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inventiop relates to 'silica supported chrom um cat al ysts cont ai ni ng
titaniu Suppor f ed chr ori um oxi de catal ysts have been used for many 5
years in the pol ynerization of olefins to solid polyners. One w dely used
mét hod of producing such catal ysts involves precipitating a silica
hydr ogel , inpregnating the hydrogel with an aqueous solution of a chrom um
compoynd and drying. Such procedure gives a silica which inherently has
suf fhei ent strength to resist severe shrinkage of the 10 pores during
sinpl e drying techni ques such as.oven drying, tray drying, spray drying or
drying under a heat |anp. Such catalyst is sinple and inexpensive to
produce and gives outstanding results in solution polynerization of olefins
to give normally solid polynmer. There is an econom ¢ advantage in sone
I nstances to producing 15 olefin polynmers in a slurry as opposed to a
sol ytion system However, certain control operations which are easily
carried out in the solution process are considerably more difficult in the
particle-formor slurry process. For instance in the solution process,
confgrol of the nol ecular weight can be effected hy changing the
ten%erature with | ower noleg ) hi gh el t f bei ng
obt ai ned at the higher tenperats R ATE RS ALRLISTS
technique is inherently limted S|nce any effort to |ncrease the nelt flow
to any appreci abl e ext |ncrea5| erature_c s the po
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i's known that dantaining tifaaive.the pol yrrerl zation activity

-(/// Supported chromium oxide catalysts have been used for many

5 years in the polymerization of olefins to solid polymers. One widely
used method of producing such catalysts involves precipitating a ;ilica
hydrogel, impregnating the hydrogel with an aqueous solution of a
chromium compound and drying. Such procedure gives a silica which
inherently has sufficient strengih to resist severe shrinkage of the

10 pores during sihple d;ying téchniques such as oven drying, tray drying,
spray drying or drying under a heat lamp. Such catalyst is simple and
inexpensive to produce and gives outstanding results in solution
polymerization of olefins to gi;e normally solid polymer.

There is an ecénomic advantage in some instances to producing

15 olefin polymers in a slurry as opposed to a solution system. However,
certain control operation§ which are easily carried out in the solution
process are considerably moxre difficult in the particle-fofm or slurry
process. For instance in the solution process, control of the molecular
weight can be effected bﬁ changing the temperature, with lower molecular

' 20 weight (higher melt flow) beihg obtaiped at the higher temperature.
| However, ip the slurry process, this'technique is inherently limited
g- _ since -any effort to increase the melt flow to any appreciable extent by
' increasing the temperature causes the polymer to go into solution and
thus destroys the slurry process.

25 It is known that titanium affects the polymerization activity

of silica supported chromium catalysts in a way that is of special

importance in slurry polymerizations. However, when titanium is



ilica supported chromumcatalysts in a way that is of special
rportance in slurry pol ymerlzzatlons However,. when titaniumis -2-
preC| pitated with the silica,” it produces a hydrogel which does not have
~sufficient strength to resist serious coll apse of thexpores during sinple
drying such as spray drying. Accordingly, in order to take full advantage
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. manner and yet which exhibits the . characteristics associated with -
azeotrope dried titanium-silica coprecipitated catalysts.
More generally, it provides a catalyst suitable for use
15 in 5lurry polymerization systems; and an improved olefin polymeri-
zation process. Broadly speaking the improved silica-supported, -
titanium- and. chromium-containing olefin polymerization catalyst
provided_in accordance with this invention is produced by forming
a siliéa hydrogel, converting the hydrogel to a xerogel, . incor--
20 porating a chromium-coﬁtaining compound into the silica gel before
or after conversion of the hydrogel to.said xerogel, and activa- ..
ting the chromium impregnated xerogel to form said catalyst, where-
in said titanium is introduced into the catalyst by treating the
silica hydrogel or the xerogel, before or after the incorpo;ation
25 therein of said chromium-containing compound, but before calcina-
tion thereof, with an aqueous solution of a hydrolysis resistant'
titanium compound.
There are two techniques for carrying out the process 6f
this invention. 1In accordance with the first technique, a silica
30 xerogel is aqueously impregnated with a titanium compound which |
is _resistant to hydrolysis, before or aftef_ impregnation with '
the chromium compound, but prlor to calc1nat10n. ' _
In accordance with the second technique, the titanium-con-
‘taining compound resistant to hydrolysis is lncorporated 1nto'-
35 the hydrogel prior to conversion to the xerogel; in this technlque'
the hydrogel preferably also contains a pore preserving agent.
" The invention .will be further described with reference to

the accompanying drawings in which:



chrom um i npregnat ed xerogel .to formsaid catal yst, where- in said titanium
is introduced into thé catalyst by treating the silica hydcoell @& § 8ot of
xerogel, before or after~the incorporation 25 therein of sai
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tenperature being indicated on the graph (Tyzor TE, is a
plot of melt index versus weight percent titanium for catalysi prepared

or after conversion of the hydrogel to §a3'd xerogel, and activa- ting the C

by agueously impregnatipg 952 silica gel with 0.8 weight percent chromium
as_Cr(OAc)s' and with the indicated weight percentage titapium as Tyzor

TE, the catalyst being air activated at the indicated temperatures

(polymerization temperature 107°C); FIGURE &4 is a plot of melt index

versus reoxidation temperature for reduced and reactivated catalystis

prcparex_i' by aqueously impregnating 952 silica gel with 0.8 weight percent
chromium as Cx:(OA::)3 and wi.Lh the indicated percentage titanium as"l"'yzor
TE (polymerization temperature 104°C, except as indicated where the

temperature was 107°C); and FIGURE 5 is a plot ‘of melt index versus
weight percent titapium for reduéed and reoxidized activated catalysts
prepared by aqueously impregnating 952 silica gel with 0.8 weight percent
chromium as Cr(OAc)3 and with the indicated percentage titanjiom as Tyzor
TE, the catalysts being CO reduced at 871°C and reoxidized to 538°C
(pblymerizat.ion temperature 104°C).

Description of the Preferred Techniques

Technique 1

In this technique , 2 dried silica hydrogel (xerogel) is

impregnated with an agueous solution of a hydrolysis resistant titanium

-® compound. JIn this embodiment, the _ierogel can be fofmed by drying a-
titanium free hydrogel by conventional means. For instance, an alkali
% metal silicate can be added to an acid to produce a hydrogel which is

_wash.ed to remove alkali metal jons, impregnated with an aqueous solution
of 2 chromium compound and thereafter dried in a conventional manner such
as spray drying. The silica hydrogel can be prepared in a conventional
- ma.ﬁnér; for instance, by contacting an agqueous acid sélption with an
aqueous s:olution of an alkali metal silicate as disclosed in US 3,800,457

Preferably, the alkali metal silicate is added to the acid.
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The hydrolys1s resistant titanium compounds are preferably
selected from titanium chelates, particulafly alkanolamine titanates,
e.g., triethanolamine titanate. The titanium ,chelates are. known

compouﬁds and can be expressed by the general formula:

A—
Ro\*i/g
o/¥ “~oR
B—a |
where R is an alkyl group containing from 1 to about 4 carbon atoms, A is’
a functional group containing O or N or is OH, and B is a divalent
hydrocarbon chain of 2 or 3 carbon atoms which can have one or more alkyl
:groups of 1 to about 4 carbon atoms. An example of a specific compound is

triethanolamine titanate chelate. Triethanolamine titanium chelate has

the formula

(HOCHZCHZ) TCHZCHZ

S,

AP _ 30'\\\\
o — 1% \oc3n7 _
cnzcn N(CH,CH,0H),, : L%

This is available from DuPont under the de51gnat1on Tyzor TE.
Lact1c-ac1d titanium complexes such as lactic acid -titanium. i

chelates ‘and: tetraoctylene glycol titanium complexes such as

tetraoctylene glycol titanium chelates are also suitable. A specific

"example of a lactic acid titanium complexes is:
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“titanium free bydrogel by conventional -neans. For instance, an al kali net
silicate can be added to an.acid to produce % hydrogel which is washed to
renove al kali retal i‘ons, |npregnated mnth an aqueous sol ution. of a

- chrom um conpound and thereafter dried Nm G£4nmnuent|onal manner such ‘as
spray drying. The silica hydrogél can b§ qere in a conventional manner,
for instance, by contacting an aqueous gxd? olution with an agqueous
sol ytion of an alkali metal silicate as d&§nfosed,|n US 3, 900, 457
Pref erablsy, the alkali netal silicate is to the acid. O her
conventional drying techniques such asa i??oven drying, tray drying,
vacuum oven drying or drying under a heaff Ieanp or other radi ant heat -source
can be used. Conventional drying tenpera urﬁs of, roomtenperature to
425[err] C or higher can be used to th ccsﬁ@&eﬂtree wat er and produce a
xer ogel . ray dr, the i m.n n ryr] C al t hough
t he cat al yst?’t‘i’cfp e 5?9'[’ h{a}t‘mh on g‘ng "Ch% dpg’hémrtggﬂ%%?%g 1>'<,‘\]erogel i sg
i ndregnated with an ampexdspielaft tbe m‘t-IaOqumlm%/silscolr adLaninm cerRIEXEGME -
conmpound. A hydrolysis resistant, water soluble titaniumconpound is
requirediei nce ot herw se tltanluntpreC|p|t§0es'%nn | ndependent|y of -the

si l ca. Wer titanium conpounds outgi qpe of the hydrolysis
resi stant titani-um conpounds of thls of this invention are used,
5 polynmers made with the resulting cat t do not exhibit the superior
stress crack resistance shown by polyney de dy¥yu the use of the catalyst
of this fybodlnent of this invention.
Y - OB
€ty
Y = -CHZCHCH-
20 .
C3H7

This is ava:.lable from DuPonf under the des:.gnat.1on Tyzor OG.

It must be emphasized that the invention is applxcable only to

the hydrolysis resistant compounds of the general formula. The three
25 classes of titanium chelates set out hereinabove are hydrolysis

resistant. One class, the titanium acetyl acetonates are not and hence

tannoﬁ be used in this invention. A -simple test can be used to determine

if a compound is suitable for use in this invention,' namely to :p:'nt the

éompound with water. "1f a -precipitate forms, it is not suitable and if
30 no precipitate forms, it is suitable.

The resulting titanium impregnated xerogel can then be
activated without furtber processing expecially if only enough solution
is used to just fill the pores. Alternatively, the water can be removed

L by evaporation at room temperature or an elevated temperature of about

35 100 to 250°C or higher prior to the activation.

5 . : The activation can be carr1ed out in a convent:tonal manner by
calcining at’ “an elevated temperature, generally from about 400°C to
1100°C in =a. dry atmosphere -containing oxygen, generally im air.
Alternatively, the catals'st can be activated in accordance with the

40 reduction/reoxidation procedures disclosed in US 4,151,122.

Use of this activation. technique, further ——— s ——— -
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TC'_:)vdrol ysis resistant titanium conpounds are preferably selected from
t nfum chel ates, particularly alkanolani ne titanates, 10 e.g. ’
hanol am ne titanate. The i tani um chel ates are known COnpounds and
can be expressed by the general fornula: [err] [err] * OR 15
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di val ent hydrocar bon chain of 2 or 3 carbon atons which can have one or ;:
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tltanlu hel at.e hastheforrrula(HOCH[err]CI—|[err] ) 2NCH CH

[et" ‘I‘% W¥Etes [err]7 3 [err] Ti O [err] [err]
[err] CH[ err] CH2N (CH err] CH err | eiheinglieTRi s i s avail abl e from DuPont :
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spray drying, oven drying, tray drying, or drying under a heat lamp or 4

other radiant heat source can be used. In this e_mbodimeni, it is

preferred that the hydrogel further contain a pore preserving agent as
described hereinbelow alth_o{xgh this is not essential. The resulting
titanium—cont.aining_ xexrogel is then activated by calcining as described
hereinabove. While the hydfolysis resistant titanium compound can be
coprecipitated with the hydrogel, it is preférably added to the hydrogel
neat or as a solution in an organic solvent such as isopropanol which is
miscible with water. This is because it is normally stored in this form.
Alternmatively just before using, the hydrolys:.s res:.st.ant titanium
compound could be dissolved in water. .

The final titapium compound concentratlon will 'be such as to
give about 0.1 to 10, preferably 2 to 10, more preferably 2-6 percent

) _titanium based on the weight of the actlvated catalyst.

After the activation step in all of the embod:unents, at. least a
portmon of the chronuum compound is in the hexavalent state.

In all embodiments, the chromium component of the catalyst can
be coprecipitated with the silica or added by means of an -anhydrous
solution to the xerogel but preferably the chromium is introduced by_

‘'means of incorporating an aqueous solution of a water soluble chromium

compound with the hydrogel. This is preferably done after the hydrogel
is washed with water to remove alkali metal jonms. The water soluble
chromium compound can be selected from among chromium acetate, chromic
nitrate, chromic sulfate, chromous sulfate, chromium trioxidc, ammonium
chromate, and other soluble chromium compounds.- Chromium acetate and
Cr:O3 are preferred. ' B . o
In all of the embodiments, the amount of chromium compound
employed in xcaking the catalyst is sufficient tc p:ovidé from about 0.001
to ‘about 10 weight pe:cent,' preferably 0.1 to 5 weigh't percent chromium

in the final catalys:t. based on the weight of the activated catalyst. _
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Jerr] [err] [err] [err] HSC(L—CO NH4 This is available from DuPont under

t he designation TyZOr LA.. An. exarrpl e of the tetraoctylene glycol titanium
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glycnl and poly(alkylene)glycol optionally in combination with a normal-
ly 1liquid hydrocarbon, e.g. n-heptane or kerosene, or a surfactant,
such oxygenated compounds and combinations being disclosed in US 41 69926.
Surfactants, e.g. anionic, cationic and non-ionic surfactants are

also suitable themselves as pore preserving agents with non-ionics

being particularly preferred.

The pore presérving agents”can also include certain inorganic
and organic acids used at a specific level of pH. Specifically the
hydrogel is contacted with an iﬁorganic or organic acid in an amount
sufficient to Iimpart to the mixture a pH ranging generally from about 0
to about 3.5, more specifically from about 0 to 3. About 2.2 or below is
presently preferxed. '

Inorgaxuc acids employable in this invention are those which

_ are water soluble, sufficiently ionized ‘to produce the pH level required
in the hydrogels, and do not have a deleterious effect on the silica or
. in the end use application. For the production of ethylene
polymeriéation catalysts, specific but nonlimiting acids can be selected
from among hydrochloric acid, hydrobromic acid, hydriodic acid, nitric
acid, sulfamic acid, sulfuric acid, orthophosphoric acid and iodic acid.

Organic acids generally employable in this invention are those
which exliib_;'.t the same requirements as the inorg;anic acids. Specific but
nonlimiting examples include acetic acid, formic acid, tartaric acid,
citric acid, méieic acid, malic acid, malonic acid, succinic acid,
gluconic acid, diglycolic acid, ~ascorbic acid, cyclopentane
tgtf_a_carboxylic acid, and benzenesulfonic acid. - |

| In general, those organic acids meeting the requirements. of
water solub:.h'by, stability, acid strength, nondeleterious action as.
B described before also have pK values of about 4.76 or less as disclosed -
in Lange'® 5 Handbook of Chemistry, llth Ed1t1on (1973), Tables 5-7, 5-8.

In other words their acid strength is equal to or greater than that of

acetic _ acid.
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a conpound is suitable for use in this invention, nanely to mx the
ofipound with water. |If a precipitate forns, it is not suitable and if 30
'no precipitate forms, it is suital8le. The resulting titanium inpregnated
xerogel can then be activated without further processitrng expecially if only
-enough sol uthicdds| sughedst gulferic j4didt ramdpdiydsochiordenacidekye t he wat er
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t enper at ure of about” 35 to 250[err] C or prior to
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110 err%C I n.a dry atposphere_ containin gen, generally in air.
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actj vati -techni que furt 6 enhances the capability to produce
hig °sr§e?€tPﬁoa(§?nSo+ TEEs %(H?%ﬂgnﬁ “Puperior stress crack resistance. The
f i nal titanivhenctrc pote epnersnrwhid abmtsﬁsh:aexyghngcmﬁning ®rgénix ef erabl y

cat ac\f,)@ gm’l' ﬁ?\ﬁ%&é"&t ?n{; E%ﬁgn-&%fm"ﬁ%yh%f 8%%/’{5% SRR ITES %’L?Yat |e? ani um -
1 onkxsirade h sempd oyed bl marhnecﬂm (R#¢alysts dancospgy dired abeur $:AByte ogel whi ch®
1S about 0.5:1. .
Vhen both an oxygen-containing organic compound and a normally
liquid hydrocarbon are employed with the hydrogel, the weight ratio of
hydrocarbon to organic'com;;oﬁnﬂ can vary from #bdut 20:1 to about 0.5:1.

15 : When . employing one or more surfactants with the
hydrocarbon/oxygen-containing organic compound, génerally about 0.1 to
about 5 weight percent surfactant is used based on the weight of
hydrocarbon/oxygen-containing organic compound.

When a surfactant or an ‘or'ganic silicon compound of said US patent

.20- 4,190,457 - is e'ﬁplbyed as the silica pore structure preserving agent,
the weigh£ ratio of hydrogel to surfactént_. or organic silicon compound
can range from about 20:1 to about 500:1, preferably from about 40:1 to
about. 100:1. |

Sufficient treating time is allotted to obtain contact of the

25 various added components with the hydrogel or dried gel. Generally,
times ranging from about 30 seconds to about 10- hours, preferably 15.
minutes to 120 minutes are adequate. The treated hydrogel is then dried

. as described above to remove the liquids and the composite is then
activated at an elevated temperaﬁure. .

30 - . Specific examples of preferred pore preserving agents are a

polysiloxane-polyoxyalkylene copolyiner,- a polyethoxylated sorbitol

- momolaurate, and a polyethoxylated t-octylphenol. o

The catalyst of this invention resembles coprecipitat.ed
silica-titania catalyst in pore volume, in chromium content, and in the

35 - titanium content although the process for making the tatal&st is.
substantially s:unpl:.fled and substant:l.ally less expensive.

The catalyst of this J.nvent:.on can be used to polymer:Lze at

least one mono-l-olefin containing 2 to 8 carbon atoms per molecule. The



. ¢ { } ;
then dried. Conventional techniques as described herei nabove, such as 10 %
spray drying, oven drying, tray drying, or drying under a heat |anp or

* ot her radi ant heat source can be used. |In #his enbodinent, it is

preferred that,  the hydrqQgel further contain _a pore preserving agent 3as _
descri bed .here’f‘mf@f'b% al‘?ﬁo hPERELCY §'nofp’?=}§§éﬁff%ﬁ%- hePredif "-ng’tq‘yl"'"'
titani um cont chovopglyereag@hdi 8opdimezet yom asixryresl 6f Rithygl &xse GRaCondd@A hbre.

her eknabove. Wiile the hydrolysis resistapt titanium.co u can be

Coprcs: pit i edtmoRabdE, HIEREYE) fed -318PInd. dRTLLEMOPRE Y ceRoRraroms per
neat or as a Swdlecbde. | Exznpdacpncongomeest ischideaalipbpriopdtrolefinchsuch as

m sci bl e with ter. ThiS,| cause_Lt _is_nor I tored in this f

Al ternativél y %@?i & 'orle bhgfﬁg’, a’f’ﬂ‘:"‘ﬁ%r oﬁ/és)ilg'%rlhggi gt%rﬁ%lfftﬁﬁéqﬁ&nég{ﬂed or
conpound coul dodrxodjusgatiedediphefinsar suTheat | had-butedisnen deppraned piperylenc,

concentration yidls; REHCR , 35p iR alsE, AP U b elr dudehe 101 hﬁfhg}&tﬁﬁeg,lex 4nd Qnilzgures

morg preferably 2-6 percent titanium based“on t he wéi ght activate
catal yst. Aftetbangeigctithaieesn Sralymars | nreferehly QoBsHitulet at iagastepboulg 90,

25 portion OfofeNGrelfE PABIYM GNP URY 1 d %éﬂ%@n@e?ﬂ/ﬂe@ﬁe&t@{tﬁ‘neh@ @hlcs.

enbodi nents, the chrom um conponent of the catal yst can be coprécipitated
with the st cBthylengd@aoByleRemi-butene ,oprd drbetensoprre issRetir ilyepsakesges -

but preferably the chrofHeurpdiymert’ @ddCat Prepaaas Fhkoh NEWY PQALYEE 8P this
aqueous solutign of a water sol uble ihr om um. 30 conpound with the

hydrogel. Thi $8YSBHPR{ BY aBPY iR PRAYRETH2RE LAY or HYHTYi BolvmaTégatiah RAfep2S |
to renove al kaphaseet pblyneiizatidie. vatiiquel L iheC héshdedi SEHID Okd\ippent band

sel ected from among.chroni um acetate, chromc nitrate, chpopic sulfate .
ohr onbus Sl { aE B AR BRE TEIEEE do HONEH LR T LATET 8 qost APvest it oi®
chr om um cpopaisicul Gy rsuitebiet ixt eslanrdy polymerizations for the production of

high melt index polymers in the absence of molecular weight modifiers,
such as hydrogen. The slurry process is generally carried out in an
inert diluent such as a paraffin, aromatic or cycleparaffin hydrocarbon.
For predominantly ethylene polymers, a temperature of about 66 to 110°C
20 is employed. Hydrogen or other moilecular weight modifiers can be used,
of course, if desired. Also conventional cocatalysts and adjﬁvant§ and

activators can be utilized, if desired.

* - | Example 1

~.

L . -
prepared in two ways.

LR 25 A. Catalyst Preparation: Aqueously titanated catalysts were '

1. Aqueous Titanation of Catalyst A

Catalyst A' was made by spray drying a silica hydrogel having 20
weight percent solids. and containing an aqueous solution of chromium
30 acetate sufficient to give 1 weight percent chromium in the final dried
catalyst.,' said catalyst containing about 0.1 weight percent alumina. To
122 grams of Catalyst A was added 44 g Tyzor TE (DuPont's triethanolamine
‘titanium chelate, 8.3 percent Ti in 150 ml of demineralized water). The
' r'es'uilting dry-appearing catalyst was bottled and labeled reference no.
35 1-4 for Table I and 1-23 for Table II (whben activated, it contained 3
percent Ti, 1 percent Cr by weight). |



(

3 O are preferred. 3 In all of the enbodi rrer}ts, t he amount- of chrom um
C nd enpl oyed in nmaking the catalyst is sufficient to ‘provide from
about 0.001 to about 10 wei ght peasent, preferably 0.1 to 5 weight percent
chromumin the final catalyst based on the wei ght of~-the activated
cat al yst. 2.7 aaﬁgg_é_&mzmm Deiviiucih 952 SirléesGel nef tholiedus Wwhen used, can
be Eﬁl"?n‘i df JReg 9 .| i con conpounds, e.g. trlaryIS|IanoIs

' ' v oxygen-contai ni ng- organlc conpounds .
sel ect ed fr oﬁfnuiseuwhyenmtooaii csmasnlmnehanemmomtkﬂe esupapts opfet hyl ene
gl Y eRtont ] métxeéuﬁd praxgwcmmc’p}épq@ab lat iHe Qﬂma@.aalt%ﬂpmtma normal - Ty

qui d hydrocar bon : hept ane "or kerosene, . a surfactant, such

%xygeﬁa‘l%&te%m&andsm%%m AEFD Uelrwsarvbchbogeﬂlq ReUrearig9926.

Surﬁﬁﬁﬁﬁbﬁasby tie Pore AdUrAtEre dFAbbDgled iwuintsowrlgeaaé:95&ugixmehants are
ents. w.th i oni.cs being

I ble.th I
gafgf ul iﬁ f%ﬁ}“fé‘?%’f%?gé‘?es?ﬁécg‘gﬁé ;13‘33%‘% orgeifesdish,a '?§8 €MErude certain
| nowegighied aflllicar gahi theaciaddedis adsaltings peoddepcglemncblwfriphl wiighci fically -
e p0d ROF ad i RLICERLL VAbOLA"HY ORNL a8 I AR0L S PG 6 1) 1 AU

suf FT ol en angi ng gener °0m about 0 to
1Qbodere beam;xgemstpd@l f iGalalystsr pmmslmdt i this Ranpérower bRuergreehow i s
Presgtd1¥e Préifaeih&fl-activated ranged from 0-6 percent Ti, and were about

0.8 percent Cr by weight.

Titanated Catalyst A Pi-eparations

. Ref.l  we. cr Tyzor TE? Temp. Total Vol. Wt. Silica we.d we.? we.®
15 Table No. (OAt:):‘3 (g) (ml) °C__ Water (ml) gel (g) % Cr $Ti % Ti
IIT 1-3 °'5.51  0© R.T. 600 144" 0.87 0 0
IV 1-4
III 4-6  5.90  18.7 22 516 155 0.86 1.07 1
: IV 5-8 . _ | B
20 151 7-9 5.70 54.0 23 500 150 0.84 2.95 3
W og-1l |
II1 10-12  7.27 114 19 633 190 0.84 4.46 5
v 12-15 | | . | | |
III° 13-15 5.74 126 - 22 500 150 0.82 6.26 7

25 IV 16-18
1. Catalyst for the indicated runs in the indicated Table I1I or Table IV.
2. Spec: Gravity =1.06, 8.3} Ti by Wei.ght.
3. Determined by analysis.
4. Calculated values.

30 B. Catalyst Activations: Air activated catalysts were heated |

for five hours under fluidizing conditions (42 std. 1./hr.) at
. temperatures ranging from 704° to 816°C. Reduction/i:eoxi_dation
activated-catalysts were heated to 871°C in an atmosphere of 5% CO in N2
under fluidizing conditions, held at this temperature for &4 hours, then
35 reduced to the indicated reoxidation temperatures in N2, and ai:r oxidized
for 2 hours.

C. Polymerization Reactions: Polymerizations were rum in

a two liter stirred, stainless steel autoclave reactor at 3.89 MPa
ethylene using isobutane as a diluent. Reactions were run to 5,000 g/g

40 productivity at temperatures ranging from 99° to 110°C. MI potentials
were determined from polymer fluff at 190°C.



I nor ganic aci ds enpl oyabl e i n(thl s invention are those which are water

sol ubl e, sufficiently -ioni.zed.to produce the pH | evel requi red in the
hydrogel s, and dd not have a del eterious effect on the silica or in the
end use application. “+or the productionllof ethylene pol ynerization
catal ysts, spectfic but_noplinmting acids can be selected from anong
hydrochl oric acid, hydr—B-bFBﬁﬂﬁici d, hydriodic acid, nitric acid, sulfamc
acid» sul furic acid, orlhmbmﬂtenwoﬁk afGatslist Mcid. Organic acids

gene%aflly errployablel this. I n.tlo are those

requirenents as the ino gbg |£°§3€ a;‘?)te"c ?W@%ﬁ?mﬁﬁrﬁ”l"ﬁt‘?’r"ﬁgé%?g?fﬁ?zn& the
i ncl ude aceti c wvatithnated n¢atadgstl A tuaderarsltanwd:l picidativatdondconddkbons .acBath
mal i ¢ aci d, gmal i c s copi id. i gk V i
ascorbic agl d, cQ@L csei"%pgl#’t‘%lﬁ'le&%é;tle %‘é%g 1% %sllécggctlﬁdp gg%n&lﬁeﬁélghegﬂ% gﬁf&%sgd
acid.. In gener*&lt“*t'q’rese"—wpgamﬂef%c#aé jnsxepsef Podyperdgrtiane hempesptyrs.crThe
sol ybi i by, stalichadted astsiy%trmtfbr HAANE64RGREAVIYS h U ORI Fot eRORA! Biter
before al so ha\éﬁ%pK val ues of about_4:76 or | ess as d| scl ose |n Lange' s
Handbook of Chéttsf9Rtitions, tegfted. orP"(=297%3$P°?aﬁ|“e‘§ glsp higher fp ’(}tlhE?S%F‘d’é
thelar aci ﬂ str @a??diuss peepated (Irgi:dglieﬁfﬂi’anhhﬁl tfjdt&lyﬂ‘fs acreiﬂaﬁaﬁmndfdm nék
Aci ds suc s sulfuric aci ocC ric,aci Le nera ref.er
however, begaus PRI (Fsi® fgegd§Cta¥'a|£Ya%"4)| t&? |;L thﬁ 59\7\ c‘%’g‘gmeﬁ‘rzé t’°d
acid strength, candnafohseacy in the process.




Table I

-

The e preserving agent can be incorporated in one of the 5 i ngredi ents
usedl make the silica hydrogel, however, it is preferabl'y incorporated
i ht o Yhe hydrogel after the washilfg=step since this avoids |oss of the

-agent during the-washing st.ep. When the pore preserving agent is an

oxygen-contai ning organi c conpound, the weight ratio of oxygen-containing

organi ¢ conpound to 10 hydrogel enployed in nmaking the catal yst can range
from about 5:1 to about 0.5:1. Wien both an oxygen-contai ni ng organic
corrpo and a norng@l I liquid hydrocarbon are enployed with the hydr ogehf

t he we ratio oF“h rocarbon to organic conpound can vary from about

20: 1 t zﬁ)o&t 0. & Wen enploying one or nore

surf acBjar@ s&§ vﬁtﬂ Zhﬁ h drcocar bon/ oxygen-cont ai ni ng organi c conpound,

generall @ afodl & Nt aBodt 5 weight percent surfactant is used based on

t he WEI ght of hydr ocar bon/ oxygen-contai-ni ng organi c conpound. Wen a

surf nt or an organic silicon conpound of said US patent 20 4,190,457 -

is e yed as the silica pore structure preserving agent, the weight ratio

of h gel t%sgrf@cgarg @ organic silicon conpound can range from about
1°t gpogt 08: 'K gefeghbly fromabout 40:1 to about 100:1. Sufficient

trea |‘ri “'tl‘l'reﬂ s""al"Fot"teﬁ o obtain contact of the 25 various added
(Enpﬁnents with the hydrogel or dried gel. Generally, tinmes ranging from
ut 30 seconds to about 10 hours, preferably 15 m nutes to 120 m nutes’

uate. The treated hydrogel is then dried as descri bed above to
r rmﬁe:: Re ki (1u| @s pands trheqcorrposMe is then activated at an el evat ed
t efper@t Or °
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30" Specific exanples of preferred pore preserving agents are a
pol ysi | oxane- pol yoxyal'kyl ene copol yner, a pﬁgyethoxylated sor bi t ol

monol aurate, and a pol yet-hoxyl ated t-octylphenol. The catalyst of this

i nvention resenbl es ‘coprecipitated silica-titania catalyst in pore volune,
in chromumcontent, and in the 35 titanium content although the process
for making the catalyst is substantially sinplified and substantially |ess
expemsi ve. The catalyst of this invention can be used to polynerize at

| eastsone nono-1-olef in containing 2 to 8 carbon atons per nol ecule. The
invention is of particular applicability in producing ethyl ene honopol yners
and copol ynmers from m xtures of ethylene and one or nore conopnoners

sel ected from1-olefins containing 3 to 8 carbon atons per .nol ecule.
Exenpl ary conononers include aliphatic 1-olefins such as 5 propyl ene,

1- butene, 1-hexene, and higher 1-olefins and conjugated or nonconjugated
diolefins, such as 1, 3-butadiene, isoprene, piperylene,

2, 3-di net hyl -1, 3-but adi ene, 1, 4-pentadi ene, 1, 7-hexadi ene, and m xtures

t hereof. Ethylene copolyners preferably constitute at |east about 90, nore
preferably 95 to 99 nole percent polynerized ethylene units. 10 Ethyl ene,
probylene, 1-butene, and 1-hexene are especially preferred. The pol yners
can be prepared fromthe catalyst of this invention by solution

pol ymeri zation, slurry polynerization, and gas phase -polynerization
technique wusing conventional equipnment and contacting processes.
However, the catalyst of this invention is
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h nmelt index polynmers in the absence of nol ecul.ar wei ght nodifiers, such
hydrogen. The slurry process isjgenerally carried out in an-inert
di luent such as a paraffin, aromatic or cycloparaffin hydrocarbon. For

pr edoni nant | yhgt hyi entacea! yrg_:g{ﬂ 5@ t%ggeﬁgﬁre@‘ abQiy166,£0 1100C 20 i's '
enpl oyed. dro]%dn or ot her nol ecu ar aPfiers can be used, of - '

cour’seé“c?‘f”dé%?* tiom agivahinmt | Sabkle. Jécaaoatgfmss daha deforéhing and

act ineshDess oWuailed UEkbm Z@0vai{etde s albtiFaBitAl Grdd Polymérization A T
Cat al yst, Frepar ueousl y t|t nated catal ysts ere prepared in two

o)
vays. uﬁd‘ﬁéo Echgﬁ]a‘Equn"f)’fe "tedA‘Eagloﬁa%/&rA wBeuTsy jand, spray
8r yimegxidizedi et tmmpeogtiresavanginz0 fnmgﬂaz persmﬂc s@d1¥hepi¥iteont ai ni ng an

f I h
por OAFeBRC s, Fun? BACRMLT mheog B LR ‘ol BPeateRATAY it i 1 g

abokemperatysey hrapginge rfirom 98 1t9. 11’(3°Q22 l!;:d&m; tb&s(laeabe)t&meﬂtaflas added 44 ¢
TYZ Qlond f 1o POfY1yRe L4 %E@%@h@éﬂd’@hidh" PJHg‘ég‘rH'SLf{ Enadk %rggrscgngo Ti in 150 °

m of .demineralized water). The resultin -appearing catalyst was _
bot -dd AR PRFUNUSGRELY cindexcPakpntisl wap.  achigverhphen | resddatins for Tabl e

ml (odeefractatvzsaeelc lt'rheomapaeéhtiiapeaﬁeme Tfedu&tpﬁ{/ceﬁ&xﬁamn\/\/el ght) . *

| nat i .on, of n 952 Sili.c Wi th Aqueous
actg(r)ate ca alyst droppe ?P sharply wit 1ncreased rgzoxldatzon

temperature (FIGURE 1).

All polymers produced by the titanated catalyst had unusually
broad molecular weight distributions (indicated by high HLMI/MI ratio

@ particul arly s table in sl urry pol ynerizatiohs for the production Ofgs -

15 when compared to polymers made from Catalyst A.
Catalyst activity was somewhat improved by the presence of
titanium. Catalyst samples reoxidized at 649°C and above had very si:ort_ N
induction periods: and reaction times 1 to 5,000 g/g productivity,

comparable to or shorter than those of the air activated catalyst A
20 samples. )

2. Aqueous Titanation of 952 Silica Gel
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2. Spec: Gavity = 1.06, 8.3%Ti by wei ght. 3. . Determined by anal ym’""
Cal cul ated val ues. 30 B. Catal yst Activafions: AT
rb\a tivated catal ysts were heat e_q_sf‘@r five hours under {1 uidizing conditions
42 std. |./hr.) at tenperature ranging from 704[err] +to 81l6[err]C
Reduction/reoxi dation activated-catal ysts were heated to 871[err]C in an
at nosphere of 5% CO in Nerr] under fluidizing conditions, held at this
tenperature for 4 hours, then 35 reduced to the indicated reoxidation ;.
_tenperatures in N2, and air oxidized for 2 hours. C Polynerization Nt
Reactions: Polynerizations were run in a tw liter stirred, stainless steel
aut ocl ave reactor at 3.89 MPa et hyl ene using isobutane as a dil uent.
Reactions were run to 5,000 g/g 40 productivity at tenperatures ranging
from990 to 110[err]C. M potentials were determ ned from polyner fluff at
190[err] C. D. Results 1. Aqueous Titanation of Catalyst A Table I
contai ns data conparing the invention Catalyst A to the untitanated
Cat al yst A under standard air activation conditions. Both 5 - catalysts
showed the usual increase in M potential wth both increased activation
tenperature, and increased polynerication tenperatur e The titanated
- catal yst however had consi derably higher M potentialg under all conditi on%
tested. Shear response was al so higher in all cases f-Er-
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]

R R I pol ymers prepar ec(f romthe titanated cat al yst S. ) Ti tanati on
di'd" not 10 appear to:-affect .activity under these activation and

pol ymeri zati on conditions. ° - 12 - [err] 49 14 The titanated

cat al yst responded very well to reductiontreoxidation activation.

Table Il contains data fg3er ¢ Pt Mot 4l h&@ﬁ&%%tiﬁ%’%@ VE¥elc€l YofOtitanium
activation and poI meri zation conditions cat al

s were CO reduced at -

~

2

87[esr]C for 41R on Jijpatentialsicf 2i¥ agtivetfseratalvsts  FHFURE 4 sBRyssbat »

to &L60C.  Pol ¥eerd ZAVEOITIr EaGdli, ONE potestialB pérdrally Hydraxiea ithb iNOfeaged
productivity at ten'g_er atures rangl \r/]\gff rom 99 t err Under thgse

experiment al cBREYEORR t‘ﬂ‘BFW 2PRERE6S %TtL %r?g‘é&‘?"w REFteTaRAR,3

from8.8 t050. perddnt naXimvxen rEkéniuvadoespoiccassady was a_ahi:nvevedbs\tmnal yI

reoxi dati on 101}" Céigi E&:%%ex?.?h%[ser rﬂlga :f%h'i 1{)9& tt'ﬁa% Ulrcbhf dzfe‘égi@éd ¢a/

reoxi dation ac |va roppe t I ACrease

reoxi dati on the highest MI potentxals at all act1vation temperatures. FIGURE 3 shows
that at lower activation iemperatures the maximum MI potential is
obtained at higher titanium levels. A catalyst containing 5.5 percent Ti

10 activated at 649°C (1200°F) was superior in MI potential to the control

catalyst activated at 760°C (1400°F).



nusual | y broad nol ecul ar wei gr'rt i stributions (indicgated by high,HLM/M

atio Jqoiwhen, cgnpgrg,;j &0 polynerg nmpde, frog Gatal yst . A " Catal'yst activity
was so Qqt @ M oy t#‘)ue"pl“‘e sf ®itanum Catal yst sanpl es -
reoxi df ggdeat® 6!1?90?: &hd"ab’-bve h‘ad°véPy°shfart° |<Hduct I on periods, and
reacfyion tinmes 1 to 5,000 g/g productivity, conparable to or shorter t han

thos& efudt Be i [n a,qt H/ag,ed\, cat a}ya,t A P o ANl es. 2. Agqueous Titanation_

@enperature (FIGURE 1). Al pol ymérs produced by the titanated catal yst #hads
3

. . . ok
of IS RcHAEH & S [ &rR & mﬁaﬁi el R _Qontains data illustrating\g
the @Ffeqts of titaniumlevels on M potentials of air activated catal ysts.
FIGURE 2 shows that for a given Ti level, H potentials generally increased
vvithui§' eas 64l act¢va:t|.en.-teﬂpe-|sat-urae hlta eared t hat about -2 percent,
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po't"ent’él i mprovepents. Ti tanicj_r'n level s of 3 to 5 percent -I‘E)_SU| ted in the /[
hi.ghest M potentials-at all activation tenperatures. FIGURE 3 shows that K
at |ower activation tenperatures-the maximum M potential is obtained at
hi gher titaniumlevels. A catalyst containi n¥Y 5.5 percent Ti 10 acti vat ed
at, 649[err] C (1200F) superjor in Hl tential to the control _ catal yst
activated at 7600C (140BIEeFPRHlEs of peverpl redyefionreoxidntion setixatigpd are
redueti on/ r eoxinaTdabde &Vt i at FOGIREaKe NI potédttally/. arel pldtitedRis 4, fidction of
pot exiials are_platted a functin_of .1 idation te t for .
catal ysts cont 5??1’%r?§gb‘."b§f%eéaggﬁ%?g’éﬁ? t‘f‘fyo%'ﬁ gm‘/’_e“."aﬁ’t“."“zgg‘f %" Lrgag i BRRSCRE T2 BY
potential s wer wetghti. c\Agdintnaxigfe M) prrengialmivegn drhievedhpsi 387 Cerehddetinm
it did not :-:lppea&pgrnaaré,hﬁonaqot'ﬁnai@Loézfgggéﬁ tBh{ A8 lﬁh%ﬂ#im 'dRopped off
ot I ni shedppl' A

i ncreased reoxidation tenperatu’e conpared . to the titanateéed %/pe
catal yst (conp&fesPmIREYithapacoepset| tropdsting Seaperativye spommereActef et
of titani um conigdtated fRlithéd1d9pe A REtLRHRA(ddnpabe WIGORES ANhndl I TBIFIGERE Y5
i ncreased M potenti.al Sl M's as 10 .- high_as_ 12 were obtained \F,'rVLth'a 6.5
percent Ti cat BPY&tYeqR1%: shayA[ &ke| e£5Gtn 88 SV AT fontEat 55 PRLE S1TcHe
frog t he reducThcaavased xditahiwm cantentatiedinatatslysincrieaded MIitenhbibdlsyNidtls as
shear rheSpiwsehigh as 12 were obtained with a 6.5 percent Ti catalyst run at 104°C
without hydrogen. All polymers made from the reduction/reoxidation-

activated catalysts had higher than usual shear response.
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Table IV

21 Exanple I] A series of catalysts was prepared froma
_ rcially obtained silica hy_drgg)ej__ contai ning 20 wei ght :percent, solids
the 5 manner described below. “ I n each instance,® 100 °m of -the hydr ogel

S. adm'we'a wth sufflm\ent aqueons chromumtri oxude sol utd on to provide 1
wei ght p chronmisuny: based an Tha diy “éorrpom te,a,titani um conpound,
when errp , and 3 voT une perce‘ﬁt of a9iquid surfactant based on the
hydr og en used.: Each mxture was then dried overnight, about 16 10
hour s, i I oven naintajngd gt 13g[e r]'C. The dry products of runs 1:5.
wer e ir‘uj @I by 'act'l\@ted Qy % tn a 46 cmn-dlrarreter quartz tube~
under faﬁl zing conditions wt ry alr at 760[errTC for 5 hours. Each

recovered sarrpl e was stored in a stoppered bottle in a dry atnosphere until
r eady fom rther .use. The liquid surfactant (except for run 7) 15 was a
comrer & 818y Gavai | abl e $rgan®sB iFolk-Pagkd nonioniy mat@rial sold as

L- 5340:90 heq Uhi dn Cardbi ge LORD. m 270PRE K'AVe. ' New'Yqgk, NY. The
surfactaht”is believed to be agpol ysil oxane- pol yoxysl kyl ene copol ymer. The *

nat ure of ec§ncata|yst is far er &hovvn bekow Cat.&lxﬁst 1; control, silica
it
cont ai ni ng_.sgfl ci ent chrom wmu § 3 3 8 v &
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. !, - _ R ) :
20*. dnpound to give 1 wei gh(t percent chromiumin the final calcined \
catal yst with no surfactant ar titanium being enpl oyed. Catalyst 2; '
i nvention, silica nade by adding triethanol adne titanate added to the

hydrogel in an anpunt sufficient to give 1 weight percent titaniumin the
final calcined catalyst based on the wei gExampleodl) the dry conposite with 3
percent surfactant as a pore preserving agent being enployed. No reaction
w th-the water was noted w th the titani um conpound. .Catal yst 3, invention,
si |l iggd contai ni ng suf f4 chexiesc RlonFakt Bthkso WAF (Rrepiaved 1 f5en gAt CpEPTEiplly
chrom um 3 vebtdiBe@CEELita MYdrAgkRNorlain}d20 Weigh\e PordiUalol1idldin the

titaniumas triethanolamne titanate added to the hydrogel in an _anount

suf fici ent® t P}ARFE dejerifnd delevnt I8 =2cPuAPFIARGRe APRR oft iy BYIpaRTy vBA

t he wei ght of addikedi walh GalfeifthtC agdkyss .cHY¥oms AR CEAioNi 8 sollftidd @i pHovide 1
conpound with the water was, noted. Catalyst 4, invention; silica containin
SUFFicient chPEHRInPECenty ShEGRINE PAS5F 4P tRA.0TN FoRITidRy & HAARLN FRRTHEY
final catal yswher ewployel ,pendedtvilunkapé frdntaddes Yiguiesunfdrogel baamd on the
triethanol am pe,titanate added to.tRhe hyqrogel in.an anount suffi.,cie 0

G Ve & vei gnt binesehy PR R | (R4 RTRRECrar it AR orinlai CRhed O ne
the®final 10 . Béumsg| &b nel adat evesmainkeinediiti AR0HE { hThécdmyapegdugss gbrens 1-5

‘é"'u]E Pi tcihgnt i tcﬁ%i{rg“u%‘AWQMUC%@WﬂedB’byc%tﬂ:%sti%'n' 13692 CA 0! 8idMbrer quartz
tube under ‘fluidizing conditions with dry air at 760°C for 5 hours. Each
recovered saﬁple was stored in a stoppered bottle in a dry atmosphere
until ready for further use. The iii;uid surfactant (except for run 7)

15 was a commercially available organosilicone-based nonionic material sold
as L-5346 by the Union Carbide Corp., 270 Park Ave., New York, NY. The
surfactant is believed to be a polysiloxane-polyoxyalkylene copolymer.

The nature of .each catalyst is further shown below: _
Catalyst 1; control, silica containing sufficient chromium

20 compound to give 1 weight percent chromium in the final calcined catalyst
with no surfactant or titanium being employed. _

Catalyst . 2; invention, silica made by adding triethanolamine
_titanate added to the hydrogel in an amount sufficient to give_ 1 weight

percent titanium in the final calcined catalyst based_ on the ;‘eight of

. 25 the dry composite with 3 percent surfactant as a pore preserving agent

o

l;éing eml;loyed. No reaction with the water was noted with the titanium
compound. .
‘Catalyst 3, invention, silica containing sufiici.ent chromium
compound to give 1 weight percent chromium, 3 volume per'cent.'. surfactanf.
30 #dded_ to the bhydrogel, and titanium as triethaholamine ti‘l.:anate. added to
| il;e hydrogel in an amount sufficient to give 4 weight percent 'titanin:m in
the final ca.talyst based on the weight of the final calcined catalyst.
No reaction of the titanium compound with the water was noted.
| Catalyst 4, invention; silica containing sufficient :chromium
35 compound to give 1 weight percent chromium in the final catalyst, 3
volumé peréent surfactant added to the hydrogel., and triethanolamine
titanate added to the hydrogel in an amount sufficient to give' 6 weight

percent titanium in the final catalyst based on the weight of the final



QCorrpound to give 1 (I\BI ght percent chromumin the)fl nal calcined 5 &
} catal yst, no surfactant used, titaniumtetraisopropoxide. added to. the -

hydrogel in an amunt suf fi ci ent t$» gi ve 4 wei ght pércent titani um based on
the weight of the final calcined catalyst. The titanrum conpound reacted

(hydéd1lcyzed!) cdvanps At Moy rebétidn&itR Che JWtRE! Rhi 2héte@ SitANtaen di oxi de on
the sjlic¢a and cogtai ner walls. 10 Catal yst 6, control; silica
cont WiYAPHE 6°BPME°ght percent chromium based on the final cal cined ~
cat aI yst  whi Catalystpi5gdeentirdly |s&p1&grubhtalg:mgrrmﬁjcaéiy chramiwbl e sil i Ci

I nd
Gy, SABEP TS Ao, Uekfhf R AUER Aty £ Bl SHLRE WLl Bootfie 2
i | |mahm,oge| suofackiant nesedy m#giﬂmpéct}enFOMdesdw\mdadd@dtBQO m of an
aqUeRKEogdl Yhni A ARBhEI dUFRPciedt o cgwehd Qemm i:éllceﬁeeéﬁ.raﬁiungﬁamd of a

commercially avail abl e noni onic surtactant, g et hoxylated sorbitol
mondtt st weight| @fpthe finghi cakrined;eatalpst. Zbe Litenivh compownd,

W f&dﬁ@t@m (hEéemezuayleIm@heaﬁaqdeﬂm Ithzvmezzcbreﬂﬂﬁﬁ&&uk tisRgnBlair 1y was 20
drie ‘g‘l rni gf q:ce a vg%gum oven. glﬂe final calcined catal yst was

cal ¢ °f’o ofit Hi GPRipiBeENalhE- hercent O and about 4 wei ght
Iercent Ti. Catalyest$,6 cantirod ;waidicackontdimingy 0a8t wehited percent! | Ui di zed *
bed 0 t8e RLO a vol une 25
per c‘tenr%t L% n}Mtarggde‘tr%1 tt% 8%{]&% %agg%%c# %qf%qat tﬂL{H tdggrrp lr'% ur eg‘?yor 4 hours.
(b) mgquiespmmeﬂtla 598dabhe #ilarondomisen 852 1Jdiper oith ad t r ogen.

(C) &RbEESoLBGIM &F QUL Ot hlﬁ’)ya@étﬁatéfﬂdhﬂyqnhn dry air at 5380C for 2
hours, then recover and store in a %at nosphere until ready for use. A

sanpl e of eabhtaldstyde eiP‘fF&Fé?‘y'stTVva?sl e&p?foyeﬂm“‘ﬁré%WIYeﬂ'é’lhble

15 silica hydrogel containing 28 weight percent solids was added 300 ml of
an aqueous solution containing 7.6 g of chromium III acetate, 96 mi of a
commescially available nonionic sﬁrfactant', a polyethoxylated sorbitol
monolaurate, sold by ICI United States Inc., Atlas Chemicals Div.,
Wilmington, Del., under the trade.mark'Tween 20. The resulting slurry was

20 dried overnight in a vacuum oven. The final calcined catalyst was
calculated to contain about 0.8 weight percent Cr and about 4 weight
percent Ti. '

Catalysts 6 and 7 wére individually activated in a fluidized
bed by following the procedure detailed below: (a). l.Iea't in 5/95 volume

25 percent CO/nit:.fogeﬁ to 871°C and hold at that temperature for 4 hours.
(b) Reduce temperature to 538°C in an atomsphere of 100 percent nitrogen.
(c) Replace the nitrogen with dry air and hold in dry air at 538°C for 2 )
hours, then_' recover and store in a dry =atmosph‘eré until ready for use.

A sample of each activated catalyst was employed in ethylene

30 pa_rticlé form polymerization at 107°C, unless specified otherwise, using

 isobutane as diluent as known in the art. A normal reactor pressure of ‘
550 psia (3.9 MPa) was used. Each run was conducted'suff'icient-ly long to
produce about 5000 g polymer per g catalyst. Each product was recovered -
at the end of the run by flashing off diluent and ethylene and tembving '

35 the polymer which was dried and we:.ghed to determine the actual yield.

The melt index (MI) and high load melt index (HIMI) was determined for

each resin sample in accordance W.J.th ASTM Procedure D 1238-65T, Condition

E and F, respectively. From the melt index values, the HIMI/MI ratios



30:" ﬁrtl cle form polyneri zat(l on at 107[ err] C, unl ess specr)fl ed ot herw se,
usi ng i sobutane as <diluent. as. known in the art.. A normal reactor pressure
of 550 psia (3.9 MPa) was: used. Each run was %onduct ed sufficiently long to
produce about 5000 ¢ pol yner per g catal yst. "Each product was recovered

4 at the end o f f e '

357 the porymes bRl 18 It U bedldedfE (B0 TLENLE A0 dRFPMAT e
The melt index ofMhe aedymexsh. Each ‘ﬁel"ﬁllilmd@k coqnerkedyto aeq%pnnrmdﬂetwe&b:h
resiw/sanpl e i ne36C QEdsane gy $i§m@§TMﬂD§0€ﬁ4‘l§@t Qoleﬁ»& ﬁa;l;hecm.bumn&@@ﬂe

F, respectively._ Fromthe e i ndex  val ues, /M_ratios 23 were

calculated to 3BL%Esh "z?“l]r’éagﬁr%‘d&f sghis rﬂ°§ﬁu+‘hr”\ﬁei‘§ﬁt dhet FataduFt Wedmbtfe

pol ymer. Esch elblos@ldusnd\pesulas stlagled ré givenaa Tabaduct i vity |evel of
5000 g polymer per g catalyst so that a valid conparison of the values
could be nade as is known in the art. The catalyst weights 5 enpl oyed
and,results obtained are given in Table V. - 24 - [err]



f 5 The results .presented in Table V in invention runs 2-4 showthat "-"= '
'o\t

Table V

ri et hanol am ne titanate can be added to a silica hydrogel contai-ning a -

ter sol uble chromi um conpound plus a nonionic surfactant, the mixture can
e dried in an air oven and the product can be 5 conventl onal ly activated
with dry air or sequentially. i N2, then dry air, at an elevated
tenperature to produce active t hyl ene pol yneri zation catal ysts havi ng
enhanced nelt index capability conpared to control catalysts. The resul t s~
suggest that a titaniumlevel, calculated as the netal, of about 4 wei ghte#
percent is sufficient to 10 inprove the nelt index capability of
silica-chrom um oxide catal yst as exenplified in control run 1 by at | east
about 80 percent. A higher titaniumlevel affords little inprovenment in
melt index capability, a lower |evel, specifically 2 weight percent
titani um. gphes a C@.t al yst hayi ng about a 15 percent inprovenent in nelt
i ndex capabﬁ MHyS & - The poor results of control run 5
utilizing a8cf aByH éorﬁa&ﬁl‘ég titaniumderived froma water sensitive
titani um cofipdin ﬁ difa n‘é i t£t rai sopropoxi de) shows that titanation of
silica hydropd sar e&luw & hﬁdr ol ysig;resistant titaniumconmpound' if an’
active polynerization catalyst is desiged. Oherw se, the precipitated
titania 20 forms a mixture with thessilica that at best is no better than
silica algneras g GPMRoneni. qf the silg ca-chronium oxi de catal yst. The
fracti onag et t~naex™~pol y®ers producgd wth invention catalysts 2-4 as
prepared In this exanple are expectedg o be of value in blFow nol di ng,
extrusion, etc. since the articles wud have good 25 envi ronnent al

stress CJ@C‘E ng resi st ance. COpO|yITEHEI ng a m nor anount
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of *1- But ene or 1-hexene with (he et hyl ene, e.g., about 10 rmw e percent, in @
t he. presence.of t'he tatalysts would yield fractional nelt index copol yners
having even better stress cracking resistancggthan the honopol yners. 30

I nvention catal yst 7 denonstrates that relatively high nelt index ethyl ene

pol ymers can be producege Waghitbepfaledi¥dt ih SRl VaiL 4 nveHUESH irdhk Y244 sflow
car bon nonoxi de anbient then an alr anbient. About a five-fold increase

(517 mercent) ttndriethapotapinraptitanptey &pncdit rdedatal Pstidire byaupee!
Thegsul ts alcoatdaipshivétdr Boluble! chPéliuinhEordound s 0 nbn SokiifcashAfiictant ,
enpl oyed is e Lq?val_ent to th§7 si]licqgne based,surfactw ehrrpl ogd I n_runs
2-4, in product¥ig HEtP¥e CaR g drded in_ anpsir open 1t eAP[5>f/’ BESsS4HrP% he
preparati o8 Ofcanvbattinalppaictitatdd aMthndBNaiehs O Fegietdal by rihhgomzefiubn dry
pol ymeri sation .catalé/si S, ich conprises, formng a silica hydro
converting the hydrogel™ of evaate§e;?é)°ﬁ'§ f’?‘ﬁrceo?]ﬁgra‘ﬁ"aﬁc% c'ﬁf%‘r'ﬁ u%&lhylene
cont ai ning camivuenizatinew cathdystd bhexigelenhbafed medt Tidesr czprbidity orempkred
the”hydrogel 1@, sajpd 38" 098l 1vsehd afifd Rlshigs ! b\@%{éﬁomm L”Qi@agﬂghe(iavu
xerogel to form saird catalyst, erein said TTtaniumis introduced I nt o
the catal yst iSplcpbakedngst hbe spqtiada RfdrlRIE domedplt mareget  imeffécigat to
aft & the jonColppRbdd |1 hBPE GindeRf caid 16y YF YH FQUUBEM NG LIROWAEa1 N a5
before cal cination_thereof, w th_an agueous sqolution of a hydrolysis
exemplified in control run 1 by at least about 80 percent. A higher
titanium level affords little improvement in melt index capability, a
loqef level, specifically 2 weight percent titanium, gives a catalyst
having about a 15 percent improvement in melt index capability.
15 The poor results of control run 5 utilizing a catalyst
containing titanium derived from a water sensitive titanium compound
(titanjum tetraisopropoxide) shows that titanation of silica h&drogels
requires a hydrolysis-resistant titanium .compound' if an active
polymerization catalyst is desired. Otherwise, the precipitdﬁed titania
20 forms a mixture with the silica that at best is no better than silica
alone as a component of the silica-chromium oxide catalyst.

The fractional melt index polymers produced with invention _
catalysts 2-4 as prepared in this example are expected to be of value in
blow molding, extrusion, etc. since the articles would have good

25 environmental stress éracking resistance. Copolymerizing a minor amount
of 1-butene or l-hexene with the ethylene, e.g., about 10 mole percent,
in the presence of the catalysts would yield fractiomal melt index

copolymers having even better stress cracking resistance than the

homopolymers.
- 30 " Invention catalyst 7 demonstrates that relatively high melt
'9 index ethilene polymers can be prodﬁced when the catalyst is activated
X sequentially in a carbon moﬂoxide ambient then an air ambient. About a

five-fold increase (517 percent) in melt index capability over control
catalyst 6 is shown. The results also demonstrate in run 7 that the .
35 nonionic surfactant employed is equivalent to the silicone based

surfactant employed in runs 2-4, in producing active catalysts.



resi stant titani um conpound. 2. A process according to claim!l, which %° *
mTprl se precipitating a sijgca hydrogel by adding an -al kal i netal -
| | i ca”mmummulm shing the hydrogel, inpregnati-ng.the washed hydrogel
ijth a “mn of a chrom um corrpound conpri.sing Crgerr] , or

ich i§ cbnvertfiblse to CrJerr] upon cal cination,- spray drying the
chrom um cont ai ni ng hydrogel to forma chrom um contai ni ng xerogel and
activating the chrom umcon- taining xerogel to formthe catalyst, the ~~
titani um conmpound being i &Iﬂiporat ed therein by treating either the w
chrom um cont ai ni ng hydrogel or the chrom um containing xerogel prior to
activation with an aqueous solution of sai.d hydrolysis resistant titanium
conmpound. 3. A process according to claim2 wherein the chrom um conpound
1i.s A myocpss dord thatprepaeatisra by ssilbicd-sappdrtedt fecapasheshdydrogel with an
acetate. 4. A process according

to C al—cﬁn?iéﬁinﬂp 'g{ f%‘%%ﬁ\"?&%’“fﬂé%tgg} %lsr’egh’sqrhﬁ?mﬂ-‘?s&ﬁl um conpound i's,

faminganaumxihsbatleydmgehg the formula A------B OR B -A -27- where Ris
[ ngfroml 04c { ONB A i.s_a functional group

ceofta ng 'S s a rbon chain of 2 or
Q‘L.EX? Vl%dg%%]a tQJ xearﬁ(?e 1ncoq~goga 16}1 hglalrjoénd.g b h £ .

cont@inbon @;pmpguwm g.ntgartﬂea\m]mq:e agelopefore or after conversion
of the hydrogel to said xerégel,_ and activating the chromium impregnated
xerogel to form said catalyst, wherein said titanium is introduced
. into the catalyst by treating the silica hydrogel or the xerogel, before
or after the incorporation therein of said chromium-containing compound,
buf before calcination thereof, with an aqueous solution of a hydrolysis
resistant titanium compound. :
2. A process according to claim 1,‘mhicﬁ‘tumprises;brécipitaﬁing.a -

silica ‘hydrogel by adding an alkali metal silicate to an acid, washing
. the hydrogel, impregnatihg the washed hydrogel with an agqueous solution
of a cHromium compound comprising Cr0; , or which is convertible to
Cr0i wupon calcination, spray drying the chromium-containing_hydrogei
to form a chromium-containing xerogel and activating the chromium-con- -
~ taining xerogel to form the catalyst, the titanium compound being incor-
porated therein by treating either the chromium-containing hydrogel .
or the chromium—containing xerogel prior to activation with an agueous . i
solution of -said hydrolysis resistant titanium compound. ,
3. A process according to claim 2 wherein the chromium compound is
incorporated into the catalyst by treating the washed hydrogel with
an agueous Solution of Crﬂaépr chromium acétate. _
4. A process according to claim 1, 2 or 3, wherein said hydrolysis

resistant titanium compound is a titanium chelate having the formula - ¢
a—3 R S 2
7y e

B—aA
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al kyksgr.oups of from1l to 4 carbon atons. 5. A method accordi ng t Lm 4
where said hydrol'ysis. resistant titani U?Rcorrpound s | m“m“ “‘\!: E‘\um -
chel ate, tetraoctylene glyctol titanium ¢ti€élate or trie ) nat e.

6. A process according to any one of claims 1 to 5 wherédin‘the chrom um
and titaniumcontaining xerogel is activated by reduction and reoxidation.
7. A process according to any one of clains 1 to 6 wherein the chrom um
and t{t aniuwhereoft &snAngakieylogeroups caotairdnedfigm Heatd rfy ¢arbanratomsa A is

t emgeyat Urg &t fihell 3908t BndAnd A0 Y ST A, Br Lo RIACERS B1480L Hilgaddy any one
of clainse 1 to 7 wheréin the chronfum containing conpound Is- added in an
anount sufdEpeatbang chpdhyi e #rem . carhensafens daill?ﬁ] Sa8echavh 9Nk o AEFe

wei ght of éipﬁlaﬁidd@tsﬁl franat W 4 Sarbof BfsusesSS according to any one of
clains 1 tg) e%&%ﬁ; the tjtaniu c.orrpoqu IS aﬂded ‘17?;' an armun%

suf fi ci ent>1t o RoMEYIfL BSCOTEMY (“PaRA1RAM FaWBE™D PR A NYTRRdYSHR| TRRESER™ he
activat ed titanliymstcompbund’r ixc dastie caridi bitdrdunl chelate prietogoctydlené agllyabhs 3
to 9 as de;..,pend n kel tif,ani conmpound i s incorporat ed.
intp the h&#@%‘é‘ﬂ%‘??%ﬁé t%% Eig{r:e\e/\tg?ég%énﬂt%g E%%ﬁaggr ogel and wherein said

hydr ogel cBnt & pendessaakticrding dopene qnecstoliahgs dgéatS suegeir thier chmanigmni ¢

sil#con co ads < 0x ~cont aj_nj IR u ' NP
Surf act ant T $RESRYSRITREN Yetbli) To08M et QR BERuetibh Hna Tt dstion.
preser vi ng? ag@nPrecesgdRraPrddng @ AYIrangerf fledms jadni Ggrhegeim dihgr ghromium-

| npregnat | 84y Of i taRGuhMESReEENing hierbhel t i aBb4i0ateIPBY NHeatlihg AnPERECEE a
accordi ng {-@?“Cl ajm10 or 11 wherein salg pore preserving agent Is a
pol ysi | oxa Pﬁﬁ?mwk‘iﬂeeﬁén%ﬂgpyﬁ%r"ﬂ 9°Grol yet hoxyl at ed

8. A process according to any one of claims 1 to 7 wherein the chromium- N
containing compound is added in an amount sufficient to provide from
0.5 to4% chromium based on the final weight of the activated catalyst.
9. A process according to any one of claims 1 to 8 wherein the titanium
compound is added in an amount sufficient to provide 2 - 6% titanium
based on the final weight of tﬁe actiﬁated catalyst.

10. Process according to claim 2 or any one of claims 3 to 9 as de-
pendent thereon wherein the titanium compound is. incorboratéd.

into the hydrogel prior to conversion to said xerogel and wherein said -
hydrogel contains in addition a pore preserving agent selected from
organic silicon compounds, oxygen-containing organic compounds, ébids,'
and surfactants. |

1. A process according to claim 10 wherein said pore preserving agent
is added to the hydrogel after washing but before impregnation of the
hydrogel with the titanium compound.

12. A process according to claim 10 or 11 wherein said pore preserving
agent is a polysiloxane-polyoxyalkylene copolymer, a polyethoxylated

? “sorbitol monolaurate or a polyethoxylated t-octylphenol.

¥ : . .

. 13. A polymerisation process which comprises contacting at least one
9 mono-l-olefin having 2 to 8 carbon atoms per molecule under polymerisa-

tion'honditions with a catalyst prepared by a process claimed in any
one of the preceding claims.



' i toI laurate or a poI yet hoxyl ated t-octyl phenol. 13. A e e
merl Eml l’t wwﬂﬂ ch conprises contacting at, |east ore’ - . -
Yon0- /| 8 cafthon atoms per nol ecul e urider pol ymerisa-

tion condltl ons vvlth *a datal yst prepared by a process-claifed in any one of
the recedi ng clai ordin tQ claimi13
\M"ner‘g REE5sg oafceqmﬁsc%nﬁ?l 5221 ‘?/I Qﬁée)fe‘lprop %g hlnb ?'%Dﬁésg? 1- hexene.
etbylenk, ppropydenec debdteng tor a;+rmme4 wherein said olefin.is predom nant- -y
t hy rg ynerisati‘Qgs
1857 Mifeedd ockeBLA 45 ARERT T4 Uhdrpef S baelIF'sR) Bradiilolfy ™) Srocess
lyce¥mdene- to clainms 13, 14, 15 or 16, wherein the process is carried out
mndei\ Priféss CAHTiAGS to TREai®Xi5 Ofndreen SBEL fidIFhbPikdtisnbesn reproduced
photocgap%g t he ag licants Ol‘lgl al ty escript. It may contain a few
cé i CEMRETELYFY rin: fhe Ra5oPBR) to 1@1& ori gi nal typescript

170Nt Mipkbeesd BEsSrdiry €6 atli=imgvy3,0a4) rrsme@tﬁsi, Q:ﬁei-é&h Rhempeesef the Patent
i I:érned out under slurry conditions. ‘
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