zylidene) sorbitol, and further, mixtures of two or 
more of these compounds. Particularly, 1,3,2,4- 
dibenzylidene sorbitol, 1,3,2,4-di(p-methyl ben 
Zylidene)Sorbitol, 1,3,2,4-di(p-ethyl benzylidene 
)sorbitol, 1,3-p-chlorobenzylidene-2,4-p- 
methylbenzylidene Sorbitol, 1,3,2,4-di(p- 
chlorobenzylidene)sorbitol, and mixtures of two or 
more of these compounds are preferable. 

0346 Examples of the aromatic carboxylic acid may 
include aluminum hydroxy-di-para-t-butylbenzoate and the 
like. 

0347 Examples of the rosin type-crystalline nucleating 
agent may include metal Salts of rosin acid, which are 
reaction products of a rosin acid and a metallic compound. 
Examples of roSin acid may include natural rosins Such as 
gum rosin, tall oil rosin and wood roSin; various modified 
rosins Such as disproportionated rosin, hydrogenated rosin, 
dehydrogenated rosin, polymerized rosin and C.f3-ethylenic 
unsaturated carboxylic acid-modified rosin; purified prod 
ucts of the above natural roSins, and purified products of 
modified rosins. Examples of unsaturated carboxylic acids 
used in preparation of the above C.f3-ethylenic unsaturated 
carboxylic acid-modified rosin are maleic acid, anhydrous 
maleic acid, fumaric acid, itaconic acid, anhydrous itaconic 
acid, citraconic acid, acrylic acid and methacrylic acid. Of 
these, at least one kind of roSins Selected from natural roSins, 
modified rosins, and purified product of natural rosins and 
modified rosins is preferable. Here, the roSin acids include 
plural resin acids Selected from pimaric acid, Sandarach 
pimaric acid, palasitrin acid, isopimaric acid, abietic acid, 
dehydroabietic acid, neoabietic acid, dihydropimaric acid, 
dihydroabietic acid and tetrahydroabietic acid. 

0348 The metallic compounds forming a metal salt by 
reaction with the above rosin acids are compounds having a 
metal element Such as Sodium, potassium and magnesium 
and capable of preparing a Salt with the above rosin acids. 



US 2002/0107343 A1 

Examples thereof may include chlorides, nitrates, acetates, 
Sulfates, carbonates, oxides and hydroxides of the above 
metals. 

0349 Other examples of the crystalline nucleating agent 
may include polymers having a high melting point, metal 
Salts of aromatic carboxylic acid or aliphatic carboxylic acid 
and inorganic compounds. 
0350 Examples of the polymers having a high melting 
point are polyvinyl cycloalkanes Such as polyvinyl cyclo 
hexane and polyvinyl cyclopentane, poly-3-methyl-1-pen 
tene, poly-3-methyl-1-butene and poly-alkenyl Silane. 

0351. The metal salts of aromatic carboxylic acid or 
aliphatic carboxylic acid may include aluminum benzoate, 
p-t-butyl-aluminum benzoate, Sodium adipic acid, Sodium 
thiophenecarboxylic acid and Sodium pyrrole carboxylic 
acid. 

0352. The ethylene polymer-containing composition of 
the present invention has excellent moldability, So that it can 
be molded with calender molding, extrusion molding, injec 
tion molding, blow molding, press molding or Stamping 
molding. 

0353 Stretched films are prepared by stretching the 
above extrusion sheet or extrusion film (un-stretched) with, 
for example, the tenter method (lengthwise and croSSwise 
Stretching, croSSwise and lengthwise stretching), simulta 
neous biaxial Stretching method or uni-axial Stretching 
method. Further, inflation films can be also prepared. 
0354 Filaments can be prepared by, for example, extrud 
ing the molten composition through a Spinning die. Further, 
filaments may be prepared by a melt blown method. 
0355. In the injection molding, the composition is 
molded into various shapes using conventionally known 
injection molding apparatus under known conditions. The 
composition containing the ethylene polymer of the present 
invention is easily Subjected to injection molding, and has 
excellent rigidity, heat resistance, impact resistance, Surface 
gloSS, chemical resistance and wearing characteristics. 
Therefore, it can be used widely for trim materials for 
automobile interior, exterior materials for automobile, hous 
ing for household electric appliances and vessels. 
0356. In the blow molding, molding of the composition 
can be conducted using conventionally known blow mold 
ing apparatus under known conditions. 
0357. In the injection blow molding, the composition 
containing the ethylene polymer of the present invention is 
injected into a parison mold at a resin temperature of from 
100° C. to 300° C. to mold a parison and then the parison is 
held in a desired shaped mold and fitted to the mold by 
blowing air, thereby effecting molding. 

0358 An example of press molding may include mold 
Stamping molding. 

0359 The ethylene polymer of the present invention can 
be used for various uses, for example, when it is used for the 
following uses Such as (a) injection molded articles, (b) 
hollow or extrusion molded articles, (c) rotational molded 
articles, (d) film or sheet molded articles and (e) extrusion 
coating molded articles, molded articles having excellent 
mechanical Strength Such as tensile Strength, tear Strength or 
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impact Strength, heat resistance, StreSS crack resistance, 
optical properties or heat Sealing properties can be prepared 
with high moldability. 
0360. In addition to the above uses, processes of adding 
a Small amount of the ethylene polymer of the present 
invention as a modifier, moldability improver or the like to 
other thermoplastic resins are useful. 

0361 (a) Preferable uses of the injection molded 
articles are, for example, bottle containers, parts 
containers, agricultural and marine products contain 
ers, pallets, general merchandise goods, Small-sized 
machine parts, industrial machine parts, caps, bottle 
inner Stoppers, Sealed vessel lids, pails or the like. 

0362 (b) Preferable uses of the hollow or extrusion 
molded articles are, for example, detergent bottles, 
cosmetic bottles, kerosene cans, industrial and medi 
cine cans, drum cans, gasoline tanks, Water pipes, 
gas pipes, Sewerage pipes, large diameter pipes, 
general Straight tubes, Steel tube coverings, electric 
wire coverings, electric cable coverings, communi 
cation cable coverings, optical fiber Spacers, electric 
wire protective coverings, ropes, fishing nets, cloth 
bags, food Squeeze bottles, cosmetic tube cases or 
the like. Particularly preferable uses of the extrusion 
molded articles are covering molded articles, tubes 
and the like. 

0363 (c) Preferable uses of the rotational molded 
articles are, for example, medicine large-sized tanks, 
plating bathes, gasoline tanks, water tanks, purifier 
tanks, Solar heater tanks and the like. 

0364 (d) Preferable uses of the film or sheet molded 
articles are, for example, food wrapping, machine 
tool Wrapping, resistor packages, regular packages, 
inner packages, deposition films, multi-films, ski 
Soles, food trays, Stretch wrapping, Shrink wrapping, 
agricultural films, heavy duty bags, liquid-transport 
ing bags and the like. 

0365 (e) Preferable uses of the extrusion coating 
molded articles are, for example, milk cartons, wine 
and beverage cartons and the like. 

EFFECT OF THE INVENTION 

0366 The first and second ethylene polymers of the 
present invention can be molded into various molded articles 
Such as films, sheets or the like, and have a large MFR/ 
MFR ratio and excellent fluidity. 
0367 The third ethylene polymer of the present invention 
can be molded into various molded articles Such as films, 
sheets or the like, and has excellent high-Speed moldability. 
0368. The first process of preparing the ethylene polymer 
according to the present invention can produce ethylene 
polymers having excellent fluidity under relatively mild 
conditions. 

0369 The second process of preparing the ethylene poly 
mer according to the present invention can produce ethylene 
polymers having excellent high-speed moldability under 
relatively mild conditions. 

EXAMPLES 

0370. The present invention is described in more detail 
with reference to the following examples, but it is not 
limited with the examples. 
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Example 1 
0371 Synthesis of Ethylenebis(indenyl)hafnium Dichlo 
ride 

0372 Into a 200 ml glass flask purged with nitrogen, 5.4 
g of bis(indenyl)ethane (commercially available) and 50 ml 
of THF were charged and cooled to a temperature of 
from -30 to -40°C. with stirring. To the mixture, 31.5 ml 
of n-BuLi (1.6M solution) was added dropwise with con 
tinuous stirring at -30° C. for 1 hr, and anionic bis(inde 
nyl)ethane was obtained by Spontaneously elevating the 
temperature of the Solution until room temperature. To 
another 200 ml glass flask purged with nitrogen, 60 ml of 
THF was charged and cooled at a temperature of not higher 
than -60° C., and thereto, 6.7 g of HfCl (commercially 
available product: purity of 99.9%) was added gradually. 
Thereafter, the temperature of the mixture was elevated to 
60° C., and the mixture was stirred for 1 hr. To the mixture, 
an anionic ligand was added dropwise and the mixture was 
stirred at 60° C. for 2 hr., and then, filtered with a glass filter. 
After this procedure, a Solid was precipitated. The precipi 
tated Solid was filtered with a glass filter and then washed 
with hexane/diethylether and dried under reduced pressure 
to obtain ethylene bis(indenyl) hafnium dichloride. 
0373) (Polymerization) 
0374. To a 1000 ml glass flask thoroughly purged with 
nitrogen, 800 ml of decane was added and an ethylene gas 
was passed through at a rate of 100 l/hr. The temperature of 
a system was elevated to 95 C., and 0.076 mmol of 
N,N-dimethylanilinium tetrakis (pentafluorophenyl)borate, 
0.8 mmol of triisobutyl aluminum and 0.016 mmol of 
ethylene bis(indenyl)hafnium dichloride were added and 
polymerization was Started. The polymerization was carried 
out at atmospheric pressure at 100° C. for 15 min while 
feeding an ethylene gas continuously. A Small amount of 
methanol was added to Stop the polymerization, and the 
resulting polymerization Solution was poured into a large 
amount of a mixed Solution of methanol and acetone to 
precipitate a polymer. The precipitated polymer was dried at 
atmospheric pressure at 100° C. for 24 hr to obtain 12.1 g of 
a polymer having a density of 0.957 g/cm, m) of 1.46 dl/g, 
Mw/Mn of 2.13, MFR, of 0.62 g/10 min and a MFR/ 
MFR ratio of 16.6. 

Example 2 

0375 To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene was charged and a mixed gas of 
ethylene and propylene was passed through (each at a rate of 
80 l/hr and 20 l/hr). The temperature of a system was 
elevated to 55° C., and then 0.038 mmol of N,N-dimethy 
lanilinium tetrakis (pentafluorophenyl)borate, 0.4 mmol of 
triisobutyl aluminum and 0.008 mmol of ethylene bis(inde 
nyl)hafnium dichloride prepared in Example 1 were added 
and polymerization was started. The polymerization was 
carried out at atmospheric pressure at 60° C. for 15 min 
while feeding the above gas mixture continuously. A Small 
amount of methanol was added to Stop the polymerization, 
and the resulting polymerization Solution was poured into a 
large amount of methanol to precipitate a polymer. The 
precipitated polymer was dried at atmospheric pressure at 
80C for 12 hr to obtain 9.4 g of a polymer having a density 
of 0.865 g/cm, m) of 1.60 dl/g, Mw/Mn of 2.08, MFR, of 
0.09 g/10 min and a MFR/MFR ratio of 21.7. 
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Example 3 

0376 To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene and 9 ml of 1-octene were 
charged and an ethylene gas was passed through at a rate of 
100 1/hr. The temperature of a system was elevated to 55 
C., and then 0.038 mmol of N,N-dimethylanilinium tetrak 
is(pentafluorophenyl)borate, 0.4 mmol of triisobutyl alumi 
num and 0.008 mmol of ethylene bis(indenyl)hafnium 
dichloride prepared in Example 1 were added and polymer 
ization was started. The polymerization was carried out at 
atmospheric pressure at 60° C. for 10 min while feeding the 
above gas continuously. The Subsequent procedure was 
carried out in the same manner as Example 2 to obtain 14.5 
g of a polymer having a density of 0.870 g/cm, m) of 2.12 
dl/g, Mw/Mn of 1.98, MFR of 0.06 g/10 min and a 
MFR/MFR, ratio of 20.8. 

Example 4 

0377 To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene was charged and a mixed gas of 
ethylene and propylene (each at a rate of 75 l/hr and 25 l/hr) 
was passed through. The temperature of a System was 
elevated to 55 C., and then 0.038 mmol of triphenylcarbe 
nium tetrakis (pentafluorophenyl)borate, 0.4 mmol of tri 
isobutyl aluminum and 0.008 mmol of ethylene bis(inde 
nyl)hafnium dichloride prepared in Example 1 were added 
and polymerization was started. The polymerization was 
carried out at atmospheric pressure at 60° C. for 10 min 
while feeding the above gas mixture continuously. The 
Subsequent procedure was carried out in the same manner as 
Example 2 to obtain 13.7 g of a polymer having a density of 
0.869 g/cm, 72 of 1.28 dl/g, Mw/Mn of 2.08, MFR, of 
1.60 g/10 min and a MFR/MFR ratio of 12.5. 

Example 5 

0378. To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene and 12 ml of 1-decene were 
charged and an ethylene was passed through at a rate of 100 
l/hr. The temperature of a system was elevated to 55 C., and 
then 0.038 mmol of N,N-dimethylanilinium tetrakis(pen 
tafluorophenyl)borate, 0.4 mmol of triisobutyl aluminum 
and 0.008 mmol of ethylene bis(indenyl)hafnium dichloride 
prepared in Example 1 were added and polymerization was 
Started. The polymerization was carried out at atmospheric 
pressure at 60° C. for 10 min while feeding the above gas 
continuously. The Subsequent procedure was carried out in 
the same manner as Example 2 to obtain 16.1 g of a polymer 
having a density of 0.867 g/cm, m) of 2.00 dl/g, Mw/Mn 
of 2.18, MFR of 0.18 g/10 min and a MFR/MFR ratio of 
22.7. 

Example 6 

0379 To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene was charged and a mixed gas of 
ethylene and propylene (each at a rate of 75 l/hr and 25 l/hr) 
was passed through. The temperature of a System was 
elevated to 55° C., and then 0.038 mmol of N,N-dimethy 
lanilinium tetrakis (pentafluorophenyl)borate, 0.4 mmol of 
triisobutyl aluminum and 0.008 mmol of ethylene bis(inde 
nyl)hafnium dichloride prepared in Example 1 were added 
and polymerization was started. The polymerization was 
carried out at atmospheric pressure at 60° C. for 10 min 
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while feeding the above gas mixture continuously. The 
Subsequent procedure was carried out in the same manner as 
Example 2 to obtain 13.2 g of a polymer having a density of 
0.866 g/cm3,m) of 1.70 dl/g, Mw/Mn of 2.10, MFR, of 0.36 
g/10 min and a MFR/MFR ratio of 15.8. The resulting 
polymer had a co2/co1 value of 20.6. 

Example 7 
0380. To a 1000 ml glass flask thoroughly purged with 
nitrogen, 800 ml of toluene and 2 ml of 1-decene were 
charged and an ethylene was passed through at a rate of 100 
1/hr. The temperature of a system was elevated to 75 C., 
and then 0.076 mmol of N,N-dimethylanilinium tetrak 
is(pentafluorophenyl)borate, 0.32 mmol of triisobutyl alu 
minum and 0.016 mmol of ethylene bis(indenyl)hafnium 
dichloride prepared in Example 1 were added and polymer 
ization was started. The polymerization was carried out at 
atmospheric pressure at 80 C. for 10 min while feeding the 
above gas continuously. The Subsequent procedure was 
carried out in the same manner as Example 2 to obtain 21.4 
g of a polymer having a density of 0.935 g/cm, m) of 2.00 
dl/g, Mw/Mn of 2.20, MFR, of 0.11 g/10 min and a 
MFR/MFR, ratio of 21.5. 

Example 8 
0381 To a 1000 ml glass flask thoroughly purged with 
nitrogen, 800 ml of toluene and 4 ml of 1-decene were 
charged and an ethylene was passed through at a rate of 100 
1/hr. The temperature of a system was elevated to 75 C., 
and then 0.076 mmol of N,N-dimethylanilinium tetrak 
is(pentafluorophenyl)borate, 0.32 mmol of triisobutyl alu 
minum and 0.016 mmol of ethylene bis(indenyl)hafnium 
dichloride prepared in Example 1 were added and polymer 
ization was started. The polymerization was carried out at 
atmospheric pressure at 80 C. for 15 min while feeding the 
above gas continuously. The Subsequent procedure was 
carried out in the same manner as Example 2 to obtain 26.8 
g of a polymer having a density of 0.930 g/cm, m) of 1.74 
dl/g, Mw/Mn of 2.21, MFR of 0.19 g/10 min and a 
MFR/MFR, ratio of 18,8. 

Example 9 
0382 To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene was charged and an ethylene was 
passed through at a rate of 100 l/hr. The temperature of a 
system was elevated to 75 C., and then 0.038 mmol of 
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate, 
0.20 mmol of triisobutyl aluminum and 0.008 mmol of 
ethylene bis(indenyl)hafnium dichloride prepared in 
Example 1 were added and polymerization was Started. The 
polymerization was carried out at atmospheric pressure at 
8" C. for 10 min while feeding the above gas continuously. 
The Subsequent procedure was carried out in the same 
manner as Example 2 to obtain 38.1 g of a polymer having 
a density of 0.954 g/cm, m) of 1.43 dl/g, Mw/Mn of 2.95, 
MFR of 0.12 g/10 min and a MFR/MFR ratio of 25.5. 

Example 10 
0383) To a 1000 ml glass flask thoroughly purged with 
nitrogen, 800 ml of toluene and 2 ml of 1-hexene were 
charged and an ethylene gas was passed through at a rate of 
100 l/hr. The temperature of a system was elevated to 45 C., 
and then 0.076 mmol of N,N-dimethylanilinium tetrak 
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is(pentafluorophenyl)borate, 0.8 mmol of triisobutyl alumi 
num and 0.016 mmol of ethylene bis(indenyl)hafnium 
dichloride prepared in Example 1 were added and polymer 
ization was started. The polymerization was carried out at 
atmospheric pressure at 50 C. for 10 min while feeding the 
above gas continuously. The Subsequent procedure was 
carried out in the same manner as Example 2 to obtain 14.5 
g of a polymer having a density of 0.927 g/cm, Mw/Mn of 
2.25, MFR, of 0.04 g/10 min and a MFR/MFR ratio of 
17.O. 

Comparative Example 1 
0384 An ethylene and propylene copolymer having a 
density of 0.867 g/cm, m) of 1.70 dl/g, Mw/Mn of 1.91 and 
MFR of 0.87 g/10 min (which was synthesized at an 
ethylene and propylene feeding ratio of 75:25 in a catalyst 
system of ethylene bis(indenyl) hafnium dichloride and 
methylaluminoxane) had a MFR/MFR ratio of 9.31. 

Comparative Example 2 
0385) To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene was charged and a mixed gas of 
ethylene and propylene (each at a rate of 75 l/hr and 25 l/hr) 
was passed through. The temperature of a System was 
elevated to 55° C., and then 0.038 mmol of N,N-dimethy 
lanilinium tetrakis(pentafluoro phenyl)borate, 0.4 mmol of 
triisobutyl aluminum and 0.008 mmol of ethylene bis(inde 
nyl)Zirconium dichloride were added and polymerization 
was Started. The polymerization was carried out at atmo 
spheric pressure at 60° C. for 10 min while feeding the above 
gas mixture continuously. The Subsequent procedure was 
carried out in the same manner as Example 2 to obtain 21.7 
g of a polymer having a density of 0.859 g/cm, m) of 0.68 
dl/g, MFR of 91.0 g/10 min and a MFR/MFR ratio of 
78. 

Comparative Example 3 
0386 To a 500 ml glass flask thoroughly purged with 
nitrogen, 400 ml of toluene was charged and a mixed gas of 
ethylene and propylene (each at a rate of 75 l/hr and 25 l/hr) 
was passed through. The temperature of a System was 
elevated to 55 C., and then 2.0 mmol of methylaluminoxane 
and 0.008 mmol of (N-t-butyldimethyl-tetramethyl cyclo 
pentadienyl)silanaminate dichlorotitanium were added and 
polymerization was Started. The polymerization was carried 
out at atmospheric pressure at 60° C. for 10 min while 
feeding the above gas mixture continuously. The Subsequent 
procedure was carried out in the same manner as Example 
2 to obtain 9.4 g of a polymer having a density of 0.859 
g/cm, m) of 3.1 dl/g, MFR, of 0.14 g/10 min and a 
MFR/MFR, ratio of 6.7. 

Comparative Example 4 

0387 Afinity 1845TM manufactured by Dow Co. was 
measured as an ethylene polymer. It had a MFR/MFR 
ratio of 8.5 and a (02/c)1 ratio of 8.3. 

1. An ethylene polymer having: 

(A) a density of from 0.930 to 0.970 g/cm, (B) a ratio 
(MW/Mn) of a weight average molecular weight (Mw) 
to a number average molecular weight (Mn), as mea 
sured by GPC, of from 1.2 to 10, and 
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(C) a ratio (MFR1/MFR) of a melt flow rate (MFR) at 
190° C. under a load of 10 Kg to a melt flow rate 
(MFR) at 190° C. under a load of 2.16 Kg of from 16.2 
to 50. 

2. An ethylene polymer having: 

(A) a density of 0.921 g/cm or more but less than 0.930 
g/cm, 

(B) a ratio (Mw/Mn) of a weight average molecular 
weight (Mw) to a number average molecular weight 
(Mn), as measured by GPC, of from 1.2 to 4.0, and 

(C) a ratio (MFR1/MFR) of a melt flow rate (MFR) at 
190° C. under a load of 10 Kg to a melt flow rate 
(MFR) at 190° C. under a load of 2.16 Kg of from 12 
to 50. 

3. An ethylene polymer having: 

(A) a density of from 0.850 to 0.970 g/cm, 
(B) a ratio (Mw/Mn) of a weight average molecular 

weight (Mw) to a number average molecular weight 
(Mn), as measured by GPC, of from 1.2 to 10, and 

(D) a relation of (02/co1218 where co1 and (02 denote 
angular velocity (rad/sec) when complex elastic modul 
lus G* (dyne/cm) at 200° C. is 5.0x10 dyne/cm and 
2.0x10° dyne/cm, respectively, which are determined 
by measurement of the angular Velocity dependence of 
the complex elastic modulus of the copolymer. 

4. A process for preparing an ethylene polymer, which 
proceSS comprises preparing Said ethylene polymer in the 
presence of an olefin polymerization catalyst comprising an 
organic hafnium compound having at least one Substituted 
cyclopentadienyl group and an organic boron compound 
essentially, wherein the ethylene polymer has: 
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(A) a density of from 0.850 to 0.970 g/cm, 
(B) a ratio (MW/Mn) of a weight average molecular 

weight (Mw) to a number average molecular weight 
(Mn), as measured by GPC, of from 1.2 to 10, and 

(C) a ratio (MFR/MFR) of a melt flow rate (MFR) at 
190° C. under a load of 10 Kg to a melt flow rate 
(MFR) at 190° C. under a load of 2.16 Kg of from 12 
to 50. 

5. A process for preparing an ethylene polymer, which 
process comprises preparing Said ethylene polymer in the 
presence of an olefin polymeirization catalyst comprising an 
organic hafnium compound having at least one Substituted 
cyclopentadienyl group and an organic boron compound 
essentially, wherein the ethylene polymer has: 

(A) a density of from 0.850 to 0.970 g/cm, 
(B) a ratio (MW/Mn) of a weight average molecular 

weight (Mw) to a number average molecular weight 
(Mn), as measured by GPC, of from 1.2 to 10, and 

(D) a relation of (02/co1213 where co1 and (02 denote 
angular velocity (rad/sec) when complex elastic modul 
lus G* (dyne/cm) at 200° C. is 5.0x10 dyne/cm and 
2.0x10° dyne/cm respectively, which are determined by 
measurement of the angular Velocity dependence of the 
complex elastic modulus of the copolymer. 

6. A molded article Selected from the group consisting of 
(a) injection molded articles, (b) hollow or extrusion molded 
articles, (c) rotational molded articles, (d) film or sheet 
molded articles and (e) extrusion coating molded articles, 
which article comprises, as an essential component, an 
ethylene polymer as claimed in any one of claims 1 to 3 or 
an ethylene polymer prepared by a preparation process as 
claimed in claim 4 or 5. 

k k k k k 


