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processability.
15  catalyst systems preferably have a low pore volume and high surface area.

Generally, it is recognized that catalyst systems having a low pore volume and high
surface area can result in a higher melt index and produce an olefin polymer that is
easier to process. Unfortunately, it also has been found that decreasing the catalyst
system pore volume usually corresponds to a decrease in the catalyst system surface
20  area. These catalyst systems provide polymers with extraordinarily good properties
which can only be achieved presently on the commercial scale by making bimodal
polymers from two reactors. Thus the first benefit is one of economics. With the
magnesia modified silica catalyst we get polymers with fabulous properties more
cheaply than our competitors. For our HMW film it is necessary to add a fluoro-
25 polymer to process_"tﬁc resin when it is blown into film. So procgss’iﬂg is not the
real forte for this particular catalyst system. These characteristics are éohﬁ'ary to
what is desired for polymer processability.
It is also known that catalyst systems need to be dry for best poly-
merization productivity and activity. Therefore, catalyst systems are heated and
30 dried prior to use. Unfortunately, heating of catalyst systems can cause problems
with catalyst system integrity. For example, if a catalyst system uses a silica-based

inorganic oxide support, heat can cause the silica to melt, or sinter, and therefore
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Again it is desirable to provide a catalyst system suitable for use in
15 polymerization processes.

Once more 1t is desirable to provide a chromium catalyst system that
can produce an olefin polymer having a decreased melt index.

In accordance with one embodiment of this invention a process is
provided to prepare a magnesium treated silica-containing composition comprising

20  contacting a silica-containing inorganic oxide with a magnesium-containing
compound and converting said magnesium-containing compound to a magnesium
oxide to produce a magnesium treated silica-containing composition.

In accordance with another embodiment of this invention a process is
provided to contact said magnesium treated silica-containing composition with a

25  chromium compound to produce a catalyst system composition.

In accordance with yet another embodiment of this invention a
polymerization process is provided using a catalyst system comprising chromium
supported on a magnesium treated silica-containing composition.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 In accordance with the present invention, a predominately
silica~containing compound is contacted with at least one magnesium compound

convertible to the oxide form, and then calcined. The essence of this invention is
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sl Ca_lgontir?xlrerﬁ 01 consist essentially of less than about 50% by weight of at least one

additional metal oxide such as, for example, alumina, boria, magnesia, titania,
zirconia and mixtures of any two or more thereof. Generally, the silica-containing
compound employed has a surface area, prior to magnesium treatment, of at least
about 10 square meters per gram (m%g). Preferably, the initial surface area of the

20 silica-containing compound, prior to treatment with a magnesium compound, can be
at least 50 m%g, and most preferably, any silica-containing compound employed is a
high surface area silica, i.e., support, with a surface area in excess of about 100
m’/g. |

In accordance with one embodiment of this invention, a magnesium

25  salt can be used in a very concentrated aqueous solution and precipitated within the .
pores of a silica-containing compound; Exemplary magnesium salts include, but are
not limited to, magnesium nitrate, magnesium chloride, magnesium acetate, and
mixtures thereof. The concentrated aqueous solution of the magnesium salt is
mixed with the silica-¢ontaining compound. Mixing can occur by spraying the

30 aqueous solution containing the magnesium salt onto the silica-containing
compound, or by slurrying the aforementioned components together. The

concentration of the aqueous magnesium solution can be any amount sufficient to

FIE
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15 that is necessary. Thus, the silica-containing compound and the magnesium salt

solution can be brought into contact for as little time as a few seconds to several
hours or more, such as, for example, about 5 seconds to about 24 hours, as
convenient. |

After sufficient contact time, any basic compound can be added to the

20  magpesiunysilica-containing compound slurry to precipitate the magnesium within
the pores of the silica-containing compound. Exemplary basic compounds include,
but are not limited to hydroxides, such as for example, sodium hydroxide, potassium
hydroxide, ammonium hydroxide, and mixtures thereof. Preferably, the basic
compound is ammonium hydroxide (NH,OH), due to availability and ease of use.

25 Heat and increased times can increase effectiveness of introducing and/or
precipitating magnesium into the pores of the silica-containing compound.
Optionally, the magnesium treated silica-containing support can be heated to
temperatures within a range of about 30°C to about 90°C and aged for times of up
to eight hours. Preferably a temperature range of 50°C to 60°C and an aging time

30 of about one hour is sufficient.

Following precipitation of magnesium within the pores of the silica-
containing compound, a substantial portion of excess liquid can be removed by any



tenperature, although higher or |ower tenperatures, within a range of about
4.4C to _about 38C (about 40F to about 100F), can be used. A tine period
suffici eMOMB23%) | ow t he support and nmagnesi um conpound t BCTAISE0/4146T
intimate contact is all 15 that is necegsary. Thus, the silica containing
conpound and the magnesium salt solution can be brought into contact for
as little ehitbidmeand, UeHS&S FRidexahple deedmation Bl RicA, o BAY otheb plktfsy f or
exanpl e, about 5 seconds to about 24 hours, as convenient. After

suf fi ci ent knewn aethe &k, any basic conpound can be added to the 20

magnesi uni si |l i ca- cont,gi ni C ound._ sl ur t recipitate the magnesi um
within the pores of Aﬁ% rs'ﬁ?Yagara? égﬁissﬁ‘ﬁ}‘hdé)(‘%eo‘%%g'ﬁw“gﬁs?gﬁﬁg|S&F9- basi c
conpounds comhiéify corpbundlie rifgsd withiatdiité Basiy S6latioki®Gch 88!8r 8Rarhlk, €xanpl e,
sodi um hydr oxi de, potassi um_ hydroxide, amoni um hydroxi de, and 'm xtures

t her eof 3 paE¥manisn \pydraxidenand; washed witudrioniseds nikbe selid theariodried i apyrOH) , due
to avail abilji eas S : .nereased .t nes can increase
ef fecti veng{sa?;‘%f%ﬂ‘fnr %dtug%gtgargﬁlfj é‘?aﬁ%?gg&@%ﬁl%@h %ﬁ‘ﬂébﬁmeﬂ?t@nt e pores
of the sil bﬂ@}dyam,taicnia@,gfoeeﬁaﬁ%la;ioven%i@ahéwm dhengTatdmsl watingat ed
silica contal ning support can be heated to tenperatures within a range of
about 30C eed/anpassingof vigprovgyteam of dry (msistire-fiige) g3 evegihe magnesiun®r ef er abl y
a tenperat 3 a i ﬁ 0,0f about one hour
's surfiof degied Mg 3%3‘9"% %@}1 ‘?qigélt {%ﬁﬁg?b?ﬂa@ﬁgés'elr}&n ‘%Rng’t Wugr{“?gﬁlés‘l}‘a‘r es of the
si | i ca10 comtaed isiligatonmamitipdcorpamdss washed whBrahiddhol. AxgeIcohol tHat dafan be
renoved by any WO 01/ 32309 PCT/ USOQ 41467 _ -5 suitable nmeans, such as, for
exanpl e, desegveaesigwal liquid, i gt water, 6an hepsest tpewashethe saagnesivutréated he art .

AL _ Cauid, . ) AHhS Caini
e e S G b LD WEBLUTRAAE 5 o OB 2 ' 1O,
amoni um hysthaxok ethanol, pespasct aidi hixteeotiezedd. The solid then is dried in

any manner known in the art to renmove any residual liquid. Any suitable
means can be The partially dried, magnesium-treated silica-containing compound

15 then is further dried to remove any remaining absorbed solvent and subjected to
calcination conditions. Calcination can be conducted by heating the magnesium
treated silica-containing compound in the presence of a dry, oxygen-containing gas,
such as, for example, air, under conditions sufficient to convert any magnesium to
an oxide. Generally, temperatures within a range of about 300°C to about 800°C,

20  for a time within a rangé of about 0.5 to about 20 hours are sufficient. Typically,
less time is required at higher calcination temperatures and more time is required at
lower calcination temperatures. Preferably, heating occurs at a temperature of
around 350°C to about 450°C (about 662°F to about 842°F) for a period of two to
four hoﬁrs, depending upon the amount of compound being calcined, and then

25 raised to a temperature in the range from 400°C to 800°C and held and this
temperature from 3 to 15 hours depending on the amount of compound being
calcined.

In accordance with a second embodiment of this invention,
magnesium treatment can comprise coprecipitating magnesia with a silica-containing

30 compound. This coprecipitation method can be as equally effective in increasing
the surface area of silica containing compounds. As used in this disclosure,

coprecipitation is preparation of a catalyst system wherein a magnesium compound
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then chyom Wy, GAR +he chromium after the support has been calcined. Addition of chromium

also can be done after the magnesium-treated silica-containing compound has been
dried by combining additional magnesium with a solution of a chromium
compound.

Commonly used polymerization cocatalysts can be used, if desired,

20  but are not necessary. Exemplary cocatalysts include, but are not limited to, metal
alkyl, or organometal, cocatalysts, i.e., alkyl boron and/or alky! aluminum
compounds. The term "metal" in organometal is intended to include boron. Often
these cocatalysts can alter melt flow characteristics (melt index or high load melt
index) of the resultant polymer. While not wishing to be bound by theory, it is

25  believed a cocatalyst can act as a scavenger for catalyst system poisons.

If the cocatalyst is an alkyl boron compound, trihydrocarbylboron
compounds are preferred and trialkyl boron compounds are most preferred.
Preferably, the alkyl groups have from about 1 to about 12 carbon atoms and
preferably, from 2 to 5 carbon atoms per alkyl group. Trialkyl boron compounds,

30 such as, for example, tri-n-butyl borane, tripropylborane, and triethylboran (TEB)
are preferred cocatalysts because these compounds are effective agents to improve

polymer properties, such as, for example, to reduce melt flow and retard polymer
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range of about 0.5:1 to about 10:1, preferably 2:1 to 8:1.

The cocatalyst either can be premixed with a catalyst system or added
as a separate stream to the polymerization zone, the latter being preferred.
- Reactants and Reaction Conditions

20 The polymers produced in accordance with the process of this
invention are homopolymers of ethylene and copolymers of ethylene and higher
alpha-olefin comonomers. Preferably, the ethylene concentration in the
polymerization reactor is within a range of from about 2 weight percent to about 20
weight percent, based on the total liquid contents of the reactor. Most preferably,

25 the ethylene concentration in the polymerization reactor is within a range of from
about 4 to about 15 weight -perceht. Measured in another manner, ethylene
concentration in the polymerization reactor flash gas is within a range of from about
5 weight percent to about 12 weight percent. Most preferably, the ethylene
concentration in the polymerization reactor flash gas is within a range of from about

30 6.5 to about 10 weight percent. While ethylene concentration does not significantly
affect the molecular weight of the resultant polymer, higher or lower ethylene
concentration can effect catalyst activity.
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particle form, or slurry, process wherein the temperature is kept below the

temperature at which polymer goes into solution. Such polymerization techniques
are well known in the art and are disclosed, for instance, in Norwood, U.S.
3,248,179, the disclosure of which is hereby incorporated by reference.

20 The preferred temperature in the particle form process is within a
range of about 185 to about 230°F (about 85 to 110°C), although higher or lower
temperatures can be used. Two preferred polymerization methods for the shurry
process are those employing a loop reactor of the type disclosed in Norwood and
those utilizing a plurality of stirred reactors either in series, parallel or combinations

25  thereof wherein the reaction conditions can be different in the different reactors.

The molecular weight of the polymer can be controlled by various
means known in the art such as adjusting the temperature (higher temperature giving
lower molecular weight) and introducing, or varying the amount of, hydrogen to
alter the molecular weight, or varying the catalyst compounds.

30 POLYMER CHARACTERISTICS

Polymers produced in accordance with this invention have increased
density, broadened molecular weight distribution especially on the high molecular
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W thin,a range of about 0.91 to about 0.975 g/cc, and preferably within a range of about
0.945 to about 0.96 g/cc. The polymer melt index (MI) usually is within a range of
about 0.015 to about 0.7 g/10 min and preferably within a range of about 0.02 to
about 0.5 g/10 min. The polymer high load melt index (HLMI) of the resultant
polymer usually is within a range of about 1 to about 175 g/10 min and preferably

20  within a range of about 4 to about 70 g/10 min. The shear ratio (HLMI/MI) is
usually within a range of about 40 to about 250, and preferably within a range of
about 50 to 200. Polymers haviﬁg characteristics within the given ranges are
especially useful for applications of blow molding and/or film production.

| The uniqueness of the disclosed and claimed catalyst system is the

25  ability to make polymers with a molecular weight distribution (MWD) that promotes
good properties particularly dart impact in high molecular weight (HMW) film
applications. While not wishing to be bound by theory, it is believed that these
property improvements result from the lessening of long chain branching (LCB)
and/or the reduction in HMW tails as a result of the increased surface area.

30 A further understanding of the invention and its advantages is
provided by the following examples.
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Pilot plant polymerizations were done in a 87 litre (23-gallon) slurry

loop reactor at a production rate of approximately 11.3 kg (25 pounds) of polymer
per hour.
General procedures for preparation of catalyst systems in the
20 following Examples is as follows. This also is referred to as an AESOP (Alkaline
Barth Standard Oxide Poregel) preparation. First, a concentrated solution of a
magnesium salt is prepared by dissolving the salt and chromium(III) nitrate in a
minimum amount of deionized water. This solution, called a “syrup,” was heated to
about 50 to about 55°C to dissolve the salts. Chromium was added in the amount
25  of one weight percent of the MgO formed from the dehydration of the Mg(OH), to
ensure that some chromium will be available to bond to the surface of the MgO.
Then, the syrup and ammonium hydroxide were sprayed onto the
support.
Alternatively, only the syrup can be sprayed onto the support and
30  then the support comprising the sprayed syrup can be combined with an aqueous
solution of ammonium hydroxide. This technique is preferred when the support has

msufficient pore volume to contain both the syrup and required volume of
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by hydrogen, if used, then 600 m o
activation. The dried catalyst was screened through a 35-mesh (0.50mm) screen and

15 stored. Catalyst systems generally were prepared as described above. Specific
~ variations to the above-discussed preparation are listed below.
' Analyses of the resultant polymers were conducted according to the
following procedures: |
Density (g/ml) - ASTM D 1505-68 and ASTM D 1928, Condition C.
20  Determined on a compression molded sample, cooled at about 15°C per minute, and
conditioned at room temperature for about 40 hours.
Fluff Bulk Density (g/ml) - ASTM D 1895, the apparent density test.
High Load Melt Index (HLMI)(g/10 min) - ASTM D 1238.
Determined at 190°C with a 21,600 gram weight.
25 Melt Index (MI)(g/10 min) - ASTM D 1238. Determined at 190°C
with a 2,160 gram weight.
~ Surface Area and Pore Volume. Measured by BET nitrogen sorption
using a Quantachrome Corporation, Autosorb-6b instrument.
Throughout the Examples, "est" means the weight percent estimated
30 from ingredients of the preparation, assuming 100 % recovery.
EXAMPLE 1
Run 101: 10 to 15 g of 964Magnapore®, Lot 2633, obtained from
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process was repeated. Each batch t%en w%s wasg/ed tﬁrec nsmevs\a n 2. 6 liters of 50 to
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15  60°C) n-propanol for 30 minutes, filtering after each wash. Both batches were dried
in vacuum oven at about 120 to 130°C for about 48 hours. Fifteen grams of this
catalyst was calcined in air heated at a rate of 1°C/min to 400°C and held there for
two hours. Heating then was continued at the same rate to a final temperature of
593°C and held there for about three hours. The activated catalyst was recovered

20  and stored under nitrogen until use. This catalyst system is designated as AESOP
preparation of 964 Magnapore®/MgO catalyst system.

Run 103: A methanolic solution containing 28 g of Mg(NO,),*6H,0
was added to 40g of 964 Magnapore® (Lot 2633). This was dried in vacuum oven
at about 110°C for about 16 hours. 0.34 g of Cr(NO,),*9H,0 in methanol was

25  added to the dried solid and then dried again. To this twice-dried solid was added a
methanolic solution of 14.2g of Mg(NO,),*6H,0 and 0.21g Cr(NO,);*9H,0 and re-
dried in the vacuum oven at about 110°C for about 72 hours. The resulting solid
was calcined as described in Run 102. In a similar fashion, catalysts were prepared
from the chloride and acetate salts of magnesium. These catalyst systems are

30  described as impregnation of the 964 Magnapore®, i.c., 964 Magnapore®/Mg(NO,),;
964 Magnapore®/Mg(C,H;0,),; and 964 Magnapore®/MgCl,. Properties of the
catalyst systems are provided in Table 1.
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EXAMPLE 2
15 This example illustrates other examples of the enhancement of

surface area by using the AESOP procedure as described in Example 1.
Designations 952, HA30W, HPVSiO2, and XPO-7003 are different silicas made by
the Davison Catalyst Division of W. R. Grace Co. of Baltimore, Md.
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30 described as inpregnation of the 964 Magnapore(r), i.e., 964

Magnapore"/ MJ(N03) 2; 964 Magnapore(r)/ My(C2H30) 2; and 964
MagnapoWeX01)323a9C12. Properties of the catalyst systens BFEUSPUUA®led in .
Table 1. WO 01/ 32309 PCT/US00141467 =133 TABLE | Run Catal yst Activation
Surface Pore W.% Nunber Tenperature Area Volune MgO' (C) (nR/g) (cnB/Q)
101 964 Mag 570 2.3 0.0 5 102-a 964 Mag/ MgO 593 711 1.14 15.6 102-b 964
Mag/ MO 649 701 1.5 | 8est 102-c 964 Mag/ MO 760 590 1.3 18est 103-a 964
Mag/ I\/g(NOE_)@ 593 388 1. 04 12.8 103-b 964 Mag/ Mg( C2H302)2 593 420 1.32 13.4
10 103-c B6QF Mag/ MgC1l2 593 392 1.15 12.9 'Weight percent oxides were
calculated in their nost common forms fromx-ray fluorescence
spectronetric results of the elements. EXAMPLE 2 15 This exanpl e

illustrat ésOot her<exawpl es of the enhancenent of surface area by using the
AESOP pro ﬁjre a¥ deScribed in Exanpl e 1. Designations 952, HA30W

HPVSI @2, and XPO 7003 are different silicas nmade by -the Davi son Catal yst

Division of W R Grace Co. of Baltinmore, Md. |- F WO 01/ 32309
PCT/ 13S00/ 43487 -14 aooaaoaoHMMC/i pi O
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O 000O0O0OG64Fi  NNNNNNNNNNNN 01/ 32309 PCT/ US00/ 41467 -15- O
D ~ 00 This Example demonstrates the improvement of catalyst system
support and catalyst system surface area from cogellation of silica and a magnesium
compound to form a catalyst system support.
5 Run 301: 64 g Mg(NO,),*6H,0 were dissolved in 150 ml. deionized

water to which 2 ml conc HNO, had been added. While stirring continuously, 149
ml of tetraethoxysilane (Strem, 98%, density = 0.9356 g/cc) were added over a
period of 45 minutes. To this mixture were added dropwise a solution containing
100 ml of water and 10 ml of concentrated NH,OH. Some white precipitate formed
10 during the addition of the base. The mixture gelled after the addition of 37 ml of
the dilute NH,OH. The gel was aged in 2 liters of water containing 25 ml of
concentrated NH,OH at 80°C for about one hour after which it was filtered and
washed twice at 80°C for about 30 minutes with two two-liter portion of water
containing 5 ml of conc NH,OH. The gel then was washed twice with n-propanol
15  at about 70°C for about 30 min. After a final filtration, the solid was recovered and
dried in a vacuum oven at about 110°C for about 24 to 72 hours. 1 wt% chromium
from a methanol solution of Cr{(NO,);*9H,0 was added to a 20g portion of the
catatyst and re-dried overnight at about 110°C under vacuum. The catalyst was
sieved through a 35-mesh screen and calcined in the manner described in Run 102.
20 Run 302: Catalyst preparation, work-up and calcination were as
described in Run 301, except 100 ml of tetraethoxysilane was used.
Run 303: Catalyst preparation, work-up and calcination were as
described in Run 301, except 50 ml of tetracthoxysilane was used.
Run 304: Catalyst preparation, work-up and calcination were as
25  described in Run 301, except that a magnesium salt was not used. Gelation
occurred after the addition of 30 ml of dilute NH,OH solution.
Table 3. Examples illustrating the enhancement of catalyst surface

area from the cogelation of silica and magnesia.



03-NN NN a v4r~ w$ Nlov En QU 00 kn NO N 0O y OO
VO UM 94 z NN W 01/32309 PCT/US00/ 41467 - 16 EXAMPLE 3 This Exanple
dermonst rEPAY3PRL i nprovenment of catal yst system support BRUSMNM6]st
system surface area fromcogellation ofygiLlica and a magnesi um conpound to
forma catal yst system support. 5 Run 301 64 g My(NO3) 26H20 wer e di ssol ved

in 150 m . deionized TABLE 3
Run Catalyst - Activation Surface  Pore Volume Wt.%
No.  Description Temperature Area (cm'/g) MgO
0 (m*/g)

5 304 SiO,/MgO 593 649 1.54 11.6
305 Si0,/MgO 593 676 1.18 16.7
306  SiO,/MgO 593 712 1.45 25.2

10
307 SiO, 593 424 1.95 0

The uniqueness of the catalyst is illustrated by a comparison among
Examples 1, 2 and 3.
15 EXAMPLE 4
The enhancement of surface areas of a variety of supports by means
of the porgelation of magnesium hydroxide followed by calcination to form MgO
apparently is a unique phenomena among the alkaline earth oxides as illustrated by
data of Table 4.

20 Run 401: 10 to 15 g 964 Magnapore® (Lot 2622) were calcined at
about 704°C for about three hours as described in Run 101. This catalyst system is
designated as a control, 964 Magnapore®. '

Run 402: 120g (0.25 moles) of Mg(NO,),*6H,0 were dissolved in
100ml of deionized water. Then, 0.91g of Cr(NO,),*9H,0 were dissolved in 104

25 ml of this magnesium salt solution and sprayed onto 50g of 964 Magnapore®. The
solid mixture was added to a solution containing 80 ml of conc NH,OH and 100 ml
H,O0, after which it was washed three times with two-liter portions of about 80 to
90°C water. This was foliowed by two two-liter n-propanol washes as described in
Run 102. A solid was recovered and dried in vacuum oven at 100°C for about 48

30 hours. Then, 15 g was calcined by heating in air at a.rate of 1°C/min to 400°C,
held there for about two hours. Heating then was continued at the same rate to the
final temperature of 704°C and held there for about three hours. These catalysts are
designated as 964 Mag/MgO.

Run 403: 16.5g of Ca(NO;),*4H,0 and 0.639 g Cr(NO,),*9H,0 of

35 were dissolved in deionized water. This solution was sprayed onto 50 g of 964



water to which 2 ml conc HNOG3 had been added. Wiile stirring continuously,
149 m of tetraethoxysilane (Street, 98% density = 0.9356 g/cc) were
added overW®0132¥00d of 45 minutes. To this m xture were addadisto/eer se a
solution containing 100 m of water and 19 m of concentrated NH4AOH Sone
white precipitate forned 10 during the addition of the base. The m xture
gel led after jood 1 i ol was aged
in2liters owgrlé@g?é éoﬁ%a?iﬁ?pﬁédgqsw%{ a%%cmggrfcl?teﬂr?t%?g'?g ngfé f8OC for
about one houtonaériteitedINHOHI dndvE® ml HL@r Ringing] dryvaghad daldiniont w&eG@sf or
about 30 mnutes with two two-]Jiter portion,of water caontaining 5 m of

conc NHAOH. THecrad infum 4% Fhisirarbishistemis designated 38 76F Mag/Ga0apout 70C
for about 30 mn.. Aft {.n i hQ i X vered and
dried in a vacuum ovene%%@g %u?h%%?@ﬂ%@%fg t{%ﬁét&%éog‘ﬁ%gu{réﬁﬁf?mﬁ %
chromi um S r ofeienizet waten! Ther, Ut 58p o6ICrQNQ)ESHIO W26 dissslvediite 104 ml af 26g

portion of the catalyst and re-dried overnight at about 110C under vacuum

The catal yst Shhuiongang\sprayved oatayhd g of96Addagnapersen Tha golid mixiyey was added
manner descri [0k . : lLyst at han: - Up and
cal cination m‘,g?%%@‘@%g‘#?‘?‘%? i%%@gﬁ%&%@t}o%@%@o;{ %méf“&hﬁnéﬂ

t et r aet hoxysi dndnaloimsion Sedte alRdescibad ilCRumKY2t Thiseqatd wt isgstem Vi discripediagd
calcination were as described in Run 301, except 50 m of

t et r aet hoxysi $4n¥ag®s0yused. Run 304: Catal yst preparation, work-up and

cal cinati were as 2 e3Cd. | j ﬁ@lﬁ% S43E magnesi um sal t
was not u@gd. Cel ati onqzlglcg(ﬁ{r'rzggzg ?rer e acf'al ti cfg; adqt‘d]%g()ﬁ# of dilute
NHAOH sol ut i ofe(NDgR¢ 3,8 wEveadiysobadiih |defhized wager! Thisaohision evmniprayed oafoal yst
surface area_fromthe cogelafion of. silica and magnesi ga. WO 01/ 32309

PCT/ USQQY 41465 & 27 94 @@%%aﬁﬁt\mﬁﬁh% i, s ek (o SAUGRN urre Vi . 06

No. Descri pti Qi ERPSH Aot 3 CHBAG) 00 4P 1,0 RIEREINrying, and

calcination were as described in Run 405.

15 The data in Table 4 shows the properties of AESOP catalyst systems
based on a 964 Magnapore® matrix.
TABLE 4
Run Catalyst Activation Surface Pore Wt% Wt %
No.  Description Temperature Area Volhme MgO* TiO,
(°O) ’/g)  (cm¥p)
20 401 964 Mag 704 593 226 0.0 Test
402 964 Mag/MgO 704 701 1.50 18est  Sest
403 964 Mag/CaO 704 415 1.84 6.6 5.4
25
404 964 Mag/SrO 704 339 1.54 154 7.1
405 964 Mag/BaO 704 323 135 114 64
30
EXAMPLE 5

Poregelation of MgO (AESOP preparation) into a cornmercial
chromium polymerization catalyst makes a unique polyethylene as shown by the
data in Table 5. The data in Table 5 compares poregellation techniques with

35 impregnation techniques of a magnesium compound. This uniqueness becomes



5 304 Si 2/ MgO 593 649 1.54 11.6 305 Si 2/ MO 593 676 1.18 16.7 306

Si 2/ MgO 593 712 1.45 25.2 10 307 Si02 593 424 1.95 0 The uni queness of
the catWOMPB2308 || ustrated by a conparison anong ExanpPebUs00/4ldgng 3. 15
EXAMPLE 4 The enhancenent of surface aneas of a variety of supports by
means of the porgel ation of magnesi um hydroxi de foll owed by cal cination to
form MyO  apiasdneWhel the nivlevnlan weigh end tanetazruAea ihderivddafromahear t h oxi des
as illustrated b data of Table 4. 20 Run 401: 10 to 15 U'?64 Magnapor e(r)
(Lot 2622) Comean-¥asuda Medel of cups fitting gynargic thsejaey dataat 08 kParamEteser | bed

i Run 101, Thi 'y I i : ,

:\/ggnagor e(?rf.colﬂﬁ)ﬁg %og:u‘%%gyfﬂﬁ%&%ﬂeg’g?'eg@w}@ﬁd g‘&;%&%rvég%ssol ved in
100m of dgis@ibutienl ofaiepolymeenThe hizhgr Mw @Gnd eRdsr Hd2MWbren dhiedsgh ved i n
104 25 m of this r,na%nesi um salt, sol uti and sprayed ontq 50g of 364
Magnapot e( mplecyige weight endithg larger \Aﬁ&a“_a‘?iéiegna’t‘t?t%alégl“ﬂ%?ﬁﬁs ﬁ%ﬁFaﬂ“ﬂ‘?% %80 m of
conc NUOH A dnd@brhcnid 2R i doffmeiheiadct. Whas WBE RBekehdt Mltab cfiP M L 1

two-1liter poPtlons Cwater. This was followe y two
two-|iter highéopigfol awesih esadebycthe AESQP catalysRean tdterprederd agllesmbongecover ed

and dried in_vacuum oven, at 100C for, about 48 3Q .hours. Then, 15 g was
cal ci ned byhaimhranghing angd{or lgss yery dugh Bp?ef@'aﬁi“ﬁ”fi me)geules, 1§ hosker e f or

about two i il at the sane rate to the final
t enper aturgggﬁ%g%%pﬂée{gﬂméwg? la out three hours. These catal ysts
are degpignated as 9Pélyitepizifisn reBetiond Gdcre toiried cut tCarh ARy 4H2800and 0. 639 ¢

Cr (NO3) 39H20 of 35 were dissg] ved . n. dejonj wat er... This sol uti.on was
sprayed ongRE/Boatgndhe pessenge Qfﬂm#h?@fb l‘ﬁl&)?g‘fﬁ@ﬁ 02 mofe percent of

hydrogen and a reactor pressure of 3.89 MPa (550 psig).



-18 Magnapore. The danp solid was added to a solution containing 67 m of
concentrated NHAOH and 100 ml H, O Rinsing, drying, and calcination were as
descri bed WM 49402, This catal yst systemis desi gnated FCHEHRET cao
Run 403: 93g of Sr(NG3)2.4H20 were dissobpged in 125nl of 5 deionized water.
Then, 1.58 g of Cr(NO03)3.9H20 were dissolved in 104 mM of this solution
and sprayed onto 50 g of 964 Magnapore(r). The solid m xture was added to
a solution containing 57 n§ Af conc NHAOH and 100 nl H2O. Rinsing, drying,
and cal cination were as defcfi be?l i mt RuUf 402. This catal yst systemis
described as 964 Mag/ SrOF10 Run 405: 15.3 g of Ba(CH3CO2)2. 4H20 and 0. 707
g Cr(NO3) _ *9H20O were dissolved in deionized water. This solution was
sprayed onto 50 g of 964 Magnapore(r) after which the solid mxture was
added to a solution cont arg§4 it og conc NHAOH and 100 m H20.

Rinsing, drying, and cal ¢rrmation were as described in Run 405. 15 The data
in Table 4 shows the properties of AESOP catal yst systens based on a 964
Magnapore' ~ matrix. TABLE 4 dg&un Catal yst Activation Surface Pore W .% W.
% No. Description TenperatuEe & earMolwne MgO Ti02 (C (nR/g) (cnB/g) 20
401 964 Mag 704 593 2. 26 (E} | e§t %02 964 Mag/ M\gO 704 701 1.50 | 8est 5est
403 964 Mag/ CaO 704 415 1.84*6.6 5.4 25 404 964 Mag/ SrO 704 339 1.54 15.4
7.1 405 964 MagBaO 704 323 1.35 11.4 6.4 30 EXAWPLE 5
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Por egel ati on of MO (AESOP preparation) into a comrercial chrom um

pol yneri zati on catal yst makes a uni que pol yethyl ene as shown by the data
in TablWOD13230@ data in Table 5 conpares poregel |l ation tRBEHHPYVMET t h 35.
i mpregnation techni ques of a magnesi umpgqnpound. This uni queness becones
------------ WO 01/ 32309 PCT/ USQQO 41467 -19- apparent when the nol ecul ar
wei ght and tau-eta (tau-eta is deripsesdMPLE®t he Carreau- Yasuda Mdel of
curve fitting dynam c rheol ogy data at 190C) paraneters are conpared.
Tau-eta is rel ated tUnitqhelmbéédﬂS&)P vasalysts darivesnispradhe increase dmthe

di stribution of the.polyoer. The,highar n he hi gh
5 ol ecul aff‘°\ﬁé‘i’]6’hi”e'£gr%ﬁ%‘ f ‘38‘? q@@g&%og_'%%@g@&aﬁ@g“%P ggg%‘as “as '? he
amount of foligRsheC BOPMPORE6EH @aital o T4lte PO Thieadatd HCT &6 Esshowhiesins infiide

decrease in tau-eta at a higher MK for a resin made by the AESOP catal yst
can be 5 ntfeoprsiticagnagnesiasogels wjth ¥arying asnemihehMefhd/ or | ess very high

nol ecul ar wei ght nol ggul es, .i.e. those r r a

Mag/ Mg(NO3) 2mi | |'i On_F@bmgd?%;wgrqeicﬁopgrvlverregéfil}igr?y vt}kér}lﬁ%}é’?t&?&efd%%)tg/go an
activity of 8eQRsestREFIL@ ity héeRe NI el GereaétoP piesvird 6B3.82. MPwi(360.- hexene,
0.2 nol e percent of hydrogen and a reactor pressure of 3.89 MPa (550
psig). is wigho 01/ 32309 PCT/ US00/ 41467 -20- a "a ~.~~ ~ONr OO NO MM
di-NO0000 wVi MM oq



0C 00axH as E, Nors VI ~O0O00MO 44 0Otxo UHa, OQrn -~z
oaoW VSl PCT/ USOO 41467 -21 EXAMPLE 6 Uni queneSﬁ of AESOP

catal ysts derives fromthe increase in the nolecular weig ‘ET’P&?{“&W’
centered around 500,000 - 1,000,000 as rl2Rustrated by the follow ng

Si 2/ MyO cogel data of Table 6. The data in Table 6 show resins nade 5 from
si]ica magnesia cogels with varying anmounts of MyO. Pol yneri zation
reactions were carried out fo an activity of 2500 g/g in the presence of
4.0 Wt % hexene-1 and at a f£eactaoi pressuye of 3.89 MPa (550 Psig). WO

01/ 32309 PCT/ US00/ 41467 § C7T%0  r~ NWNen.-r ¢c%
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Uni queness of the MgO AESCP as conpared28o other G oup 11 oxides is
illustrated by the data in Table 7. The data in Table 7 show 20 HLM
resins made fromthe poregel ati on oEXAMBRLEfE earth oxides into 964 .

Magnaporel 5 starting nmaterial, The 964 reater t han
that of the control ?‘q“\?ﬂcf"‘ﬁOgtr&?%ﬁgls‘?‘rﬁsgérastcgmpé?@'\%éﬁh@ 8 Ifor cao
and St O AEHRRs L jllﬁ.gﬁatemg%QQnafa%lé PSTHe/ At HTRALIOY G SORLMY Or an

equi val ent
resins made from the poregelation of alkaline earth oxides into 964 Magnapore®

5 starting material. The M,, of 964 Mag/MgO is greater than that of the control but
with a much smaller tau-eta value. M,, for CaO and SrO AESOPs of 964
Magnapore® are less than that of the control for an equivalent HLMI. The
retention of M,, while having a very low tau-eta may reflect the diminishing of the
very high molecular weight components and/or lessening of long chain-branching

10 typically present in conventional supported chromium catalyst systems.
Laboratory polymerizations were run to an activity of 2500 gPE/gcat
with temperature and pressure regulated to achieve the target HLMI of 20. All
reactions were done in the presence of 1 wt.% hexene-1 but without any hydrogen

or added cocatalyst.
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catal yst systens. Laboratory polynerizatipgns were run to an activity of
2500 gPE/gcat wth tenperature and pressure regulated to achieve the

target HLM of 20. Al reactions were done in the presence of 1 wt.%
hexene-1 but w thout any hydrogen or added cocatal yst. WO QU32309
PCT/ US00141467 A -24- 0%00 -' to 000 C 00Cl4\0 NNI4 .100NCN
OONN NOOOO I~r7~3  , r-+NN1ID ~ @} MOArn bAOCO0OC O
VI OO% 000 iwUrn -~%epr etmetor &-. 3N M-~7
I Y o©o o© o
=
=
§ @ & e ~
=
5% & 3 % 8
v — y— —
s
= - - &
«~
E o ~ W <t
fas
58 o & o _
25 & 2 & §
i I
/m *E o o o o
4 f® = 2 2 §
< Q?D N o < —
P <
4.¥ o o o o
EB 8 8 8 %
g 3 8 5 8
P
o\° 2 ey A7
;% o & 8 &
22 9
s %3
B - - Eﬁ
2y = = = =
g% S < < =
CE & & & R

Run
No
701
702
703
704



WO 01/ 32309 PCT/ US00/ 41467 -25 EXAMPLE 8 The uni gue HMW peak in the
nol ecul ar_ wei ght di stribution appears

provi deWaf}

®ges in the filmmarket as illustrated by

to give resin properties that

CRUSAYUIMST h Tabl e

8. The data in Table 8 provide a conparigson of filmproperties 5 between a

commer ci al hi gh nol ecul ar wei ght (HMAN bi nodal

filmmde in dual

reactors

versus that made fromthe poregel at EXAMPLBIZO onto either 964 Magnapore(r)

or HA30OW TABLE 8 Run 801 802 803 10 Catal yst 964
Lynx' -100 a Acti vat iids unigus. HM® pgak g theypolegylagwe

o o sa0tEyigetn el it ik

R gh

m ns

whe

O HA3OW MO/ Ti @2 °
isfrshusion\gppeags Ti op

e i g SE AN 100

Mv x 1000 Bfe2datd n 3e8le SRS dRQ iBTaBR 8 pidvide s opapirisen cfHilfmprdpedizs5 Dart

| npact 390 354 372 ND 34 21 33 TD 184 84 143 30 Re
5  between a commercial high molecular weight (HMW) bimod

Magnapore® or HA30W.

%C}ﬂ?rrl made in dual

reactors versus that made from the poregelation of MgO onto either 964

TABLE 8

Run 801 802 803

10 Catalyst 964 Mag/MgO  HA30W/MgO/TiO, Lynx®-100*
Activation Temp., °C 593 593 _
Wt. % MgO 13est 15.3
Wwt. % TiO, Sest 9.4
SA, m?/g 678 599

15 PV, cm’/g 1.2 1.3
Resin Properties
Density, g/cc 0.949 0.948 0.951
HLMI, g/10 mins 6.5 5.8 8.0

20 HLMI/MI 130 142 127
M, x 1000 . 352 415 303
M,/M, 30 36 32
Film Properties

25 Tau 5 10 5
Dart Impact 390 354 372
MD 34 21 33
TD 184 84 143

30 Reactor
Conditions ' .
Reactor Single Slurry Single Slurry Loop ~ Dual Reactors

Loop

Ethylene, mol % 7.6 9.5 ?
Hexene-1, mol % 0.03 0.10 ?

35 Hydrogen, mol % 0.54 0.47 ?
Temperature, °C 106 106 ?
Pressure, psig 560 560 ?
TEB, ppm 3.2 42

40 *Lynx®-100 is a titanium-magnesium chloride type catalyst commerciaily

available from Catalyst Resources, Inc.



Conditions Reactor Single Slurry Single Slurry Loop Dual Reactors Loop
Et hyl ene, whl%JG 9.5 ? Hexene-1, nmol %0.03 0.10 ? 35 dro en;7 nmol %
0.54 0.47 ~ enpe9rature, C 106 106 ? Pressure, psig 560 5 68 Eﬁ, ppm
3.2 4.2 40 aLynx(r)-100 is a titani um mageesi um chl ori de type catal yst
commercially available from Catal yst Resources, Inc. ~:i W01132309

PCT/ US00/ 41467 - 26 \WhiWeil¢ Hiis invexiot hasrbekaslesveibed dedetnil Hedthierpudgisaiofl f or

t he purpose a illustrati:on, it is not to be copstrued as |jmted thereby
but s |t endUstRioRol i Bl betomigied B I g Pe R PR oRnEnes b (over by 111
and scope t hetgmfes MPriR%30%s RERHUSODHL48d scordtnGed M5 1. A process to
prepare a treated silica-contalning composition conprising: a) contacting
a silica-containing inorganic oxide with a nagnesium 5 containing
conpound; and b) converting said magnesi um contai ni ng conpound to a

magnesi um oxide. 2. A process according to claim1, wherein said
silica-containing conposition further conprises a titanium conpound. 10 3.
A process according to claim1, further conprising introduction of a




chrom um conpound onto said treated silica-containing conposition. 4. A
process according to claim3, further conprising subjecting said

chr om uw®e1/328e9 cont ai ni ng conposition to activation in @ACUSoMBEN] e
anbient at a tenperature within a ran of about 500 to about 800C to
convert at least a portion 15 of the chfom um conponent to the hexaval ent
state. 5. A process according to cl éi IMalj WpKrein said silica-containing
support is selected fromthe group~consrsting of silica, silica alum na,
phosphatedsilica, <A Iprsvess fot prepare aardatedcsilidat aneaining | dogrpositioani a,
fluorided/silated alum na, and m xtures thereof. 20 6. A process according
to cl ai m 5compapBEN said support is essentially silica. 7. A

pol ymeri zati on proce 4 Si - GO 21 | T ' at.  a
tenperature within a%aﬁﬁ%‘bgaﬁlﬁ %%n {"(lr)lgg?)% ?ﬁﬁfg%fez‘g g&ﬁﬂ%‘fﬂﬁ&o about
230F) i t kentainiseoeampaindaahydr ocar bon diluent: 25 a) ethyl ene nononer; b) .
a catal yst system conprising.chrom um supported.on a nmagnesiumtreated
silica-containi ng cofoteRyertigsald magnesiumiCARIAINIE GoMp 91 3/ZpgnesRy
recovering o?'d%()l ymer of ethylene. 30 8. A process according to claim?7,
conpri sing K& presence of higher al pha-ol ef mconmononer selected fromthe
group consigsting of 1A prdcesseaccordivgxnelainahdwhereinusad silicarcenfainimg sai d
reaction zone. * C L rr' WO 01/32309. PCT/ USOQ 41467 -28 9. A process

accor di ng cemppgitian furthgs cOmprses2 H2BUMTHTRPUIdy|  cocatal yst has the

gener al,4f orpmul ae Al R g 2 B rou
1p, 9% | t,% pg%%gﬁ%g% cIARRR2 furitlee eempnﬁng $nPHycRbk ¥t adr oup

havi ng 'Trom about on atons per noleculfe and X IS
chromium compound onto said treated silica-containing composition.

2

4. A process according to claim 3, further comprising subjecting said

chromium/silica-containing composition to activation in an oxidizing ambient at a

temperature within a range of about 500 to about 800°C to convert at least a portion
15 of the chromium component to the hexavalent state.

5. A process according to claim 1 wherein said silica-containing support

is selected from the group consisting of silica, silica-alumina, phosphated silica,

silica-titania, coprecipitated silica/titania, fluorided/silated alumina, and mixtures

thereof.

20 6. A process according to claim 5, wherein said support is essentially
silica.
7. A polymerization process comprising contacting in a reaction zone, at

a temperature within a range of about 85°C to about 110°C (about 185°F to about
230°F) in the presence of a hydrocarbon diluent:
25 a) ethylene monomer,
b) a catalyst system comprising chromium supported on a
magnesiurﬁ treated silica-containing compound; and
¢) an aluminum alkyl cocatalyst;
and recovering a polymer of ethylene.
30 8. A process according to claim 7, comprising the presence of higher
alpha-olefin comonomer selected from the group consisting of 1-butene, 1-hexene

and mixtures thereof in said reaction zone.
—
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hal ogen atom 5 10. A process according to claim7, wherein said al um num
al kyl cogat al Is selected fromthe group consisting of triethyl

al uni num %&(ﬁg@’butyl al uni num chl ori de, diethyl al uni num"(ﬁﬂ"ﬂﬁ“ﬂ’ﬁg‘ﬁ"

et hyl al um num sesquichloride, and m xturzms-thereof. 11. A process
according to claim7, wherein said alum num al kyl 10 cocatal yst is sel ected
fromthe grodp consi stiAgraksst adcetding toadlaim huwhertini sakiodutjum alkyfri num and

m xtures thereof. 12, process. according to claim 7, wherein said diluent
i s i sobut ane.°°°¥§y5tAbaﬁﬁh%8§?" JE’B?‘H?%;‘R‘@ AlRZf.rand/or M BXei WhergingR de sl yner

of ethyl ene | Il I D0, I Br1d I ght
di stribution; 3b% %‘ﬁﬁg%v?neggs gﬁ’%fl???{%gg%ﬂgn%}%@ %@ggﬂ’ggggmﬁfag’ﬁ }?(l)% mel t
i ndex, conpdibgehatgml ynmers made in the absence of magnesi um i npregnation

of a catalyst, systemcp I sing chrom ym supported on_a pagnesi umtreated
silica-contailfng 20 co’h%&fﬁﬁ. ac Tﬂ‘ﬂtf]#%i‘l AWhqreip spid ajynmppio alkyh c | S

cocatalyst is selected from the group consisting of triethyl aluminum,
triisobutylaluminum chloride, diethyl aluminum chloride, ethylaluminum
sesquichloride, and mixtures thereof.
1. A process according to claim 7, wherein said aluminum alkyl
10 cocatalyst is selected from the group consisting of triethy!l alaminum, triisobutyl
aluminum and mixtures thereof.
12, A process according to claim 7, wherein said diluent is isobutane.
13. A process according to claim 7, wherein said copolymer of ethylene
comprises a polymer having:
15 a) a broadened molecular weight distribution;
b) a decreased melt index; and
c) a decreased high load melt index,
compared to polymers made in the absence of magnesium impregnation of a catatyst
system comprising chromium supported on a magnesium treated silica-containing

20 compound.
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