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produce a good quality blow molded product, one needs to start with a good quality

polymer. However, producing such good quality polymers is difficult. Therefore, -

15  the inventors provide this invention so that such good. quality polymers are more
readily obtainable.
SUMMARY OF THE INVENTION

It is desirable to provide a process to polymerize ethylene with at
least one olefin to produce a polymer.

20 It is also desirable to provide a polymer.

In accordance with this invention a process is provided. This process
comprises polymerizing ethylene with at least one olefin to produce a polymer,
wherein said polymerizing is conducted in a polymerization zone, where said
polymerization zone is essentially free of cocatalyst, and wherein said polymerizing

25  is conducted using a catalyst, where said caialyst comprises chromium oxide on a
support, and where said support comprises silica, and where said support is
essentially free of titania, alumina, and phosphates, and where said catalyst has been
activated, and where said catalyst after being activated is then reduced, and wherein

_ said polymerizing is conducted in the presence of hydrogen, and wherein the

30 .' See SPI Plastic Engineering Handbook, Fifth Edition, pages 341-382, edited by M.L.
Berins, published by Van Nostrand Reinhold (1991).
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15 This polymerizing is conducted in a polymerization zone. This
polymerization zone can be any convenient reactor, However, currently, it is
preferred when the polymerization zone is a loop reactor. It is even more preferred
when said polymerizing is conducted in a loop reactor under shurry polymerization
conditions. Currently, the preferred diluent for slurry polymerization is isobutane.

20  One of the important aspects of this polymerization zone is that it is essentially
free of cocatalysts. This is because cocatalysts adversely affect the formation of the
desired product. Examples of such cocatalysts are trihydrocarbylboron compositions
and trihydrocarbylaluminum compositions. In general, the amount of these
cocatalysts should be less than 1 part per million based on the weight of the diluent.

25 However, it is most preferred when no cocatalyst is added to the polymerization
Zone.

The catalyst used in this invention comprises chromium oxide on a
support. The amount of chromium on said support is in the range of about 0.01 to
about 5 weight percent, preferably about 0.1 to about 3 weight percent, and most

30  preferably from 0.5 to 2 weight percent, where such weight percents are based on
the weight of the support. The catalyst should be essentially free of chromium

halide compounds and organo-chromium compounds (hereafter "HO compounds') as
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20 The support should have a pore volume from about 0.7 to about 2.5
cubic centimeters per gram. It is more preferred when the support has a pore
volume from about 0.8 to about 1.8 cm®/g, and it is most when said support has a
pore volume from 1 to 1.7 cm’/ gram. Pore volumes below about 0.7 cm®/g have
less activity, while pore volumes above about 2.5 cm’/g adversely affect the

25 formation of the desired polymer.

Methods of producing these types of catalys:ts are known in the art.
See for example, U.S. Patents 3,900,457; 4,081,407; 4,392,990; 4,405,501;
4,735,931; 4,981,831; the disclosures of which are hereby incorporated by
reference.

3 The catalyst should be activated in an oxidizing ambient at a
temperature from about 600 to about 900°C. It is even more preferred when the

texhperature is from about 625 to about 850°C, and it is most preferred when the
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chromium to be converted to a lower valent state.

In general, the oxidizing ambient promotes the formation of

hexavalent chromium while the reducing ambient promotes the formation of
20  chromium atoms that have a valance less than 6.

Said polymerizing is conducted at a temperature from about 94 to
about 112°C. However, it is preferred when said polymerizing is conducted at a
temperature from about 96 to about 110°C and it even more preferred when said
polymerizing is conducted at a temperature from 98 to 108°C. At temperatures

25  below about 94°C the activity of the catalyst is adversely affected. At temperatures
above about 112°C the reactor could foul due to the swelling of the polymer.

It is important to this invention that hydrogen be present in the
polymerization zone. This is because hydrogen promotes the formation of the
desired polymer by lowering the density of the polymer into the desired range.

30  Curently, about 0.01 to 2 weight percent hydrogen can be used. However, it is
preferred when about 0.05 to 1.5 weight percent is present in said.polymerization

zone, and it is more preferred when 0.1 to 1 weight percent of hydrogen is present
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15 The polymer produced needs to have the following properties in order

to be a2 polymer that is good for blow molding applications.

The density needs to be from about 0.94 to 0.96 grams per cubic
centimeter. However, it is preferred when the density is from about 0.945 to 0.96
g/em’® and it is more preferred when the density is from 0.95 to 0.955 g/cm.

20 Density is determine in accordance with ASTM D1505.

The melt index needs to be from about 0.01 to 1 grams per ten
minutes. However, it is preferred when the melt index is from 0.1 to .8 g/10 min.
and it is even more preferred when the melt index is from 0.2 to 0.6 g/10 min.
Melt Index is determined in accordance with ASTM D 1238.

25 The high load melt index needs to be from about 5 to 100 grams per
ten minutes. However, it is preferred when the high load melt index is from 10 to
80 g/10 min. and it is even more preferred when the melt index is from 20 to 70
£/10 min. High Load Melt Index is determined in accordance with ASTM D 1238.
The heterogeneity index (Mw/Mn) needs to be from about 4 to about
30  20. However, it is preferred when the heterogeneity index is from 6 to 20 and it is
even more preferred when the heterogeneity index is from 8 to 18, and it is most

preferred when the Heterogeneity index is from 10 to 16. The heterogeneity index
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The Shear Ratlo (HLI\/I/&(I@? needs to be from about 50 to_about. :
However 10 t that thercatalyst that mpkas theeondnebrssinhes ingt beenrediredh At 3(3 about 120
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5 these Fe‘éﬁ?afé@fr%%t%&%f gﬁdé&ﬁ@b%ﬁg# ﬁ%@ﬁﬁgﬂr gsllgn shoSI d be about 33

per cent conglitigmsr t han a conparison resin. However, it is nore preferred
when the Bottle Polymerization can be carried out in any manner known in the art

such as gas phase, solution or slurry polymerization conditions. A stirred reactor
15  can be utilized for a batch process, or the reaction can be carried out continuously
in a loop reactor.

A preferred polymerization technique is that which is referred to as a
partiéle form, or shurry process, wherein the temperature is kept below the
temperature at which polymer swells badly. Such polymerization techniques are

20  well known in the art and are disclosed, for instance, in Norwood, U.S. Pat.
No. 3,248,179, the disclosure of which is hereby incorporated by reference.
Two preferred polymerization methods for the slurry 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 thereof
25  wherein the reaction conditions are different in the different reactors.

The followixig examples are provided to further inform a person of

ordinary skill in the art.
EXAMPLES
EXAMPLE ONE
30 The following bench scale reactor runs demonstrate the unexpected

density suppression that occurs when hydrogen is used. No cocatalyst was used in

any of these runs. In these runs the chromium was supported on a silica support.
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Two pref er r eaPidedres gl BSmpﬂi'EI’[fhmﬁreﬁsﬁfe WhemalnHifed ﬂaEQs&ﬁ% @5 houwrs L NOSE
enploying a | oop reactor of the t di scl osed in Norwood and those

utilizing (asindicatad) asfheirpactgr con ePFéﬂ"—’Fé&@‘?‘bP»%m&"@he&t theyendof the rupar al | el

or conblfgatltﬁgesowﬁﬁ@gﬁl e, antBfdfdden e TaARH! @)@? are different
in the different reacto ’ gén'wikie Qﬁ: dbb\ﬁqgmg&ﬁ ‘?es are
provi ded t o Hecoverady Smf’fabln@neperson of ordinary skill in the art.
EXAMPLES =
The fol |l ow bench scal e reactor rurrsabqtemmstrate t he unexpect ed
density supgfessromrriiatyoccurs wgm tyd U&G s—useg—No—cocat-abysH| was
used in bi| theef Prrdnstvity) | Rupsk tHME ihr BhMEMIwa Pessityppr t ed
on a silica fsupport Time | Index
’ No No 1800 60 1.5 85 50 0.9654
15 No Yes 1454 65 3.2 179 56 0.9678
Yes No 882 78 0.39 33 85 0.9645
Yes Yes 1658 79 0.88 56 63 0.9498

It should be noted that only the combination of a certain oxidized
20 and reduced catalyst with hydrogen produced the desired polymer.
EXAMPLE TWO
The follqwing runs were made in a 600 gallon continuous loop
reactor. The catalyst was 969MS from Davison Chemical, having a surface area of
300 m?/g and pore volume of 1.6 cm */g. It contained 1% chromium on silica, and
25  was activated for 10 hours at 760°C, before a two hour reduction at 371°C with
'10% carbon monoxide/90% nitrogen mixture. Residence time was set at about 75
minutes and reactor temperature was 101 to 104°C. Reactor conditions are shown
in the Table Two. '



-7 - The catal yst contai ned about one wei ght percent chrom um the
support was mainly silica, and essentially free of titania, alum na,
and phosphat 0 9¥146upport had a pore vol une of 2.3 crﬁ"érl"l’i‘]9 '6”"%1
surface area of 500 nmerr]/g, and was activated for 3 hours in

air at 871[err]C then reduced (if indic&ted) for one half hour at 350[err]C
wth carbon 5 nonoxi de. About .05 granms _of each catal yst was charged,
under nitrofjen, rTnto a .4 r:lﬁ‘i’ a![lt oclave reactor. Then exacjly one
liter of drjli sohut ane 1 O dJAaQ a lg Two asdiluent followed by 100
psi hydr ogefh jaL&Rstidh € |f1ﬂvg@[;dﬁate Emgqldoyn@hmg ene C‘bﬁ@olad ed to
equal 550 p mmu fFor—gbout—1—t
(as i ndicat déduasort he feact¥S contljents w¥eSe stirfed ¥es 10(1[err1}<C All t he

end of the {fun the¢ is ane,| ethyl , and}hydrogen were flas ed of f
and the dry|@ilyite po mpro‘%‘g eco.\LeL(ZEiSee_Ea.bJ_gggae "'

Tabl e Ong n“ppm TERedug¢ed oHerr] Prodyctivity Ragms Melt o HL

HM/M Delrstt T TTE TTilex
No No Melt Inflgo0 0.6 1.5 06385 0.39 0.39654( 15
No Yes 1454 3.2 79

vos o [ Densitygg> 0By | 3.2 0948] 088

Yes Yes |l Die Swkfi58 5.79 0.88 526 56 503

It should brnmeu ttrat—omt the—qomnhimatiomnmof f(,er[ 2T d

reduced cat lnverdéé’ﬁs-prcducedOPHES desi f edt Qd}r%rre 130 hr

EXAMPLE ~TH

gal | on égnt Drop dmpact Z 12&&& A L\ .

Chem cal, having a- surface_area of 300 err]/g and pore volune of 1.6

cnferr]/g. It cont ai nieticeothetfhe fiesy sy Hsed; hydrogen i, suppeess theedensitt. i Ifat ed f or
10 hours at 1 @QbeHd.55 nfo&d ?Er rEer®® hiy A8 acrc@rﬂb'l:;sg' Lfenty RS ddwnM th

10% car bon nonoxi de/ 90% nitrogen  m Xture. ReSidence tine was set at about

75 m tu0882.adlisrrepresents ancinpention gvn it the 1Bt v, 2 Aftempt]was mdgct or
condi ti 155 @ fise p?&@talyst. Notice, however, that only 0.5 parts per million of triethyl

boron could be added, rather than the usual 8 parts per million used earlier in film
runs, and that even this minute amount caused an overshoot down to 0.949 (the
target was 0.952). In the third run a similar attempt was made with cocatalyst, this
time the amount was further diminished down to 0.3 parts per million triethyl

20  boron, but even here the density suppression overshot to 0.950 (target .952). The
next run shows another control run, in which the catalyst was not reduced and no
hydrogen was used either however, hexene was added to reduced the density. It is
important to note the difficulty of using cocatalyst to lower the density of a
polymer. It is difficult, if not impossible, in a commercial environment, to

25  accurately measure and consistently apply the amounts of cocatalysts needed to
achieve the desired results.

These resins were then biow molded into one gallon bottles weighing

105 grams. They were then tested for impact strength (water filled bottles were
dropped from as high as 12 feet) and environmental stress crack resistance (ESCR).

30 In the Bottle ESCR test, bottles were filled with a strong detergent (Orvus-K) and

allowed to age in an oven at 60°C. Each day these Bottles were check for cracks.
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Tabl e Two wo 993 Rgscription | nventi on Al kyl  Coneanisgsnein

Contr ol : uction yes yes yes
no ol % H2 0 55 9 0.55 0.2

05 ppm TEB R 0.5 0.3

([))en3| ty Ne'lthelmgaébgfzhours b&‘m%zcrackbngglﬁ £sxoted Ig ﬂ?e?’droB t@sé each dgy a%seQSZ 0.35
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t ook about 0.55 nole er cen hg&o en tq acconplish a density reduction
down 5t00.952. T °§°‘?E‘p§1‘8 g a?a ejipNFaHeR A alsmproyvides the bestt run an

attempt vs yipie dPprobrfrs KO0 HAKE sl OBHAE BN B BHicedinkigh] Y 0. S

parts per mllion riet boron coul d be an the
usual 8 par tdsspiteritshhigher dﬁn% din general BottlerESCR g favored rburlgweradmtsm)at even

this mnute et was
0.952). In t Lki#gctéﬁr&?ﬁiﬂ wal aEX‘%@:‘tbl g?éd gogvfﬂe fngeraiogﬂ'gmﬁ. (t:t})e(s; é?le a%dga this
time the arml2nfoot/vdmpf\mthphebreakage niNstieel aldo)ﬁm the iBventipariis adriowed die on
triethyl 10 swell than all the other controls.

EXAMPLE THREE

The following runs were made in a 600 gallon continuous loop

reactor. The conditions are shown in the Table Three.

A = Invention Runs: catalyst CO reduced and H, used in reactor
15 B = Control Runs: catalyst not CO reduced and no H, in reactor

C = Control Run: catalyst not CO reduced but H, used in reactor
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EXAVPLE THREE The follow ng runs were nade in a 600

gal | on conti nuous | oop reactor. The conditions are sho ' abl e
Thr ee. - AWOMRPEGt i on Runs: catal yst CO reduced and H e%’ﬁssgég&l%
reactor 15 B = Control Runs: catalyst not CO reduced and no Herr] in
react or C = Control Run: catal yst hdt - CO reduced but H err] used in
react or -10 - r . . . .

- 11 - Runs A-1 IQB{\E‘";LT igyeptign suns vehich, show that the density of e 1o

that the dengkis Shppréieed to the dQEEd 0i950-D195R16%S adiei thetdaralydeii COdeducsd0- 0. 952
| evel when the catalyst js. COreduced, .

and when H; is added to the reactor. This occurs even though no hexene or other

comonomer or metal alkyl is fed to the reactor.

5 Run B-1 shows what happens when the catalyst is not CO reduced and
when H, is not added to the reactor. The density is not suppressed, but instead is very
high as expected from a homopolymer. Run B-2 shows that a significant amount of
hexene must be fed to the reactor in order to suppress the density to only around 0.958
under these non-invention conditions.

10 Run C-1 shows an intermediate condition in which H, is added to the
reactor but the catalyst is not CO-reduced. Notice that in order to suppress the density
to only 0.953, a large amount of hexene must be fed to the reactor. Thus H, alone
does not affect density, but only the combination of CO-reduced catalyst and H, in the
reactor. |

15 _ EXAMPLE FOUR

The following runs were made in a 23 gallon continuous loop reactor.
The catalyst was either 969MS from Davison Chemical, having a surface area of
300m?g and pore volume of 1.6 cm®/g, or 969ID from Davison Chemical, having a
surface area of 300 m%g and a pore volume of 1.2 cm®/g, or EP-30 from

20 Crosfield Chemical, having a surface area of 300 m?/g and pnre volume of 1.6
cm®/g. Each contained 1% chromium on silica, and was activated for 10 hours at
760°C, before a two hour reduction at 371°C with 10% carbon monoxide/90% nitrogen
mixture. Residence time was set at about 75 minutes. No cocatalyst or hexene was
added to the reactor. Other conditions are as shown in Table IV.



and when Herr] is added to the reactor. This occurs even though no hexene.
or ot her conononer or netal alkyl is fed to the reactor. 5

Run B-1 showsWaitaBli&ppens when the catal yst is not CO r educRcE/used/20172

when H err] is not added to the reactor. The density is not suppressed, but
i nstead is very hi gh as expected frepma honopol yner. Run B-2 shows
that a significant anpunt of hexene nmust be fed to the reactor in
order to supp
non-inventio
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catal yst and E@xqrefa]melm the 2184 1eac218p. 1p 2203 2175 2184
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gﬁ:\/EhEcg%| J?mﬁgl%l nnp rc.\:.\ril’gsr '1§' e_cht a|g‘>ll% \WAS pi’?hpr QBQ'R% frq m
Davi son Chenf a4l , havi ng a si3rfag¢e arxma of 34300n{ er 2/ g &nd por e ol une
of 1.6 cnfer 06 0 L,nam cal, ngvimg a Surld
area of 300 o tite dolud¥ior 0 o B ordr/ o7 %, kp B 1 20
Crosfield Ch =mem~aj(g/cds)aw ' of 3801 m drr]dsgs andl poysez voI ume
of 1.6 ’E 3 romu_ém on-sTTITa fand TEs
activated foletQ hours ot — — 780l ofr]( hof o a_th at

371 err] vm 10% car.qon m).nOX|de 90% ni [ r ogen m Xt ure. ReS|dence
time was set at about AT 88T E‘%‘Eéﬁ o | gallaaQatdesgg described 5dded t o

t he react or. if3hb @Fevicud ékirhploS TAE 9r®§r’d%§' @f\ﬂlebé‘bafﬁ@, gnd e resins themselves are
1z shown in Table V.
_ From the properties below, notice that the bottle ESCR of these resins is
15  quite good, particularly the 5202 types, even better than the controls. Notice also that
processing, as measured by cycle time and head pressure, was
equal or better than the controls. Invention runs also provide better impact. Other
properties are generally comparable to the controls, or even superior in some caseS.
Die swell is generally low for these resins but it is typical for pilot plant resins to have
20  slightly higher die swell than plant finished controls, as we see here. Finishing in the
plant imparts a higher degree of LCB. The main point about die swell is that these
numbers here are acceptable, and not high like the silica-titania catalysts. These
numbers would typically be above 50%. Table 6 shows the breadth of the molecular
weight distribution as described by Mw/Mn and by HLMI/Mi.
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_ " CLAIMS
1. A process for producing copolymers of ethylene and at least one other

olefin comprising polymerizing ethylene with at least one olefin to produce a polymer,
wherein said polymerizing is conducted in a polymerization zone,
5 where said polymerization zone is essentially free of cocatalyst, and
wherein said polymerizing is conducted using a catalyst,
where said catalyst comprises chromium oxide on a support, and
where the amount of said chromium on said support is from about 0.01
to 5 weight percent, and where said support comprises silica, and where said support is
10  essentially free of titania, alumina and, phosphates, and
where said support has a surface area from about 200 to about 550
square meters per gram, and
where said support has a pore volume from about 0.7 to about 2.5 cubic
centimeters per gram, and
15 where said catalyst has been activated at a temperature in the range of"
about 600°C to about 900°C by using a oxidizing ambient, and
where said catalyst after being activated is then reduced at a temperature
in the range of about 200°C to about 550°C by using a reducing ambient, and
wherein said polymerizing is conducted in the presence of
20  hydrogen, and
wherein the majority of said olefin is produced by said
catalyst, during said polymerizing.
2. A process according to claim 1, wherein said polymerization
zone is a loop reactor.
25 3. A process according to claim 2, wherein said amount of
chromium on said support is from about 0.1 to about 3 weight percent.
4. A process according to claim 3, wherein said surface area is
from about 225 to about 425 m%/g.
5. A process according to claim 4, wherein said pore volume is
30 from about 0.8 to about 1.8 cm®/g.
6. A process according to claim 5, wherein said catalyst has been

activated at a temperature in the range of about 625°C to about 850°C.
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7. A process according to claim 6, wherein said catalyst has been reduced
at a temperature in the range of about 225°C to about 525°C.
8. A process according to claim 7, wherein the amount of hydrogen present
in said polymerization zone is from about 0.01 to about 2 weight percent.

5 9. A process according to claim 8, wherein said amount of chromium on

said support is from 0.5 to 2 weight percent.

10. A process according to claim 9, wherein said surface area is from 250 to
400 m % |
11. A process according to claim 10, wherein said pore volume is from 1 to
10 1.7 cm/g.
12, A process according to claim 11, wherein said catalyst has been

activated at a temperature in the range of 645°C to 820°C.
13. A process according to claim 12, wherein said catalyst has been reduced
at a temperature in the range of 250°C to 500°C.

15 14, A process according to claim 13, wherein the amount of hydrogen
present in said polymerization zone is from about 0.05 to about 1.5 weight percent.
15. A process according to claim 14, wherein the amount of hydrogen
present in said polymerization zone is from 0.1 to 1 weight percent.
16. A process according to claim 15, wherein the polymerization

20 temperature is from about 96°C to about 110°C.
17. A process according to claim 16, wherein the polymerization
temperature is from 98°C to 108°C.
18. A process according to claim 17, wherein said polymerization zone has a
diluent that comprises, in major part, isobutane.

25 19. A process according to claim 18, wherein said polymer has a density
from 0.95 to 0.955, a melt index from 0.2 to 0.6 g/10 min., a high load melt index
from 20 to 70 g/10 min., and a heterogeneity index from 10 to 16.
20. A polymer produced by the process according to claim 19.
21. A polymer comprising the following properties a density from 0.95 to

30  0.955, a melt index from 0.2 to 0.6 g/10 min., a high load melt index from 20 to
70 g/10 min., and a heterogeneity index from 10 to 16, a shear ratio from 65 to 100,
and a Bottle ESCR 100 percent higher than a comparison resin,
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CLAI N5 1. ”“llll IW"F“HHHHM!!!% produm ng copol ymers of ethylene
and at |east one otherx ¢ Lol @fi B ri sing polélmarl zi ng et h{éeAp %w at
| east one ol efin to .produce a pol yner, - | bstitute shegh rik

pol ynmerizing is conducted in a polynerigation zone, 5

where said polynerization zone is essentially free of cocatal yst, and

wherein said polynerizing i s conduat @dAUSMNg a catal yst,
wher e said cat al yst conprises chrom um oxi de on_a support, and

where the amount of faPcessishPindnsngsapalymespef sthylene andablsasttons. 01

Sai d SupportRf BTH confRnl Bty SBRGIE wilf IPLeaf T At o oRREICI O

and polymer, where said support has a surface area from about
200 to about 550 square 0iers per.gram and wher e
sai d support has a p3MsrsyRsydd Wﬁ%mcqydyctgq)lr%@g{yn@rgag%pene

centinmeters per gr a”\wléﬂéjsa}éﬁol erization zone is esé’é’ﬁﬁ%l@ruﬁ@%§6F a@%%ﬁt a as been

activated at a tenperature | e range o bout
900[ err] C by usi ng awderain xmdg:o:lmbermﬂxg isaguehducted using a catalyst, . where sai d
catal yst after being activate s then.reduced at a.tenperature in the
ange of about 200[ SPUFES T GBSt STAERT FEOBYUGLIIE Gh PRI ent

and whereAtméra@ﬁdhns 8F 9aill h¥OHRIut? b Saill SupSUIHCAES dbBut he
presence of 20 hydr ogen, and

0.01 to 5 weight percent, and where said support comprises silica, and where said

N~ support is essentially free of titania, alumina and, phosphates, and

where said support has a surface area from about 200 to about 550
square meters per gram, and

where said support has a pore volume from about 0.7 to about 2.5 _
cubic centimeters per gram, and

' where said catalyst has been activated at a temperature in the range of

about 600°C to about 900°C by using a oxidizing ambient, and |

where said catalyst after being activated is then reduced at a
temperature in the range of about 200°C to about 550°C by using a reducing
ambient, and

wherein said polymerizing is conducted in the presence of
hydrogen, and

wherein the majority of said olefin is produced by said
catalyst, during said polymerizing. _
2. A process according to claim 1, wherein said polymerization
zone is a loop reactor.
3. A process according to any preceding claim, wherein said amount of
chromium on said support is from about 0.1 to about 3 weight percent.
4, A process according to any preceding claim, wherein said surface

area is from about 225 to about 425 m%/g.
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wherein the majori ty I S produced by said catal yst,
duri ng said pol erEI’I zm nm lﬂ "r“L A process accordl ng to claim
15 wherein said pol yrericakli is a | oop reactor.

A process according to claim 2, wher ei n sai d" anouyibsditute Sheethﬂ@ﬁmh?%()
said support is fromabout 0.1 to about;g3. wei ght percent. 4.

A process according to claim3, wherein said surface area is from
about 225 50 about 435pfﬂc@d’srdcé&dmg to ang precedm claim, wheRéiGaRISpaecor ding to
claimd4, wherein said gore vol ume 1s roma out 0.8 to about 1.8

cni err]/g. volume ig from about 0.8 to abgutdc® em’/gccording to claim5, wherein said

catalyst hgs boen o pfbhsuiakiticd ool SRR S, Vit AP B 1"

- 16 - beeh activated at a temPer2fu@€ &5 thea@Agd 6f Aibut G258 tdTakout \B9eI®I n sai d
cat al yst has been reduced at a tenperature in the range of about

225[err] C fo about 5ZsProcess accorging to any preceding gpigy sxhereinseiduratlysidiag| ai m
7, wherein n g@g.g 0 I i zation zone
is from abgg{h ﬁﬁg?{éd 4 d {)n‘ﬁ% it ﬂ%{ Faigé'rof a?out 2:'2@ 636 qb&ﬁ 5&'3%6 A process
according 80 claim8A ptmesslancaﬂmg mrnmyrﬁrem‘dmghﬂ@lm lwheméln the amdantdoSuppor t

Is fromO. 0 2 wei ght, ercent ocess accordl ng to
claimo, wﬁ@ egﬂﬂ gafasaltga rsFlédé’ ml%zapen fZPB‘?ﬁSZ%Emt%’“t 0 '8149@ boytes Werght

11. Aprocess according to claim 10, wherein said pore volune is
from1l to E 1.7 cnferr]/ag. 12. A process according to

claim 11, ®herein saiAdpoetss| acsérdimpstobstaim 8, wherein said amount of chromium on

~— said support is from 0.5 to 2 weight percent.

10. A process according to claim 9, wherein said surface area is from 250
o 400 m /&

11. A process according to claim 10, wherein said pore volume is from 1
to 1.7 cm¥/g. ' a

12. A process according to claim 11, wherein said catalyst has been

activated at a temperature in the range of 645°C to 820°C.

13. A process according to claim 12, wherein said catalyst has been
reduced at a temperature in the range of 250°C to 500°C. _

14. A process according to claim 13, wherein the amount of hydrogen |
present in said polymerization zone is from about 0.05 to about 1.5 weight percent.

N 15. A process according to claim 14, wherein the amount of hydrogen

-present in said polymerization zone is from 0.1 to 1 weight percent.

16. A process according to any preceding claim, wherein the
polymerization temperature is from about 96°C to about 110°C.

17. A process according to claim 16, wherein the polynﬁerization
temperature is from 98°C to 108°C.

18. A process according to any preceding claim, wherein said
polymerization zone has a diluent that comprises, in major part, isobutane.

19. A process according to any preceding claim, wherein said polymer
has a density from 0.95 to 0.955, a melt index from 0.2 to 0.6 g/10 min., a high
load melt index from 20 to 70 g/10 min., and a heterogeneity index from 10 to 16.
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activated at a te i e range of 645[err]C to 820[err]C

13. - _ A ppnwkmmml Hﬂo claim 12, wherein said catal yst has

heen reduced at a in the range of 250[err]C to 508&%6)] C.
f

15  14. A process according to clai m Bubskivie shaetht0 Apd
hydr ogen present in said polynerization zone is fromabout 0.05 to
about 1.5 wei ght percent. 15. A process according to claim

14, whereigpthe andURt,mbYgica8&R by the éﬂaé‘e%@a&cdraing%@lmlwmri zation zone
is fromO.1 to 1vve|gh1€ percent. 16. A process according to
cl ai m 15, ®herein t hd pdymeecomprising theofollowingeprapenties aglensithiramo@dPS5 98 err] C

to about 1 rr]1C,. . 17 A prpcess. accar.ding.to im16,
wherein thé‘gégl %/;ﬂ?}ti 1?951’? gﬂm 0.2t Ot%ﬁ{}Qr’BF‘UraeRﬁggﬁ??“gWBéf’%?ﬁgffﬁ”’t %d %8[ err]C
18. 70 g/1D RINCARSa B6teigehdlsy indeX FdbdN( fo 10N£Elfdal r&tfd SoROEY BT 1 Zat i on
zone has a dil uent that conprises, in major part, isobutane. 25 19.
A process H&a@ndianBoitls BYIGR A0Q @erognichigher than @ coBIPaHean feskl a density
fromO0.95 to 0.955, a nelt index from0.2 to 0.6 g/10 min., a high | oad
melt index from20 to 70 g/10 mn., and a heterogeneity index from 10
to 16. 20. A pol yner produced by the process according to
claim19. 21. A pol ymer conprising the foll ow ng properties
a density from0.95 to 30 0.955, a nelt index from0.2 to 0.6 g/10 mn.,
a high load nelt index from20 to 70 g/10 min., and a heterogeneity
index from10 to 16, a shear ratio from 65 to 100, and a Bottle ESCR
100 percent higher than a conparison resin.

N

REPLACEMENT SHEET
t 4 APR 2000




