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i nvention relates to supported chrom um catal ysts and @jﬁ;@q 5¢
compositions for olefin polynerization, and processes for t e preparation
and use thereof. Supported chrom um oxille catal ysts can be used to prepare
olefin polymers in a hydrocarbon solution to give a product 10 havi ng o
excel l ent characteristics from man standpoints.  Silica supported chrom umﬁ
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However certain control operatlons whi ch are easily carried out in the

sol ution process are nsider e di fficult pigels
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a slurry systemwth a sin
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normal |y obt aiangfhent! NerngkUsrotegs, Palelhbehery PefRiedCES s a particle-

15 form process, has the adva@tage of being less complex. However,

solid material suspendeé L o requently referred to
as a.particle- 15 form ~m~wq-hm~“1ﬁ*4ﬁm-- ng | ess conpl ex.

certain control operations which are easily carried out in the

solution process are considerably more difficult in the particle-

form process. For instance, in the solution process, control

of the molecular weight can be effected. by changing the temperature
20 with lower molecular weight (ﬁigher melt flow) being obtained

at the higher temperature. However, in the slurry process,

this technique is inherently 1imited.since any efforts to increase

the melt flow to any appreciable extent by increasing temperature

would cause the polymer to go into solution and thus destroy
.25  the slurry or pérticle-form process. It is known to extend

the range of melt flow capability of a given catalyst through

the use of hydrogen. However, it has not heretofore been commercially

feasible to produce a complete spectrum of polymers so far as

melt flow is concerned in a slurry system with a single chromium
30 catalyst system. Also it is frequently desired to have a polymer

with greater shear response than is normally obtained in the

slurry or particle-form process. -

While it has long been known to use metal phosphates
as supports for chromium oxide-containing olefin polymerization |

35 catalysts, such supports have never achieved commercial success.



“While it has I'ong been known to use netal phosphates as supports for @
chrom um oxi de- cont ai ni ag ol efin pol ynerization 35 catal ysts, such suppor
Jave néver achi eved ,commerci al success. 2. Thus chrom um oxi de catal ysts
are generally supported on silica- containing bases simlar to those used
decades ago when the chroitium catal yzed pol ymeri zation of ol efin polyners

first became commercial. 5 ' I nZa principal aspect the present

i nyention provides an ol efin poI ynmeri zation cat al yst conposi.tion conprising
chrom um oxi de supported on a m xed support conprising bot SI I | a and a
metal phosphat é'huf)aﬁ*‘FPE{H"hPP‘ydeaFEﬁ?]ﬁs&ﬁ MifoSEREIPLly SyRPORTe a‘aTl lic
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advant ages of such catalyst c siti.on acco | to,the i tion include
one or nore of ch!'ﬁ%“’jf“ﬂ'l 3 \}llﬂiﬁéeé)gﬁgy%‘lﬁllzfﬁfmﬂ pt ?’be”%r%?l ng%fﬁrly?rﬁcrasm havi ng
both high nelt &ohnurcaali hi gh shear response; suitability for use in slurry

pol ymeri zat{ on syste %r];mfzrﬁa petcE cr?ebblr{eééﬁ:tf’nv%gi’érf’%rs’&’idwerS

suitabl e for bl ow nol I cations req |r|&%égood mel t
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flexural modul gggqd Ngippbidedt sntaomeiéa“sds @:cbw@&lgp@%ctbwmsqhwlaxaers 20
so far as nelt flow.iS concerned; a catalyst co i on havi ng unusual

sensitivity to anﬂFEﬂ:]uPﬁ?s%étghtPaEEHWFI&gﬂﬂF%“’é’GCPPWhﬁ%r 8@%&“ and the
ability to pr odwgendwtym«s cbeAMangsUﬁusye&zla)ubrmdrgaﬂoaswratomugbt

?Ims;fa:llt Pgﬁll g& hods are BF%‘xﬁ“éaﬁaﬁﬁgg’r‘Yd ?Wﬁg‘ﬁ%ﬁag fﬁl‘taéﬁ'?po%gg%%x?get s
according to the invention include one or more of the following:
the ability to provide olefin polymers having both high
melt flow and high shear response; .
suitability for use in slurry polymerlzatlon systems;
15 the ability to provide polymers sultable for blow molding,
o film and other applications requiring good melt strength;
the ability to provide olefin polymers having unexpectedly
high flexural modules;
the ability to provide a broad spectrum of polymers
20 so far as melt flow is concerned;
a catalyst composition having unusual sensitivity to
molecular weight control agents such as hydrogen; and
the ability to producé_polymers having unusually broad
molecular weight distribution. _ _
25 In accordance with subsidiary aspecﬁs of this invention
methods are provided for the preparation of chromium oxide
containing mixed silica/metai phbsphaté supports for use as
olefin polyﬁerization catalysté and as olefin catalyst compositions
comprising in addition ah'organpﬁetailic cocatalyst. In this
30 invention, boron is classified as a metal for convenience.
The silica/metal phosphate supports used in the catalysts
and catalyst compositions of this invention can be made in four
separate ways. |



C alnlng m xed silical/ netal phosphate supports for use as ol efin

g? nmeri zation catal ysts and as ol efin catal yst conpositions conpy|5|ng in
ad Ition an organonetal lic cocatalyst. In this 30 invention, boron is
" classified as a netal for convenience. The silical/netal phospha;e supports
used in the catalysts. . and catal yst compositions of this i nvention can be
made in four separate ways. - 3. First, the two can be coprecipitated as-.
is known in the art, for instance as shown in Kirby, U S. 3,342,750 R4
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i s freant t hat e.silic 0 um num phos
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: a polar organic solvent can be used It is frequently preferred
15 that a small amount of a boron compound such 'as boric acid be
introduced into the reaction mixture to be coprecipitated with
the aluminum phosphate and sillca. Other sultable boron compounds

include borates such as ammonium -borate. By coprecipitated as

it relates to the boron compound, it is meant that the silica/

20 aluminum phosphate is formed into a hydrogel in the presence of
the boron compound. It is not known to what extent the boron
compound becomes incorporated into the hydrogel structure. The
amount of boron compound present when the 3111ca/a1um1num phosphate
cogel is formed can vary widely but it is generally used in an

25 amount so as to give 0.5 to 15 mole. percent boron based on the

" moles of phosphorus. | |
While any agent which neutralizes acid can be used, a base
such as concentrated ammonlum hydroxlde, ammonza gas, or ammonia
dlssolved in alcohol or other nonaqueous solvents is preferred.

30 Also ammonium carbonate, ethylene oxlde and propylene oxide can
be used.

‘The neutralization can be earried_ont either by adding
the acid phase (metei salt/phosphate source combination) to the
base phase or vice versa. One suitable practice is to drip or

35 spray or otherwise slowly add the acid phase into the base phase.
It is preferred that the gellation occur at a pH of at least S,
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amount of boron conpound present when the silical/alum num phosphate cogel
is forned cap vary widely but it is generally used in an 25 anmount so as t\o-
gi ve 0:5 to 15 nol e *percent boron based on the noles of phosphorus. Wile
any agent which neutralizes acid can be used, a base such as concentr at ed
ammoni um hydr oxi de, ammoni a gas, or ammgpni a di ssolved in al cohol or other
nonagueous solvents is preferred. 30 Al so amoni um car bonate, ethyl ene
oxide and propyl ene oxi de can be used. The neutralization can be carried
out either ;Dy agdeferabhye a@ﬁiékslahﬁsec(eﬁ_eiﬂllySﬂid pRhaeRhele g8D1HtE6n occurs
conmbi nation) to ase .pha r:VieCe_weysa. One suita acfice is to
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- phase. It is préhethigdentiodimentcagdin enbatimest whree¢ despritell béreliebslows,

4. 'preferably rad. i e .at i urs wll
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enbodi ment &s i ROFHH&RE (RomPositier igcgeidised her-ei nbel ow, gellation can

occur after any partiatellatididbtéild SPostandbidl} 2t a pRUN LGS 4SRRI ti ON
is acidic. Cell atlon_occu&s 6?‘E‘gntaneo S"Ilj'-)f/ 2t a pH of -about 4, \Mﬁl ch s
achi eved by conBf fRiSEHEY hringefabost 721Rericent of Fhe pgutrpdaeing agent,
has been found ahdtitt hass been fodadivhabl ehisThenaidestrablleyt MakigmkbON i S
preferably achi I : C i ni.n 0.sl W stirrjng about
72 percent of tﬁé%ﬁg%ﬁ%léFe#e E%%elrfgﬁgacg‘bgﬁ]a R&%‘@%X%KEE é‘fgé‘g
neutral i zatl®n gheWlyheithastinriggiabiony #2igencerthef rthet asmunasof aegeralikzidgd v
t hrough the 4-5 o abgfaqa ' ! el p ter,
preferably at Ig%ii 6 ggng%aléﬁeﬁ%\e? o%fg%%éy(lf?ﬁc%ﬁbﬁl%é%%rﬁg{%ypercent
of the 15 neutr# ’z‘ﬁgnﬁheag'éﬂ'f SRR d® £Drauiskdy dhroyghythe4-2apH aangsmandgi ng

achieve gellation at a pH of 5 or greater, preferably at least
6, generally 6 to 10, or (2) combining 60 to 70 percent of the
15 neutfalizing agent needed for complete neutralization and aging
until gellation occurs which will generally be 1 minute to 48 hours,
~ more generally_S minutég to 10 hours, more generally 10 minutes
to 3 hours; thus, gellation occurs at a pH belbﬁ 4, generally about
2. _
20 It may be desirable in some instances to éoprecipitate
other materials such as titahia with the silica/phosphate cogel
or have other materials present during the gellation. Also, the
chromium compound such as chromiuvm nitfate can be introduced with
. the reactants. |
25 . It is preferred to remove water by azeotropic distillation
or by washing with a volatile, water miscible, low surface tension
organic liquid. If water is not employed-as a solvent, any small
amount of water cafried'ovér.from water of hydration or from the
base used in neutralization can be removed by conventional spray
30 drying, tray drying or oven drying, thus avoiding the necessity
' for azeotropic distillation.. However, even in these situations,
if it is desired to water wash the hydrogel, thén azeotropic
distillation or washing with_a.volatiie oxygen-containing water-
qiscible solvent is desirable. After water removal to convert
.35 the hydrogel to a xerogel, the xerogel is acﬁivated by calcination
in an oxygen-containing ambient.




tll g€l l ation occurs which will generally be 1 minute to 48 hours, nore
herally 5 minutes to 10 hours, nore.generally 10 minutes to,3-hours;

thius, gellation occurs at a pH belgw4 general Iy about -2. 20 It =
may be desirable in sonme.instances to coprecipitate other materials such as
titania with the silical/phosphate cogel or have other materials present

during the gellat mracce}mcetmncmeosédmmewmi ﬁmmgaaaecbipmawm nitrate
can be introduced with the re rred to -4
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desi rabl e. bﬁﬁiaredmeaeemﬁ:ﬁmwadhobﬁmenﬂ&rme withih hehyste@oef the silxedogel,
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5. In accorAéé ﬁ’e é‘é%%:ﬁd fr]ne hod0 fan?FgRR?%ﬁ Eee iRl lg%hosphate
suppori9 a aslsbﬂled h!y@r Qgﬁeldrmrﬁ)ler-m-gell’hxs; i rﬁmeghataemmwhl dmpregrum

or t hophosphatgon TR Sent AprRfe ¥ &h@%ey[sno@us %Hpadynegur faﬁe Sfgege of al um num

i ons and phosphate_ions wth a slurry. o l'i.ca hydrogel or xerogel
and then ewfpbhesihtfa hewhoeawa%ﬂla/xewénﬁ é‘ﬁ%ﬂ tléé?ﬁﬂdq%@@wth’ég oven
drying or nmr &rﬁfeeﬁﬁrtablMabyraﬂbﬁwadryud@gwhamae aubﬁicaﬁhladceegtent it is

believed the ghdmoPd VoS RO Y fe’ Rl Bond 104 o PERRL &% Che paEes bk Gk

15 amount of 11qu1d equal to or less than the pore volume can be added
initially and the gel formed by addlng a neutrallzlng agent. Even
when the prec1p1tate is formed by evaporatlon to dryness, a neutrali-
zing agent can subsequently be added but it is not essential.
When the liquid is not evaporated to dryness'and the phosphate

20 gel is formed in the poreé'of silica xerbgel by neutralization,
the impregnated silica can sometimes be directlyactivated but prefer-
ably the material is dried at a slightly elevated temperature before
being activated. No azeotrope drying is requlred simple oven
drying, for instance, belng satlsfactory, although azeotrope drying.

25 could be used if desired.

As to the scope of the aluminum and phosphorus components,
the base when used, and the solvent, is the same as that set out
hereinabove with regard to the first embodiment. One difference
in scope between these two embodiments is that in this embodiment

30 ammonium borate or boric aéid can be SubStituﬁed for part or all
of the aluminum salt in the technique where the solvent is evaporated
so as to form what is believed to be boron phosphate onto the
silica on evaporating the solvent 1f a base is used to form the
phosphate, a boron compound can be present as in the flrst embodiment.
35 In accordance with the third embodiment of formlng_the_
silica/phosphate support, aluminum orthophosphate is precipitated



* Alternatively, the source of alum num and phosphate ions can be 10 (:;ié)#
adsorbed I'nto the dry silica. This is largely a physical 'inpreg- nat

and entrapnenf of t.he phosphorus conponent in the pores of the silica. Wen

a silica xerogel is’used, instead of evaporating to dryness, the. ' '

evaporation can stop when t he l'iquid in excess -of the pore volume is gone

buts sonme- liquid remains in the pores, .an 15 anDunt of liquid equal to
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conponents, the hase an‘?ﬁ gsled and.i he slol vent.. is the sane as that set

out herei nabov%anﬁ T 11"e ( f%t il °‘F’r“f’§‘% 6‘&?%&“‘5‘?& '?f“PPﬁit-?nce in
scope between aumogiunt pbosphasei fethe prefetwed sourcei of hbsphiartenior3
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al um num sal t |nt e tec gue-wher e t’he solvent ‘I s evapor a SO as
form what is behe aw&p%a@enbeﬁ cF#epﬁ’d%ﬁ'a! Fhosphatene AQ'FPP ddreosame, 8lor at i ng

the solvent. ¢dnsidérat@ons ofSethe tf@ré@remb&&h&eabmmiu e,Fiaamr Ogs GAgROUNd can
be present as j,n e fir t einbodi accordance with'the
third enbodine g? F ?Pd‘mﬁﬂ'é §g§|}c"§Fpﬁ$‘§§h§’f é’rgﬁ‘fﬁfg’ll f%uﬁé]ﬁ’d
ort hophosphat eazestpopici gistifléation 6r washimg wptlesaenaaezoh:.scrhlbl arganyclr ogel
or Xxer 0ge|15 Thiﬁ;u.rl.&sw kBnvert the hydrogel to a xerogel preparatory to activating,
The dried support is then‘ready for activation. In the case of a
xerogel, the phosphate ingredients must be greater than one pore
volume as it is the same as the second embodiment.
In accordance with the fourth embodiment for making the -
20 mixed silica/metal phosphate suppbrt,.a silica xerogel and an
aluminum phosphate xerogel are simply physically mixed. The scope
of the ingredients for making the separate silica and aluminum
phosphate are the same as those used in embodiment 1 for making
the cogel. More broédly, any known method of making silica suitable
. 25 for use as a base in olefin polymerization catalysts and any known
methods of making aluminum orthophosphate having relatively high
surface area can be used for producing the silica and aluminum
orthophosphate, respectively. In additiom, the aluminum
orthophosphate can be made by forming a melt of an easily melted
30 aluminum salt such as hydrated aluminum nitrate, adding a source
of phosphate ions of the same scope as that utilized in embodiment
1 to the melt, and neutralizing with a base having the same scope
as that set out for embodiment 1., The resulting silica and aluminum
orthophosphate xerogels can simply be ground together or blended
35 in a conventional dry blender or mixed in a slurry with a nonreactive
diluent such as a hydrocarbon. In making the phosphate, the same
pH considerations oflthe first embodiment apply.



pposed to having the al um num phosphate inpregnated into the~pores of
ilica. In accordance with this method, 5 a source of al um num and
preSphate ions are’conbined with a siljca hydr ogel or xerogel and the

al 'um num phosphat e fornmed by conbi ni ng7W| th a neutralizing agent. The scope
of the ingredients is 'the sane as in the first enbodi nent hereinabove s
except nonobasi c ammoni um phosphate is the preferred. source of phosphate -~
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for enbodinent 1. The resulti ng silica.and al um num ort hophosphat e xer ogel S
can sinply be ground t oget her or bl ended : .



*35 *in a conventional dry blender or mixed ina slurry with a nonreactiv@
di l uent such as a hydrocarbon. In naking the osphate,. the sane pH
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15 _Alt.emat_:wely, 2 water soluble chromium compound such as chromium

3 can be added to the hydrogel.

Alternatively, a chromium compound preferably dissolved in an anhydrous

nitrate, &hromium acetate, or CrO

solvent such as a hydrocarbon can be used to impregnate the xerogel.
Suitable chromium compounds for such anhydrous impregnat.ion include
20 'tertiary-butyl chromate. The chromium compounds are used in amounts
| sufficient to give 0.001 to 10, preferably 0.1 to 5, more preferably
‘about 1 weight percent chromium based on the weight of the xerdgel base
. after activation i$ completed. ' .
The term xerogel is used to refer to the gel resulting from the
25 removal of free water from the hydrogel. _ '

The activation of the xerogel can be carried out at
temperatures known in f.hé art although ‘the phosphate base can be
‘activated at slightly lower.temperatures_, for instance temperatures of
150-800°, preferably 300-800°, more preferably 400-600°C are

30 particularly suitable for the phosphate  component, as compared with the
450-1000°C temperature genmerally employed for silica bases. Thus broadly
-.any_ temperature from 150-1000°C can be used. In the embodiment where
.'th_e xerogéls are physically mixed after the supports are separately
| activated, each can be activated at the optimum temperature for that
35 particular support. In the other embodiments, either the preferred
activation temperature for silica or the preferred activation

temperature for phosphate can be utilized.



the structure of the ultimte polymer, gdjustment of the ratlo .of silica
Aetal phosphate in the support can be utilized toeffect qualtty contr ol
gf/ the ultimate product. The chrom um ¢an be coprecipitat'ed as noted
erei nabove. 15 The aaatdvitiagy ambienst can sk ubb'eociﬂwmmmbmhhd fogch as
chrom um o et.at - d t rogel .
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activation terrperature Ica or t activation t nper at ur e
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anbient s s ar preferred. The romuyms i | egst %redom nant | y
inthe h éﬁf&é S £ the hexava ent state. us, e cC romzum is in, or is
convertible to the hexavalent state when introduced into the reactor. If
 hexavalent chromium is added to the support after act1vat10n, which is

20 less preferred, and if done must de dqne anhydrously, then the activation
ambient does not have to be oxygen-containing but can.be aﬁy dry ambient
including reducing.ambiehts such as CO, inert ambients such as nitrogen
or even a vacuum. .However, if this is done, a second activétion using
the oxidizing ambient is required to burn of f organic matter.

25 The cocatalyst, when used, is an organometai compound,
preferably a trzhydrocarbylborane, more preferably trzalkylborane, the
alkyl groups prefetably havzng 1 to 12, more preferably 2 to 5, carbon

. atoms per group. Iriethylborane, trxpropylborane, and trl-nrbutylborane
. are especxally preferred. Tri-n-butylborane is most preferred because it
v 30 is believed to give greater MI (Melt Index) increase than the others
téSted. Othexr boron cohpounds.such as boron alkoxides, for instance
B(C 5)20C2H5, alkyl baloboron compounds, for imstance BCZHSCIZ, aryl
borons such as triphenylborane and metal aryl borate (HBR4) can also be
used. Conventional organoaluminum cocatalysts such as triethylaluminum

35 are sometimes desirable either alone or in combination with the
organoboron compound. .

The cocatalyst when used is utilized ip an amount so as to'give

an atom ratio of metal such as boron to chromium within ihe_range of .

-



‘state after activation. |If an excess of chrom umover what is requi reUu
is used, the excess may-not be in -the hexaval ent state, if it remains \on :
JLhe cat'al yst at all+, Tines of 2 minutes to 48 hours, preferably 0.5 to 10
‘hours are suitable for the activation or. cal cination step. The chromumis
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trial kyl borane, the qhbyéa&nmoarﬁﬁermlemh&wcaa Ee fardhbr apéattearﬁf ehabl y
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35. are. sonetines dS|rabIe either alo ination w't t

or ganobor on Colﬁi.fa the polymenzat:.on QF mono—-l-—ole ns containing . _
20 carbon atoms per molecule. The invention is of particular applicability
. in producing ethylene homopolymers and copolymers from mixtures of
ethylene and one or more comonomers selected from l—oiefins containing
3 to 8 carbon atoms per molecule. Exemplary comonomers include
aliphatic l-olefins, such as propylene, l-butene, l-pentene, l-hexene,
25 1l-octene and other higher olefing and conjugated or non-conjugated
diolefins such as 1,3-butadiene, isoprene, piperylene, 2,3-dimethyl-1,
3-butadiene, l,é-pentédiene,'1,7-hexadiene. and other such diolefins
and mixtures thereof. .Ethylene copolymefs preferably constitute at
least about 90, preferably 96 to 99.7 weight percent polymerized
30 eth&lene units and 0.3 to 4 weight percent comonomer. Propylene, 1-
butene, l-pentene, l-hexene, and l-octene are esﬁecially preferred
comonomers. | o
- The pdiymers can be prepared using the catalysts and catalyst
compositions of this invention by solution polymerization, slurry
35 polymerization, and gas phase polymerization techniques using
conventional equipment and contacting processes. Contacting of the
monomer or monomers with the catalyst can be effected by any manner
known in the art . One conventional method is to suspend the catalyst



cocatal yst when used is utilized in an anmobunt so as to give an atom

Fjo -of netal such as-boron to chromumw thin the range of Q.5:1,to0

, preferably 2:1 to 5:1. Based on the gplvent or diluent enpl oyed

ing polymerizati'on if any, the anount of metal conpound cocatal yst is
generally within the range of 0.5 to 20, preferably 2 to 10 parts by wei ght
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c OpOI yIEr'S pa??fs&pd\glty E‘br\’é’ f?gﬂnesgithat by controlling the amount of hy rogen
utll;zed polymers having a very high molecular weight as indicated by

low melt flow, though polymers having a very low molecular weight as

20 indicated_by high melt flow can be obtained. - This can further be fine
tuned by varying the ratio of silica support to phosphate support in
the catalyst component. .Further control of melt flow can be obtained
by the small amount of leeway in temperature control and by the known
effect of higher catalyst activation temperature causing the melt flow.

25 of the resulting polymer to be higher. Howevér, yet a further
advantage of this invention is that a single activation temperature .
for the catalyst and a single polymerization temperature can be

~ utilized and still obtain a broad spectrum of polymers utilizing a
single catalyst, : :

30 E With slurry polymerization of ethylene and predominantly
ethylene cppoiymer systems, the feasible temperature range is generally
about 200-230°F (93-110°C) and the commercial systems are generally run
as close to the maximum as possible,i.e. 225°F ¥ sOF (107°C ¥ 3°C) in
order to get the highest possible melt index. The catalyst of this

35 invention allows running at the low end of the possible temperature
range,i.e., 205°F ¥.5%F (96°C ¥ 3°C) in systems normally employing

225°F (107°C). The lower temperature gives a relatively higher
monomer partial pressure, thus giving higher activity.
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cocatalysts sometimes are used in the prior art in spite of the fact that
they tend to have an adverse effect on melt flow, i.e., cause the melt

20 flow to drop. However, the boron éocat.alysts of this invention
substahtially increase the melt flow capability of the metal phosphate
component of the catalyst. Thus, by varying the amount of metal
phosphate componenf which increases melt flow and the amount of silica
component which decreases melt flow when used in conjunction with the

25 boron cocatalysts, a novel method of broadening the molecular weigh£
distribution is provided. Also, the use of hydrogen broadens the
molecular weight distribution because, while it reduces the molecular
weight with both silica and phosphorus bases, the effect is minor with
the silica component and dramatic with the phosphate.

30 . It is known in the art that the presence of a comonomer in
ethylene polymerizatioh may increase the melt flow of'the resulting
polymer. However, the metal phosphate component of the catalyst of this
invention causes this effect to be unexpectedly magnified, with only
small amounts of comonomer giving larger increases in melt flow of the

35 resulting polymer. Thus, this allows the uie of comonomer addition as a
method of controlling melt flow. ' If the object is to produce a polymer .
which is essentially a homopolymer, 0.001 to 0.3, preferably'o.nl to 0.1

mole percent comonomer based on the moles of ethylene.in the feed can be



ned by varying the ratio of silica suppgrt to phosphate support in the
llyst conponent. Further control of fl ow can- be obt ai ned. by t-he
g ‘ampunt of |eeway in.tenperature control and by the 'known effect of *
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tendency pé Kepban Sdddlthst HUIVENTat o a@dUsBningful only if compared on a

comparable melt index basis. The references herein to melt.index_ (MI)
refer to ASTM D1238-65T, Condition E, and to high load melt indéx (HLMI)
refer to ASTM D1238-65T, Condition F, the difference being 21,600 gram
20 weight in the high load test and 2,160 gram weight in the _x:egular.melt
index test, the temperature being 190°C in each instance when the tests
are utilized for predominantly ethylene polymers and copolymers.
. Example 1 -
This is an example of a silica/metal phosphate support made by
25 the cogel method. A 50/50 mole percent SiOzlAlPOI’ cogel having 10
percent solids was made by simultaneously adding the following
ingredients. )
(1) 187.5 grams Al(N03)3.91!20 in water.
(2) 34.6 mL orthophosphoric acid.
30 . (3) 104 grams Si(OEt), (111.3 mL).
(4) 18 grams water.
(5) 20 mL isopropyl alcohol.
The above ingredients were chosen so as to give 61 grams alumingum
orthophosphate and 30 grams of SiOz, i.e., one-half mole each.
35 Thereafter approximately 200 mL of concentrated ammonium hydroxide were
added whzch produced a thick gel at a pH of about. 6-7 which then turned
soupy at-a pH.of about 9 (the 1deal pH of 6-7 was sl:l.ghtly overrun) It
was filtered to make a cake.

.....



'higher'nelt fFOM/pérﬁners when hydrogen is utilized, the difference beinggéfg//

that.t he metal phosphate conponent of the catalyst of this inventionis 1
extraordlnarlly sensitive to the effects ofyhydrogen. In other areas, the
' net‘al .phasphat e conponent of the catalyst of this invention acts in a
manner different fromthe' prior art catalysts. For instance, boron
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whi ch detr el vas pddedy ko khen xarereli- n Eachj catedyem vast activated inpairopt

cocat al yst sjoorcnQueler MRigageic bBE0adeN dAFohilt NReRabE a&n%'&?éedjl $44 1 bution
i s provided Al so, the use f hihﬁogen br oadens the nol ecul ar wej ght

di stri but i otPIFBEEAFREIOR, AF 20 FESultso2 v, phoNR Bersiopglav W TRV R -
silica and phosphorus bases, the effect is mnor with the silica conponent
and dramatic with the phosphate 30 It is knowmn in the art that
the presence of a conpbnoner in ethylene polynerization may increase the
melt flow of the resulting polymer. However, the netal phosphate conponent
of the catalyst of this invention causes this effect to be unexpectedly
magni fied, with only snmall anobunts of conononer giving |arger increases in
nmelt flow of the 35 resulting polyner. Thus, this allows the use of
conononer addition as a nmethod of controlling nelt flow |If the object is
to produce a polyner which is essentially a honopol yner, 0.001 to 0.3,
preferably 0.01 to 0.1 nol e percent conononer based on the nol es -of
ethylene. in the feed can be utilized. |If the object is to produce a
copolymer, 0.5 to 20 nole percent or nore can be used, al t hough enough to
give 0.4 to 3 weight percent incorporation is preferred. Another area in
which the prior art olefin polynmers al ways

TPt



lepresent a conprom se in properties is (/%th regard to shear response.
‘ertain applicati-ons, a high shear response as evi-denced by the ratio
gh load nelt index to nelt index, is desirable. This.has heretofore
béen associgf®d with broad nol ecul ar wei ght distribution as determ ned by
si ze excl % &p chromat ography, for instance. Unexpectedly, the 10 polymers
produced By She cat By& Rof this invention exhibit a high shear response .
as evidenced by high HLM/M ratios indicating relatively broad nol ecul ar a
wei ght di:gt @l buti on. Mol ecul af wei ght distribution or heterogeneity
i ndex (H)wa%iindi cayeeh by [err] where [err] refers to weight average
nol ecul ar we@yht andg[eyr refers to nunber average nol ecul ar weight 15 is
determ ned by size exclugi'on chromat ography. In this regard, it nust be
kept in mindhat HLM/M ratios are nmeahingful only if conpared on a
conpar abl e 8efjt i ndex Rashs. The references herein to nelt index (M) refer
to ASTM D128&| 65T, @n@ tEon E, 4nd to high load nmelt index (M) refer to
ASTM D1238- 651, Condht PorPF., th® difference being 21,600 gram 20 wei ght
in the high lgad tes® &d2, 160 Hram weight in the regular nelt index test,
the tenperat&je being t[:'Srr] in ch instance when the tests are utilized
for predom n&ptiyethyRerfd pol yn@rs and copol yners. Exanple | This is an
exanpl e of aBsilical meTal™phosphate support made by 25 t he cogel
met hod. A 50/50 nole percent [eir] cogel having 10 percent solids was made
by sinultaneogysly adding the folshowi ng ingredients. (1) 187.5 grans [err]
in water. (2¥{34.6 nkt t ophosﬁZ]ori c acid. 30 (3) 104 grans
Si(CE,t)4 (111)3s ) .M (4) %8 grang water. (5) 20 nL isopropyl alcohol. The
above ingredi énts wdke chosen sodas to give 61 grans al um num
ort hophosphate and 3® grans of 2, i.e., one-half nole each. 35
Thereafter @;?roxi mat el y .200 nL ®f concentrated ammoni um hydroxi de. were

Jl

added whi ch™joduced a thick gel®at a pH of about 6-7 which then turned
soupy «af - a @i of about 9 (the izftal pH of 6-7 was slightly overrun). It
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‘was filtered fo nmake a cake. One- hal f of

t he hydrogel was dried in an@
oven-to formthe basis ‘for runs 1 and 2, t H&

ot her hal f 'was azeotrope drt} d-*

,using i soanmyl “al cohol to formthe basis for runs 3, 4, and 5. Each

fini shed,. cal ci ned catal yst contained 1 percent chroni um from chrom um
acetate in al cohol Fhe piupebtids iadeEd iml sdbseyeényekamplesciereatetleydinedas
activated i nsagt 184 Jerr] after addition-of the chrom um acetate and tested
faor polymerization at -[err] The results are shown heretnbelow in Table I.
[e [err] The proptedtilodex (MIiASTY X238 hfscCorslitionBapl es were det ermi ned
as follous: Nelt | ndggs e ASTMokedBGRhT) GBRH D! 1248-BoT HcOlaseqad sVE1 L | ndlex
(HLM) ASTM D 1238-65T, Condition F. Density, grans per cc,

ASTM D 1805- 68. [ er Peosithn 87278 R8X: FisASTH Prl¥3ab®gr aphy. “ The above table
shows that the azeoty gne fdoh@dz6 AxelySlonVEtiroMetdgraghy ve even without a

oot por oty ucibosteis Sakfr dhav B8 58 Snehrronn uhad, RS St

not represenesy iaceivé eweh withoutira exbcarslystat iWhile thec byenidefed hallf waish a

ner of nat t er ALY SEF Ol p¥Shanifh Hie 30E04 33 ovolie” MU AR AMFed Bf

broad m3Pecipshingesrthiovansernipat ard isoinpterepaasentispivaafr @dbnovasndriedity

i nter medi at pr&RIrdBfdhs which, when used with a boron-containing cocatalyst, give
gqod results as shown by Example 1A hereinafter. As can be seen, the
catalysts of this invention produce a broad molecular weight
distribution polymer and give hydrogen sensitivity intermediate between

- 2 and pure A1PO,.

' "_l'he details of the polymerization for the above and the

15 that of chromium oxide supported on pure SiQ

f_olloiwing examples is as follows. Each run was conducted in a cléan,
dary, air—frée, stirred stainless steel reactor of about 2 L capacity.
About 600 g of isobutane was used in each run as diluent with a catalyst
20 charge ranging from about 0.03 to 0.8 gram. The reactor and its contents
were heated to the desired operating temperature, ethylene pressure
added to give about 565 psia (3.9 MPa), and the run was started
immediately. Ethﬁlene ‘pressure was mpaintained during the run by
supplying additional ethylene as required from a pressurized reservoir.
25 Each run was terminated by stopping the ethylene flow and venting the
gaseous reactor contents to a flare line for dispesal. The polymer was
recovered, dried and weighed to det'ermi:-xe catalyst productivity which is
set out in terms of grams polymer per gram of catalyst for the run time
. empioyed. _
30 . Example IA
This is another example of a 'silica/metali'pho_sphate support
made by the cogel method. In this preparation, 94 g of alumipum nitrate,
specifically Al(N03)3.9_H20, plus 23 "g of HZNH“POA plus 2.4 g of
Cr(N03)3.9H20 wvere mixed with a solution of: 13 mL isopropanol plus 5 mL
35 1!20' plus 5 drops 33P04 plus 23 mL ethyl silicate plus 1 drop HZSO 5 t° make
a clear solution. Then 55 mlL of concentrated ammonium hydroxide were
added to effect gellation.



hhat of chromi um oxi de supported on pure SiO and pure Al PO4. 2

details of the polynerization for tjife above and the fol l,owing -

‘ l'es.is as follows. Each run was conducted in a clean, dry, air-free,
sttrred stainless steel *reactor of about 2 L capacity. About 600 g of

_ i sobut ane was usehengelaciasrdniedsind? (vaewmn wiverk, washwdatuostined witthwater
.1angi ng g Aleted): fikd Gabhdd U8 Rinll 8 FiProplily bas FINEUS B
heated to the desiréd operating tenperature. ethylene pressure adaed. to

gi ve aboutbidsipvas ggeip Npisd ipnd vasuup venss Istvas: ackivated agtH0yC in

Et hyl ene RigsSfii § Kedrs"RbNpHre1ad wdight) Pekbnt WhrbivhUBRLed @ 284 ddyonal

et hyl ege as retgw red froma pressurized reservoir. 25 Each run was

t er m nat e@"BBPESt oppi ng the ethyl ene flow and venting the gaseous reactor
contents to a fl arfelimérdizheionlivapoairied oatpal \ZOBPF V(@S°Credvkregpmdsy ed and
wei ghed t erJu S roduct |.yi ' | t Lp terns of
grans pol %ﬁgfh&péegeggﬁ%%tgghéi’aa%gﬁfgt MFo‘r");{)fé?e"' ?\Apukﬁgirﬁécé"%tpf%é%agg?,o

Exanpl e | A This i Sharxesidts segepscfalilonssi|ica/ netal phosphate support made
by the cogel method. In this preparatghpfl 334 9 of alum numnitrate,

specifically Jerr] plus 23 g of [err];‘p‘l"tl‘T. 2.4 of [err] were mxed weih a
sol ut 8n Mn&ﬂﬂﬁ&%&ﬁﬂ% uBums Thpe gMinyy 7%?;' uskl}rﬂ‘!!ﬂpgf‘}%cﬂ] fp‘iﬂ?s_j213
mL ethyl silgcate plusigBodrop [err] to emke a @.gar sobsdioo.9é1en Sfaonl of
concentr at nponi um roxid added to effect gellation. The gel
was dried (ﬁg ‘%’bﬁ%ﬁ%@gﬁf%ﬁa?ﬁ\é\g%’ﬁ%?wm water and.filtered, then
washed two tiASEY DE69B-70,0Fpoditioh Ar(80PCYtered after which it was -again
dried in a vacuumoven. It was activgf fylerr] inair for 5 hours to

give 1 weight percent chrom um base dry 5 support. Polyrerization
was cdPried out atThigsexpmple] ijluptzptegnppgduction of this silica metal

phosphate base by means of impregnating silica with aluminum phosphate or

boron phosphate. The silica used in this example was a ‘commercial grade
of silica containing 1 weight percent chromium calculated on a dry basis
of support plus chromium compound formed by spray drying a silica

20 hydrogel having about 0.1 weight percent alumina containing an aqueous
solution of chromium acetate. Essentially identical cat.alysté can be
formed by imprggn§ting 952 grade silica commercially available from
Davison Chemical Company with an aqueous solution of chromium acetate and
drying at about 200-400°F (129-204°C) in air. The polymerization runs

25 were carried out as in Example I with the results shown hereinbelow in
Table II. '




wei ght .triethyl boron -based on the weight of tfﬁe reactor contents. The /4 ' /)
results were ad3f ol leews:. Table |4 10 Run No. Producti vi ty, 9/g Rug Ti &

Mn “H T HiBh/MTDensity ESER(1) 6 1930 = o, ©,2 60
0.12. 240 gb%ai. ~ 110 (19 viE@vi re@ental Stress Crack Regst gnge.
ASTH D1693- 70, Ebondisi om A [‘err:Bh Esambes | 1. 15, This gxanpge

il lcustrates production 81 this S Tica™&tal phosphate base by rggnst.,af

i MREegnati ng si ‘Jc Wit al un e phospkeat e or boron phosphate 8Th gilica
uggﬁ in this .eA%npa@maRg‘ ComB R Fal glﬁade of silica containi % 1088 ght
pet cent chrom@n} cgl qul af ed ondg,_dky'- basi s .of" support -plus .chr % U™k &
conpound f or meRf DY 4SRr ays o i ng_;g;ﬁ,l‘T_'ﬁée 20 hydrogel having abgut g%1

wei ght percent -8l ufisa -sont ai NiMegs &n aﬁu’feous solution of chromf@m &Etate.

Essential ly igeniigal yst L be_formed by inpregnating 982 df&de
silica corrmer%e Iéagv% gnl'e %g%m\'één Chiem cal Conpagy Wi R af aqueous
sol ution of ci®@hi BrMac® & e.arR aWPyi ryeat <about [err] inair. Eew *
pol yneri zati ogyryng 35 MWRL G Caflgh §d opt, as in Exanple Wth ted n-egul ts
shown her ei nbﬁlQF/ igTabl . =& | [gr] 2] 43220
Gans.of the S'lica (1/3 nole) were slurried in water ande&o t R urry
was added 0.51 alsenboB e aci ot 1.2 Yl H 804 o 3¢ SRyt was bes ved of f
on a hot rapI ate detde Pt ingd [err]gatiabed s K 2 Ris 50068 3 5)
The chror@fum c@nf ai M'ng silica used in the above runs w= M no t{eatment .
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N
10 Grams (1/6 nole) of the [err] was slu@ied in water to which was added 5
. “of the above solution of AINO and H PO The wat er -was then evapor at ed

i n foof4)o20e Gedms OfCelid silice (175 mbbe) sekeltdlapried dnusatr 4d) tSaties

pr ocedur e asslurry oasnadded 0)Skgrend babicraciaf+ ahe xﬂolli!m on The solsent.  (9)
- Same pfoceduwas beiled. ofb@hnetlmt( ﬁ;auexeﬂpltha&mming k€reghluactivatéd in 2
were used. (41 a&H00°Qsr ocedure'as in footnote (6) except 50 nl. of the
sol ut Son &&ér'@msmmm ontadning stliica sngmcnhsntbomemn:nw&u no geest@enting

heat ed t 6de¥4 Graoms epnd 1428l |f Ognvene dilutiedy im osar pirodphatle: 2.4
20 graigs dgsemq MlLléﬁcp e) m_f \khe evxl wesfma-lri%lzanﬁamStgom wa¥ G ans
of the silic

beRf fhecrbrysoselukien ofJALNG 0“21)‘1@{0 of The watsycwas
sol utlon p&) %EYF@H&H% g nﬂ“’sfﬁ‘*ltz gehcva #E‘W Fre“oﬁo He, 12, f’r'es was

1.67 % ?F He 5AuTe (A8 1R fortnaleo(PY epEeRF 3Pk ot Hifh 396 TS,
| ut d th | ut dt th
il Fc;"Qn %m'ear;f uff i 18 csbatiaa (86 ek zémyafomgo?gte o
t hi h | t
%1 Zgl éﬁ;;ﬁarf; Ekre“%%ﬁﬁﬁé’f%%g . va:t(éh“%f%ef AT i Q ?Effzfrdﬁ?g‘z g
1 ) Qm %2 |tavva£lp °p%?nml-ly roge prsgssurg % uge(f was 50 psi

(0 34 I\/Paon (‘ﬁﬁ) fMlzomegp@@ﬁntt¥ verk RIXddEEgRtHEl Gndl et edStd helltt OF
exanpl es. (1494 lgkansS Al (N0 9§t‘ ABEPP i driimé NRSnium Aihydrolby phofpRatigRagjson of
contrag run IgaistdrNog) I %8730 WL Lagern0 fie f£ORdY véind eak]|1000am hi gher
melt index i reteesms oBStEwelicn deberibsy diteniabovs wis adddhte 2MmaLsef i ca
i mpr egnat ed Vithieh abdwenssluniphosithaiiecto shilkingnaph aspbring. Sthe paré wolame
conpari son ofofahe rsdllicaiiwad51vén iecopdr gfad.heTinishehe raildcs hahenld Hwildwi t h
hydrogen a higgestexshani20iel ¢£ sobutioncand still be dry. After the solution
was added to the silica and shaken, 10 mL of concentrated ammonium
hydroxide (a stoichiometric amount) was added and it was shaken
again. Since it was still dry to the touch, it was activated at
. 500°C without further drying.
(12) TEB in runs 6-14 was 8 ppm by weight based on the weight of diluent.
30 In runs 15-24 it was 4 ppm. Hydrogen pressure when used was 50 psi
- (0.34 MPa).
(13) MI, HLMI, Density, HI and ESCR determined as inm prior examples
(14) HI is the heterogeneity index, i.e. M /H .

A comparisen of control run 14 w_i.th the other runs utilizing
35 only TEB (i.e., no llz) show higher melt index in every instance for the
invention run which have the silica impregnated with aluminum phosphate
or boron phosphate. Similarly, a comparison of control rum 15 with all of
the o;ﬁer ru.its' shows that with hydrogen a higher melt index is obtained
. with the aluminum phosphate or boron phosphate'imp:egnated silica than is
40 obtained with the pure silica. These runs also show unusually broad
molecular weight distribution as evidenced by high HI and in the few runs
tested especially good environmental stress crack resistance especially
when it is noted that the density is increased over the nominal 0.960
expected for an ethylene homopolymer.
45 Example I1IA
This example shovs 'fur_thet examples of impregnation of a
silica catalyst with AlPOl. or BPOI.. The AIPOI‘_ catalysts were made by
impregnating a silica of the type described in Example II with an aqueous

\f~and resulting gel was activa ed at [err] in air 10 -{7) Same procedure *



°V§/i th the al.um’num phésphate or boron phosphate inpregnated silica than is

40 * *obt’ai'ned with the pure silica. These E,Lms al so show unusual |y broad@
mol ecul ar vvel ght di-stribution as evidenced by high H and in the few runs
"tested espem ally good enyi ronnment al stress crack. resi stance especially

when it is moluddlori lofit AX{ND mnépo swneqmﬂsaeha\eefe;tdtazrumahm(bh%ﬁmu
ected f t
excglm(; IR AL e#‘émtég‘o‘fhﬁ' ﬂﬂ?ﬁn’ﬁ'r‘bﬂ splutien qf. 5

11I'A"Thi s 4exanpl e s
catal yst wi berigcsedd -ﬂildeorblm}hmharyemwm agusl mewﬁc&hgm suu ca

f th Gehlds.
equal esf ) Dedlingiidide; (his' dupkEplasol i1 00 BH G0 and Asthigly o
5004 and Yymas
; rcrpél e?(r)le i heSPﬂ-Q!h ﬁtﬁt‘t’ﬂﬂ izatbon oif lethylenzcatl 2|aaaFdrss tpﬁs@@éﬁ-g
i u fmf’
was dri eg and&a?tgl v3%§% glﬁfﬂ Pé’n ?ﬁﬁfﬁ h gnf&lt}gf OﬁPIee ;r}%e(riqugﬁibn
of et hyl encCetepts, | The pesults (!Jreagepwvt} Meamuwzipahbge m. -Thds table

triethyl bor.ghsesbaisd € rﬁ?ﬁ‘e‘ihtctfmtﬁﬁhs eithér ﬁﬁﬁ%ﬁﬁ t§h§€£ oxp oron

herei nbelow jn Table |1 A abl.e shows that t tron wt

either -alu mhf“pﬁb’sﬁh&'é“ih % #e3n WK oBRkbe mdtmﬂjﬁaegewmtﬁw be
formed Mvdegrédtdg eimadtét Otlie Halt0F10{! ¥ers¥H1026£ td 1§ aPBLén fddVproduces

sensitivity,to hydro uce broal Iec ar wei ght distribution
pol ymers. TREP™ %‘i c%f Sggégﬂ'-}' tion p W"W Cat..g W. Polynerg

?F,)rzgd'. 9/9222?3/I ' oﬁ-&gﬂ ff'm 126 [ZgrrN]Oqe"l‘ A 8 287%440 S 327
1580 . HLM 27  PO4. -- 7 0 0.2260 : 1625
[0 M 285h0NCadaittve . zo!gg Gt g AL M wo D
641 20 130 2BeMope - 0500. D44D55 3zo 331 2220 16950.15 HIAI26 M
188 26 AlF0, 0 0.2070 . 327 1580 0.55. HLMi
27 EpO, . 0. 0.2260 . 367 1625 - 7.6 HIMI
28 Nope ‘50 0.1735 122 705 1.8 HIMI:
20 AIPO, © . ‘50 0.0805 - ... 161 1780  ©.17MI .. 641
20 30 mo, - '_.so 0.1955 . 331 1685 0.26 MI . 188

S . Example TIT . -
o In t.h:.s exanple, 94 grams of AI(NOs) .91!20 plns 23 -grams
amoniun dihydrogen phosphate plus 7.1 grams Cr{(NO )3.911 0, 100 ml 1!20
plus 65 grams of Davison 952 silica hydrogel (30% solids) was stirred
25 well and heated for 15 minutes at 30°C. Then 50 ml concentrated ammonium
bhydroxide was added to make a gel. The gel was washed in water once and
tvice in acetone and then dried in a vacuum oven at 60°C. Thereafter it
was activated at 600°c in air for 3 hours. 'Ihe resulting catalyst was
-used in- ethylene polymer;zatian at 205°F with S ppm TEB and 50 psia
30. hydtogen with a 60 minute run time. The product.ivxty was 5650, the melt
index 5.84 and the HIMI/MI ratio was 85. This is an example of a 40/60
sxlicalallmim phospbat.e combination formed by forming the phosphate in
the presence of the silxca hydrogel and demonstrates good productivity,
~ high melt index and high shear response.
35 | L Example ITIA
. In this example, 94 grams of AI(NO ) 9,0 plus 23 grams

2

monim dihydrogen phosphate plus 7.1 grams c:(no ) .91!20, 100 ol H,0




%(l nple 11l In this exanple, 94 grans of [err] plus 23 grans ammnl um
+hydr ogen phosphate plus 7.1 grams [err] 100 m [err] plus 65 grans of
Davi son 952 silica hydrogel [err] was stimged 25 well and heated for 15 .
m nutes at 30C. Then 50 nl concentrated afmoni um hydroxi de was added to -

make a gel. The gel was washed in water once and twi ce in acetone and then

P0rCS houos, B6HT BaD, BF daBbbly [Regfatered Tﬁd&%rﬁ?tm‘é@heﬂﬁt wh@I] N aig

for 3 hours yst - was used in ethleepol i zation
“[err] with Sippimftm d!!drwzﬁél’wﬁﬂef"qﬁ/ailbﬁénmti (o Ch un tinme,
The producti obYsq \ﬁﬁfe i@'é@rs gt vid) deirfed éeb@nl Micealted/ JlS\fmimaielsoawas

85. This 0/ 60 sil /

EUERER 0 ﬁ§ %16%%sﬁ'g%ar%éé%@r‘f‘—’o“wm”?"%%g?ﬁ?c%gﬂ% R " and

oEI)e(rmnist r fslt Ie,SA mlgxa@;i gép,dumhe \Mebultinggbemaiu.icmdaxtm:dm glasbéddn wmpoamia 35 |
anpl e n ra &y

di h;/rgrogen pﬁ'lﬁ g‘f’ )%ﬂgg '1['h g%s"fn% d(r%]‘j'eL N L p#g, grzd}hegro agggs?‘ﬁl o

(Regi stered 'Er.atlatbﬁrdc) 6®6Gjé.n81ﬁ' fnhlnhreESth!rﬁl- aria ay catbyiened potymesious

silicawth %a?i‘cm GE & 995 wFRD SSBH@“&B”E&PVSG Péila HYErOgBRS rahi £6red wel |

and heated 15 m nu es at |[e Thereafter concent r at ed ammnl um
hydr oxi de wa$Oamipuges o the Pl??é]!éﬁtjd"éé!l was 'Pﬁéof &Equlﬁgi‘@’é"/ 168 @84 i xt ur e

was washqg i thmm/gp(}aﬁ;%%slgoacetone Then it was dried in a vacuum
oven at [err] and activated at 600QC in aif for three hours. In an ethyl ene

pol ymeri- zation run at [err] with: 'EB and 50 psia hydrogen, run for
60 m nutes, the prolhid iexample\sbows!pbBysidad mixtingi ofi@xsbli®d bamed]chromium

HM /M rati 0, pg? yy ﬁ%ﬁr’rg Y&itadbsdTl X of a
silica basedoca\tgg:?)yn%%um ca "?i\&th al um %‘%r%sp_ osr}%t%‘%assed c#;%m um
cat al yst . Thesilica based chromlum catalyst was the si ica described hereinabove
15 in Example II, activated at 760°C. The aluminum phosphate catalyst
was prepared by the melt method. :

. The phosphorus to alum;num atom ratio of the aluminum phos-_. °
phate was 0.8. The chromium acetate was included 1n the phosphate
_ pteparation so as to cogel a sufficient amount of the ch;omlum
20 compound to give 1 weight percent chromium based on the weight
of the final dried'xerogel‘ Silica-based catalyst” (0.0198 gram)-
and 0.0562 grah-of the aluminum phosphate-based catalysts were
sepératély added to the reactor along with 8 parts per million
triethylborane and 50 psi (0.34 MPa) hydrogen. The reaction was
25 run for 30 minutes and yielded 249 grams of polymer which corresponds
to a productivity of 3,280 g polymer per g catalyst or a product-
ivity in grams polymer per gram catalyst per hour of 6560 assuming
a linear resﬁonse over the 60 minutes. The melt index was 2.6.
and the HIMI/MI ratio was 86 which is very high.
30 | s Example V | |
' | This example shows the different effects of TEB as cocatalyst
with a chromium oxide catalyst on silica compared with catalysts
of the 1nvention hav1ng a s111ca/phosphate support. All of the
catalysts had one weight percent chromium based on the weight of
35 the dry base. |



Set«l | ca based éhrom M catal yst was the silica described herei nabove 15 }
BXanpl e I.F, activated at [err] The al uni n:iﬁ phosphat e cat al yst was preq
by t he’ mel t* et hod. . The phosphorus to alueum atomratio of the al um

" phos- phat.e was 0. 8" The chronium acetate was included in the phosphat €
preparation so as to cogel a sufficient amount of the chrom um 20 conpound
fo.give 1.weight percent chrom um based% t.he weight of the final dried
xeLpgeI Si |l ica-based €at-akyst-¢0:0198 ES#)— and 0.0562 gram of the

'al um num phosph g Qased catal ysts were separately added to the reactor

z;gpgg\emnt th1 ? %Pﬂe " l Lo tl;m%t hgﬂr § é’ﬂ\e ; gl e gﬁﬂggﬁlﬁ9 R%gmss of

ol ymer whi d

' Eat gl yst® or' g prodBct- i Silycal n 3ﬁ3@ms |&39§2rer p@r599r am cat &‘P yst per!’rhmraref
6560 assumi pdad | i BEfIr I §SPANSE LY theesd m nytﬁ The ngjt i ndex 0esS a2t 6
and the HLM (Wy ratio was 86 which is verg hi gh _
Example V T E exanpt e sAbbkea hS38I0f f el effe?/c’s1 of TEB 4% cocat ZFjex art
with a chr om oxode caSaiyat/ @ar20i | i cuagsmrrpmm:hmth catgp ysts ofintértion

I nvention having a silicph@phapéat e support. -of the catal ysts had one

wei ght geerc €)chrgm um o] e of the dry : Ta |.e
sedloM ot b el B v B e w1 e S
1 0 (a) Tiw [[EB for zamm 2% i3 gebculated (haggd on 600 g iFgbutane dilpentyend
o 2(a)t 2 603 5&“3&?“ wedght. 3886955 0 9520' o 0.21 > 45 |
rior ar : :

Prior art- 4 )3‘“ s rua 3 *ﬁ Ie1. 3720 . 0.960 HLM=2.4 50

| nvent |l:5n (c) Same as run 4, Table I.

It can be seen in Table V with the prior art chromium oxide on
silica catalyst (runs 1-3) that not only the melt index of the product
decreases as TEB is added but that also the density of the product
decreases. Apparently, some of the ethylene is converted :.nto higher 1-

20 olefins such as 1l-butene which is copolymerized with the ethylene thus
lowering the density of the product. Thus, if an ethylene homopolymer is
desired, then the presence of TEB must be avoided.

On the other hand, it can be seen that in invention runs 4 and
5 that TEB increases the melt index of the product, increases the density

25 of the product, and substantially increase the amount of polymer
produced. ' |
| Wirthe—tirts—tventtor—hre—been—described—in—deteil—forthe

purposé of illustration, it i

construed as limited thereby but

is intended er all changes and modifications within the spirit and

30
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| nyept:- onl ll m ﬂm e TEB for runs 2-4 is calcul ated based on 600 g

i soQutane I mm m|1 ' g catal yst vveiéb%t. (b) Sanme as run 3, Table I.

c) Sanetas-run 4, TYable |. It can be seen in Table V with the prior
art ‘chrom um oxi de on silica catalyst (runs 1-3) that not only the nelt

i ndex of the product decreases asc[jgug s added but that also the density of
t he product decreases. Apparently; sohe of the ethylene is converted intOgd .
hi gher 1- 20 ol efins such as 1-butene which is copolynerized with the '
et hyl ene thys | owe icagalyde cbapesinionfidrhehepoliumetizathius, ofi blefiingt hyl ene .
honopol yner is desired, then the presence of TEB nust be avoided. On the

ot her hand, cédipraaimgie seen that in invention runs 4 and 5 that TEB

I ncreases the nmelt index of the product, increases the density 25 of the
product, and subsasaat fixisktycimpenends echriopivmonide stpposksdren prmdneted. 30
CLAI M5 1. ... A catalyst conposition for the polynerization of olefins
conpri sPng: Shkica/metad; Phasaififc AEPPOERF A%um oxi de supported on a mixed 5
silical/metal phosphate S“EEOH'- and as a second .co onen]tcy an organonetal lic

gocat al yst. 2. as & SeFORf \ROMPRRSRLRYT OF BIFORET ?jf%"’?&a 5t m 1, wherein
aid support conprises a mxed silical/nmetal phosphate xerogel obtained by
coprecipitating sifi ) P e dqr yi .aresul tant
gol 3. 0o R0 S A SEARE CaBL h RSR D M bk i e O3

support comprises a mixed silica/metal phosphate xerogel obtained

by coprecipitating silica and aluminum phosﬁhate and drying the

10 resultant gel.

3. A catalyst composition accbrding to claim 1, wherein said
support comprises a silica xerogel impregnated with aluminum

phosphate.

" 4, A catélyst composition according to claim 1, wherein said

15 support comprises a silica xerogel impregnated with boron phosphate.

S. A catalyst composition according to claim 1, wherein said
support comprises an admixture of a silica xerogel and an aluminum

phosphate xerogel.

6. A catalyst composition according to any one of qlaims 1-
20 3 and 5, wherein the support comprises silica and an aluminum

phosphate having a P:Al atomic ratio of from 0.6:1 to 0.9:1.

7. " A catalyst composition according to any one of the

preceding claims wherein the cocatalyst is a trialkylborane.



-

support -conprisés a silica xerogel i npregnated w th ‘al um num phosphat e. :
A catal yst conposition according to claim1, wherein saumﬂmul"‘“ﬂ;“ml““l O
Gonprises a silica xerogel inpregnated wth boron phosp

catal yst conposition according to claim1, wh&j‘%l n sai d supfort cbnptiSes

an adm xture.of a silica xerogel and an al uni phosphate xerogel . 6.

A catal yst conposition according to any one of claims 1- 20 3 and 5,
vvheu n the support conprises silica and an al um num phosphate having a
P: Al atonic ratBo of fA eerélyatlcempo8i®ich agcording tA cldial ¥stwheoeiroshei on
according to any one of- the preceding clains wherein the cocatalyst is a-
“tri-al Kyl bor ane. cocatglyst is griesbyl,y $Tipreppb<int toirnrbutyldonane.o claim 7,
wherein the cocatalyst is triethyl, -tripropyl or tri-n-butyl borane. 9.

A catal yst conposition according to claim7 or 8, wherein_the B:Cr atomc
ratio is from294 to A fatalyst i‘ﬂ"l’“iu% asgonding toorlaid 7 o Sackiareing t o

any one of the- I n ai ns ein,t nt of chromumis fromO.1
to 5% by wei ght E%%?eg'ﬁ ’t"*w ?"b\fl‘{; g¥°“[ & s't?pgo A met hod of

preparing a chroni um oxi de-containing ol efin pol yrrerl zat ion catalyst, which

conpri ses: n%Ot Lo Cacﬁ):%lr;fs‘?f {E&nﬂ(}:‘rlsi‘cfer hﬁé‘oﬁ%(ﬂé Q%eLraﬂ.ogéeéP%' %Jg:edlné

I mpr egnatl e Xer oge

a source of al ugiag) Im%eﬁmha %&ﬁﬁeof)fchPSlﬁ%ﬁhﬂ rbf B2 €9 szewwlgu ng
the liquid nmediumor adding a neutralising agent”to deposit

al um num phosphgiged 6ntthe Peight &f tihaes@pbf@a gel ; d) i ncorporating a
chrom um conpound into the gel, before after or dur| ‘ng. the deposition of
t he al um num phosphat e;

11, A method of preparing a chromium oxlde-containlng olefin -

polymerization catalyst, which comprises:
10 a) 'forping a silica hydrogel ér'xerogelg

b)  impregnating the silica hydrggel or xerogel with
‘a liquid medium combrisiné a source of'aluminum.ions
and a source of phosphate ions; -

c)_ evaporating the liquid medium or adding a ﬂeutralising

15 ageﬁt to deposit aluminum phosphate in the pores of
. the silica gel;

d) incorporating a chromium compound into the gel, before,
affér or dgring the deposition of the aluminum phosphate;
ﬁnd | |

20 : e) activating the chromium-containing silica/aluminum
phosphate support material by heating in an oxidising

atmosphere at a temperature of from 150 - 1000°C.

12, A method according to claim 11, wherein said silica is
impregnated with said phosphate by forming a slurry of silica
25 hydrogel in an aqueous solution of aluminum nitrate and ortho-

phosphoric acid, and evaporating off the aqueous solvent.



20 i vating the chrom umcontaining silicalalum num

: a
ﬁo -phﬁl m'lml I&jl al by heating in an oxidising atnosphere at a e
er " r] 12. A et ggg]naccordi ng to.,claim1l, wherein »

said silica is inpregnated with said ph ate by formng a slurry of
silica 25 hydrogel inh an aqueous solution of alum numnitrate and ortho-
phosphori ¢ acid, and evaporating off the agueous sol vent. 13. A o
met hod accorki-ng t & BEEhoH 1‘1":"?\9@%& é‘|°n°£%ﬁ"fd9§1 #Eﬁe’i"s’?ff{)r’éb’rﬁt 25 with sad
phosphat e- by, i npregnating a sjljca.,xerqgel wth | i quid.nedi um contai ni ng
al uni num ni t%%&&oﬁ"ﬁoﬁ%ﬁ %?Rh@_gﬁg'ﬁ’d }??ﬁeénﬁg*%g %ﬁzgﬁi’gt%ﬁﬁi d being
less than th ore.vol une.5. S |4 r a ' ating
ross L han ok SNRLe TR om, hedad L BEnEP OBl o0fh SELROBYRALET!
the | MPregnajdsdg deybtlndde 'da28 fig1R%eing 1M S AL SQFL-W%M A

met hod of prepafing a chrom um oxi'de-contafning olefin polynerization

cat al ystsconposhé isaiddixebogiMahl Stherd &vaporating the 1iquWidl &) depdsid Ca
hydrogel or Xxerogel; b) inpregnating the silica ﬁydroge or xerogel with a

li qui d medi ugMGORGR phosithate STHtRE RroR6I Obri Mekralibing Stte tRpr¥gnatnpphat e
lons; c) depositing boron phosphate in said hydrogel or 15

xerogel by elizpod aindnchémhdryingiche nimpregnated gelcor porating a
chrom um cont ai-ni ng conpound into the silica gel, before, during or after
deposition of the boron phosphate; e) activating the chrom um and boron
phosphat e sil4.ca 2@ method of preparipg apshriomivn oyidercontabniag stle§inat nosphere
at a tenperature of [err] and f) adm xing the activated product of step (e)
with an polymerization catalyst composition which comprises: .
10 ' a) forming a silica hydrogel or xerogel;
b) impregnating the silica hydrogel or.xerogel with
| a'liquid medium tomprising a source of boron ions
and a sqqrce'of ﬁhosphate'ions;
c) depositing boron phosphate ih said hydrogel or
15 xerogel by evaporating the 1iquid medium;
d) 'intorporating a chromium-containing compound into -
the silica gel, before, during or after deposition
of the boron phosphate;
e) activating the chromium and boron phosphate silica
20 ' gel by heating in an oxidising atmosphere at a
temperature of 150 - 1000°C; and .

f) admixing the activated product of step (e) with an

organometallic cocatalyst.
. X

15, A method according to claim 14, wherein the silica is
25 impregnated with said phosphate by forming a slurry of silica
hydrogel'in a liquid medium containing boric acid and a source of

phosphate ions, and evaporating the liquid medium.



organonetal li ¢ cocatal yst. 15.. A net hod according,ﬂﬂ"ﬂﬂﬂ ﬂﬂﬂtwﬂure
the silicais 25 i mpregnated with said phosphate by 'k ' bl

«.Silica hydrogel in-a liquid nmedium containing boric acid and a source of
phosphat e i ons, and evaporating the quuidﬁﬁhdiunl 16. A net hod of
maki ng chrom um-oxi de-containing olefin poly- nerization catalyst, which
cogprises: a) preci pi tati ng an al um num phosphate hydrogel in the
pregence of a ¥revi odshethbdrofesaking chrimigmogxideocordaining olefin poly-
xerogel; b) renoving water to convert the resulting alum num phosphate =
hydrogel / si | i deeriestignccatglysteeWiph comprisepht r oducing a -
chrom um cont ai ni ng conpound, before, after or duri the precipitation of
the alumnum 10 =~ @) P”‘”‘ﬁﬁ%%&?e"ﬁ%%‘bé’?‘?s&%&edﬁyd”&ﬁ APatheng t he

catal yst by heating in an_oxidisi atnpsphere. to erature. of from
Corr1 17 A et hod acdBreRtRg vh % PEFvicraLy reped LR hiptRren or
phosphat e gydrogel S fo& 9 Y adding a alumnumnitrate and 15
phosphoric acid to a siIica.&efogeI and thereafter addi ng-anmoni um

hydroxide. 18. - A 5! Nodnolsd Olldi0 6 AR ! £ LR aihg! o1 1

poly- nerization catalyst 1 conprises: coprecipitati ca and

al um num phosphate to forRugpiate KRARLel/AIUP It Ls £ KePGPeisr CONt ai Ni Ng
conpound into the cogel; drying the cogel; and activating the -

chromi um cont ai ni ng e9gelinkyodueahg 0 chiomamCxdrtashiiy abmpovAl BeFordd 19.
A nmet hod according to claim18, in which the cogel is forned
after or during the precipitation of the aluminum

10 - phosphate hydrogel; and
d) activating the catalyst by heating in an oxidising

atmosphere to a temperature of from 150 to.1000°C.

17. . A method accofding_to claim 16, wherein said aluminum
phosphate hydrogel is formed by adding a aluminum nitrate and
15 phosphoric acid to a silica xerogel and thereafter adding ammonium

hydroxide.

18. A method of forming chromium oxide-containing olefin poly-
merization catalyst which comérises: ' |
coprecipitating siliéa and aluminum phosphate to form a
20 cogel; |
incorporating a chromium—;ontaining‘compound into the cogel;
drying the cogel; and
activating the chromium-containing cogel by heating in an

oxidising atmosphere.

25 19, A method according to claim 18, in which the cogel is formed

by neutralising a mixture containing ethyl silicate, aluminum nitrate



Ut el oS ) e containing ethyl silicate, alum numnitrate
rt'mﬂlﬁmamdmmﬂp wi th ammoni a or._anmoni um hydroxide. 20. . A
t fod accar dingnt Os Cl«l m 18 or 19, wheBEyn cogel is con-.verted to a
xerogel by azeotropic distillation with a water-m scible organic conpound,
or washi ng w S R-Yo e TR e VA T4 1Mo u - ; A et hod
accordi ng toa;(l:‘?é’?%x%%@ﬂ’ggrigz%}g égel n ?ﬁ“{e%gog‘gﬂ"“?‘é“‘ g?%xsid%ht ed in the —~
presence of a boron conpound. 22. A met hod according to claim 21, =
wherein the bgron coyaerd at&rahd Goacladdm BBor 19, dherRlihasbgetay dbmyg to
claim?21 or 22, wherein the boron 10 conpound is sufficient to provide in

the cogel 0. 9efte@dlbo @Okérdgel ANhzeftrbpicodi frAdeskion vivh sDIaesr-ohisRBEHNOr US.

24. A method of forming a chrom um oxi de-containing olefin
pol yneri zat i ongamdt atoppbumi oh washing sitdh aayaterxnirgiblesprgandc zampoged. and an
al um num phosphat e xerogel; 15 b) incorporating a

chrom um cont ai ni ng conpound into the m xed xerogels either by addition to
each of 3he ®brogelk meehest aceprddng touskaimo}8.89 erdls ivbsredn the caded xt ur e;
and c) activating the chrom um containi gzéber ogel m xture by heating in an

ofi di sing at iBsHl g1Ritated, incHhise PRESAES oront compound, 150 - 1000 C. 25.
A

nmet hod according to claim?24, nodified in that the two xerogels are

i npregnated whth th om I nj CNTP . activa jor to
nixing. 26, 2 A rerRORL el SOt Mt AP SRS O D1
chrom um contgi f9g f£agpound i.s incorporated into the support in an anpunt

of fromO0.1 to 5 percent by weight based on the weight of the

23. A method according to claim 21 or 22, wherein the boron
10 compound is sufficient to provide in the cogel 0.5 to 15 mole perceht

of boron based on the moles of phosphorus.

24, A method of forming a chromium oxide-containing olefin
polymerization catalyst which comprises:
( ' a) mixing a silica xerogel and an alumi_num phosphate xerogel;
15 b) incorporating a chromium-containing compound info the
mixed xerogels either by addition to each of the xerogels
prior to admixture, or by addition to the admixture; and
c) activating the_chromiumacontaining xerogel mixture by
.heatiné in an oxidising atmoéphere at a temperature of

20 150 - 1000°C.

25, A method according to claim 24, modified in that the two
xerogels are impregnated with the chromium-containing compound and

activated prior to mixing.

26, A method according to any one of claims 11-25, wherein the



&

- wherein, follow ng activation, the catalyst is conbined \M““Hﬂ u““ Ill |2
iorganomat al I'i c- cocat al yst. 28. A met hog giccording t 7,
|

support. 2i. ° A method according to any one of cI ainms 11-13 and 16- 26,

*

wherein the cocat- alyst is an organoborane. 29. A et hod accor ng to
clai'm 28, wherein the cocatalyst is 10 a trial kyl borane. A

nmet hod according to claim?29 wher ei n t e .cocat al g?é‘ S tri n but}Y borane

31. 7 A nethod E‘P?r“&“ﬁ‘b“ “%:‘P%Fm“%"‘ég ?)rinﬁﬂrp%ﬁ LRTS (kb 24RRRK
priv des 2 B O gas £l Ol SRR U6 Sl Evsea 2 e aﬁgty,e'ﬁ o

pol ymeri zati on ?3?'&

yst corrp05| t IO repare
clainmed in anyéz\rﬂ? clalms 11-26. 33. . An olefin polyrrerlzatlon
catal yst conpositfon‘as claimed in clai'm.1, when prepared by a nmethod
claimed in any one of claims 14,15 or 27-31. 20 34, - An ol efin

pol ymer i'zat i on f,00ess el EQBRELAE TPy ond™e ZLikasOTR 19 af@18-36 0! of i NS’
in the presence of a chrom um oxi de-~ contai ning catal yst or catal yst’

conposi ti @ as whepéiedollowihgidotization,3the cataljyst Ol cbiibinedywathi gmt i on
process which conprises poly- nerizing one or, nore |-olefins in the -
presence of a oirgemometabldicdeocarmlyatni ng cdtal yst conposition as clained in
any one of clains 1 - 10 or 33. 5 36. A process according to claim
35, wherein the cocatalyst is fed to the poI yneri zation reactor as a

separ at e streamnd8.t her dbgetthodf aeqordies tat elaimt 14,15t ema7,y whergin The cocata
process according to any one of cl.aims. 34-36, wherein the polynerization is
effected in an 44¥8Ftig FﬁLRr(FB?WéHF containing 10 the catalyst conponent
(1) in suspen5|on

29, A method according to claim 28, wherein the cocatalyst is

10 a trialkylborane.

30. A method according to claim 29, wherein the cocatalyst

s tri-n-butyl borane.

31, - '.A method according to claim 28,29 or 30, wherein the

" cocatalyst proiides a B:Cr atomic ratio of from 2:1 to 5:1.

15 32. An olefin polymerization catalyst or catalyst composition,

when prepared by a mefhod claimed in any one of claims 11-26.

33.. An olefin polymerization catalyst composition as claimed
in claim 1, when prepared by a method claimed in any one of claims

14,15 or 27-31.

20 34, An olefin polymerization process which comprises poly-
merizing one or more l-olefins in the presence of a chromium oxide-

containing catalyst or catalyst composition as claimed in claim 32,

!




6\ A process according to any one of clains 34-37, wherei ﬁ-th_e monomer
S prummmms nmore nono-|-ol efins of 2-8 carbon atonms. 39. , A
prjoce mulmmmnl ai m 38, wherein tcéu.etjnononer is 15.< predom nently *
et hyl efe and- t e pol yneri zation is effed®éd at a tenperature of fromJ[err]
40. . A process according to claim38 or 39, wherein the nononer

conprises ethylene and from0.01 to 0..1 nole per nh_ of {9 1 epe, /~
1-but ene, 1- péft ane, Al ofgidd, gotymerization progess whic compg %gg&f accor dived
to any one of clains 34-40, whesei.n.there | ed a_caf al t S . )
cl ai rr)_éd in cl BpT2dng fne,er Wéﬁa#'@d’%@“a i.ﬁélﬁeoﬁ%ﬁeg? Fne‘c?itt ?n&zﬁtog? ¥n§ f}qgg- 25,
wherein the chrom c i ni.n L o) t ' ainin

al um num phosgﬂtg@émgkeq (%gé Jayrf'e a@gegéegoe%g%aggwé‘?gnt%? rgggg‘%?og%%&n&t o] fo?m
the catal yst Rpxdigg, in-situ. : .

L2

5 36. . A process according to claim 35, wherein the cocatalyst is.
fed to the polymerization reactor as a separate stream, thereby to

form the catalyst system in situ.

37. A process according to any one of claims 34-36, wherein the

polymerization is effected in an inert liquid diluent contaihing

10  the catalyst component (1) in suspension.

38. A process according to any one of claims 34-37, wherein the
monomer is or comprises one or more mono-l-olefins of 2-8 carbon

" atoms. ) - A

- 39, A process according to claim 38, wherein the monomer is
15 predominently ethylene and the pblymerization is effected at a

temperature of from 205°F T 5% (96°C ¥ 3°C).

40, A process according to claim 38 or 39, wherein the monomer
comprises ethylene and from 0.01 to 0.1 mole percent of propylene,

1-butene, l-pentane, l-hexene or l-octene.

20 41, A process acc9rding to any one of claims 34-40, wherein
there is used a catalyst system as claimed in claim 5, or as
prepared by a method claimed in claim 24 or 25, wherein the
chromium-containing silica xerogel and the chromium-containing
aluminum phosphate xerogel are added separately to the reactor

25 to form the catalyst mixture in situ.




