1 CHROM UM CATALYST COVPCSI TI ONS BACKGROUND OF THE | NVENTI ON Thi's invention
is related to the field of chrom umcatal yst conpositions. tt is known in
the.art that as the density of a polyolefin conposition in asegy .t he
chemi cal resistance, tensile strength, apd stiffness incre%gg?VbaJS&
perneabi lity, toughness, and environnental stress crack resistance

dect ease. This can present a problemfor exanple, when both a high
density and a high environnmental stress crack resistance are desired. This
i nvention provides a solution to this problem of conpeting perfornmance
factors. SUMVARY OF THE INVENTION It is an object of this invention to
provi de chrom um cat al yst conpositions. 2 1t is another object of this
invention to provide chrom um catal yst conpositions useful in polynerizing
olefins. It is another object of this invention to provide chrom um

catal yst conpositions useful in polynerizing ethylene.

B

CHROﬁIUH CATALYST COMPOSITIONS

BAGKGROUND OF THE INVENTION

This invention is related to the field of chromium catalyst
conpositions.

It is“known.in the art that as the density of a polyolefin
composition incréases, the chemical resistanée, tensile strength, and
stiffness increase, but thé permeability, toughness, and environmental
stress crack resistance decrease. This can present a problem for
éxample, when both a high density and a high environmental stress crack
resis;ance are desired.

This invention provides a solution to this problem of
competing performance factors.

SUMMARY OF THE INVENTION

It is an object of this invention to provide chromium catalyst

compositions.



It is another object of this invention to provide chrom um cat al yst
conpositions useful in copolynerizing ethylene and at | east one ot her
olefin. It is another object of this invention to provide chroni um catal yst
conpositions useful in copolynerizing ethylene and 1- hexene. |In accordance

wi'th this invention chrom um catal yst conp%sitions' are provided. These
chrom um catal yst conpositions conprise at |east two chrom um cat al yst
syst ens. These chrom um cat al yst systens conprise chrom um and a support,

wherein the support conprises silica, and wherein the supports of at |east
two of the systens have an average pore radius difference sufficient to
preferentially introduce a non-ethyl ene conmononer into the higher nolecul ar
wei ght portion of a resul isngnct@ppl opyeet df taf< oimdancipnnitbhpesdkieethromium
enbodi nent of this invention chrom um catal yst conpositions are provi ded
(hereafter refestadyist compoddribosliusemtl Xh)polydeeizdng lnledinsn cat al yst
conpositions conprise at |east two chrom um catal yst systens. These .
chroni um catal yst syst difs igomuthee attieotiafmthitl venpissr £° RAFRIIERnCRIRGivm
support consists essentially of silica and _titania, and wherein at |east
two of the sup Ish LABPITLLAPRT F5eTPpbi RAAIPeRizdps (SHhELERE of about 25

angstronms. In alcordan wi t h anot her, epbodi gent, of this _inventi.on chrqm um
atal yot composi 1 one. aFe P RAHEY THEFbaTE SRCF cRRPPEIPe 5 Heovies chibailh

catalyst compositions useful in copolymerizing ethylene and at least one
other olefin.

It is another oﬁject of this invention to provide chromium
catalyst compositions useful iﬁ copolymerizing ethylene and l-hexene.

In accordance with this invention chromium catalyst
compositions are provided. These chromium catalyst compositiomns
comprise at least two chromium catalyst systems. These chromium
catalyst systems comprise chromium and a support, wherein the support
cbmprises silica, and wherein the supborts of at least two of Fhe
systems have an average pore radius difference sufficient to
preferentially introduce a non-ethylene comonomer into the higher
molecular weight portion of a resulting copolymer.

In saccordance with another embodiment of this invention
chromium catalyst compositions are provided (hereafter referred to as
"embodiment X"). These chromium catalyst compositions comprise at least
two chromium cataiyst systéms. These chromium catalyst s&stems comprise
chromium and a support, wherein the support consists essentially of
silica and titania, and wherein at least two of the supports have an
average pore radius difference of about 25 angstroms.

In accordance with another embodiment of this invention

chromium catalyst compositions are provided (hereafter referred to as

e



3-"enbodi ment Y"). These chrom um catal yst conpositions conprise at |east
two chrom um catal yst systens wherein: (a) one of these chrom um cat al yst
systens conprises chrom um and a support, wherein the support consists
esséntially of silica and titania, and wherein the support has an average
pore radius |less than about 85 angstrons, 3and wherein the support has a
porte vol une | ess than about 1.2 cubic centineters per gram and wherein
this chrom um catal yst systemis subjected to at | east one of the foll ow ng
treatments (1) reduced and reoxidized, (2) titanated, and (3) activated at

a high tenperature; phe Qf these chrom um catal yst, systens conpri ses
chr 021' um gﬁd aéms%ﬁg%‘?(’{%? Y\/\ﬂ'er gﬁ”rfet RRF WA Pp S8 -8t °se‘§éé‘hst (R AT R IR Y

and wherein thg SHPAKLE %@ﬁlggt%¥§€%agw org,radius greater than about 85

angstrons, and wherein 't suppo s a pore volune greater than about 1.5
cubic centimeters per (dhamgneassd Labss Pc'h?prﬁil?x'mscEJH’ﬂgl Lg?s%@&@'ééﬁfar@ég gﬂgdmgum

subjected to at | east one of the followng treatirents (1) activated at
| ow t enper at usrel, aaswbrozt, contacted with a fluorine conmpound. In accordance
wi th anot her enbodi ment of this invention chrom um catal yst conpositions
are provided (hereaft @hereerthed suppaas consists essentially of silica and
titania, and wherein the support has an average pore radius less than
about 85 angstroms, and wherein the suppert has a pore volume less than
about 1.2 cubic centimeters per gram, and
wherein this chromium catalyst system is subjected to at least
one of the following treatments (1) reduced and reoxidized, (2)
titanated, and (3) activated at a high temperature;
(b) one of these chromium catalyst systems comprises chromium
and a support,
wherein the support consists essentially of silica, and
wherein the support has an average pore radius greater than about 85
angstroms, and wﬁerein the support has a pore volume greater than about
1.5 cubic centimeters per gram, and
wherein this_chromium catalyst system is subjected to at least
one of the following treatments (1) activated at a low temperature, and
(2) contacted with a fluorine compound.
In accordance with another embodiment of this invention
chromium catalyst compositions are provided (hereafter referred to as
"embodiment 2"). These chromium catalyst compositions comprises at
least two chromium catalyst systems wherein:
(a) one of these chromium catalyst systems comprises chromium

and a support,



"enbodi ment Z"). These chrom um catal yst conpositions conprises at |east
two chrom um catal yst systems wherein: (a) one of these chrom um catal yst
systens conprises chrom um and a support, 4 wherein the support consists
essentially of silica and titania, and wherein the support has an average
pore radius greater than about 85 angstrond, and wherein the support has a
pQre volune greater than. about 2 cubic centineters per gram and wherein
this chrom um catal yst systemis subjected to at | east one of the follow ng

treatnments (1) reduced ,and.regxidi zed, (2) tiian . ‘kya at
a high terrpfar?att ure: (bJIGRE of'?‘(‘E h%“é’@mé'hﬁ%‘)rﬁsﬁsfé%a?&a%ggtlﬁs}?sgcgf)rrsﬁg%lr:r%rihg(gs

chrom um and & ;8RR bnd WAEE &N chdQuSptiROkds GANSIeThge GRT@NtddANbYg Mata| titid,
and wherein the support has an average pore radius |ess than about 85

angstrons, an&belierss RnpdEonsPR@dt videin fher eupmirtinkad es porhavelabeugreatér
cubic centineters per gram and wherein this chrom um catal yst systemis
reduced. |n achencktooe icuhiarehhimetersmodr remam, ofndt hi s i nvention each of

t he above enbodi nents can be contacted with one or nore different
wherein this chromium catalyst system is subjected to at least

one of the following treatments (1) reduced and reoxidized, (2)
titanated, and (3) activﬁted at a high temperature;

(b) one of these chromium catalyst systems comprises chromium
and a support,

wherein the support cqnsists essentially of silica, &and
wherein the support has an average pore radius less than about 85
angstroms, and wherein the sﬁppprt has a pore volume less than about 1.7
.cubic centimeters per gram, and

wherein this chromium catalyst system is reduced.

In accordance with another embodiment of this invention each
of the above emﬁgdiments can be contacted with one or more different
olefins, under polymerization conditions, to produce a polymer or
copolymer.

This invention as disclosed in this application can be
suitably practiced in the absence of any steps, components, compounds,
or ingredients not disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

In general, the chromium catalyst compositions used in this
invention comprise at least two chromium catalyst systenms. These
chromium catalyst systems comprise a chromium component and a support
component comprising silica. The term "support component'" is not meant

to be construed as an inert component of the chromium catalyst system.



ol efins, under polynerization conditions, to produce a polyner or
copolynmer. This invention as disclosed in this application can be suitably
practiced in the absence of any steps, conponents, conpounds, or

i ngredi ents not disclosed herein. DETAILED DESCRI PTI ON OF THE | NVENTI ON | n
general, the chrom um catal yst conpositions tsed in this invention conprise
at:- | east two chrom um catal yst systens. These chrom um cat al yst systens
conprise a chrom um conponent and a support conponent conprising silica.
The term "support conpDienivhpd stsNalsedEatthe0 chfordanstausegs assyanenneift this
conponent of the chrom um catal yst system 5 The supports used in the
chrom um cat alipseéntsipst esyxs of this invention can: (1) conprise silicas (2)
consi st essentially of silica and titanic; or (3) consist essentially of
silica. These supports(hr sorprovti¢ Fhlicke art and are disclosec in U S.
Patents 2,825, 721; 3,225 023; 3,226,205, 3, 6622, 521; 3,625, 864,

3,780, 011; 3,887, 494; @‘,)9(56?51‘5?7“; egsqgffallyzof s Hose 4308 THAIRE: A7

4,151, 122; 4,177,162; ,.4,294, 124; 4,,3?1@, 0Q1;.,,4,392,990; 4,402, 864;

(3) 'consist eSsenti

These supports are known in the srt end ere cisclosed in U.S.
Petents 2,825,721; 3,225,023; 3,226,205; 3,622,521; 3,625,864,
3,780,011; 3,887,454; 3,900,457; 3,947,433; 4,053,436; 4,081,407;

4,151,122; 4,177,162; 4,294,724; 4,296,001; 4,392,990; 4,402,864

[}

o

4,405,501; 4,434,243; 4,454,557; 4,735;931; &4,981;831; 5,037,911; the

e

entire disclosures 6f which are hereby incorporsted by reference.
However, it should.also be noted that ehese types of supports ere
eveileble commercielly £rom such sources &s the Davison Chemiczl
Division of the W. R. Grace Corporetion.

The emount of silice present in <the support is generelly
greeter then sbout 80 weight percent where the weight percent is based
on the weight of the support. However, it is preferred thet the amount
of silica in the support is from ebout 90 to sbout 100 weight percent.
The remazining portion, if any, cen be selected from elumine, titenia,
boria, megnesia, thoris, zirconia, and mixtures of two or more thereof.

When the support consists essentielly of silice and tizesnia,
the gmount of silicz in the support is generally grecter then zbout &0C
weight percent where the weight percent is based on the weight of the
support. However, it is elso preferrec theat the amouﬁ: of titenie usec
in the support be greeter than ebout 0.1 weight percent. It Is mcre

preferred that the amount of titanie used is from ebout 1 weight percent



4,405, 501; 4,434, 243; 4,454,557; 4,735;531; 4,981;831; 5,037,911; the
entire disclosures of which are hereby incorporated by reference. However,
it should al so be noted that these types of supports are avail able
comercially fromsuch sources as the Davisgn Chenmical Division of the W
R Grace Corporation. The amount of silica present in the support is
generally greater than about 80 wei ght percent where the weight percent is
based on the wei ght of the support. However, it is preferred that the

amount of silicga i,n the suppart is fromaboyt 90 to about, 100 i ght
percent. The rg?ra‘fbﬁ?’sﬁgfupafggbtn?ef?enénﬁg HinHdosE %’i:e%gﬁ“fdr (S‘g{"é\ll\ﬁ'rﬁ fgount be
titania, boria sl g, thari zirconi a m.xtures of two or nore

t hereor. \When Fﬁéemggg%éo?t Y %éi g%rscegésté’nf?%tl 38]0‘1‘“.3%? IFE8%HHd t itani a, the

anmount of silica in the,suppoystnise deNgEal i qhe@rrasntha{; %hgusiuﬁoc%sﬂ;&

percent where the weight percent 1s based on the weight of the support.

However, it 1ScahgeRibidHsCbmskisbake NG s8MUIY chPbnunt 80tAyYeCehdthnb N€ These
support be greater than about 0.1 wei ght percent. It 1S ncre preferred

that the anpunthfdmitint@dtalysts @Fsténsl cORPARBQUERTbaER GE DRIPRBE thatbcbfsists
about 20 weight percent and it is nost preferred that the anmount be from
about 1 wei ght epssndéallst eofalsdlical kndekitdniper cthdse Isnpfertsodhowld héveobn
this invention, the chrom um catal yst
average pore radius difference of about 25 angstroms. However, it is
preferred that the average pofe radius difference be from about 25
angstroms.to about 400 angstrﬁms and it is most preferred if the average
pore radius difference is from 50 angsfroms to 300 angstroms. The
average pore radius of each support can be determined by nitrogen
sorption by a person with ordinary skill in the art. For example, the
following references can be used "Adsorption, Surface Area and Porosity"
by S§. J. Gregg and K. S. W. Sing, Academic Press, London (1982); and
"Introduction to Powder Surface Area" by S. Lowell, J. Wiley & Sons, New
York, NY (1979); the entire disclosures of which are hereby incorporated
by reference.

In "embodiment Y" of this invention the chromium catalyst
compositions comprise at least tw&'chromium catalyst systems. One of
thése chromium catalyst systems comprises chromium and a support wherein
the support consists essentially of silica and titania. Another of
these chromium catalysi systems comprises chromium and a support wherein
the support consists essentially of silica.

The supports used in "embodiment Y" are further described as
follows:

(1) the supports that consist essentially of silica and

titania should have an average pore radius less than about 85 angstroms;



conpositions comg}ise at. least two chrom um catal yst systens. These
chrom um cat al yst systens conprise chrom um and supports that consists
essentially of silica and titania. These supports shoul d have an average
pore radius difference of about 25 angstrogs. However, it is preferred
that the average pore radius difference be from about 25 angstrons to about
400 angstrons and it is nost preferred if the average pore radius
difference is from50 angstrons to 300 angstrons. The average pore radius
of each support can be deternined b nitroggn sorption by a erson

Lt h
ordinary ski l¥°¥eKeT helttarf. PsdereshiBrt, tha¥e PRET | WK OT 155 Ef’égcl'eas 133#5%“
used "Adsorptj,on rface Ar and _Porosity" by S. . J. o e
Sing, Academ tPBF eg‘g,mLﬁﬁ?ﬁfngs 1§§fo°m§na"& It rl% ot %ﬂe@t’egg%%) gtr"Kt u?f gé({ve

Area” by S. Lawell.. ). Pwelh%db SRSk 3D ¥0T doesh¥onsl979); the entire
e

di scl osures of whicIt a ereby i1 ncorporated by reference. In "enbodi nent

Y' of this invention tehenehhond URheahpbdsls €REPD Nt ioNessempialip of sieasd
two chrom um catal yst systens. One of these chrom um catal yst systens

conpri ses chr&d wWitanik ashouppidvenwaepers tdiamsupesy tthaanabsits Bgsendbial |y
of silica and titani a. Anot her of these chrom um catal yst systens
conpri ses chromtimeterd pesigpport holevesi,nit his pupforredctimsi $hey dwyent i pddey
of silica. The supports used in "enbodi nent Y' are further described as
follows: (1) YHamsufsor akouthfi6 donsbont bdokenbialcdeptimeters inex &rar #peaih 4s

shoul d have an average pore radius | ess than about 85 angstrons; .
most preferred that they have a pore volume from 0.8 to 1.15 cubic

centimeters per gram;

hereafter, these types of supports will be referred to as
"type A supports";

(2) the supports that consist essentially of silica should
have an average pore radius greater than about 85 angstroms; however,
it is preferred that they have an average pore radius from about 85 to
about 1000 angstroms and it is most preferred that they have an average
pore radius from 90 to 500 angstroms; .

furth;rmore, the supports that consist essentially of silica
should have a pore volume greater than about 1.5 cubic centimeters per
gram; however, it is preferred that they have a pore volume from about
1.5 ta about 4.cubic centimeters per gram and it is most preferred that
they have a pore volume from 1.5 to 3 cubic centimeters per gram;

hereafter, these types of supports will be referred to as
"type B supports."

In "embodiment 2" of this invention the chromium catalyst
compositions comprise at least two chromium catalyst systems. One of
these chromium catalyst systems comprises chromium and a support wherein

the support consists essentially of silica and titania. Another of



7 however, it is preferred that they have an average pore radi us from about
25 to about 85 angstrons and it is nost preferred that they have an average
pore radius from30 to 80 angstrons; furthernore, the supports that consi st
essentially of silica and titania should have a pore volune |ess than about
1.2 cubic centinmeters per gram however, Bt is preferred that they have a
pore volunme from about 0.6 to about 1.2 cubic centineters per gramand it
is nmost preferred that they have a pore volune fromO0.8 to 1.15 cubic
centinmeters per gram hereafter, these types of supports will be referred
to as "type Wesgpphromium capalssitosifsnerPPERAS ebrpsiiye anglsantyrRery wrerein
silica should have an average pore radi us g[e_ater t han about 85 angstrons;
however, it % SPRAGT ePsiptt esAeytifdie AnSil&PRage pore radius from about

85 to about 1000 angstrons and it is. mst, preferrgd th ey have..a
average pore radius fPomM'§8°ts S‘GGé aflgs EPRIREmETs Gr ¢ Ak %F‘é{ﬂe%{ﬁgsgﬁ’pbﬁgr S
t hat consi st%eﬁgsg_t lally of silica should have a pore volune greater than

about 1.5 cubic centimeters per gram however, it is preferred that they

have a pore vol une fr(Qﬂ‘ apditsybpartd tARPULLHL 16HDL SR8 0E117R ST $1PRa WrdMm and
It is nmost preferred that

titania should have an average pore radius greater than sbout 85
angstroms; however, it is preferred that they have an average pore
radius from about 85 to about 1000 angstroms and it is most preferred
that they have an average pore radius from 90 to 500 angstroms;

furthermore, the supports that consist essentially of silica
and titania should.have a pore volume greater than about 2 cubic
centimeters per gram; however, it is preferred that they have a pore
volume from about 2 to'about 4 cubic centimeéers per gram and it is most
preferred that they have a pore volume from 2 to 3 cubic centimeters per
gram;

hereafter, these types of supports will be referred to as
"type C supports";

(2) the supports that consist essentially of silica should
have an average pore radius less than about 85 angstroms; however, it
is preferred that they have an average pore radius from about 25 to
about 85 angstroms and it is most preferred that they have an average
pore radius from 30 to 80 angstroms;

furthermore, the supports that consist essentially of silica
should have & pore volume less than about 1.7 cubic centimeters per
gram; however, it is preferred that they have a pore volume from about
0.6 to about 1.7 cubic centimeters per gram and it is most preferred

that they have a pore volume from 0.8 to 1.3 cubic centimeters per gram;



t hey have a pore volune from1l.5 to 3 cubic centineters per gram

hereafter, these types of supports will be referred to as "type B
supports.”™ In "enbodi nent Z* of this invention the chrom um catal yst
conpositions conprise at |least two chromum catal yst systens. One of these
chrom um cat al yst systens conprises chromum and a support wherein the
support consists essentially of silica and titania. Anot her of t hese
chrom um cat al yst systens conprises chrom um and a support wherein the
support consists essentially of silica. The supports used in "enbodi ment Z"

are further describeg,as dol! om:se(%j)opmsébﬁa%%ggpég Sviiiabe CONRIFSLE to as

essentially of silica and titania s an average pore radius
greater than"glRuh fppangstrons; however, it is preferred that they have
an average pore radius from about 85 to about 1000 angstrons and it is npst

preferred that they ITayechromane Rorat Coff e UWhrbhOiR FAth DysTO0ySGSt EQIES;
furthernore, the supports that consist essentially of silica and titania

shoul d have &rfopret \wi the dresiur catwlgsaloupositions e@fcents Hevertiopatangban
however, it is preferred that they have a pore volune fromabout 2 to about
4 cubi c cent ampetseisaider chreminanceappunds thettfasibitatesdthsh@olymrnizabics afpore
volume from2 to 3 cubic centineters per -
olefins. Suitable examples of chromium compounds included, but are not
limited to, chromium nitrate, chromium acetate, chromium trioxide, and
mixtures of two or more said chromium compounds. The amount of chromium
compound that is combined with the support is from about 0.1 weight
percent to about 5 weight percent. It is preferred that the amount be
from about 0.2 weight percent to about 5 weight percent and it is most
preferred that the  amount be from 0.5 to 2 weight percent where the
weight percent is based on the weight of the chromium compound and the
support.’

The chromium coépound can be combined with the support in any
manner know in the art. Examples of combining the chromium compéund
with the support can be found in the above cited and incorporated
patents. Preferred methods of combining the chromium compound with the
support are disclosed in U.S. Patents 3,976,632; 4,248,735; 4,297,460;
and 4,397,766; the entire disclosures of which are hereby incorporated
by reference. These patents disclose impregnating the support with
anhydrous chromium compounds.

In "embodiment Y" of this invention, chromium cataly;t systems
that comprise chromium and "type A supports” are (1) reduced and
reoxidized, (2) titanated, and/or (;) activated at a high temperature.

Additionally, in "embodiment Y" of this invention, chromium catalyst

systems that comprise chromium and "type B supports” are (1) activated



gram hereafter, these types of supports will be referred to as "type C
supports”; (2) the supports that consist essentially of silica should have
an average pore radius |ess than about 85 angstrons; however, it is
preferred that they have an average porggradi us from about 25 to about 85
angstronms and it is nost preferred that they have an average pore radius
from30 to 80 angstrons; furthernore, the supports that consist essentially
of silica should have a pore volune | ess than about 1.7 cubic centineters
per gram however, it is preferred that they have a pore vol unme from about
0.6 to abowat 2. Yow gbhreresnrd nendfar p2) cgrtantaddvith 4 stlvesingrceppaundd thrat
they have a pore volunme from0.8 to 1.3 cubic centineters per gram 9
hereafter, Y4965e2 PPPELTOPL Stiigpohtaninp [usepeln Ehis eabodinegs of ype ipvention
supports.™ The chrogiumlconponent of the chrom um catal yst systens that are

part of thetTRFBMATARM TAFaFYS MeEBAISRF 15°8R%" of this invention can be any

surtabl o chom um comeyg ARt fack L SRbnPolIBL A AR AL Sheli

chromi um ni s}t %bmf”sgmcupau?ﬁ\ﬁt aLé: ":%3&081 EEBptoE-E?Xi d& ﬁ'}d reduced and
reoxidized, (2) titanated, and/or (3) activated at a high témperature.
Additionally, in "embodiment Z" of this invention, chromium catalyst.
systems that comprise chromium and "type D supports" are redﬁ;ed. At
leagt a portion of the chromium used with the "type C supports" is
preferably in the hexavalent state. On the other hand, at least a
portion of the chromium used with the "type D supports" is preferably in
the divalent state.

The chromium catalyst systems used in this invention can be
reduced and reoxidized in accordance with any manner known in the art
that will reduce at least a portion of the chromium to a lower valence
state and then reoxidized at least.a portion of the chromium to a ﬁigher
valence state. Suitable examples of this type of procedﬁre can be found
in U.S. Patents 4,151,122 and 4,177,162 the entire disclosures of which
are hereby incorporated by reference.

The chromium catalyst systems used in this invention can be
titanated in accordance wifh any manner known in the art that will
combine a titanium compound with the chromium catalyst system. Suitable
examples of this type of procedure can Se found in U.S. Patents
3,622,521; 3,625,864; 3,780,011;.4,368,303; 4,402,864; 4,424,320; and
4,429,724; 4,434,243; the entire disclosure; of which are hereby

incorporated by reference.



m xtures of two or nore said chrom um conpounds. The anount of chrom um
conpound that is conbined with the support is fromabout 0.1 wei ght percent
to about 5 weight percent. It is preferred that the anmount be from about
0.2 wei ght percent to about 5 weight percent and it is nost preferred that
the amount be from0.5 to 2 weight per t where the weight percent is
based on the weight of the chrom um conpound and the support. The chrom um
conmpound can be conbined with the support in any manner know in the art.
Exanpl es of conbi niThg theondhn omitabyscospenemd wiedh inhehbugpventioancére Heound
in the above cited and incorporated patents. Preferred nethods of conbining
t he chroni gedssespdurigcardasce Heltiuppomennerekepvacipsdg £FE Bh&t wHdilepeduce
3,976, 632; 4,248, 735; 4,297,460, and 4,397,766; the entire disclosures of
which are RBrEffti ARAHSIBCEITEY chEMEMBNtR 2 ToHese VHANGAL St c| idable

' ti t t wWith hyd h ' ds._In "enbhodi t
V" of UL S SPARRIRE] D SRt TP 1 BEUHEGE C) AL AEThAT Camprd S8 chr ey i and
! A d . and | di ' d d/ 3
act hvated SReigh Tabbtraf it Wil ERARY A8 pidled TR SGn T et ()
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The chromium catalyst systems used in this invention can pg.
contacted with a fluorine combéund in sccordance with any manner kn?wn
in the art that will incorporated fluorine onto or into the chromium
catalyst system. Suitable examples of this type of procedure can be
found in U.S. Patents 2,825,721; 4,8Q6,513; and 5,037,911; the entire
disclosures of whi;h are hereby incorporated by reference.

The chromium catalyst systems used in this invention can be
activated in accordance with any manner known in the art that will
contact an oxygen containing ambient with a chromium hatalyst system.
Suitable examples of this type of procedure can be found in U.S. Patents
3,887,494; 3,900,457; 4,053,436; 4,081,407; 4,296,001; 4,392,990;
4,405,501;4,981,831; the entire disclosures of which are hereby
incorporated by reference.

In general, activation at ﬁigh temperature is conducted at a
temperature greater than about 700 degrees Celsius and activation at low
temperature is conducted at a temperature less than about 700 degrees
Celsius. However, it is preferred that activation at a high temperature
be conducted at & temperature between about 750 degrees Celsius and
about 900 degrees Celsius; and most preferably it is conducted at a

temperature between 800 degrees Celsius and 900 degrees Celsius. It is

also preferred that activation at a low temperature be conducted at a



at a low tenperature, and/or (2) contacted with a fluorine conpound. At

| east a portion of the chromumused in this enbodi nent of the invention is
preferably in the hexaval ent state. In "enbodi nent Z" of this invention,
chrom um cat al yst systens that conpriseighrom umand "type C supports” are
(1) reduced and reoxidized, (2) titanated, and/or (3) activated at a high
temperature. Additionally, in "enbodinent Z" of this invention, chrom um
catal yst systens that conprise chromiumand "type D supports” are reduced.
At | east a portion of the chromiumused with the "type C supports” is

pr ef er abl yteFPerREuLte batetEn b ntid0 d@reeheColstiug ckbopt T®hgteggegorti on
of the chrgnfumused with the "type D supports” is preferably in the

di val ent sPatssusynnde APSHIRFRFREAPAY vt isysondpsted & 2nterReCaFPRAREFBIRcan be
reduced angoéedoxi di z«édli,n acc rsg{gnce with ﬁﬁn,y manner known in the art that
will reducd”at®*FEEE: “&'Hoft degEeehFotiWirto a | ower val ence state and

t hen reoxi di zed at dn%zeisghea ortion 01; fyhsg chromumto a, higher val ence
(0]

state. Suitable exanpl 68° of Chie t¥pé SY R EurEe AR uRdY i Be U s,

Patents 4, 153128 andeded 14, 1020016001 o1 1B | ARUT oo 0 Lih AL Dek eby

I ncor porated by refeérence. rom um catal yst systens us

i nvention ganiRepiidi@Batsdehdr AGCHARDE & Malded@RY {TBHIREM stRQMNeHaR 18KysArt
that will conbine a titanium conpound with the chrom um catal yst system

Sui tabl e exanplfacobrt hIs i/ ARpeitaRt OELAYES thad BE viaeyikh ithe andunbatent s

3,622,521; 3,625,864; 3,780,011; 4,368, 303; 4,402,864; 4,424,320; and
each chromium catalyst system included in the chromium catalyst
composition, it is possible to vary the amount of comonomer incorporated
into the resulting copolymer composition. Furthermore, by varying the
amount of each chromium catalyst system included in the chromium
catalyst composition, the density of the resulting polymer can be
modified more independently of the melt iﬁdex than was previously known
for these types of chromium catalyst systems. Additionally, by varying
the amount of each chromium catalyst system included in the chromium
catalyst composition, or by varying the avérage pore radius difference
between the supports in the chromium catalyst compositions, it is
possible to preferentially introduce a non-ethylene comonomer into the
higher molecular weight portion of a resulting copolymer. In general,
the higher molecular weight portion can be determined using data
collected by gel permeation chromatography using equipment readily
available from commercial sources. The higher molecular weight portion
is that portion greater than the weight average molecular weight.
Preferentially introducing a non-ethylene comonomer into the higher
molecular weight portion of a resulting copolymer means that a major
portion of the comonomer is located in the higher molecular weight

portion. This can be determined by calculating the number of short



4,429,724; 4,434,243; the entire disclosures of which are hereby

I ncorporated by reference. The chrom um catal yst systens used in this

i nvention can be reduced in accordance with any nmanner known in the art
that will reduce at |east a portion of the chromumto a | ower val ence
state. Suitable exanples of this type of procedure can be found in U S
Patent 4,735,931 the entire disclosure of which is hereby incorporated by
reference. It is preferred that the reduci ng conposition be carbon

nmonoxi de. The chroni um catal yst systens used in this invention can be
cont act ed widhaia 41kydr bramcBesnpiountle ipylaeenr dAoc eexampbe any awnewy lknovan i n
the art that wll incorporated fluorine onto or into the chrom um cat al yst
system  Suil-dlskenexapplyasr gfhet humber ype boty hibgershes ew tldn shee fagumed ias ties.
Patents 2,825,721; 4,806,513, and 5,037,911; the entire disclosures of

whi ch are hetfelheianeurhetalhaxpye cerenamnt cincyrroTehed G Wt AP JEersy st ens
used in this inventign can be activated in accordance w tQ_an,y manner known
in the art that will TBoMPaetiugnct5algeh OBRPSHtAPTY Uahhi Bnt if Ve tioroftim

catal yst system Suitabl.e exanples of this type of_ procedure can be foynd
o0 5 pat ot Sontasad un SRERE et oletuie wHER: By R IRRYIR, S50 e o

1392, 990 %:tduc@Ododbodfinedbic o AL " BoflTEAMT ©° stieli L ToRlzEDEr €bY
por at ed” by reference. .

include, but are not limited to, ethylene, propylene, 1l-butene,
3-methyl-1l-butene, l-pentene, 3-methyl-l-pegtene, 4-methyl-1l-pentene,
l-hexene, 3-ethyl-l-hexene, l-octene, l-decene and mixtures of two or
more of said olefins. Particularly preferred is ethylene.
Additionally, a particularly preferred combination of olefins to use is
ethylene and l-hexeqe._ These two olefins are particularly p:éferred at
this time because these olefins copolymerized especially well with the
_chromiﬁm catalyst compositions disclosed in this invention.

Various polymerization schemes are known in the art. For
example, U.S. Patents 2,825,721; 3,152,872; 3,172,737; 3,203,766;
3,225,023; 3,226,205; 3,242,150; 3,248,179; and 4,121,029; (the entire
Idisclosures of which are hereby incorporated by reference) disclose
several polymerization schemes. A particulariy preferred polymerization
method is a slurry o; particle form polymerization method. This method
is disclosed fof example, in U.S5. Patent 3,268,179. Two preferred
slurry polymerization techniques are those employing a loop reactor and
those employing a plurality of stirred reactors either in series,
parallel or combinations thereof.

EXAMPLE
This example is provide toifﬁrther assist a person skilled in

the art with understanding this invention. The particular reactants,



In general, activation at high tenperature is conducted at a tenperature
greater than about 700 degrees Celsius and activation at |ow tenperature is
conducted at a tenperature | ess than about 700 degrees Cel sius. However, it
ispreferred that activation at a high tgnperature be conducted at a

t enper ature between about 750 degrees Celsius and about 900 degrees

Cel sius; and nost preferably it is conducted at a tenperature between 800

degrees Celsius and 900 degrees Celsius. is also preferred that
activation W, i, e conduc ed t t I t ween
S "o ke B E A RLe It SOIGI 36 Bapecaldy SERSCALIG Be

preferably ¢ylsifeeROAYChRO agg foel RORRS 8L Wee cpsét%e@ 20Q 880/ qeﬁlﬁ%lﬁs ijs and

650 degrees Cel sius. ‘Once the chromum catal yst systens arée nade they nay

be conbi nedeho@ibersdope A thABNARGedtdoNN i N the art. For exanple, they can
be dry bl ended together in a nmixer or added to a feed streamthat leads to

a reactor. It is iTHOrjodphedi@atiidng Wbod dBhduated N{h thesmnDideks @f.zach
chrom um cat al yst systemincluded in the chrom um catal yst conposition, it

I S possi bl eentimegrey diasetempuplpofilocpreacter. | Theoppbyndreedas ntegotémedr édsud t i ng
copol ymer conposition. Furthernore, by varying the anount of each chrom um
cat al yst sﬁﬁehdhﬁebm:iedﬁx i leere dohenmrsmsedt te do¥ therpesin&ren, the density

of the resulting poI%/ can be
ylene that had been dried over alumina was used as the

polymerization wonomer. Isobutane that had been degassed by
fractionation and dried over aiumina was use. as the polymerization
diluent. Triethylbo;on was.also used as a cocatalyst.

"Quantachrome Autosorb-6 Nitrogen Pore Size Distribution
Instrument” was used to determined the average pore radius and pore
volumes of the supports. This instrument was acquired from the
Quantachrome Corporation, Syosset, New York. The average pore radius

was calculated using the following formula:
average pore radius in Angstroms =

(4 X 10%) pore volume in cubic centimeters per gram
surface area in square meters per gram

In run number one the following chromium catalyst compositions
were used:

(1) a commercially available chromium catalyst system
purchased from the W. R. Grace Corporation. This chromium catalyst
system was the Magnapore Catalyst. It had an average pore radius of
about 94 angstroms and a pore volume of about 2.1 cubic centimeters per

gram. It also had a chromium content of about 1 weight percent based on



nodi fied nore independently of the nelt index than was previously known for
t hese types of chrom um catal yst systens. Additionally, by varying the
ampunt of each chrom um catal yst systemincluded in the chrom um catal yst
conmposi tion, or by varying the average gere radius difference between the
supports in the chrom um catalyst conpositions, it is possible to
preferentially introduce a non-ethylene conononer into the higher nolecul ar
wei ght portion of a resulting copolynmer. In general, the higher nol ecul ar

wei ght portiQl Gagnbesfeder %b&ﬁm%{%@%ﬁﬁ%?Ctﬁ&sbﬁhgﬂiﬁ%%@ws@

chr omat ogr aphy using equi pnent readi abl e from conmmercial sources.

The higher gpleguhat Y&iwdbd POTH itQipdratdAlfPRESUtORLYN & Rkst DaTk iuBeaN®i ght
average nol ecul ar weight. Preferentially introducing a non-ethyl ene
conononer | ghen tdaexidizeeratmal eshfeabtuiRi ghtabpet t450Nd @freasr @slslibs ng copol yner
means that a major portion of the conmononer is |located in the higher

nmol ecul ar wei ght por¢2)ona codtérziebly bavadééeleni clepriiym cabtadvHtti neysithe
nunber of short 13 chain al kyl branches in the polymer. For exanple, in
an et hyl ene papchiasiedxram ¢bpoVyrir Grhee ferperatdpnput Thishchremied® wEFE1N§itve an
I ndi cati on of the amount of 1-hexene cononomer incorporated into the

pol ymer . ThEYEWRmMREYReaPaP I catalsssi titoRed fedverpsenPers F8Ats &f 8Bftthe

contacted wi_ith one or nore ol efins unde ol i zati on ndjtions to
78 angstroms and a pore volume og.a ouéyq?{ c&%ic ceéggme{ers per gram.

It also had a chromium content of aboué 1 weight percent based Sn the
weight of the chromium catalyst system. This chromium catalyst system
was activated at a temperature of about 540 degrees Celsius and then
reduced at a temperature of about 370 degrees Celsius with carbon
monoxide. This catalyst system produce mono-l-hexene during the
polymerization of ethylene.

These two catalyst systems were then blended together and use
to polymerize ethylene. Additional information concerning this

polymerization and the results obtain are presented in table El.

"TABLE E1
1 Reactor Residence Time 1.23 hours
2 Reactor Temperature | 107°C
3 Triethylboron Amount in Parts per 2.7

Million by Weight Based on the
Isobutane Diluent

4 Melt Indexes of the Copolymer 0.35 g/10 mins.
According to ASTM-D-1238

5 Density of Copolymer According 0.9555 g/cc
to ASTﬁ-D-lSOS'

6 Environmental Stress Crack 220 hours
Resistance of the Copolymer
According to ASTHM-D-1693



produce honopol yner or copol yner conpositions. Sui tabl e ol efins include,
but are.not limted to, ethylene, propylene, 1-butene, 3-nethyl-1-butene,

1- pentene, 3-nethyl-1-pentene, 4-nethyl-1-pentene, 1-hexene,
3-‘ethyl -1 -hexene, 1l-octene, 1-decene anglgm xtures of two or nore of said
ol efins. Particularly preferred is ethylene. Additionally, a
particularly preferred conbination of olefins to use is ethylene and

1- hexene. These two olefins are particularly preferred at this tinme because
t hese ol efins copol yneri zed éspecially well with the chrom um cat al yst

conposi tions di scl og@adréd nufbde ity @Rk £41.1oV8Kd QHBoIAMY EBTail#8H iIcORpSIREORS
are known in the art. For exanple, U S. Patents 2,825, 721; 3,152,872,
3,172,737, @eBsddO; 3, 225,023; 3,226, 205; 3,242,150; 3,248,179; and
4,121,029; (the entire disclosures of which are hereby incorporated by
reference) discl ose (d@ver akoperyiallyz atvedietdeharhwonivh peatalgst asystem
preferred polynerization nmethod is a slurry or particle form pol ynerization
met hod. Thi Burriened| fzomdithe|%bsd&d Forceefarpizatiom U THis porzarivs oatglis,
Two preferred slurry polﬁnerization technigues are those enploying a | oop
react or andSTHESevahpihsy Hagnapope raspitsk of 18thad &8 PESREBBROTE THbius) RE
series, paraél%! or conbinati&ns theregf. EéAN%%% th Exaqplg.i% Erovide
to further &3% 4 SNFEFEYR 8RT 1T 8BS Tor W &Ft 29 Th* uh FEPT &Ht8F Y “EhT P~
I nventi on. g;rbme. PRE tdl%glt?ard € Crto%%ms content of about 1 weight percent based on '
the weight of the chromium catalyst system. This chromium catalyst
system was reduced at a temperature of about 870 degrees Celsius and
then reoxidized at a temperature of about 590 degrees Celsius;

(2) a commercially available chromium catalyst system
purchased from the W. R. Grace Corporation. This chromium catalyst
system was the 969ID catalyst. It had an average pore radius of about
78 angstroms and a pore volume of about 1.1 cubic centimeters per gram.
It also had a chromium content of about 1 weight percent based on the
weight of the chromium catélyst system. This chromium catalyst system
was activated at a temperature of about 650 degrees Celsius and then
redﬁced at a temperature of about 370 degrees Celsius with carben
monoxide. This catalyst system produce mono-l-hexene during the
polymerization of ethylene.

These two catalyst systems were then blended together and use
to copolymerize ethylene and mono-l-hexene. Additional information

concerning this polymerization and the results obtained is preSented in

table E2.



14 catal ysts and conditions are intended to be generally illustrative of
this invention and are not neant to be construed as unduly limting the
reasonabl e scope of this invention. The polynerizations were conducted in a
87 liter, 15.2 centimeter dianmeter, pipe |.Qop reactor. The pol yner was
recovered in a flash chanber. A Vul can dr}&r was used to dry the polyner.
Et hyl ene that had been dried over alum na was used as the pol ynerization
nonomner . | sobut ane that had been degassed by fractionation and dried
over alumifa was use as the pol yneri zat iTéhLEliH2uent .  Tri et hyl boron was al so
used as a cocatal yst. A 'tQuantachrone Autosorb-6 N trogen Pore Size
Distribution Insttument" WReactgselesidenks dimé ned t he aver agelpd dovzadi us and
pore vol unes of the supports. This instrument was acquired fromthe
Quant achr one Cor por at i on, R&§creseTemprE4F NS k. The average po?&Cradi us was
cal cul at ed usi ng :%he follgwng formul a: aver aggggore radi us_in Angstrons =
R

(4 X 10') pore vofune in ¢Obis Y&’é‘?ﬁ;“, § SiPeur f ace?at’ea in square
meters per gramln run nu fgmﬁn‘éyﬁ.géng%lgﬁ%aé

oo § & oni um cat al yst
conposi tions were used: (1IJ°H €0 B 1y avail abl e chroni um cat al yst

system pur chased from theyW, R .G acec Q@lgp@(;fotliyggr Thi s cgf@ﬁgy{@ Gakal yst

According to ASTM-D-1238

5 Density of Copolymer According 0.9551 g/cc
to ASTM-D-1505 '

6 Environmental Stress Crack 262 hours

Resistance of the Copolymer
According to ASTM-D-1693

For comparison purposes a commercially available chromium
catalyst was obtain from the Davison Corporatidn (tradename of 969MS).
This catalyst ﬁad an average pore radius of about 94 angstroms and a
pore volume of. about 1.5 cubic grams per centimeter. = Under
polymerization conditions similar to the above it'produced a copolymer

having the following characteristics:

Melt index of 0.3 grams/10 minutes.
Density of 0.957 grams/cubic centimeter

ESCR of 100 hours

It can be seen from the above that a copolymer having both a
high density and a high environmental stress crack resistance can be
obtained by using this invention. This 1is especially apparent when
comparing the copolymer produéed from the 969MS catalyst to the

copolymers produced according to this invention.



system was the Magnapore Catalyst. It had an average pore radi us of about
94 angstrons and a pore volune of about 2.1 cubic centineters per gram It
al so had a chrom um content of about 1 weight percen I—om e

wei ght of the chronium catal yst system ;gThis chro Ey HASSBEEN M was
reduced at a tenperature of about 845 degrees Cel si ug=:
at -a tenperature of about 650 degrees Celsius; (2) a commercialTy ave
chrom um cat al yst system purchased fromthe W R G ace Corporation. Thi s
chrom um cat al yst systemwas the 969ID catalyst. It had an average pore
radi us of about 78 angstrons and a pore volune of about 1.1 cubic
centineters per gram It also had a chrom um content of about 1 weight
percent based on the wei ght of the chrom um catal yst system—TFhis chrom um

catal yst systemwas activated at a tenperature of about 540_de re Sl Ré

and then reduced at a tenperature of about 370 degrees Cels

nonoxi de. This catal yst system produce nono-|-hexene durin um ‘
t

pol ymeri zati on of ethylene. These two catal yst systens were

t oget her and use to polynerize ethyl ene. Addi tional information
concerning this polynerization and the results obtain are presented in
table El. TABLE E 1 React oC Real ek Ti ne . 1.23
hour s ' _

1. A chromium catalyst composition that comprises at least two chro-
mium catalyst systems, wherein said chromium catalyst systems
comprise chromium and a support, wherein the support comprises
silica, and wherein the supports of at least two of the systems have
an average pore radius difference sufficient to preferentially introdu-
ce a non-ethylene comonomer into the higher molecular weight
portion of a resulting copolymer.

2. The choﬁm catalyst composition of claim 1 wherein said support
comprises at least 80 weight percent silica, preferably at least 90
weight percent silica, based on the weight of the support.

3. The chromium catalyst composition of claim 1 wherein said supports
consist essentially of silica and titania, and wherein at least two of

the supports have an average pore radius difference of about 25
angstroms.

4. The chromium catalyst composition of claim 3 wherein said average
pore radius difference is from 25 to 400 angstroms, preferably from
50 to 300 angstroms.

5. The chromium catalyst composition of claim 1 wherein:

* c L ] S *




This Sheet F1as DCCH R Lp VSR

2 Reacmnﬂmhﬂwﬂme 107[err]C 3

Tri et hyl bor on S per 2.7 MIlion by Wight Based on
t he I sobutane Diluent 4 . Melt Indexes of t '

0.35 g/10 nmins. According to ASTM D- 123845 DRlesSHEETOHHATEEBNyjrer
Accor di ng 0.9555 g/cc to ASTM D 1505 6 REPEAGFPonnen al

Stress Crack 220 hours Resi stance of the Copolyner According
to ASTM D 1693 16 In run nunber two the follow ng chrom um cat al yst
conpositions were used: (I) a commercially avail able chrom um cat al yst
system purchased fromthe W R G ace Corporation. This chrom um cat al yst

system was the Magnapo talys | & V. Eﬁgﬁ i .0f about
94 angstronms and a(] o?‘geiez(%{%u X0§f 53&?@.“%&8{36%0 ent%%%e e?‘% reéram I t
al so had a chron ushBRii@NAndfa tt, Wwhizeiahthepsuppont cbasistsl easedtiadiywei ght
of the chrom um catal yst system _This_chron um cat al yst hngt em was reduced

at a tenperature o®f siisat aBFotiaip card (EleIeins th, Support an average
pore radius less than about 85 angstroms, and wherein the

support has a pore volume less than about 12 a cubic centime-
ters per gram, and wherein this chromium catalyst system is
subjected to at least one of the following treatments (1) redu-
ced and reoxidized, (2) titanated, and (3) activated at a high
temperature;

(b) at least ome of said chromium catalyst systems comprises
chromium and a support, wherein the support consists essentially
of silica, and wherein the support has an average pore radius
greater than about 85 angstroms, and wherein the support has
a pore volume greater than about 1.5 cubic centimeters per
gram, and wherein this chromium. catalyst system is subjected to
at least -one of the following treatments (1) activated at a low

temperature, and (2) contacted with a fluorine compound.

6. The chromium cata.lyst. composition of claim 5 wherein said silica-
titania support has an average pore radius from 25 to 85 angstroms,
preferably from 30 to 80 angstroms.

7. The chromium catalyst composition of claim S or 6 wherein said
silica-titania support has a pore volume from 0.6 to 1.2 cubic centi-

meters per gram, preferably from 0.8 to 115 cubic centimeters per
gram.
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then reoxidized at a tenperature of about 590 degrees Celsius; (2) a
comercial |y availabl e chram um catal yst system purchased fromthe W R
Grace Corporation. This chrom um catal yst systemffwas t] ADpeatall yst. It
had an avdhiagkeefiins BeanReplaged of about 78 51 gstrons ahida [_‘g_acggFuma_ f about

1.1 cubic c ~gram It also“had a ch _ out 1
he .wei ght of the chrom um catal yst system This
S

wei ght perc
system was activated at a tenperature of about 650

chrom um catal'y

degrees Cel sius and then reduced at a tenperature of about 370 degrees
Cel sius with carbon nonoxide. This catal yst system produce nono-| - hexene

during the pglynme gglonlimOta@lyRy |cBRPosiioRSEr biP ofadl@inysS’s &Y It Mkerst@r e then

bl ended together and _use to copol ynerize ethyl ene and nono-| - hexene.
Addi ti onal i nf osaisk isBifac SupROThi hes i svereEy npetez aadivs fom t &% toesiPO0s

obtained is pre%ﬁggt?gmg,np}e?gaglygﬁbml99%@5@&?@?’&%& React or

Resi dence Ti ne React or Tenperature
96[err]C 3 Tri et hyl boron Anmount in Parts per 2.57 MI1lion
by Wi ght Based on the .

9. The chromium catalyst composition of any of claims 5 to 8 wherein

said silica support has a pore volume from 15 to 4 cubic centime-
ters per gram, preferably from 15 to 3 cubic centimeters per gram.

10. The chromium catalyst compbsition of claim 1 wherein:

(2) at least one of said chromium catalyst systems comprises
chromium and a support, wherein the support comnsists essentially
of silica and titania, and wherein the support has an average
pore radius greater than about 85 angstroms, and wherein the
support has a pore volume greater than about 2 cubic centirpe-
ters per gram, and wherein this chromium catalyst system is
subjected to at least one of the following treatments (1) re-
duced and reoxidized, (2) titanated, and/or (3) activated at a -
high temperature; |

(b) at least one of said chromium catalyst systems comprises
chromium and a support, wherein the support consists essentially
of silica, and wherein the support bas an average pore radius
less than about 85 angstroms, and wherein the support has a
pore volume less than about 17 cubic centimeters per gram,

and wherein this chromium catalyst system is reduced.

11. The chromium catalyst composition of any of claims 3 to 10 wherein
said silica-titania support consists essentially of at least 80 weight

- percent silica and at least 0.1 weight percent titania, preferably at

* [ L ] S *




| sobutane Diluent 4- -~ " ""Melt Indexes of the Copol yner 0. 09

g/ 10 mns. Accordi n Nhdeh 1238 5 Densi ty of Copol ymer

Accor di ng ThlSShe as g/cc to ASTMD1505 6 Ervroneeat al
St'ress Crack ““m“‘ 262 hour s | stance @

According to AS conpar i son poses a: ..e.:u-_-______._-“ Hbl e
chrom um cat al yst was obtain fromthe Davi son Corporation =0 f
969MS). This catal yst had an average pore radi us of about 94 angstrons and
a pore volunme of. about 1.5 cubic grans per centineter. Under

ol ymerization gonditions,simlar to the aboye it oduced a rrer
Iﬁaviyng the foll fﬁﬁs nglrggitpgﬁgqt. ca pad; 3§ Jepst log" BF’%ﬁﬂfl amut es.

Density of whefd the WRTBAIC gbkﬁmcﬁnbhﬁ@ﬁ oh e Re ht f the suEBQrthourS 't

can be seen fromthe above that a copol yner having a high®density and
a high environnental stress crack resistance can be obtalned by using this

i nvention Thi s eci al | aren whe in he, copol

produced frolr% t @39 B &?S?é@{a mpﬂéﬁ"eﬁpﬁ%qé %’gt}é ﬂhgt %’6 %’r‘n&g to

this invention. sjlica-titania support has an average pore radius from 85 to 1000
angstroms, preferably from 90 to 500 angstroms,

13. The chromium catalyst composition of any of claims 10 to 12 where-
in said silica-titania support has a pore volume from 2 to 4 cubic

centimeters per gram, preferably from 2 to 3 cubic centimeters per
gram.

14. The chromium catalyst composition of any of claims 10 to 13 where-
in said silica support has an average pore radius from 25 to 85
angstroms, preferably from 30 to 80 angstroms.

15. The chromium catalyst composition of any of claims 10 to 14 where-
in said silica support has a pore volume from 0.6 to 1.7 cubic

centimeters per gram, preferably from 0.8 to 1.3 cubic centimeters -
per gram. |

16. The chromium catalyst composition of amy of the preceding claims

wherein said chromium is present in said chromium catalyst systems

in an amount from 0.1 to 5 weight percent.

17. A process of polymerizing at least one type of olefin with a chromi-
um catalyst composition of any of the preceding claims.

18. The process of claim 17 wherein said olefin is selected from ethyl-

ene, propylene, 1-butene, 3-methyl-1-butene, 1-pentene, 3-methyl-1-
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Substitute sheet - 5 Decenber 1997 18 C ains 1. A _chrom um cat al yst
conposition that conprises at |east two chrom um ~----.-—...‘=.=. ei n
sai d chrom um catal yst systens conprise chrom um andé | S)
support conprises silica, wherein (a) at | east onetg
catal yst systens conprises chrom umand a. sup?p’ort \/\herel n the
consists essentially of silica and titania, and wherein the support has an
average pore radius less than 8.5 nm (85 angstrons), and wherein the
support has a pore volune less than 1.2 cnferr] per gram and wherein this
chrom um cat al yst systemis subjected to at | east one of the foll ow ng
treatnents (1) reduced and reoxidi zed, and (2) activated at a tenperature
greater than 700 [err]C (b) at | east one of said chrom um cat al yst
systens conprises chrom umand_a support, wherein the support consists
essential ly of siliRE2%hfy 4‘v6ﬁ§¥b¥1 ﬂrnemnmeupiphcxenhas- laygéﬁgﬁ PREEadi s
greater than 8.5 nnié&ped wherein the su rt has a poFe a
vol ume greater than 1.5 ¢ err erS §F O BRQRA e5aéd mlcgns chrom um

catal yst systemis subjected to at | east one of the followi ng treatnents
(1) activated atg aﬁg‘perature | ess than 700 [err]C and (2) contacted with
a fluorine conpolnd procesgof ¢ lﬁmmdBathnem(sm%]éﬁlpqsc&hﬁEﬁhnﬁd
wherein said silicat-hexshpl a

This Sheet Has Been Rep

(L i

* € L M § =



support has an average pore radius from2.5 to 8.5 preferably from3 to 8
nm (30.to 80 angstrons). Substitute sheet - 5 Decenber 1997 19 3. The
chrom um cat al yst conposition of claiml or 2 wherein said silica-titania
support has a pore volume fromO0.6 to 1.2 cnferr] per gram preferably from -
0.§ to 1.15 cnferr] per gram 4. ThABSTRACTM cat al yst conposi tion of
any of clains 1 to 3 wherein said silica support has an average pore radius
from8.5 to 100 nm (85 to 1000 angstrons), preferably from9 to 50 nm (90
to 500 angstromns). 5. TheHRONTIME m t of any of clains
1 to 4 wherein said sili cahgﬁlgg{)rt has&ghglg)rsgt(\:/g unme r%ﬁ?l.S to 4 cnferr]
per gram preferably from1.5 to 3 cnferr] per gram 6. The chrom um
catal yst conposition of any of clainms 1 to 5 wherein said silica-titania
support consists essentially of at |east 80 wei ght percent silica and at

| east 0.1 weight percent titania, preferably at |east 90 wei ght percent
silica and at |east 1 weight percent titania, where the weight percent is
based on the wei ght of the support. 7. The chrom um cat al yst conposition
of any of the preceding clains wherein said chromumis present in _said
chrom um cat al yst sysChrpsiam camalyssunenposdbions 183eoPEoYideght INeFed fhromiun

catalyst compositions can be used to polymerized olefins. The resulting

polymerization product can have improved properties.



8.  _Alprocess of polynerizing at |east one type of olefin with a chronmium
catal'yst conposition of any of the preceding clains. Substitute sheet -

5 Decenber 1997 20 9. The process of cl aé“é?ﬁ%ﬁﬁ%h%?a?ie’%g%ﬁ%gﬁﬁ

sel egted from et hyl ene, propyl ene, 1-but,gne, ene,
3-net hyl - 1- pentene, 4- nethyl-I|-pentene, "1- hexene, 3-ethyl-1-hexene, .
1-octene, 1-decene, and m xtures of t Qr nore said olefins. 10. The
process of claim8 or 9 wherein said i s ethyl ene and 1-hexene.

| east 90 wei ght percent silica and at |east 1 weight percent titania, where
the wei ght der cerd ¢hsomime atplyst leompesitipn that corapmses padrleast 1two Theomibmoni um
catal yst conposition of claim 10 or 11 wherein said silica-titania support

has an average paatalystdystems, wherehbsdid cHroffium regtalysosystens coheprisb chromiom 90 to
500 angstrons, 13. The chrom um catal yst conposition of any of clains 10 to

12 where- in sai ipdid suppokt Whskeih SEREAHr E&ﬁ%ﬁseﬁ@.ﬂﬁayﬁhéi—@ﬁ from2 to 4
cubic centineters per gram preferably from2 to 3 cubic centineters per
gram (a) at least one of said chromium catalyst systems comprises
chromium and a support, wherein the support consists essentially of
silica and titania, and wherein the support has an average pore radius
-~ less than 8.5 nm (85 angstroms), and wherein the support has a pore
o volume less than 1.2 cm?® per gram, and wherein this chromium catalyst
system is subjected to at least one of the following treatments (1)

reduced and reoxidized, and (2) activated at a temperature greater than

700 °C;

(b)  at least one of said chromium catalyst systems comprises
chromium and a support, wherein the support consists essentially of

silica, and wherein the support has an average pore radius greater than

;_/ 8.5.nm (85 angstroms), and wherein the support has a pore volume
greater than 1.5 cm’® per gram, and wherein this chromium catalyst
system is subjected to at léast one of the following treatments (1)
activated at a temperature less than 700 °C, and (2) contacted with a

fluorine compound.

2. The chromium catalyst composition of claim 1 wherein said silica-titania
_ suprrt has an average pore radius from 2.5 to 8.5 nm
preferably from 3 to 8 nm (30 to 80 angstroms).
. 05 DEC 1997 J
1R L



) sl

14. Theé ‘chroni um catal yst conposition of any of clainms 10 to 13 where- in
said silica support has an average pore radius from25 to 85 angstrons
preferably from 30 to 80 angstrons. 15. TheSubstitute sheet alByBecembesdiq9bn
of any of clainms 10 to 14 where- in said9silica support has a pore vol une
fromO0.6 to 1.7 cubic centinmeters per gram preferably fromO0.8 to 1.3 .
cubic centinmeters per gram 16. The chrom um catal yst conposition of any of
the preceding clainms wherein said chromumis present in said chrom um

catal yst Systems g b Gtal %g i o%ifiéz?o?cl‘ﬁﬁﬁg% PGhérER said sflicatiBhAC €S S

of polynerizing at |east one t In wth a chrom- um catal yst

conposition of any of the preceding.clajps. ,18. sThe proces | ai ;17
wherein said ol e#ﬁzpqr%ﬁageq é%? éfaﬂ‘ﬂegﬁ?’&aq@?‘! lérf:én ngﬁ,a{géfa%i%gfﬁgh@
3-net hyl -1 -butene, 1-penfene, 3-nethyl-1- pent ene, 4-nethyl - 1-pentene,
1- hexene, 3- et hyf® 3.J9e5nRET 838t ene, 1- decene, and mixtures of two or
nore said olefins. 19. The process of claim 17 or .18 wherein said olefin
is ethyl ene and 1-hexene. This Sheet Has Been Replaced | 111111 111111.
liillij1111111

4, The chromium catalyst composition of any of claims 1 to 3 wherein said silica

support has an average pore radius from 8.5 to 100 nm (85 to 1000

—_ | | angstroms), preferably from 9 to 50 nm (90 to 500 angstroms).

5. The chromium catalyst composition of any of claims 1 to 4 wherein said silica
support has a pore volume from 1.5 to 4 cm® per gram, preferably from 1.5

to 3 cm® per gram.

6. The chromium catalyst composition of any of claims 1 to 5 wherein said
silica-titania support consisfs essentially of at least 80 weight percent silica and
at least 0.1 weight percent titania, preferably at least 90 weight percent silica
and at least 1 weight percent titania, where the weight percent is based on the

weight of the support.

7. The chromium catalyst composition of any of the preceding claims wherein
said chromium is present in said chromium catalyst systems in an amount from

0.1 to 5 weight percent.

8. A process of polymerizing at least one type of oleﬁrldﬁmuhmmll_m;_lcmst
._ REPLACEMENT SHEET

composition of any of the precéding claims.

L
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10.

Substitute shéet - 5 December 1997
20 :

The process of claim 8 wherein said olefin is selected from ethylene,

| propylene, 1-butene, 3-methyl-1-butene, 1-pentene, 3-methyl-1-pentene, 4-

methyl-i-pentene,- 1-hexene, 3-ethyl-1-hexene, 1-octene, 1-decene, and

mixtures of two or more said olefins.

The process of claim 8 or 9 wherein said olefin is ethylene and 1-hexene.
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