Sl CA- SUPPORTED CHROM UM OXI DE- CONTAI NI NG . ( OLEFIN -
MERI SATI ON CATALYSTS This invention relates to silica- supported '
clPdni um oxi de- cont ai ning ol efin pol ymeri sation cat al ysts. Supported
chrom um cat al ysts have | ong been a domi nant factor in the pr oducti on df- _
hi gh density ol efin polyners such 5 as pol yethyl ene. cz;gl%% P
commerci alized, these catalysts were used;in solution polymneri -
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pol ymeri zati on systens becone nore difficuit in the sl urry system This is
particularly true with regard to control of nolecular. weight. In a

solution system the t r an 1 y be. i ncreased order to
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thus the value of the slurry systemis
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i nstance by neans of agitatio
ever, certain control technlques which are easily carried out

in solution polymerization systems. become more d1ff1cu1t in the
slurry system. This is particularly true with regard to control
of molecular. weight. In a solution system, the temperature can

15 simply be increased-in order to provide a lower molecular weight,
higher melt flow polymer. However, in slurry systems, there is
a practical limit on temperature increases, since the point is
quickly reached wherein the polymer goes into solution and thus
the value of the slurry system is lost.

20 In order to allow maximum utilization of the more
commercially desirable slurry system, modifications of the catalyst
system have been developed go as to allow the production of higher
melt flow polymef. One such modification which has been utilized
is to remove water from the silica at the hydrogel stage by means

25 of azeotropic distillation or washing with a water miscible organic
compound such as ethyl acetate, see US-A-3,900,457.

Broadly, the process of producing the hydrogel involves
mixing an aqueous solution of. an alkali metal silicate with a
strong acid such as sulfuric acid. This mixing can be done under

30 suitable conditions, for instance by means of agitation. The



42 concentration of.. the. [err] in the hydrogel which is forned is

al 'y in thetrange of about 3 to 12, weight percent. A wide range
mxr ng terrperatures can be enpl oyed, for instance from about [err] t ] .
([err]to’[err]. 5 After gellation, the mxture is age

this can  be carried out at tenperatures within ‘the range of about [err]
[e-r'r] to [err] [err]. - Generally aging tineg_of 1 hour or greater are used,
for instance, timnes of 1 hour t.o 20 hours, preferably 2 to 10 hours are

sui t.abl e. Fol I owi ng the aging, the gel may be 10 agitated to produce a
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Water is then removed from the hydrogel usually by
.wéshing_ with a normally liquid volatile organic compound which
is miscible with water or by azeotropic .distillatien thereby to

20 convert the hydrogel into a xerogel, which is then activated by
calcination, i.e. by heating in air. In this process the chromium
oxide ‘component is 1ncorporated into the support in various ways,
e.g. by -coprecipitation with the silica hydrogel, impregnation

of___a preformed hydrogel with a water-soluble chromium compound

W,

25 which is convertible to the oxide on calcination, or even by
impregnation of the xerogel prior to activation. '

'In the conversion of the hydrogel to the xerogel ethyl

L

acetate is often errrployed _to' remove the water by azeotropic
disfillation. However, the miscibility of water in ethyl acetate
30 at the azeotrope temperature is so low that a lafge amount of
time is required to remove ‘water, thus making it less desirable
from a commercial standpoint. It has been attempted to substitute
hydroxy-containing organic 1liquids such as 3-methyl-l-butanol,
l-pentanol and l—hekanol, which would be more desirable from a

35 commercial standpoint because water has high miscibility at



35 commercial standpoint because water has high- miscibility -at . -
2N\‘azeotrope tenperature with these naterials and-yet they can be easily
rated- from water. However, these materials have resulted, in an
xpl ai ned tendency for the resultlng catal yst to be unacceptabTe because«.'
-of produci ng hi-gher nol ecul ar wei ght pol ymer (lower nelt flow polyner). },
accordance with this invention, it has-Been di scovered unexpectedly that"
‘if a hydroxy-containing organic conpound of low nmiscibility with water
i s used in aZeotveper tempepatyrestifhatheshenaterdgls amuyeshitdiesiegan sbe
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for use -i nmeRtcdmPRARETh @%ﬂqsahgrq rREERT | b hepbingdoeatr (qedeivaFign),
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procedure is greatly facilitated.

While not w1sh1ng to ‘be bound by theory, ap_pllcants

speculate that with the hydroxy—contalning compounds a portion

~ thereof becomes bonded to the s:.llca ‘surface in some manner,
perhaps by forming esters with the hydroxy groups on the silica .

with the result t_hat instead of volatilizing off when first

contact_ed with hot air ,“ they remain until a temperature is




atonms per nol ecul e sel ected from 1-pentanol, 24- pent anol , : ‘_
3\-1're't hyl - 1- but-anol , 4-'net hyl - 2- pent anol, 2,2-di net hyl -1 -propanol, and ,,-'3--3‘- -
1- hexanol. Most pre- 10 ferred are 1-pentanol, 3-nethyl-1-butanol and -

1- hexanol . ‘'The inert atnosphere for heating after renoval of water but

before heating jdchig a(tca,hemaahlegmaré PuPh&d %abmg aséermﬁ{uab&bpm@ gnjures both
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preferred empodidmkay, af&%ﬁ@ﬁédu‘%@ 'ﬁﬂe'ﬂﬁylﬂ%ﬁté’ﬂ%‘i' S84 1-fedn®Rl Yy carri ed

out in the same neans util- ized f he” activation such as a rotary dr
TFhese operations can be Thgrinest amosaheénﬁ%rh%a%&mfw W?hwfuyab% s

al though a bat chefore- hédtShigi £n G@re(@llcina6iva) B preferably nitrd @ni“dl'th&égh a
prior tothe tine it is heatedlnthe air ient (cal |na on %\{ have
‘H‘un’t’)’éPtB?r

a
the chroni um cofA SRR ATE, LRGFt BRPYSFRRERE SHTRLRS (SALRD SiaF
ways al |l of V\hlmdnoaliﬁhmgwand rnohlnednmﬂng dditd eahs aanube aatdlized. for | nst ance,

co-gel | ed th the sili it c e_added t y |
i nst ances |1\r$I agqueous solﬁﬁ o%at"nF 9?"'?% AtpE 38 &1 'E%H: gé&gs %qc é’oﬂary widely
sol ution to thebutegegetallyswill g ﬁxnhmtthae rrengn/awlf &OMDeIBQOPEn(?zMé to 982°C),
hydrogel . Conv g1 n til- ized such as
chromumtri ox?@ltéi%? | g?? bt{{nlﬁggﬁ)ggg?e% ﬁ?grgjum acetyl 5 acetonate,
chromumnitrate, or chrTchm hmta@m time inckhe Apexthetmospherercan vary widely, of

~ course, 1onger times generally being used with lower temperatures and vice
20 versa. Generally times of 5 minutes to 2 hours, preferably 15 minutes to
an hour are'utiiized; these being effective to remove components which pro-
duce catalyst pbisons when contacted with air at high téﬁperatures. '
The heatiﬁg in an inert atmosphere is generally done by floWing'
the inert ambient through the catalyst, for instance in a fluidized bed or
25 while the catalyst is in a rotary dryer. In a preferred embodiment, the
heating in the inert ambient is simp1y carried out in'the same means util-
. ized for ‘the activation such as a rotary drﬁef Thesé opefaﬁidns can be
carried out on either a batch or continuous process although a batch pro-
cess is generally used
30 The silica pr1or to the time it is heated in the air ambient
(ca1c1nat1on) will have the chromium contained therein. " Chromium can be
incorporated in a number of ways all of which are known in the art. The
chromium can be, for instancé,'cb-gelled with the silica or it can be
added to the hydrogel, for instan#es'in aqueous sdlution, or it can be
35 added as a nonaqueous solution to the xerogel resulting from the removal
of water from the hydrogel. Conventional chromium cdmpounds_can be util-

ized such as chromium trioxide, tertiary butyl chromate, chromium acetyl



Zvely, coord| nation chrom um conpounds having nitrogen-containing . J

"s, such as chl oropentanine chromiun(I11) chloride as will be dis-

{9%2d in nore detail hereinafter, can be used. 5 - The chrom um
conpound is generally |ncor por at ed in an amount sufficient to glvﬁ 0.001 ta.\
10, preferably 0.1 to nmost preferably about 1 wei ght percent chrom um . =
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‘nitrates, the sul fates, . the oxalates, and al kyl tirtanates, for 1nstance.
i s generally‘fﬁséfei‘?ré’éet at. the silica be a silica-titania-chrom um

tergel .. 20 — InTﬂ{e)higkl@di_fptf.JSh S’nei\@ﬁ} :tﬁatﬂé}m "édg@ﬁ' eﬂ‘seaﬁsﬁ%a%ﬂyshlsé&a
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material can W%Fum'§§§€elb" a{gl X:oﬂ]‘: eS' IJ.ECl?sggngo ggﬁerirh% tl?an g‘?ﬂz Vel ﬁqlghl%

percent of 25 |ngre
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unr el at ed result can ghe® ttieaﬁ)ﬁﬁﬁ%‘tuéﬁdu@isWu‘igly%rs@drﬁbgﬂeamohht%ﬂltﬁlﬂS -
present i tgsregreferrgd enbodj ment s, - FO.I ow ng t heat treatnent _

i nert atnosp raRgfe oL - {rgtI%OPreﬁ%aE%Joeét%5t631£h60?ﬁ75§ﬁt1¥ d’@ﬁ?—d on the
activation orweﬁght:lo“fathemﬂyr eﬁl:man el n m&ﬂ@ﬁtﬁtﬁ@ﬁﬁﬁb&p&nmln%ﬂhé ygb as

air. - The act t a ge aIl e abou 0, 2000F -
(4270 to [errﬁ \ﬁprefselfgb f‘é ’[céﬁ ytﬁ?ﬁ?ef‘g 'hﬁﬁb%‘l’nﬁh‘f oxplates,
agi ng pr ocessandsatkyly itet—tlames atfoat 1mancq9.l—| \M:tiu genmllﬁrmﬁfefred tiatOthe
This can be qufl"i‘lzg'% stﬁq(éhnglt%n?ﬁséhgomlum tergel.

20 ' Throughout this app11cat10n, the referenc'e to silica means a

silicaecontaining materialhgenerally composed'of'80 to 100 weight pereeht
~ silica, the remainder, if any, be1ng selected from alumlna boria, thor1a,
21rcon1a ‘or mixtures thereof, for instance. The silica- conta1n1ng material
can consist essent1a11y of s111ca and no more than 0.2 weight percent of
25 alumina or other metal oxide.  Other ingredients wh1ch do not adversely
.affect the catalyst but wh1ch are present to produce some unrelated result t'

can also be present and, as noted herelnabove, titania 1s present in the

0

preferred embodiments. o .
FOIIOW1ng the heat treatment in an 1nert atmosphere, the catalyst_

30 is subJected to a conventional activation or calc1nat10n treatment in an
oxygen-contalnlng ambient such' as air. The activation temperature w111
generally be about 800° to 2000°F (427° to 1093°C), preferably 1200° to -

- 1500°F (649° to, 816°C)
_ t In a preferred embodlment the aging process is carried out at a’
35 pH W1th1n the range of 7 to 9. ‘This can be obtained by adding a basic



6. material such as arrrmnl a or anmoni um hydroxr ée This is preferably don
b)\7~‘add| ng the basic nmaterial to the hydrogel slurry before aging either
al one or in conbination wth additional basic material during the aging 7
process: Si ntefthere iIs a tendency for the pH to decrease during agr ng. 5 -

Al ternatively, SSi I n_sqnme instanges.t

mat'erial duri ng eﬁbglgcf’uﬁ 4% 2BPEEPule AR B Hg&%égg Tgﬂ're‘rs lﬁéﬁ‘? done
basic materials Byl@ldatheg abehasim matelpdaintite, the ihgtli'qgearrsmxycbefeth)dging neither
and- guani di ne. Sl nat i.vel hr ol m n vin

o tzagent cont ai nfige1t acedniRe e IAHTARTORNAE L Mheeriah during the 2aine
~a higher pH -and/ proosks cdinkestHeggsinfa aeltd@nd}ermr the pﬂomjdecaeqslel dteornaawng -
during aging.s Su l: yd 0 ULss b :
GoublS 31 195 el eslesy) SArRe a1 st BoukODistafiold 30, £0iFRY mpoueR e
shown by the formearlfbrdu]rmraems 59 asrfan Bgeﬂurierﬂ@ueﬂr dgsregse.pr threrlentable
and y is an int eggicl AdRg14 @Bl udel Qmﬁonlﬁmgcargbgte,ﬁ’éhe‘hﬁ?ﬂiﬁhec|di§1§t§5f1am1ne,
useful chronmanm ne, conpounds contai ning 6 neutral groups is shown by the
formul a [err] in®Rhi8BARIA1A8L he at |east one of [err]. et hyl enediani ne

(en), and unsymetri cal AL oentlae hesliyg T Neh rominm abfipolindaliavdap chitadg@sicontaihing
be a hal oge on_as._above nst nce

{err] can rglp acégélpﬁocr 1 BﬁNﬁlﬁzeSpéérlréh e}xaﬁenﬁ'ﬁgsregf’l%%egea [L‘r?l@tlﬁﬁé’ %rﬁr

[ € ( en_) 3] C13, | ewln]ch[ bag Jleferaf] aavmhdehey |tiokprodsce|d pHnédedrerse|dasingifagimef ul

h ' co i.s.s t rm.
o were a aroudFShEaial dnflind SHLldls (SRRt Lyl B PGS
aci d such as Cl and3chelates.ndor exgmple, ghe glassOonb;usghil [cemwumds/ J«méhewu\brvs

as before \/l S Eﬂe fB&muﬂeeCfi .yNH where X 1s a halogen ion such as C1~

-2 - W|s3ar i cal ﬂ asrcggQ%asSCﬁ
[err] ©O - )t BT ansbweessxarﬁaségs rOBhbde bnl-EderClychliherr] . 3
[err] [Cr[err] and [err] AdBther class of ud@f&heﬂirbuamrméecrdin@dumeang 6
i nclude chloropent

grougs YT shown by the formula [CrA6]Z in which A can be at
least one of NH3, ‘ethylenediamine (en), and unsymmetrlcal propylened1am1ne

_ (pn) and Z, an acid radical, can be a halogen ion as above, NO3 R 804-

20 and PO4-3. In some instances H20 can replace a portion of A. Some exam-
ples of these ‘include: [Cr(NH )6](N03)3, [Cr(en) ]013, [Cr(NH (H 0)4]Br ,
[Cr(NH3)5H20]C13, [Cr(pn)z(H 0) ]SO and the like.

Still another class of useful chromammlne compounds containing

)2

.5 neutral groups is shown by the fprmulae. .[Cr__AsY]Z2 where A and Z are
.25 as before and Y is a radical from a monobasic‘acid such as C1 , Br , I,
| NO2 , NO3 , OH and CNS ; and [CrA W]V where A is as before, 'V is C1° , Br-,
_ ' _-'__I OH , and W is a radical from a d1ba31c acid such as 503 -2 894 -2
T g (203-2 and 0204 ?. Some examples of these include: [Cr(NHB)SCl]Clz,
[Cr(NH3) (H 0) (0H)]C12, [Cx(NH, )5304]01 and [Cr(NH )5003]N0

30 : . Presently preferred compounds 1nc1ude chloropentammlne chrom-
ium(III) chloride and hexamminechromium(III) nitrate because of reasonable
' availability. L
A more extens1ve review of the coordination compounds is pre-

sented in Inorganic Chem1stry by P. C. L. Thorne and E. R. Roberts, 5th



iyn(111) chloride and hexanm nechrom un(lI1) nitrate because of keasonabl €
a lability. A'nore extensive review of the coordlnatlon conpounds i.s pre-

S ed in Inorganic Chenistry by P. C. L. Thorne and E. R Roberts Sth

- -7 Ed, Revised, |Interscience Publishers, Inc. 1948, pages 320- "305 The«\-
.catalyst of thls i nvention can be used o polynerlze at | east one ﬁi"
mono-1-olef in containing 2'to 8 carbon’atons per- nDIecuIe preferably 77

ethyl ene, - ppobyl gy, 3PRiEnce TPMIRLANS, Snc  0MSXYes 220322

4- net hyl -I - peht ERE, I’nventi.on particul ar
appl icability in prﬁ@ucat@yethyf e shanvpasiigpesan bedisedpest ybnieyreemzom

m xtures of gt 'i)éé&f‘eor@%&oﬁl&e%%”Eb@ta‘i‘ﬁi&fni b gneaplgm{mgte,mgorlygpon”ers '
sel ected froml olefins containing_3 to 8 carbon atonms per _nol ecul e.

Exenpl ary cBAbfader s ATRETARY 1 (ethyAeRphaPTepylerg of trlutengy cA-BeNYA"8py| ene,
1-butens, . i-poiEhe)e s-hetiyaxXeofentefteTElAN| -1-oBESHLNE, Thel ﬂﬁieﬂa@on agd

ot her hlghe olefins and ¢ ted-or non-caqn efi such as
0 3 but adi oRE, TSGHAE . SRRLMAGLRG, ho PESGIaR n e Lopey ioRgpamets
1, 4- pent adi ené cobpﬁydu?)saf&anmxtmd oibteluhyleneumhi 0L 5| tef QOSmﬂdeéﬁc)ehur es - =
t hereof. 15 Et hy'gfymgrf ?go%égﬁérss rec edalbhym c1 iéh ut %8n att Iea§t £

about 90, prePe?a per cent” polyertze WP8nd units.
Wth ethyl toeBnhesaabencapobs npes, mabemtleQS E&ema&' mbmrp@emanimémﬂql ene is

preferrggl, gi]fpﬂaeggl Qd&‘feflﬂﬁ CQINIS df,{b%yié}f‘e COTBROSRY, - 1PE>&B:Y<=,|n‘3i, a?l

~ 1-butene, -pent ene exene octéne are 20
preferred cbﬁ’éﬁmﬂs‘%h}%ﬁepﬁﬂ‘t%eet Hybetrae, Traadpsithaer $ighar b‘é‘-qfliépar ed -

fromthe cahahYé&énfibatdd or muan&dmgbweéqhuiéﬁaspﬂmgl 224 ibQPadithl! 'Y
pol ymeri zation, or other i Zzati on. techni ques, usi onvent | ona
equi pnent aﬁﬁ@ﬁ?ac??ﬂ?’ﬁ?&éesgeéah%'ihyz}ci #&“B‘I‘d’ﬁ‘f@ rrgn RePtediengnoner s
with 25  thesrikabieie,Camdoeottidrecirt jiodsginsnad nhixdvresd Nthéreolt of
oL, B e TSN, s RN, Eond PR e cShaly ool the
_ preferably 97 to 99.8 weight percent polymerlzed ethylene units.
With ethylene/hexene copolymers,_ about 98 to 99.8 mole percent
ethylene is preferred, the remainder; of course being the comonomer.
Propylene, l—butene, 1—pentene, 1 l—hexene. and 'l—octenel are
20 especially preferred comonomers for use with ethylene
The polymers can be prepared from the catalyst of thls
' 1nvent10n by solution polymerlzatlon, slurry polymerlzatlon, or
other polymerization techniques u51ng.conyentional-equipment and
_ contacting processes. Contacting of the nonomer_or monomers with
25 the cetalyst can be effected by any manner'known-in the art of
‘solid catalystsr One convenient method_is to'suspend the catalyst
in the orgénic medium and to agitate the mixture'to maintain the
catalyst in’ suspension throughout the 'polymerization process; : -
Other known contacting methods such as fluidized bed, gravitating '
30 bed, and fixed ;bedr can also be employed. The production of
-ethylene polymers in a partlcle form process is further disclosed
- in U.S.-A-3,624,603, to which reference may be made.
.The.catalyst'of-this invention is particularly suitable

for use in slurry polymerizations. The slurry process is generally

i .



talyst in suspension throughout the polynerization process O her st
co tacting nmethods such as fluidized bed, gravitating 30 bed, an xeds .-

bed can al so be enployed The productlon of et hyl ene polyners in
paJtche fornrprocess i.s further disclosed in U S -A-3,624, 603, to which
'r@ference may be made. The catalyst of thlf invention is particularly:
st¥table for use in-'slurry pol ymerizations.’®The slurry process ‘is generally
-7a- carried out in‘an inert diluent (nediun such as paraffin, cyclo-
paraffin or acmrrae:icoumyahr ecaiteot. dilvemt (pedicm)i sweohi by patalf)fixene;yclo—
pokyners, . a ur u to re

Pressures in t %%gg?%l cle ocl)nfam(?ptrh g%a s?r%%?f vaF£Ie %‘reﬁléa 'feﬁgll %yle"eto
about 700 psia PeLymperd, ganvPeguperatureg ¢f gabeut 6% dat a1150§€ iis keqployed.

suspension and stes%qpé@cmdtmtisaﬂtfiewoempr Ve eBDNOLE v 9t ﬁ?&H fdrolEMi0
pressure tomaintaint um and at Ieast a pOI’tI on: OTr e nononer or-

monomers i P t het? |a(!i’8PHh7[99aE%’-a fﬂe"h‘éd?tﬂﬁadnﬂr tenperature are thus selected
such that the polymer is pro- 5  duced as solid particles and is reco ered
in‘that form Catalyst .con- .centrations can be such that the catalysy.
content ranges from0.001 to about 1 weight percent based on the weifght- of
the reactor contents. Hydrogen can be used to control nol ecul ar wejght as
is known in the prior art. Wen used it is generally used at .
concentrations up 10 to 2 nole percent of reaction m xture, prgferably
within the range of 0.1 to 1 nole percent of reaction m xture. anpl e |
About 10 grans of dry, raw silica-titania-chrom um oxide ter-/gel
(converted froma hydrogel to a xerogel by nmeans of contact fith an 15
al cohol ) containing about 1 weight percent chrom um as chrofti um oxi de,




¢a, -was charged at roomtenperature to a quartz activator tupe about BJ
hner diameter containing a porous ceramc plate near thé bottom _The
tube containing the catalyst was flushed with dry nitrogen 20 fot 20° .
m nutes and then placed into.a furnace whil e passing about 42 standard . -~
liters per hdurghef diThe mattlammn 1Bhkeptghnlstusp@nsibhaarm gsf&dﬂtdctddzeigtlbftﬂet-rhé‘
cat al yst .char ined the rn erature L abo m nyt es
Unl es>s/ speci f"lg) {%ér'\'/'\?qsoger hag o ffeue ‘§sﬂ’é"led cI'(Snrmﬁ gh%t“'e Hae and
i ndi cat ed terﬁteilaas.nre pertdon oo lthel mcoomaoernﬁonomEsrpmr theirldqiid phgudf Jogen/
- atmosphere.  yHaGuh Qlaopid el Bfe S3hE oe3bcPARLED WEE HAChOIREE YL O
‘pol yner.i zatlon E %élat*lwﬁd Qﬁﬁ 1 eg' y ?lif' {: i’dhlmefers;pﬁ%ur)
for 5 houPs ef’c“CF%r%S] S°l%ﬁa%§%’cﬂ1€§| qmi nomwm@r in phati fpmry Gatalystecower ed -

and stored i rbe(ﬂﬂfatﬁilohsuéﬁn' be [ARHYtHAY thS@atSYst content rangkhMoRNE 068Sto
‘pol yneri zed 3’?? gn]r act l\é\tﬁrt h each, catal yst under particle formconditi ons at

about [err]. Y5¢8%r PRFERRE baseds on bg: vei@ht et dhesrenstappontents.
2-liter stirred stai nHﬁdngeiie@h bea&h?gtd:f@ﬂﬁ?dll ﬂ@le&hma& w%tlgﬁtbhbsli iﬁtszg]Z 3
of "i sobut ane .as | tuntl 1,6 of abou arts by wejg of . =
pol ymer per pgr Fﬁ%g’ wet gt ofdhc?gtléﬁyeﬂsftﬁ ge’lﬁ{éﬁb% S0Rgamiratipns up
reacti on llas toel maiat B'drdcytcbfso'omumul micxtueey tpare £éwesblliy nei thilsl thiehyirmyeeof | ow

~and flashing ¢ Reryql gt 4?,5_“ n}th axgﬁ{ntm 9 recovered, dried and . *

wei ghed to determ ne t I e I ndex of each pol ymer was
determned in accordance vm th ASTM D 12%s2@ple ICondition E and was.

corrected, if necessaA%uttQoagrﬁﬂ.mmﬂdﬂyOQQwQsﬂQEXIEEi&aHP.—I-cﬂr&ﬁR&'1‘:! 'géé
as is knomn in 1 col um I ne

t 15 ._
line 2, col uBfs Pc%ﬁﬁrq'eélsﬁg‘f"é e %‘}Jrﬁﬁeerf"i A ’ﬁ%PBBEi IbY meanseof miprlevdth 311
Pol yrer i 24t | @dcéhali)deamdiBiig Ghbel Msvefibet perieAtéhrblium as chromium oxide -

Pret reat ment about 2.5 we1g§9| q‘%@tll at It(a)rrlli( as t1tanfun! ¥110x1de and the rema1nder

@ut 2.5 weight percent titaniumas titani gm di oxi de and the renai nder as’

' as silica, was charged at room temperature to a quartz activator tube
about 45 mm inner diametef confaiﬁing a porous ceramic plate near the
bottom. The tube containing the catalyst was flushed with dry n1trogen

20 for 20 minutes and then placed into a furnace while pass1ng about 42
standard liters per hour of dry nitrogen through it to obtain a fluid-
ized bed. The catalyst charge attained the furnace temperature in

~about 10 to 15 minutes. Unless spec1f1ed otherw1se, the catalyst was
held for 1 hour at the 1nd1cated temperature, then cooled to room

- 25  temperature in a n1trogen atmosphere The follow1ng day the catalyst
samples were activated for polymer1zat1on by heating each sample 1n dry

.a1r (42 standard liters/hour) for 5 hours at 1600°F (870°C), then cooled
to room temperatare in dry air, recovered and stored in dry air until
ready for use.- : | o .

30 Ethylene was polymerized in contact with ‘each catalyst under
particle form cond1t1ons at about '109°C (228°F) and a reactor pressure _
of about 565 Ppsia (3.90 MPa) in a 2~ 11ter stirred stainless steel reactor
containing about 1.25 1bs (567 g) of isobutane as a diluent until a yield
of about 4,000.parts by weight of polymer per part by weight of catalyst

35 charge was produced. The reaction was terminated by discontinuing.reactor.-
heating and ethylene flow and flashing the volatiles. The polymer was



R{p} . .Tenperature In Nltrogen ' Act|9/|ty Mel t  No.
[erT]

o lerr] glg cat/hr Index 1. < er
- S 4970 . : - 4.9 2 800 S 427 L
5780. - - 5.4 15 _ -3 1000 : 538 - . S
' - 4 1200 5780
2%3'05( b) 1mox§er%d dr1ed6§ggi welghed to. detengfgothe yield. The melt gingex
1500 - . &¥beach polymer vas dé2@fhined in accordancé ﬁtﬁ@SMFHMES&%mEY

er gram catal n N2 o n
e s ontr o halitighe Kot nes sorre sttt ABEAATRFYS t5r = canaionad. Db & pelter
I's reduced in ttperag)makysn‘ lavegdr esrtatknewd innthe hebgeng. ateeall. d.edalag122,

t enperature. g rovenent in nelt index cap-
25er abi l'i ty ca El)gm%ggaﬁn%ggg éoh'alg '%Tzzétlkng héemr aw catal yst in nitrogen at
‘up to about [err]under tHee @en'ellttﬂ ene ginpt opedabIphd. maj or i nprovenent,
however, is shown by the significant junp ifg,s8d @l yst activity from about
5000 g poI ymer per g catalyst per hour obtaimed—Th .run 1 to about 5800 to .
6400 g pol ymer per g catal yst per. hodith¥iene Palymerizatignnent of 30 runs 2.

“apd 3. Runs 4 and 5 indicate thatluibzdd mmmmﬁtrpﬁwfggﬁm&emer- ature of
raw cat al yst1

in n|trogen under the _condifrons used,occurs at, atu
and that hol'8 tinmes aboukt SOﬁ S tlijt es_are gﬁfﬂ“\?glzﬂtéﬁ{l The 91{05-1'“1615

activity of the cat oyst r e nelt ASHEYY3s5 capal?l H:t
i's nearing the naxirtm exp =g. ——a-beu-t—Gto —=5 ndlt
enmpl oyed in run 6 apgear to bI’Iormear opt i mum as - shown by%‘tﬁh hi gh 4.9
pol yneri zation activigy and byggp pol ymer t index of Exanple || 59
A series of catalysts was produced fromt raw dry cat ar&it used in
Exanpl e | bydenpl oyi iy a somedfR} di fferéﬁ preheating P#ftess 5.0
4 11200 649 5780 5.7
s®) 1200 649 6150 | 5.6
6 1500 . 816 - 7270 - 6.9
| - (a) grams polymer per gram catalyst per hour
20 " (b) hold time in N2 of 30 m1nutes

Run 1 is a control show1ng that the melt 1ndex capability of
the raw catalyst is reduced in the absence of a pretreatment in nitrogen-
at an elevated temperature , | |

_ ~ Runs 2 and 3 show that marg1na1 improvement in melt 1ndex cap-
25 ability can be obtained by pretreating the raw catalyst in nitrogen at
up to about 1000°F under the conditions employed. The major improvement,
ﬁowever; is shown by the significant jump in catalyst activity from
~ about 5000 g pdlymer per g catalyst per hour obtained in run 1 to about
5800 to 6400 g polymer per g catalyst per hour with the pretreatment of
30 rums 2 and 3.

Runs 4 and 5 indicate that the minimum pretreatment temper-

ature of raw.catalyst in nitrogen under the conditions used occurs at
- about 1200°F and that hold times of about 30 to 60 minutes are equiva-
lent. The activity of the catalyst remains high while the melt index.

35 capability-is nearing the maximum expected, e.g., about 6 to 7.



t ctivator tube with nitrogen as before, the nitrogen flow was -
rethfced to about 4 standard liters/hour, then the tube was |nserted in 10
the furnace held at [err]  (sane terrperature as in run 2) and hel'd for ‘1 ,,\.'
hour at that nitrogen flow . Each cat receiyved t he S treat nent and;
each was recovered an nﬁ‘?‘lﬂ}éﬁmsne@l’ﬁyléan’e“ BUP AEPPSRE ﬂbeageﬁ%f"é’r'ém“"has

ni trogen fl owheén dy/ bothr BsgH pslpmeardniiianl yctivity sadtbed pelyaley sheltefindex

wher eas one of. é | /hr provides a fluidized catal yst bed. 15

i;@?e ni trogen at nosphere. Thus after f}shing the cat al yst cent ai ned @J

“The results 8Fe®@ven in Table 11. Table Il Et hyl ene Pol yneri zati on ‘Settl\ed
Bed Catal yst Pretreatnent Pretreatnent Example II Pol yneri zati on .
olymer 29 e Ru]nA series %W@Jﬁflt}éf‘s ]st %ae&%ﬁ?m the rfhbyidabaryse
7 - gooused in Example I}y employing a sompyhat d1fferent prehe*ptgngprocess

800 . in the432trogen atmosphex(é2701‘hus, after- flushﬁn tﬁe catalys@@gntalned
427 25 bove runs were .

nmade over a ﬂér?ttfdaﬁ?lvéﬁaﬁttupﬁo"%flh%r%ﬁﬂlas befqnsy Flbeagbﬁ%ﬂﬂe? Hgvas |
- _reproduci bi | ire§uskds t&Gboy & standurdt matdra/lgﬂtr NMeleln thel @xibé angelﬁerabdnﬂn 6 7

to 7 f y th -
L0, 123 R e 3 OO S L TRBAL AN ot 050k o B RL U
cat aI ysts. Houm\adr thitheiBtbgenntlaw.i rEkeh oftalst pekyined thelsane treatfents  °
‘bel the d T fer n N
oot o'yt oy o 8 Shch bl R el VIR S¥UGEg 1y IEnALY AREEEar b b L
settled bed isnikxegen flpy |4e17hr desylis e$ﬁsnp;%iLVeay|angefﬁhﬁ9eseﬁqlﬁst bed

ni trogen. T%efé%sgﬂe fogr 43 hE“];frfoQ'ideéBBCﬂdﬁlEéH cet£Bfstbbéd.it 1S

specul at (ig that it uld be associ-ated w q’ég the rate at which the
al cohol ¥ renoved fr feulds are given igTabdeplhs 1. A pethod for the
preparation of silica-supported, Table II ' :

Ethylene Polymerization
~ Settled Bed Catalyst Pretreatment .
Pretreatment . Polymerization Polymer

20 Run egpe rature In N1trogen Activity Melt
No. o °c glg cat/_hr Index
7 800 421 5910 1.0
8 800 421 6270 - 6.2
9 800 - s 6900 6.3 |
25 "~ The above runs were made over a period of about two months indi- |

cating r_easona'bly.' good reproducibility was achieved since the target melt
index range of about 6 to 7 was reached .in each 'instan(_:e.-'-.-
Comparison of runs 7, 8 and 9 with run 2 of Table I shows fairly -

close agreement in polymerization .activity of the catalysts. ‘However, the

oy

30 melt index of the polymer made in rum 2 is below the desired target melt
inde#-range. The only apparent difference in catalyst preparation is that
a fluidized bed is used.in Example I and a settled bed is used in Example
11 during the pretreating process in nitrogen. The reason for the differ-
ence is not clear but it is speculated that it could be associated w1th
35 the rate at which the alcohol is removed from the s111ca



chr om um oxi de- cont ai ni_ng ol efi:n pol yneri zati on catal ysts, which conpri @\ =
formng a silita hydrogel, aging the hydrogel, converting the aged 6U‘
hydrogel = to-a xerogel .by azeotropic- distillation or 5 . washing W -~
a.- water-m scr ble organic - conpound, incorporating into the hydrogel or
t:-hé. xer-ogel chrom um oxi de or a . chrom um conpound convertible to the oxide
updn cal cination, and activating the - chr omdlom cont ai ni ng - xerogen by

cal ci nati on, ‘wherein the hydrogel” to: xegogel conversion is performed by -
treating the aged 10 hydrogel-- with a vo@aﬁ%&ﬁeﬂ | i qui d- hydr oxy-cont ai ni ng
organi ¢ conpound having -a solubility in mater ‘of less than 6 grans per 100
granms of water and Wnereln Apr|

QL hofcal natlonr t he ':ﬂl} iormed xerog
is first subjected™to hedt treatment ?ﬁ E | REPPratifgs e 31 152-SHPRATEGEt ed |
t enper at ure. 15chromium ox1de—20ntaﬂmmgEoﬂemcqrodyngmatbdxﬁmﬁt&lywser aihickai d
silica hydrogel I a
accor di né togc g?n?ﬁl‘?saé fé)QﬁV\#]ée}’aelg%ﬁchl éﬁ? gmky g%é]ttglgnlllyﬁié'o%%aﬁogve&gﬁﬁ%und
is a C5 or O aFa®haged 4hydmmeedt Hed éacs@irqzﬁhg byo azeatpd3c whetE&llatsan dor
hydroxy- 205  CQadiingi NeithOr #aRhter- GRRPALY of'g%nlﬁereopxydngl bﬂﬁ:@?ﬁ&rgtlng

1s pent anol , hexanol or a m xture of two or nore t
-accor di ng to anithethsr hidzoseleceri Hee cxerossl wAbrasiam: peidecrarged throméum

treated in an atmmher&)Iﬁferﬂiﬁlreogﬁnth@fuhwedﬂnncél%hﬂaimt ddeat PR ih
carried out forﬂ';l om 15 mnutes to_ 1 hour at a tenperaiure .

in the range [e rf@}‘f’ﬂ'cgnt%“r’rﬁg ho¥PTQ8ED  dithg CBLCiFfithe dhexgig the
precedi ng cl ai nhydmigel et saroget abonveasiom iss peaformd Oyt tisathegtdhied aged a| r

2z ot hod” s o frfoght B2 ke I AR LT Ltk sl rensccamponng”

A net hod accordi 0 any one O
hydrogel is ageha‘ﬁ'tngaat éni;@hldtluvelmqutarr Joft d\e{:sartrh]an( 68@rams [per r 10Gf (glralilsto

20 -hours. 8. A off§lahgd é'H?lCQﬁ&'e@.ﬂ tﬁl@ﬁytcp'?:gl@{ ?_!L%l ”@h% “thus "¥5ingh ki35
agl ng is carried out at a_pHw e range o
is first subJected to heat treatment in an inert atmosphere at

an elevated temperature. .

15 2. A method according to clainm 1, wherein said silica |
hydrogel is a silica-titania-chromium tergel. - _

3. A method accordlng to c1a1m 1 or 2, wherein said
hydroxy—contalm.ng organic compound is a C5 or C6 alcohol.
4. - A method according to claim 3, wherein said hydroxy-

20 cbntaini_ng organic compound is 3-methyl-l-butanol, 1l-pentanol,

| hexanol or a mixture of two or more thereof, ' o
5. A method according to any one of the preced1ng clalms '
‘wherein the xerogel is heat treated in an atmosphere of nitrogen,
.and wherein said heat treatment is carried out for a perlod of
. 25 from 15 minutes to 1 hour at a temperature in the range 800° to
¢ 1600°F (427° to 871°C). |
6. A method according to any one of the preceding claims,
whereln said calcination is carried out by heating in air at a
' ‘temperature of from 1200° to 1500°F (649° to 816°C).

30 7. A method according to any one of the precedlng claims
wherein the silica hydrogel is aged at a temperature of 65° to
200°F (180 to 93°C) for 1 to 20 hours.

8. A method according to any one of claims 1-7, wherein
said aging is carried eut at a pH..within the range of 7 to 9.

BEDEEEEEESS-———
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c,.L M S-12- 9. A nethod according to claim8, wherein said pHiés =

zgggtained within the range of 7 to 9 by ad F materi a

t aid hydrogel. 10. A nethod according to cI Iﬂﬁ !I W id basic
erial is anmoni a or ammeni um hydroxi de. raccor I ng to. e

~claim8, wherein said pHis malnta1 ed at sald value of 7 to 9 by the_ "

addition of a co- ordination chrofii tim conpound havi ng nitrogen-cont ai ni ng

groups. 12. A nethod according to claim 11, -wherein said-chromumsalt is °

~chl oropentanmi ne chromium (111) chloride. 13. . An olefin polynerization

process which corgprlﬁeﬁe,ﬁ.%gt a&gh%nan%oorclgprﬁeamﬂqe 19|s%flbn;]§H havi ng 2 ‘t—d

8 carbon atons per nolecu - lica- supporte& chrom um

oxi de- cont Rh{HtAgn& elithiROItKEEThAGE | BN ¢akal WSty =BBRNIBhN oFNEr §abse Used a.

catal yst prepared by a nethod clainmed in any one of the preceding clains.

14. ‘A procrseterda&t eg{tghp@;dgbm m 13, wherein said olefin is et hyl ene,

propyl ene, 1-butene, 1-pentene, 1-hexene, 4-nethyl- 1-pentene or 1-octene,

or a mxture of tvid@.orA methodheceafding5to Alginochswhecebr déaig tbastd ai m 13,

wherein said olefin is or conprises etthylene as the mjor conponent. 16.

A process agteridlnig aonariiaion aBmoniberteidroxive.pr oduct pol ymer conprises 97

to 99.8 weight percent: polynerised ethylene . units. 17.- A process according .

to claim 13, 14, 19.orR 18sthaHepecordingate. pbaiehi 2eErRin seidaphi &9 out

under slurry, conditions.
malntalned at said value of 7 to 9 by the addltlon of a co-

%'
ordination chromlum compound hav1ng nltrogen-contalnlng groups.
| 12. A method accordlng to clalm 11, whereln said chromlum .
salt is chloropentammlne chromium (111) chlorlde.

213, An olefin polymerization' process which comprises
conﬁacting one or more mqﬁo-l-olefins having 2 to 8 carbon atoms
per molecule 'miﬁh .a. silica-supported _chromipm okide—containing.
olefin'bolymerization catalyst, wherein fhe#e is used a cétélyst

_ prepaied by.a metﬁod claimed in any one of the prgcédiﬁg ciaims;
14, A process acccording to claim 13?'whereih said olefin
is ethylene, propyiene,. l—Buténe, 1-péhten§, _l-hEXene, _4-mefhyl-

l-pentene or l-octene, or a mixture of two or more thereof.

15. A probess according to claim 13, wherein said olefin

is or comprises ethylene as the major component.

. -
7

16. A process according_to_cléim_15, wherein the product

~ polymer comprises g7 to 99.8 weight percent polymerised _e_thylene

units. Lo
17. A process according to claim 13, 14, 15 or 16, where-

in said polymerization is carried out under slurry conditions.




