WO 00/39173 PCT/US99/30594

i

10

1
12
13

14
15

16
17

18

19
20
21

23
24

IMPROVED CHROMATE ESTER CATALYST AND METHOD OF USING
SAME TO PRODUCE HIGH PERFORMANCE POLYETHYLENE
PRODUCTS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of co-pending US Patent Application
serial number 09/222,080 filed December 29, 1998.

FIELD OF THE INVENTION

“The present invention relates to an improved chromate ester catalyst,

especiallly a bi's (triphenylsilyl) chromate catalyst useful for the polymerization -
of ethylene, a method of using the improved catalysts to produce high
performance polyethylene products such as polyethylene pipe, and the hlgh
performance polyethylene products made using the method.

BACKGROUND OF THE INVENTION

The use of silyl chromate as a polymerization catalyst has been known in the -
art for many years. See, for exarﬁple, U.S. Patent No. 3,324,095 (Carrick
etal.) and U.S. Patent No. 3,324,101 (Baker et al.) which teach the use of a
silyl chromate catalyst systein for olefin polymerization. Furthermore, in U.S.
Patent No. 3,642,749 (Johnson) and U.S. Patent No. 3,704,287 (Johnson
et al.) teach silyl chromate catalyst systems and disclose the deposition of
chromate ester or di-tertiary poljralicyclic catalyst on activated silica and
treatment with selected organo-metallic reducing agents. However, recently

- chromate ester catalyst have fallen out of favor due to their limited

effectiveness in polymerization ptocesses when co_mpared with newer
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catalysts, such as the new generation of catalysts used to make bi-modal .
polyethylene products. “The present in\rention is directed to a new chromate
ester catalyst that may be used to :r_nake very high performance polyethylene
products; such as polyethylene p'tpe', polyethylene'liner systems, and high
molecular weight film. Ina preferred ernbodiment of the invention the
polyethylene product comprises a oopo_ly_rner. |

SUMMARY OF THE INVENT!ON

The present invention relates to a supported chromium containing catalyst
which comprises (a) a highly porous silica sdpport having a minimum surface
area of at least about 300 mzlgr an average pore volume of at least 2.0
cc/gr., and an average meso pore dlameter of between about 350 A and 1000
A; and (b) a promoter compnsrng a chromate ester treated with a reducing
agent. The catalyst of the present rnventlon is partrcularly useful for the
polymerization of mono unsaturated alpha-olefins having from two to eight -
carbon atoms in the molecule. The catalyst is especially useful for the
polymerization of ethylette. ‘The ohromate'ester'pr'esent in the catalyst is
usually a silyl ester compound such as bis (triphenylsilyl) chromate.
Preferably the chromate ester wil be present in an amount within the range of
from about 0.15 weight percent to about 0.70 weight percent when calculated
on the basis of elemental chromium metal and more preferably will be
present inan amount of between about 0.25 welght percent and 0.60 weight
percent when calculated on the basis of elemental chromlum metal and most
preferably from about 0.45 welght percent to about 0.55 weight percent.

The 'support used in the catatyst of the pésent invention 'is. .a highly porous
silica whlch oompnses not less than about 93 welght percent silica.
Preferably the support wrll oonslst essentlally of sillca wrth only traces other
materials, such as smpuntres, present The term meso pore" refers to only
those pores in the hih silica su_pport which have a diameter of between 20 A
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and 1000A. Pores present in the support smaller than 20A are referred to as

 micropores, while pores larger than 1000A are referred to as macropores.
“While not wishing to be bound by any particular theory, it is believed that the
- average size of the mesopores are critical to the present invention, since the

mesopores are believed to be the primary: sites were t_:atalytic reactions, such -
as polymerization, occur in the finished catalyst. Likewise surface area and
the average pore volume also have been shown to be critical limitations of the
support used in the present invention. For the highly porous silica support, it

is preferred that the surface area be atleast 300 m%gr., the average pore
volume be within the range of from about 2.0 cc/gr. to about 4.0 cc/gr., and:

‘the mean meso pore diameter be within the range of from about 350 A and

about 700A.

~‘Average pore diameters given in this disclosure were measured by the

adsorption isotherm method. Total pore volume may be determined by the .
amount of liquid nitrogen adsorbed at a pal_ftial pressure of or near 0.99.
Surface area may be determined by the BET surface area method (ASTM - -

'D3663)." One skilled in the art will recogniie that the average pore diameter .

and pore volume may be somewhat different for the finished catalyst as

* compared fo the support prior to addition of the promoter.

The present invention further relates to a continuous process for polymerizing
ethylene which comprises contacting a reaction sysem comprising ethylene.
with a catalytic amount of a promoter comprising a chromate ester treated

. with a reducing agent, said promoter being deposited on a highly porous silica

support having a minimum surface area of at least about 300 m?gr., an
average pore volume of at least about 2.0 cc/gr., and an average meso pore
diameter of between about 350 A and 1000 A for a time and under process
conditions selected to produce an extrudable polyethylene product. In
carrying out the process of the present invention the reaction system may



WO0-00/39173 PCT/US99/30594

© ©® N O OB W N -

11

12
13

14
45

16

18

19
20
21
22
23
24
25
26
27

..4-

contain only ethylene as a reeeten_t_,_but in one preferred embodiment of the
invention, in addition to the ethylene, the reaction system may also contain

- from about -0.002 mole ratio to-ethylene to.about 0.020 mole ratio to ethylene
. of amono unsaturated alphaaoleﬁn_ having from three to eight carbon atoms in

the molecule. Preferably the mono unsaturated alpha-olefin present in the
reaction system will have from about four to six carbon atoms in the molecule.

The process of the present invention is particularly useful in the manufacture

o__f high performance polyethylene products, i.e., polyethylene exhibiting very

~_high PENT, NCTL or other slow crack growth test values as comparedto
 polyethylene products made using conventional chromate ester catalysts.

The present invention is further directed to a polyethylene product obtainable .
bya process which comprises contacting a feedstream containing ethylene
with a eatalytic amount of a promoter comprising a chromate ester treeted

with a reduclng agent said promoter being deposited ona highly porous slllca
support havmg a mrmmum surface area of at least about 300 mzlgr an
average pore volume of is at least about 2.0cc/gr., and an average meso pore:

_'dlameter of between about 350 A and 1000 Afora: tlme and under. process: -

conditions selected to produce an extrudable polyethylene product The
polyethylene product may consist essentially of only ethylene homopolymer,
i.e., a polymer resin containing only ethylene monomer, or the polyathylene
product will preferably contain co-monomiers such as other mono unsaturated -
olefins besides ethylene. Such co-monomers, if present will usually contain
from three to eight carbon atoms in the molecule and more preferably will
contain from about four to six carbon atome in the molecule. Polyethylene -
products, such as polyethylene pipe, within the scope of the present invention
have been demonstrated to have PENT values in excess of 1000 hours and
even in excess of 2000 hours. '
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~ As used in this disclosure a polyethylene product refers to either a

polyethylene resin made using the present invention, or a product formed,

usually by extrusion, from the polyethylene resin. Thus as used herein the

term "'pblyethylene product " may be used to refer o a polyethylene
ho'rnopolymef resin, a polyethylene cobolymer resin, or to manufactures
made therefrom, such as, for example, polyethylene pipe, polyethylene liner
systems. and_ high molecular weight film.

PENT values used in this disclosure refer to the Pennsylvania Notched Test . -

(ASTM F1473) which measures slow crack growth in the products produced - -

using the resin. PENT values for conventional polyethylene pipe typically fall
- within the range of 50 to 500 hours. High performance pipe made using bi~ - . -
‘modal polyethylene resins typically exhibit PENT values of about 1000 hours. -
'Thus it is particularly surprising that polyethylene pipe may be manufactured " -
using the present invention with PENT values in excess of 1000 hours and: -
even in excess of 2000 hours. In addition, polyethylene pipe made using the.

process of the pr'eeeht invention has been shown to have good tensile :
properties (ASTM D638) and superior melt strength (as shown by an
internally developed method).

“Asused in 'this disclosure the words "comprises"” or “comprising" is intended -

as an open-ended transition meaning the inclusion of the named elements; .-

* but not necessarily excluding other unnamed elements. The phrase "consists

essentially of" or "consisting essentially of* is intended to mean the exclusion
of other elements of any essential significance fo the combination. The

phrase "consisting of" is intended as a transition meaning the exclusion of all -

but the recited elements with the exception of only minor traces of impurities.
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- DETAILED DESCRIPTION OF THE INVENTION -

When chromate esters, such as _silyl _ch_iro'mat.e. a_re:.supported_ ona highly __
porous silica base as described herein 'the resulting catalyst displays . |
signifi cantly greater total catalyst productrwty than chromate ester catalysts
previously known. Polymers produced wuth the catalysts of the present
invention have been found to have outstandlng propertles when used in high
performance polyethylene appllcatlons, such as polyethylene pipe. For
example, PENT values for polyethylene pipe made uslng the process of the -

~ present invention have been shown to exceed 1000 hours. In addition, melt

strength was also fo_un_d to b_e j_extrem_ely desirable being more than 30%
greater than other high 'perfOrmance pipe resins. The properties of

- polyethylene pipe made usmg the present lnventron suggest that the. _
- lmproved polyethylene resms of the mventlon are at least equrvalent to the .
'new generation bi-modal products made with other catalysts and processes.

Srlyl chromate catalysts made usmg the hrghly porous srlrca support of the

present mvention have demonstrated an increased total catalyst productivity
that is equal to abo__ut twm_e that seen using c_onventr_onal sllyl chromate
catalysts. Using the conventional silyl chromate catalysts productivity levels

_of around 3000 Ib/lb of total catalyst are typical.. In.contrast, the improved .

process of the present invention has given productivity values as high as -
6000 Ib/lb of total catalyst. In addition, polyethylene pipe products made by
the improved process have demon_strate_d PE_Nfl;:values in the 3000 — 4000 -
hour range while the pipe made using con_ventlonal._processes typically yield
PENT values of in the 50 — 500 hours range. The improved total catalyst
productivity and pipe performance levels de_monstrated using the present
invention have not been observed using current processes.

Surprisingly, it has been found that the highly porous silica support allows
effective loading of the chromate promoter at higher levels than conventional
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" supports. While, it has been possible to load equivalent levels of chromate

promoter on conventional supports, studies indicate that the higher levels of

- promoter do not improve total catalyst productivity of the process or produce

a higher performance product. Thus the present invention represents a
significant breakthrough in the manufacture of both high performance
catalysts and high performance polyethylene products.

In camrying out the present invention the chromate esters used as a promoter

‘may include any of the chromate esters which have been described in the -
-literature as useful in the polymerization of ethylene. See, for example US-
- Patents 3,324,101 and 3,704,287, the contents of which are herein

incorporated by reference. - Preferred promoters are silyl ester compounds:
having pendent hydrocarbyl groups of from one to about fourteen-carbon -
atoms attached to the silicon atom of the molecule. ' lllustrative promdters i
within the scope of the broad invention include, but are not necessarily limited
to bis (trimethylsilyl) chromate, bis (triethylsilyl) chromate, bis (tributylsilyl)
chromate, bis (triisopentyisilyl) chromate; bis (tri-2-ethylhexylsilyl) chromate, -
bis (tridecylsilyl) chromate, bis (tri-tetradecyl-silyl).chromate; bis (tribenzylsilyl).
chromate, bis (triphenethylsilyl) chromaté, bis (triphenylsilyl) chromate, bts
(tritolyisilyl) chromate and the like. Especially preferred as a promoter is bis
(triphenyisilyl) chromate. '

In carrying out the present invention the amount of chromate ester present on
the catalyst should be at least a catalytic amount, i.e., an effective amount
sufficient to catalyze the polymerization reaction. Preferablly, the amount of*
chromate ester should constitute at least about 0.15 wt % but could be as
high as 0.70 wt% of the catalyst composition expressed as elemental
chromium metal. ‘More preferably; the amount of chromate ester should be
within the rang of from about 0.25 weight % to about 0.60 weight percent
expressed as chromium metal present and even more peferably within the
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range from about 0.45 to about 0.55 weight percent expressed a chromium
metal present. As shown in the examples 'below,' higher levels of chromate
exhibited the best catalyst perfi__:rma_nce and resulted in polyethylene products
having superior properties.- '

In preparing -the_cata_lyst__s of the present invention tl___1,e_.¢hromate es_t_,ér must be
reduced with an organoﬁ!etéllié; r_educing'agent, such as, for example, one or
more of a variety of alkyl aluminum compounds. Generally preferred in
reducing the chromate promoter when carrying.out the present invention is di-

. . ethyl aluminum ethoxide. - However, the.reducing agent selected for preparing
10
1.

the catalyst may not be the most critical element of the invention, and the -
choice of reducing agent will often depend on other factors such as cost,
availability, ease of handling, and s_tab_ility. Such reducing agents are well -
known to those skilled in the ar,t-and should not require further elaboration . -
here. .

The highly porous silica supportusedto pfgpaie the catalysts _of the present

-invention should comprise at _i_e__a_s_t about 93 weight pg_rcep_t silica. The support

will generally consist essentially of only silica, except for non-essential
impurities; however, other type_é of silic_és gbﬁta,ining dthér elements, such as
titanium co-gels, could' be expected to work 'in dertain instances. The support
should have a high surface area, preferably of at least about 300 inzlgr. and

- altematively can have a surface area of at 'I_e_.ast-about 450 m?gr.. The

average pore volume should be at least about 2.0 cc/gr. and more preferably
will have an average pore volume of at least 3.0 cc/gr.. The upperlimiton .
pore volume does not appear to be critical to the inventior!, but usually the
average pore volume of the support will not exceed about 4.0 cc/gr.. The
average meso pore diameter of the support should fall within the range of
from about 350 A to about 1000 A as measured by the adsorption method.
Generally, higher surface area émd higher pore volume and a pore diameter
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“falling in the lower part of the r_aﬁge are preferred.

At least one family of microspherical-type supports meeting the requirements
of the invention is commercially available, and is produced by The PQ
Corporation of Valley Forge, Pennsylvania. Two QUppoﬂs- from this family
have been used:to carry out the process of the invention. Their designations

- are MS 3030 and MS 3050. The surface area of MS 3030 has been:

measured at 320 m?/gr. and the. pore volume and average meso pore
diameter have been measured as 2.95 cc/gr. and about 610A, respectivély.
The MS 3050 support has been found to have a surface area of 467 m%gr.,a -

total pore volume of 2.8 cc/gr., and an average meso pore diameter of about -

400A. Although the two cited supports are of the micraspheroidal type, silicas
of a granular or spray-dried type are available and possess similar properties -

- to the microsperoidal varieties. They would thus be expected to find

application within the areas described herein.

-In carmrying out the invention, it may be advantageous to include between -
-about 0.002 mole ratio to ethylene and about 0.030 mole ratio to ethylene of

a co-monomer fo ethylene in the reaction system. The co-monomer.is -
typically a mono unsaturated alpha-olefin having from three to eight carbon
atoms in the molecule. More preferably the co-monomer will have from four
to six carbon atoms in the molecules. One skilled in that art will recognize -
that the reaction system may also contain a mixture of co-monomers,
hydrogen,, and inert materials, in which case the invention is not restricted to
only the presence of a single monomer in addition to the ethylene. Co- =
monomers which may be included in the reaction system are, for exa'mple,.
propylene, 1-butene, 1-pentene, 3-methybutene, 1-hexene, 1(4-

‘methyipentene), 1-heptene, 1-octene, and the like. Preferred for use as co-

monomers with ethylene are 1-butene and 1-hexene, with 1-hexene being
particularly preferred.
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The polymerization reaction is preferably carried out in the gaseous phase,
but the process may also be carried out a_.f; a slurry or solution polymerization.

" In gas phase polymerization, catalyst particles are fluidized by a continuous

flow of gaseous mixture which also acts as a coolant. -See US Patents
4,876,320 and 5,473,027 for a discussion of gas phase polymerization, the

~ entire contents of which are incorporate__d-herein by reference. The -

polymerization process may be conducted over a wide range of temperatures
and pressures, but usually the- polymerization reaction is conducted at a

" temperature of between about 40 degrees C and about 200 degrees C and
“ within a pressure range of from about 20 psig to about 600 psig. The |
- polymerization process may also be used :-ih'hig'h‘ condensation and high
" productivity mode. When the process is conducted as a gas phase
- polymerization, the reactioniis pr'efefably 'cdn'ducted -at a'temperature of -
- between about 90 degrees C and about 110 degrees C and ‘within a pressure
- range of from about 150 psig and about 4560 psig.

The invention will be further-illustrated by the:following examples, which set

forth preferred embodiments of the invention and compare the performance of

the improved: catalysts of the invention to conventional catalysts. While the
Examples are provided to illustrate the present invention, they are not
intended to limit it. '

Example1 .. -

The per,fqnnance of three different catalysts using ponye_ntional supports were
- compared to two c;atalysts_pre__pared using MS 3030 and MS 3050 as the

supports in a continuous gas phase system. _Table 1 b__elow shows a
comparison of total catalyst pi'oductivlty. ie., pounds_ of polyethylene per
pound of total catalyst, and PENT results.
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-The first entry in the table represents a conventional catalyst using Crosfield

EP10X asa support. This silica support may be described as having medium
surface area and medium pore volume. Catalysts of this type have been
used commerdially to manufacture polyethylene pipe for many years. it
should be noted that increasing the loading of chromium on the support was -
not effective in increasing either total catalyéf productivity within the process

or the performance of the resulting product.

A second catalyst tested was prepared from Crosfield EP50 base. This’
support has a high surface area and is described by the manufacturerasa. - = -
titanium modified cogel. Table 1 shows that the total catalyst productivity of -

- EP50 did not improve with increased chromium loading. waever. some

improvement in PENT values were observed.

The third cataiyst in the Table used a base produced by Grace Davison' -

designated SMR 49. High chromium loading gave improved tofal catalyst:
pmdudiﬁty. Unfortunately, PENT results on the polymer were only slightly . -
improved over those obtained from the sfandard EP10X base. o

The fourth catalyst in Table 1 was prepared using MS 3030. This catalyst
which is an embodiment of the invention is shown with high chromium - :
loading. The high chromium catalyst exhibited very good total catalyst
productivity and PENT values were exceptional. The PENT failure for product
made with this catalyst was recorded at 6000 hours. As noted above this
support has a surface area in the lower end of the range for the present
invention, but it does have very large diameter meso pores and a high pore
volume.

The final catalyst tested was prepared using MS 3050 as a suppoﬁ. Again the
performance of the catalyst was tested at both high and low levels of
chromium loadings. The high chromium version of the catalyst had excellent
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total catalyst productivity and displayed superior PENT values. Some of the

butene copolymers gave PENT Vatues in excess of 1700 hours.

Comparison of Catalyst and Pipe F'_erfdr_mance Properties

_ Table1

Catalyst Base | Chromium | Total Catalyst PENT | Surface | Pore
(comonomer) | Level Productivity Test Area Volume
: RS -« - _|Ib. PEfib.total - .. | Results, | m%¥g | cc/g
Catalyst | hrs? Silica
Crosfield Low 2700 '60-90 |290- |1.8
EP10X - - | TR .. 370
| {1-butene) , . . . R .
| Crosfield High ~ [2300 | 60-90 [290- 1.8
EPIOX | L - {370 :
(1-butene) . | . ~
Crosfield lLow =~ |3100 '300-400 | 290- 18
EP10X T T RS P R 7 (O |
(1-hexene) | . |.. .. .. N _
Crosfield Low 3100 >500 440- 22
EP50- RN o |s40 |
(1-butene) | .. . AR S o
Crosfield High 2900 >700 | 440- 2.2
EP50 B o 540
(1-butene) . - . Ny e '
Davison SMR | High 4350 135 500 26
49 . . !
(1-butene) L - . - -
PQ MS 3030 | High 3000 6000 . | 300 3.0
(1-butene) ' ' o
PQMS 3050 |Low’ 13360 -1>1200 600 . - |3.0 .
(1-hexene) , . .
PQMS 3050 | High 5920 >3500 | 500 3.0
{1-hexene) - | . T C
PQ MS 3050 | High 5700 >1700 |500 |[3.0
(1-butene)
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Example 2

-Comparative data shown in Table 2 was obtained for various properties of
- polyethylene pipe resins produced using the catalyst of the present invention

in a continuous gas phase system and for polyethylene pipe resins made
using a conventional catalyst. Specifically, the data shown in Table 2 was:
obtained for standard gas phase butene based pipe grade HiD 9346 (referred
in the table as HiD 9346 B) which was made with a catalyst using EP10 -
catalyst base, L.X4838 (1-hexene comonomer) which was made with a
catalyst using MS 3050 catalyst base (bis(tripheny! silyl 6hromate)-catalyst),

and HiD 9346 commercially prepared resin using MS 3050 and 1-hexene.
- (The hexene version of HiD 9346 is referred to in the table as HiD 9346 H.)

The most obvious difference between the pipe resins is in the PENT data. -
The PENT (Pennsylva_nia Notched Test, ASTM F1473) test assesses slow
crack growth for pipe resins. The PENT values for LX4838 exceed 3100 -
hours with no failures. HiD.9346 B (1-butene, EP10) failed PENT at 60 hours
which is typical for pipe manufactured using conventional catalyst.
Commercially prepared HiD 9346 H with 1-hexene and MS 3050 has PENT
values in excess of 2700 hours with no failures. Typical PENT values for

-~ PE3408 type pipe grades (such as HiD 9346B) are in the 50-500 hour range.

The highest PENT values for commercially available PE3408 pipe grades -
have been for bi-modal resins such as Fina 3344. Fina 3344 has PENT
values typically in the 1000 hour range. LX4838 and commercial HiD 9346 H
(1-hexene, MS 3050) have far superior PENT values.

For the molecular weight data shown (GPC), LX4838 and HiD 9346 H are as
broad in molecular weight distribution (Mw/Mn value) as HiD 9346 B. This
means that LX4838 and HiD 2346 H have excellent processability into pipe.
There is also higher Mz (high molecular weight tai) values for LX4838 and
HIiD 9346 H versus HID 9346 B. This means that LX4838 and HiD 9346 H
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- All grades meet PE3408 type resin requirements per ASTM D3350: HLMI
- (typically in the 10 HLMI range); Density (0.941-0.955 range); Tensile
Properties (Tensile at Yield 3000-<3500); and PENT (30 hours:and up).

TABLE2

- Gas Phase Plpe Resins - MS3050 vs. EP10

L i

" [Property | HiDe346 | LX4838A | LX4838B | HID 9346
| Density, gmicc | 00456 | 09456 | 09456 | 0.945
Melt Index5,gm/10 | 029 | 030 0.26 0.30
‘THLMI, gm/10min. | 9.0 |94 85 9.0
MFR - - I 1 I - 1O 33 30
| PENT, hrs. 60 ° >3100 >3100 >2700
" | Tensile Strengthat | 3,480 | ~3210 | 3300 | 3530
. .| Yied,psi. . . | N R T B
- | Tensile Strength at. 4 660 | 4030 | 5220 | 5,400
| Break, psi _ - _
" | Elongation, % 800 690 760 830
Charpy lmpact - 45 9.0 85 8.0
- 'MeltStrength at | 24 21 - 18 21
- 1190°C, gms . - o
Melt Strength at 14 12 15 12
230°C, gms |
Rheotens Tensile 38 - 90 89 N/A
Force at Break, cN -
OIT, minutes - ‘50 55 65 75
Thermal Stability, C 265 265 265 265
Mn (GPC) ~ 15,700 12,700 13,100 13,100
This Sheet Has Been Rep
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‘| Mw (GPC) 208,400 | 226,200- | 228,600 | 253,000
Mz (GPC) 1,144,400 | 1,196,700 | 1,195,100 | 1,744,300 |
Mw/Mn (GPC) 13 18 18 | 19
%<10*(GPC) 14 17 17 15
%<10° (GPC) 5 6 6 6
Catalyst Base EP10X | MS3050 | MS3050 | MS3050
Comonomer Type | 1-butene | 1-hexene | 1-hexene | 1-hexene

While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and- -
those may make those substitutions skilled in the art without departing from

- the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

A supported chromium c_ontaihing catalyst compoeition which

comprises: o _

(a) ahighly porous silica support having a minimum surface area of
at least about 300 mzlgr an average pore volume of at least
about 2.0 cc/gr and an average meso pore diameter of

~ between about 350 A and 1000 A; and

(b) - a promoter compr_?si_ng, a chromate es_fer treated with a reducing |

~agent..

The catalyst of claim 1 wherem the highty porous smca support

'~ consists essentnally of snllca
~ The catalyst of claim 2 wherein the surface area is at least 450 m?/gr.

The catalyst of claim 2 wherein the mean meso pore diameter of the

support is between about 350A and about 700 A.

The ca'talys:t.' bf claim 2 _wherein the average pore volume of the support
is within the range of from about 2.8 cc/gr. and about 4 cc/gr..

The catalyst of claim 2 wherein the promoter is present in an amount
within the range of from about 0.15 to about 0.70 weight percent
calculated on the basis of elemental chromium metal.

The catalyst of claim 6 wherein the surface area of the support is at
least 450 m%gr., the average pore volume is within the range of from
about 2.8 cc/gr. and about 3.5 cc/gr., and the average meso pore
diameter is in the range from about 375 A to about 425 A.
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1 8. - The catalyst of claim 6-wherein the chromate ester is presentinan
amount of about .25 weight percent to about 6.0 weight percent

3 calculated on the basis of elemental metal.

4 9. The catalyst of claim 8 wherein the chromate ester is present in an

5 amount of about 0.45 weight percent to about 0.55 weight percent
6 - calculated on the basis of elemental metal.
7

10. The catalyst of claim 1 whereln the chromate ester is bis (triphenyisilyl)
8 chromate. :

9 11. A polyethylene product obtainable by a continuousprocess which .

10 - comprises contacting a reaction system containing ethylene with a

11 ccatalytic amount of a promoter comprising a chromate ester treated

12 with a reducing agent, said promoter being deposited on a highly.

13 porous silica support having a minimum surface area of at least about:

14 300 m?*/gr., an average pore volume of is at least about 2.0 cc/gr., and - -
15 an average meso pore diameter of between about 350 A and 1000 A

16 for a time and under process conditions selected to produce an

17 extrudable polyethylene product

18 12,  An extruded polyethylene pipe product made using the polyethylene
19 - product of claim 11. ' '

20 13. The polyethylene product of claim 11 wherein the reaction system also

21 contains co-monomer comprising at least one mono unsaturated .
22 alpha-olefin having from three to eight carbon atoms in the molecule or
23 a mixture thereof. '

24 14. - The polyethylene product of claim 13 wherein the co-monomer
25 comprises a mono unsaturated alpha-olefin having from four to six
26 carbon atoms in the molecule or a mixture thereof.

27 15. The polyethylene product of claim 14 wherein the co-monomer is 1-
28 butene.
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The polyethylene product of claim 14 wherein the co-monomer 1-
hexene.

The polyethylene product of clalm 14 exhltlng a PENT value of at Ieast
1000 hours. .

An extruded polyethylene pipe product made uslng the polyethylene:
product of claim 17.

- The polyethylene, product of claim 16 exhhibing a PENT value of at

least 2000 hours.

‘An extruded polyethylene plpe product made using the polyethylene

product of claim 19.

A _continu0us :pt_oc_ese'for polymerizing ethylene which comprises
contacting a.reaction system comprising ethylene with a catalytic

-, amountofa promoter comprising a chromate ester treated with a
_ reducmg agent sald promoter belng deposuted on a highly porous

silica support having a minimum surface area of at least about 300
m?/gr., an average pore volume of is at least about 2.0 cc/gr., and an -
average meso pore diameter of between about 350 A and 1000 A for a.
time and under process conditions selected to produce an extrudable
polyethylene product.

T_he _process of claim 21 wherein the chromate ester on the catalyst is
present in an-amount of at least 0.15 and as much as 0.70 weight
percent calculated on the basis of elemental metal.

The process of claim 21 _wherein the chromate on the catalyst is bis .
(triphenylsilyl) chromate treated with a reducing agent.

The process of claim 21 wherein the hlghly porous sillca support on the
catalyst consists essentially of silica :

The process of claim 24 wherein the surface area of the highly porous
.

A
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1 - silica support is at least 450 m?/gr-
2 26. The process of claim 24 wherein the mean meso pore diameter of the
3 ‘highly porous silica support is between about 350A and about 700 A
4 27. The process of claim 24 wherein the average pore volume of the highly
5 porous silica support is within the range of from about 2.0 cc/gr. and
6 about 4 cc/gr..
7 28. The process of claim 24 wherein the surface area of the highly porous
8 silica support is at least 460 m?gr., the average pore volume is within
9 the range of from about 2.8 cc/gr. and about 3.5 cc/gr. and the average
10 meso pore diameter is in the range from about 375 A to about 425 A.
11 29. The process of claim 21 wherein the reaction system also contains a
12 co-monomer comprising at least one mono unsaturated alpha-olefin
13 having from three to eight carbon atoms in the molecule or a mixture
14 thereof.
15 30. The process of claim 29 wherein the co-monomer comprises a mono
16 unsaturated olefin having from four to six carbon atoms in the molecule -
17 or a mixture thereof.
18 31. The process of claim 29 wherein the co-monomer comprises between
19 about 0.002 mole ratio to ethylene and about 0.30 mole ratlo to
20 ethylene. '
21 32. The process of claim 30 wherein the reaction system contains 1-
22 butene.
23 33. The process of claim 30 wherein the reaction system contains 1-
24 hexene.
25 34. The process of claim 21 wherein the polymerization is carried out as a
26 gas phase polymerization.
- - |
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1 35. The process of claim 34 wherein the polymerization is carried outin
2 condensation mode." '
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