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PCT/ US96/ 19104 1 POLYMERI ZATI ON PROCESSES 2 3
The present invention relates to the polynerization of ethylene using a 4
chromuntitani umcontaining catalyst, and to the production

pol yet hyl enp 3VOPEPHs suitable for bl ow nolding resins. 6 7r@§'ms96/19104
BACKGROUND OF THE I NVENTION 8 9 The polyneri zation of ethylene and

et hyl ene copol ymers using various 10 nethods and catal ysts is known in the
art. For blow nolding applications, it is 11 inportant for the

pol yethyl ene resin to exhibit a relatively high nelt flowratio. 12 Melt

flowratio as,used herein is the #émfgmlﬁmcggbksl ndex to nelt 13

i ndex. The melt index in g/ 10 mn. s ran according to ASTM 14
met hod D-1 238 65T using a weight of 2.16 kg. The high load nelt index in

15 g/10 mn. _at _190[err]C is _run accqrdi ng to ASTM D- 1238 65T using
2 16% vei ght 31 Theressnt venton feiatesto dhe Polnetzatin seliviepe 580G ),

vari ous conpogndipgmiGiiRafiumlSontaifif Qitalysth 8AE taie rEauttivr sTiiyetiilend nal
cost of the resin, require 20 additional steps and adversely affect
certain desir&d pesipesuitakie for blowsmaldingresins.22 |t woul d therefore be
desirable to provide a sinple econom cal polynerization 23 process capable
of preparing Bthylene honopol yners and copol yners having 24 a high nelt
flowratio while still maintai.niBACKGRS : FHENVENTION:. 25

8

8 The polymerization of ethylene and ethylene copolymers using various
10 methods and cafalysts is known in the art. For blow molding applications, it is
11 important for the polyethylena resin to exhibit a relatively high melt flow ratio.
12 Melt flow ratio as used herein is the ratio of high load meilt index to melt
13 index. The melt index in g/10 min. at 190°C is run according to ASTM
14 method D-1238 65T using a weight of 2.16 kg. The high load melt index in
15 /10 min. at 190°C is run according to ASTM method D-1238 65T using a
16 weight of 21.6 kg.
17 ' S _
18 Melt flow ratios can be increased by various compounding methods.
19 However, these methods increase the final cost of the resin, require
20 additional steps and adversely affect certain desired properties of the resin.
21
22 |t would therefore be desirable to provide a simple economical polymerization
23 process capable of preparing ethylene homopolymers and copolymers having
24  a high meit flow ratio while still maintaining other desired properties.
25
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SUMVARY OF THE INVENTION 2 3 It is thus an object of the present
invention to provide a sinple economcal 4 polynerization process which
produces et hWRMEIMB yners having a relatively 5 high nel FCHUSS¥P i 0. 6
7 1t is another object of the present invention to provide a

polyneri zation 8 process for preparing ephyl ene polynmers suitable for
blow nolding 9 applications. 10 11 AcCording to the present invention,
a polynerization process is provided 12 conprising contacting under

pol yneri zati,on conditions a catgéﬁ@h@ﬂg!kﬁghggigﬁagiﬁgigt, et hyl ene and
optionally dn ol efin cononormer, conpri ses
chrom um oxigde, titanium oxide and an inorganic refractory oxide, 15

wherein the tanming agent is selected fromthe group consisting of water,
16 al cohol 8 di iscthyis @ obieat 6f the present-invention toprovide asimple exodomical ur es

or oduce o5 s PAYRSREARE rRofSfRRGR prordsl oot pafinéEhining 8 iatiory® ' ©

DETAI LED DESCRIHigh @eltflow patioThe t ami ng agent used in the process of the
present invention is selected 23 fromthe group consisting of water,
al cohol s, esters, al dehydes, ketones, and 24 organic acids and m xtures

thereof . Prqf erjaiy anothéreobjectiof thexpraseni invemtion to providd a poilyiféilatiod’ an
ester. It ig also within the scoge of the invention to enploy 26 oxygen as

a taning ag8ht RFACRSSHIS RERRAINO Athyiens polymers suitable for blowmelding  agents. 28
8 applications.

10
11 According to the present invention, a polymerization process is provided
12 comprising contacting under polymerization conditions a catalyst, a taming
13 agent, ethylene and optionally an olefin comonomer, wherein the catalyst
14  comprises chromium oxide, titanium oxide and an inorganic refractory oxide,
16 wherein the taming agent is selected from the group consisting of water,
16 alcohols, aldehydes, ketones, esters, and organic acids and mixtures thereof.
17  The process is especially suited for polymerizing ethylene to produce resins

- 18 suitable for blow molding use. |

19 :
20 DETAILED DESCRIPTION
21

22 The taming agent used in the process of the present invention is selected

23 from the group consisting of water, alcohols, esters, aldehydes, ketones, and
24 organic acids and mixtures thereof. Preferably, the taming agent is water, an
25 alcohol, or an ester. It is also within the scope of the invention to employ

26 oxygen as a taming agent in combination with the above defined taming

27 agents.

28



WD 97/ 19963
PCT/ US96/ 19104 -3- 1 Suitable
al cohol s generally contain from1 to 12 carbon atonms and i nclude 2

met hanol , et hapol -propanol , isopropanol, butanol, anyl algehgbeenbfaganol .
3 and ot hers%'%gc?"ﬁ??tures thereof. 4 5 Suitable esters generalsfy

contiain from1 to 12 carbon atons and include 6 nethyl formate, ethyl
formate, nmethyl acetate, ethyl acetate, n-pgopyl acetate, 7 n-butyl

acetate, n-anyl acetate, nethyl propanoate, nethyl butanoate, ethyl 8
et hanoate, and others and m xtures thereof. 9 10 Suitable al dehydes

enerally contai @ . - A ' I, hyde,
gcet al de%yde?‘ pr%ﬂ?%ﬁ%%gh@gga n%%ﬁ@pg‘ﬁf@gﬂy%;f%gﬁ%%?fbgl' yde,
a- met hyl*but ylza: ldabghinol, atnbmil,hspmpand,zlﬁoptapmb I,Ibhtarmfa?yl h&Tohgﬂ neisgmuabl e
ket ones genera ontain froml to 12 carbon atons and incl ude .
acetone,get hyd r%f‘ﬁ?‘p'eﬁa?'?é\g‘,"w“@?hm%obutyl ket one, 3-pentanone, 16

3- hexanone, @ycl opentanone, cycl ohexanone and others and m xtures 1 7
thereof. 18 19 Suitable organic acids generally contain from1l to 12

carbon at ons SandSuitable pstersgenaraiiy.centaipifrom 4 de 12 carhoryatomsaandinciudeci d,

ot hor o and mok PERBIGARR, Gy fmalls Sl dosiits eab actfald bl ateifll
can vary broddl ynbutytacetate, oramylacetate, methyl propanoate,methybbutancatecethyhnt s,
amount of ¢ af ng HgaRee; S Hnel i B EERt on 26" wi th the catal yet
and product @operties desired. 27
10 Suitable aldehydes generally contain from 1 to 12 carbon atoms and include
11 formaldehyde, acetaldehyde, propionaldehyde, n-butyralaldehyde,
12  isobutyralaldehyde, a-methylbutyraldehyde, and others and mixtures thereof.
13
14  Suitable ketones generally contain from 1 to 12 carbon atoms and include
- 15 acetone, ethyl methyl ketone, methyl isobutyl ketone, 3-pentanone,
16  3-hexanone, cyclopentanone, cyclohexanone and others and mixtures
17  thereof. '
18
19  Suitable organic acids generally contain from 1 to 12 carbon atoms and
20 include formic acid, acetic acid, propionic acid, n-butanoic acid, isobutanoic,
pentanoic acid and hexanoic acid and others and mixtures thereof.

21
22
23 The amount of taming agent employed can vary broadly depending on the
24 particular taming agent, reactants, reaction conditions employed, and desired
25 results. Preferably, the amount of taming agent is adjusted in combination
26 with the catalyst and product properties desired.
27
28 Generally, the taming agent is present in an amount in the range of from

29 about 0.01 mole to about 10 moles taming agent per million moles of fresh
30 ethylene feed, preferably from 0.01 mole to 5 moles, and more preferably



28 Cenerally, the tam ng agent is present in an anount in the range of
from29 about 0.01 nole to about 10 noles tam ng agent per mllion noles
of fresh 30 ethylene feed, preferably fromO0.01 nole to 5 noles, and nore
preferably WO 97/ 19963

PCT/ US96/ 19199 97/19963 PAT/US96/19108r om
0.0% nole to 3 noles tam ng agent per mllion noles of fresh ethylene 2
feed. The term"fresh" ethylene feed is used to distinguish fromthe total
3 ethylene feed to the reaction zone, whiCh includes fresh, as well as
recycle 4 ethylene. 5 6 The catalyst used in the process of the present
i nvention contains a catalytic 7 anmpunt of chromum A "catalytic anmount”

as used her &i nffom 0,04 mate a3 molasdaming.agent pepailion moles ofifrashatbylene

General ly, bhe WAL & j . er  t.han about
0.1 weight gercfgénq' gasgB o*rﬁ}etsﬁeeﬁ{at a| cak%?%dt%%%ﬂ'ﬁgﬁ%h?labl y in
the range o8 f ethylensfaedtotheesagtionzone whichinciudestrésh, a%luelm%dle wei ght
percent, noge %hg‘%%gly in the range of fromabout 0.1 to 12 about 8

wei ght percent, st preferably in the range of from0.2 to 13 6

wei ght percént. The wei ght percent chromumis given as the elenent 14 15

Chrom um cogpoynds used in preparing the catalyst can be selected from 16
vari ous orggﬁi hecatalystyiseddn H@%ﬁseﬁ%rﬁwtm’wPEWMleﬂﬂﬁcm 17

of T 18t e pr S ob Efmlin® e Ryt inGite” ok Basa hfeitt ing iy, o°°°°
chrom um ofll y necessany {apalymenize ethylens. | Genargiy, dhe cbramiumokillttiel present in
Ch ot b ol g Sier 4 UFY) o b ol A TR 5.
are two prd0er maightppreferablydn tihé rangdof from aboutr0.1 weight percent chromium to
- 11 about 10 weight percent, more preferably in the range of from about 0.1 to
12 about 8 weight percent, and most preferably in the range of from 0.2 to
13 6 weight percent. The weight percent chromium is given as the element.
14 ' "
- 15 Chromium compounds used in preparing the catalyst can be selected from
* 16  various organic or inorganic forms of chromium. The preferréd chromium
17  compounds, which are used to prepare the catalysts for use in the process of
18 the present invention, are those which contain in addition to chromium, only
19 oxygen, and thermally degradable or volatile substituents, such és. for -
20 example, is the case with chromium acetate. Chromium compounds, such as
21 chromium acetate and chromium trioxide, are two preferred sources for the
22 chromium.
23
24 Titanium in the catalyst will be present in an amount sufficient to increase the
25 melt index ratio of the polymer produced. Generally, the titanium will be
26 present in an amount greater than about 0.1 weight percent based on the
27 total catalyst weight. Preferably, the titanium content of the catalyst is in the
28 range of from about 0.1 to about 10 weight percent, preferably in the range of
29 fromabout 0.1 to about 8 weight percent, and more preferably in the range of



23 24 Titaniumin the catalyst will be present in an anmpbunt sufficient to
I ncrease the 25 nelt index ratio of the polyner produced. Cenerally, the
titaniumwi || be 26 present in an anobunt greater than about 0.1 weight
percent based_on the 27 total catalyst weight. Preferably, pbgukéd@iusum
content of th&QYMPPst is in the 28 range of fromabout 0.1 to about 10
wei ght percent, preferably in the range of 29 fromabout 0.1 to about 8
wei ght percent, and nore preferably in the Jsange of WO 97/ 19963
PCT/ US96/ 19104 1 fromO0.2 to 6 weight percent. The wei ght percent
titaniumis given as the 2 elenent. Various titanium conpounds can be

34
used to prepaye . Fgﬂ%é b ; 'tf%?é'éﬂf‘hféﬁmﬁ h g ltHel e
titani um oxi g{es fgﬁi@@%@?ﬁ%ﬁ?t m er?'r gﬁng'?ﬁ%él?t e, 6 ti tanﬁﬁﬂﬁteg?rgetlg?hoxi de,
titani um n-teraglemeoki de, titaniumtetrai sopropoxide 7 titanium
tetra-n-butoxjde and titani umisobutoxi de. Excellent results have 8 been
obtained witiWtitaniumtetrai sopropoxide and it is preferred. 9 10 As

i ndi cat ed ab]gwﬁ,v?]ﬂodmlahwmm_ ﬁnwammmwemtawsts-sﬁulmél
attai nnent of_hi gher nelt ow ratio, using the tapmng.agent with a .

Ch ont um 12° SNt FaRPeURE Polde AN RGPS RICR S LTIt Apaioxide.
tam ng agent gQr iufh tdtraéind: i ' tr;bﬁ,ﬁm i tefisdpPopdiddd at i O
of high | oad ér)relttiél“ndgﬂei&l4 HLM&F%Q*_.%‘[G'[ 1ndexM(eﬁ/f'i)a?‘ml{/l‘+i and IjlﬁLoM in g/ 10
mn. .at 190[ &F r ] itanium tasra=n-butexide and titanium isobutexide,, Excellentivessitsfaayen. 1233

2I5;rhgzlg Egt ﬁeﬂ?%?’?éﬁ%@% %ﬁgﬂ%giu:‘)ﬁ R/“?rra’lesro%c n '%@iéﬂ%ﬁéaé?fdﬂ rBGy&Z u%gequent 19

conmpoundi ng, 9 he conpoundi ng conditions enployed are often sufficiently
10 As indicated above, an important aspect of the present invention is the
11  attainment of higher melt flow ratio, using the taming agent with a chromium
12 and titanium catalyst,. than would be achieved without the taming agent or
13 without the titaﬁium. Tha melt fiow ratio is the ratio of high load meit index
14  (HLMI) to melt index (Ml). MI and HLMI in g/110 min. at 190°C are determined
15 in accordance with ASTM method D-1238 65T using a weight of 2.16 kg and
16 21.6kg, respectively. '
17
18  Although the melt flow ratio of a polymer can be increased by subsequent
19 compounding, the compounding conditions employed are often sufficiently
20 severe that other properties of the resin are damaged during the process.
21 Low melt flow ratios usually translate into greater processing difficulty in blow
22 molding applications.
23
24  Preferably, the amount of taming agent, chromium and titanium employed is
25 sufficient to raise the melt flow ratio of the product off the reactor by at least
26 2 units, more preferably by at least 5 units, and most preferably by 8 units or
27 more compared to product obtained off the reactor without the taming agent
28 and titanium.
29



20 severe that other properties of the resin are damaged during the
process. 21 Lownelt flowratios usually translate into greater processing
difficulty in blow 22 nolding applications. 23 24 Preferably, the anmount
of tam ng agent, chromumand titaniumenployed is 25 sufficient to raise
the melt flowWPEPAMSHt the product off the reactor by at | eaBET/US6MA N s,
nore preferably by at least 5 units, and nost preferably by 8 units or 27
nore conpared to product obtained of f the Qﬁactor wi t hout the tam ng agent

28 and titanium 29 WO 97/ 19963

PCT/ US96/ 19104 1 The catal yst contains the foregoing netals on an
I norgani c refragtor xi.de sych as silica, silica alumna, zirconia,
thoria, etc.'Si ﬁ" V?!&PN*E'EE ml*?m@'"qmm P@ @n inergaicsafractory oxide,y

di vi ded si | |ga augll asllieal §i %h? (W nly

desi gnat ed as "952" silica 'Q?pggm'ﬁﬂ"%ﬁﬁ Preferab %ﬁ%@m

prepared by $npPeajaged,fgr example; inely ﬂlmlmavaﬂablnﬁrunma\tsm Ohemmd hi gh

surface areag b'ohrffa :W“mgﬁ 5 rr]F 8 for

sever al hours h "3 Ing the t'%t anlgﬁat%g%p?é#dgghg Bﬁatl ng in air or

9 other oxy@en containing gas at 800F to 1600[err]F. 10 11 Suitabl e

catal ysts c ernative rocedures for exanpl e, 12 a

cogel proce resﬁ‘é@?y'ﬁﬁgf%@s&)fs %g?rqdi dmwtméhgpemm@mmm base

13 after tie baal fire arvmaamaheuﬁaé@wmmeésﬁb rf%:ﬁh& i Wtwﬁher
cedur

in a cogel 14  procedure. | yst preparation es as
descri bed i rB U, for sexecal howgs, tI@r@:@@Qq\e titanium compound and ac'nvatmg in air or

9 other oxygen-containing gas at 800°F to 1600°F.
10
11 Suitable catalysts can be prepared by aiternative procedures, for example, by
12 acogel procedure where, instead of post-titanating the preferred silica base
13  after the base is formed, the titanium and silica are formed together in a cogel
14  procedure. |
15
16  Catalyst preparation procedures as described in U.S. Patent No. 3,622,521
17  can be used in preparing the chromium-titanium catalysts used in the process
18 of the present invention. The disclosure of the '521 patent is mcorporated
19 herein by reference.
20
21 The taming agent can be combined with the catalyst prior to reacting with the
22  olefin or the taming agent can be injected into the reaction vessel prior to or
23 with the introduction of ethylene. One preferred embodiment is to introduce
24 ' the taming agent in the recycle gas stream prior to the introduction of the
25 recycle gas into the reactor vessel. Preferably, the taming agent is added in
26  mixture with nitrogen, such as in an amount of 4 to 10% taming agent to 96 to
27  90% nitrogen. Another preferred embodiment is to adsorb the taming agent
28 onto the catalyst. Another preferred embodiment is to combine the taming
29 agent with a diluent such as isopentane prior to or with the introduction of
30 ethylene.



17 can be used in preparing the chromumtitanium catal ysts used.in the
process 18 of the present invention. The disclosure of the '521 patent is
i ncorporated 19 herein by reference. 20 21 The tam ng agent can be
conbined with the catalyst prior to reacting with the 22 Olpgd/uSePiordsne
tam ng agent %g’d’@’?:‘nj ected into the reaction vessel prior to or 35

t he si ntroduction of ethylene. One preferred enbodinent is to introduce 24
the tam ng agent in the recycle gas streamprior to the introduction of the
25 recycle gas into the reactor vessel. Preferably, the tam ng agent is
added in 26 mxture with nitrogen, such as in an amunt of 4 to 10%
tamng agent 40 96 to 27 90%nitrogen. Another preferred enbodinent is to
adsorb the tam ng agent 28 onto the catalyst. Another preferred

enbodi nent i 2 t oThe tdming adeatsbodldlbewech@amredum productivity ofithie as

| sopent ane prj or 42, of P Becddhiit) dr S BhiaRt Rthd Sl ¥ ST thieness s 1os oy
-7- 2  The t5iodisedpenunitWeight obest éatalystadded tbQﬁé'ﬁ&dlBﬁzBﬁQdFﬁi' vity

of the 3 catalyst. The productivity of the catalyst is the amount of

pol yet hyl ene 5 4 Wﬂcﬂ@dﬂﬁﬁv'ﬁ!rﬂfﬂhﬁxﬁﬂgww bﬁmsur@s!anwmwmndsot he

reacti on zon
measured in ?ern@%?ﬁzoun S 0 gigﬁbgﬂdﬂw%p%%ggggﬁkper our d| vi ded
by pounds of % r eintroduced tosthe rgactionczop@pestout t he reacti on zone per hour.
8 9 The prc&ess of the present invention is especially useful in

n

| mprovi ng contr ol In carrying out a polynerization process to produce
resins, such s ‘Dh@procb!ss ofitHecpregentdnvertionfis bmcidlymafmmdlrmrbehg control

I hyl h
gocgtegl iistenC eSJ ns. T e pr esent T'Eé'o rrggeesssstoepr 1? Ire m% ;&énasgm%%ent and

moldnng resins, ﬁlm resins, and other polyethylene resins. The present
12  process employing a taming agent and a catalyst containing chromium oxide
13  and titanium oxide produdes polymers having higher and more controllable
14  meit flow ratios.
15
16 The polymerization process can be carried out in various types of reactors.
17  Thus, a mechanically stirred reaction zone in a horizontal or vertical reactor
18 can be used or a fluidized bed in a vertically disposed reactor can be used.
19 Afluidized bed is preferred, such as described, for example, in U.S. Patent
20 No. 4,011,382, The bed of catalyst particles/polyethylene is fluidized by
21 upwardly flowing ethylene gas.
22
23 Temperatures and pressures used in the polymerization process of the
24 present invention are those sufficient for the polymerization of ethylene.
25 Generally, polymerization temperatures are in the range of from about 100°F
26 to about 250°F, preferably in the range of from 150°F to 250°F and more
27 preferably in the range of from 190°F to 230°F. Preferred pressures are
28 below 500 psig, more preferably between 100 and 500 psig, and still more
29 preferably between 150 and 400 psig, and most preferably between 250 and
30 350 psig.



13 and titani um oxi de produces pol yners havi ng hi gher and nore
controllable 14 nelt flowratios. 15 16 The polynerization process can
be carried out in various types of reactors. 17 Thus, a nechanically
stirred reaction zone in a horizontal or vertical reactor 18 can be used
or a fluidi zeWOB&P%h a vertically di sposed reactor can be URHUSIAY 5
fluidi zed bed is preferred, such as described, for exanple, in U S Patent
20 No. 4,011, 382. The bed of catal yst par&icles/polyethylene is fluidized
by 21 wupwardly flow ng ethylene gas. 227 23 Tenperatures and pressures
used in the polynerization process of the 24 present invention are those
-sufficient fﬁr the polynerization of ethylene. 25 Cenerally,

pol ymeri zati bn tenperatures are in the range of fromabout 100[err]F 26 to

about 250[ er2 ] Frhatedcamylanei p”refdﬁblyﬁﬁgh?ggfmeﬂ? CurlvBhiidrial brocesbesedr F and

nore 27 preferably in the range of from [err]F to 230[err]F. Preferred
pressures ard 2be emplexpdiopusity the efbylenp, suichiasdy passing:the ethylens thraugh psi g,
Dot ween 250 Andoate B SR Bxite b S Bide it Riciiar Wbyt Pr ol er bty
PCT/ US96/ 19184 hydrogenation catalyst or all three of thess, to remove impuritiés, such & The

feed ethyle preferabl y is, hi rified. Conyentional processes can 3
be enpl oyedn$o quwg?%ém&%éﬁ%ﬂoﬁg’“g@aﬂéfﬁw't% e?_ﬂ | ene t hrough
4 beds of cpppacetglende Oxygenaende rémoved dy wdalientaties eLipportéd¥dsper 5

hydr ogenati o cata))ést or, all three of these, to renove inpurities, such as

6 oxygen, cBirbEatalyst Carkan diexjde impurly can ramvaﬂbmaésinaéh%pshym 7
acetyl ene. yOIftoGgh abRd ctEBlE Salistic! 'FraicrBbly, thb et efiyRiNe donthif®RBE"

10  more than 1 ppm, more preferably less than 0.5 ppm, and most preferably

11 less than 0.05 ppm of the foregoing impurities.

12 .

13  The high purity ethylene preferably fed to the process of the present

14  invention can contain nitrogen, for example, 1 to 50 mole percent nitrogen,
15 more preferably 5 to 45 mole percent.

16

17 The ethylene can be polymerized to a homopolymer, or to a copolymer using
18 an alpha-olefin containing from 3 to 8 carbon atoms as a comonomer feed.
19 Preferred alpha-olefins comonomers are propylene, butene-1, pentene-1, and
20 hexene-1. When employed, preferred amounts of the comonomer feed are in
21 therange of from 0.01 to 10 mole percent of the total (fresh plus recycle)

22 ethylene feed, more preferably 0.1 to 3 mole percent of the total ethylene

23 feed, and most preferably 0.25 to 2 mole percent of the total ethylene feed.
24

25 The process of the present invention is especially useful as applied to blow
26 molding resin production, but is applicable for other end-use areas such as
27 film and pipe. For blow molding resin production, melt flow ratio for the resins
28 as produced off the reactor are generally in the range of from about 75 to

29 about 150 and are dependent upon the Melt Index and end use. Preferably,
30 the meit flow ratio is in the range of from 85 to 150, and most preferably



8 catalyst. Carbon dioxide inpurity can be renoved by passing the ethyl ene
9 through a bed of solid caustic. Preferably, the feed ethyl ene contains
no 10 nore than 1 ppm nore preferably less than 0.5 ppm and nost
preferably 11 |ess than 0.05 ppm of the foregoing inpuriti 3

The hi gh puri WO&/196Xxne preferably fed to the process of th§§3?3§§ﬁFk

I nvention can contain nitrogen, for exanple, 1 to 50 nole percent nitrogen,
15 nore preferably 5 to 45 nole percent. X5 17 The ethylene can be

pol ymeri zed to a honopol yner, or to a copolyner using 18 an alpha-olefin
containing from3 to 8 carbon atons as a conononer feed. 19 Preferred

al pha-ol efins,co oner s, ar o] - - 1.

hexene-1. Wheh eﬁg&fﬂmﬁ"ﬁ?@gf’r Mﬁ%@gﬁﬁt'ﬁ%mgo no%%‘n§2§;@t§€5a?% 21
the range of $rogFfoflabicut DOt WAL $I0; préferdbly fremitt & 076r esh pl us recycl e)
22 ethylene feed, nore preferably 0.1 to 3 nole percent of the total

ethyl ene 23 Beed, and nost preferably 0.25 to 2 nole percent of the total
ethyl ene feedy 24 25 The pro(E?@WlPlf_E$hNﬂ)F@%B MB'!EI!QE especially
useful as applied to blow 26 “moTdrng resrn production, but s applicable
for other endduse areas such as 27 filmand pipe. For blow nmolding resin
producti on, It Jflow rati IFR@‘E;‘}Q' : react or
are generall ;Tgi ﬁ'ﬁ@%’&%‘é‘%@%?@ﬁ?&%@ﬁ (r)e@a()%g’gﬁgggéh(ﬁgre
dependent upop t peoddsstof tnsipresentineentionsie asfokdves. dTie stafting materiakl t f | ow
ratio is in the range of from85 to 150, d_ nost preferabl

97/ 19963 8 commonly is a commercially available chromiun-siica é&l)}'ﬁ},@%ﬁé’l%\g 104

- 9- 1 bet wgen gBAMESrolibet avzilablrfidth Davison ChuniicalDivision’ of WC R, Gradend i s
in the range 2 of fromabout 0.1 to about 1.0 refer fromQ.1 t

0.75. 3 10 Co. Suitable silica supports include silica "952", avm?atglz from Davison. The
11 catalyst starting material preferably has a surface area between 200 and
12 500 m?/gm, for example, approximately 300 m’/gm and a pore volume
13 between about 1.0 and 2.0 cm®/gm, for example, approximately 1.6 cm¥gm.
14
45 The catalyst can be prepared at various chromium levels, preferably at ieast
16 0.4 weight percent, preferably between 0.7 and 2.0. For purpose of the
17 present procedure, preferably the catalyst is prepared to contain
18 approximately one weight percent chromium, for example, 0.8 to 1.2 waight
19 percent chromium. The chromium can be impregnated onto silica support
20 using various techniques, for example, chromium acetate can be impregnated"
21 onto finely divided silica support.
22
23  After impregnating the chromium component onto the catalyst support, the
24  resulting catalyst base is dried in a fluidized bed at about 200 to 400°F,
25 preferably approximately 250°F, for several hours, preferably approximately
26 4 hours in air, nitrogen, or a mixture of air and nitrogen.
27
28 Titanium compound is next added to the dried catalyst base. This can be
29 done in a variety of ways. The titanium compound can be added in various
30 forms, such as titanium ester compounds, preferably, titanium



4 EXAMPLES AND FURTHER DESCRIPTION 5 6 A preferred
catal yst preparation procedure for a catalyst for use in the 7 process of
the present invention is as follows. The starting material 8 conmmonly is
a comercially available chromumsilica catal yst, such as the 9 969M5
product avai W@PE96Hbm Davi son Chenical Division of W R GFREIAISY/IP04 g
Suit;able silica supports include silica "952", available from Davi son. The
11 catalyst starting nmaterial preferably s a surface area between 200
and 12 500 nferr]/gm for exanple, approxifately 300 nferr]/gmand a pore
vol ume 13 between about 1.0 and 2.0 cnferr]/gm for exanple, approximtely
1.6 cnferr]/gm 14 15 The catal yst can be prepared at various chrom um

| evel s, pref1era‘l§F'?‘3&Pf¢M . 15he gdrycatplysthaseqapde slussiedrin echydjogasbomen 0. 7
and 2.0. Forp Egﬁ@né and e tﬁdﬁﬁ%&wﬁ&%ﬂé@fﬂchr? catal yst

i s prepared to cont al n ely one wel ercen mum for
exanpl e, O. 8toe)¢araplae2@bm betltmmmtattalsnpmmmda cihbeslurmdwimdaodmns

i mpregnat ed pnt g, Si I u usi n vari Qus fe ues, exanpl e,
chrom um ace‘{)atg‘ia&ﬂ' ﬁ%&?ﬁ@@ ?%lfé'ﬂ?eaq Fg B’a 1186 por t .
22 23 Aftergi wmhﬂgﬁm;pmwn conmponent onto the catal yst support,
the 24 resulting catalyst base is dried in a fluidized bed at about 200 to

400F, 25 prﬁaferably approximately 250[err]F, for several hours, preferably

appr oxi mat el ML tﬁ% aﬁ% % f oL .
nitrogen. 27 28 e’#t ani d?nerﬁcizgsnpagétpoﬁe? ex&"ﬁ 3 t M%’%Jreia c’gt@gg%t
base. This dn 188°F9 Dryingsisicontinued umtil allof thechydrodarboniis removedeadthend can

be added i n ar us f or s, . suc i.um ester conpounds,
preferably, 9[ 31yst material lS@OGﬁ%@t@F& temperatlure. ot
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11 Next, the dried, titanium-impregnated catalyst is transferred to a fluidized bed
12 catalyst activator wherein the catalyst is subjected to initial heat treatment at
13 approximately 250°F under nitrogen, or a mixture of air and nitrogen.
14
15 After one hour, the ﬂuidizing gas is changed to air and the temperatures
16 programmed to rise to 1525°F at a rate of 100°F increase in temperature per
17  hour. When the temperature reaches 1525°F, the catalyst is held at this
18 temperature for 12 hours. Then the catalyst is cooled to 500°F. At S00°F,
19 the gas is changed to nitrogen and one hour later the catalyst is removed
20 from the activation step.
21
22 Because the catalysts are activated in the presence of oxygen at high
23 temperature, it will be understood that the chromium and titanium of the
24 catalyst are present in oxide form in the activated catalyst. However, the
25 oxidation state of the chromium and titanium can change during the ethylene
26 polymerization reaction. Also, it is believed that the chromium and titanium in
27 the catalyst are coordinated to at least some extent with each other, probably
28 through oxygen atoms, and that at least the chromium (and possibly the
29 titanium aiso) are coordinated with alkyl bonds and/or hydrogen bonds as
30 waell as oxygen bonds when the catalyst is in the active form in the ethylene



1 tetraisopropoxide. The dry catal yst base can be slurried in a
hydrocarbon, 2 such as isopentane, and then the titani um conpound added

toit. For exanpl e, 25 cnferr] of titaniumtetrai sopropoxide can be
slurried W|th 1 of catalyst base and the tenperatpk 'ﬁu.ﬁkﬁﬁ%”y
rai sed to appr‘gggﬁ& 93?; 113[err]F 5 and then held for one-half

7 Next, the solvent is evaporated by raising the tenperature to

appr oxi rrately 8 1 58[err]F. Drying is congiynued until all of the
hydrocarbon is renoved and then 9 the catalyst material is cooled to
anbient tenperature. 10 11 Next, the dried, titaniuminpregnated

tal yst t : | di ; - i
the catal yet o Boigiizalién rocels. T8 eiGht petcent ERfdMH qriFiiaKinbra i °
250[ err] F und2r inerein@sithe elementirather thanfasdthe campouond, supbras chirdmiuh® oxidbt er

one hour, the flui gtﬁ?‘f&?&a I's changed to air and the tenperatures 16
programred toSri & at a rate of 100[err]F increase in tenperature

per 17 hourg V\hen the tenperature reaches 1525[err] F, the catalyst is
held at this _18 nperature for 12 hour Then t he c4 is cooled to
500[err] F. At SOW'VTtFwefSQW% ysing; tae progadure indicat % SR wWeRe hour

later the catglysistbdid Soipindzatn &h@@tbh&mﬁﬁ?ﬂﬂr@%%ﬁi?ﬁ?ﬁ% fReause

the catal ysts are activ e presence of oxygen at
tenperature, 7t watdlystecontainediapproximately one parcent chromiumandfounpercéntt he 24

catal yst are re nt N t t he
25 OX|dat|ongst anigp. 8%%#8%@“5%%%@%%%%&%% %ﬂlﬁjg Fﬁ?&'
ethyl ene 26 9ol wubstantisliydike the fiuidiced Bed systerh ilkustratdd iaUeS. théntt he

chrom um and i-tmﬁgi n}ﬁ the catalyst are coordinated to at | east sone
extent with 11 bably 28 through oxygen atons, and that at

| east the chgem um (and possi bly the 29 titaniumalso) are coordi nated

wi th al kyl bonds and/or rogen bonds as 30 well as oxygen bonds when the
catalyst is il ththeTakl G%lefhln the ethyl ene

13

14 | Taming Agent is the taming agent and the amount employed in ug/g

15 polyethylene.

16

17 Ml is the melt index in g/10 min. at 190°C run according to ASTM method
18 D-1238 65T using a weight of 2.16 kg

19 | |

20 MFR is the melt flow ratio and is the ratio of high load melt index to melt

21 index. The high load melt index in g/10 min. at 190°C was determined
22 according to ASTM method D-1238 65T using a weight of 21.6 kg.
23
24 Productivity is Ibs polyethylene produced per Ib catalyst.
25
Table 1
Run Taming Agent Mi MFR Productivity
ug/g PE ibs PE/b Cat.

101 None 0.28 82 20,000+
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pol ymeri zati on process. The wei ght percent chrom um and titanium are given
2 herein as the el enent rather than as the conmpound, such as_chrom um
oxide 3 or WOPHMOGH oxide. 4 5 Catalysts were prepared R4
procgedure indicated above, and were 6 tested in polynerization runs at a
tenperature of from2l0[err]F to 220[err]F2The 7 catal ysts contai ned
approxi mately one percent chrom um and foG? ‘percent 8 titanium The test
reactions were conducted in gas phase in a fluidized bed, 9 substantially
like the fluidi %ég bed'i%iéemillustrated in U S. tent 10 _No.

4,011,382. 11 I'n Tabl e bel ow. 98% 14 T&&i ng AgefROPR {he taning
agent and the agyggnt ergpw/ed in [err] g/ gpo445 polygthylenegzpod® 17 M is
the nmelt index in g/10 mn. at 190[err]C run according to ASTM net hod 18
D- 1238 65T using a weight of 2.16 kg 19 20 MR is the nelt flowratio

and is the rati f hi g@:g} i ndex mel t i nde hi gh | oad
melt index in g? m n. P%‘}S)O??fé] C was '(eét“errri r'leéé 22 a)é1csc5 ng to ASTM
met hod D- 1238 6%05usi nOxygeniyBt of 21.6 @I9 23 246 Produt3, 889ty is Ibs

pol yet hyl ene pr ced r 1b alyst. 25
Table 1 %ﬂﬁ mqqa(ﬁg%nt 0'33M 100 MFR 12000 oquct i vi ty

[err]g/g PE | bs PE/I b Cat. 101
None . 0.28 82 20, 000+
107 Water 0.24 0.32 16,700
108 Water 0.45 0.36 106 10,000
108 Water 0.49 0.33 97 9,000
110 Water 0.70 0.75 106 6,500
111 Water 0.5-0.8 0.34 144 5,000
+ Oxygen 0.3
112 Ethanol 0.87 0.30 93 11,000
113 Ethanol 3.1 0.26 109 10,000
114 Ethanol 3.5 0.27 101 10,000
115 Ethyl Acetate 2.6 0.27 107 13,000
116 Water* 0.2-0.3 0.41 101 14,300
117 Water* 0.2-0.3 - 029 o8 19,600
118 Water* 0.3-0.4 0.43 107 12,000
119 Water* 0.4-0.5* 0.52 110 10,000
120 Water* 0.2-0.3 0.30 135 7,700
+ Oxygen 0.35
121 Water* 0.4-0.5 0.68 108 5,500

+ Oxygen 0.3
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-12- 102 None 0. 35 74 20, 000 103
None 0.41 74 33, 000 104 Oxygen 0.2-0.3
0. 34" 98 16, 000 105 Oxygen 0.3 0.1 6
13,300 106 WOX¥n 0. 35 0. 33 100 12, 8‘68”3”’"%7
Water 0.24 0. 32 98 16, 700 108 Water 0.45

0. 36 106 10,000 109 WAt er 0|349 0.33 97

9, 000 110 Water 0.70 0.75 106 6, 500 111
Water 0.5-0.8 0.34 144 5, 000 + Oxygen 0.3
112 Et hangl 0. 87 0. 30 93 11, 000 113 Et hanol
3.1 109 10, 000 114 Et hanol 3.5

0.27 1012 ‘Waiétéiﬁﬁrbedond:éfélyst Et hyI Acetate 2.6 0 27 107 .
13, 000 116 0.2-0 4, 300 117
Water* 0. 2-0. % ** Est 1@ from arggmt of waterﬁldgg@o catailyst and productmty values.

5 Theresults in the Table above indicate that polymerizations conducted in the
6 presence of a taming agent employing a chromium/titanium-containing
7  catalyst produced a higher melt flow ratio than those with no taming agent.



118 =~ Water* 0.3-0.4 - 0. 43 107 2, 000 119 Wat er *
0.4-0.5** 0.52 110 0 Water* 0.2-0.3

0. 30 135 7,700 ||“|“J ﬂ“iﬁﬁﬂs 121 Wt er *
0.4-0.5 0. 68 109 + Oxygen 0.3
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- 13- 2 Wat er adsorbed on catal yst 3 Esti mated from anmount of water

added to catal yst and productivity val ues 5 The results in the Table
above indicate that polynerizations conduc1t4€d in the 6 presence of a

tam ng agent enpl oyi ng a chromunititaniumcontaining 7 catalyst produced
a higher nelt flow r tio than %hose with no tam ng agent.

07/19963 1 'WHAT IS CLAIMED 15" BcT) USo6/ 19104
2
3 1 A polymerization process comprising contacting under polymerization
4 conditions a catalyst, a taming agent, ethylene and optionally an olefin
5 containing from 3 to 8 carbon atoms:
6
7 wherein the catalyst comprises chromium oxide, titanium oxide and an
8 inorganic refractory oxide; and
9
10 wherein the taming agent is selected from the group consisting of
" water, alcohols, aldehydes, ketones, esters, and organic acids and
12 mixtures thereof.
13
14 2 A process in accordance with Claim 1 wherein the taming agent is
15 present in an amount in the range of from about 0.01 mole to about
16 10 moles per million moles of fresh ethylene. '
17
18 3 A process in accordance with Claim 2 wherein the taming agent is
19 present in amount in the range of from 0.01 mole to 8 moles per million
20 moies of fresh ethylene.
21
2 4 A procass in accordance with Claim 3 wherein the taming agent is
23 present in an amount in the range of from 0.01 mole to 5 moles per
24 million moles of fresh ethylene.
25
26 5 A process in accordance with Claim 1 wherein the taming agent is
27 water, an alcohol, or an ester. '
28
23 6 A process in accordance with Claim 5 wherein the taming agent is
30 water, ethanol, or ethyl acetate.



- 14- 1 WHAT IS CLAIMED IS: 2—3—1.__ A polynerization process
conprising contacting under polynerization 4 - . conditions a

catalyst, a tam ng agent, ethylen ""Hy'”)", an olefin 5
contiaining from3 to 8 carbon at ohds I ﬂ wherein .t%lﬁ?é@rbiﬁ

conprises chr MPAMBY de, titani um oxfde ad an = i nor gani ¢
refractory oxide; and 9 10 wherein the tam ng agent is selected
fromthe group consisting of 11 wajgr, al cohols, aldehydes,

ket ones, esters, and organic acids and 12 m xtures thereof. 13
14 2. A process in accordance with Claim1l wherein the tam ng agent is
15 pr,‘asent in an amount in the range of fromabout 0.01 nole to
about 16 10 noles per mllion noles of fresh ethylene. 17 18 3.

A process in zccwqanAﬁamé' 83 iflatConda ! Mgng?hmrﬁmrégnm?mmhgemﬁi?_ 20
present in anpunt in the range, o ro .01 nole to, 8 nples per nmillion
nol es of fresh ethyl eﬁ@?tadsa%"@z&e&?taq}skpﬁpbt?e%@t@wwm ﬁ'&M@Gew' th daim3
wherein the tgmng agent is 23 present in an anmount in the range of
fromO0.01 nole to 5 noles per mllion noles of fresh ethyl ene.

24
25 26 5. A prB8cessAipioeassdn aserrdange wittiClaim 1 whersiaithe melt flownatig ofithent
s 27 wat er, I k rocess in
accordance Wi?h d ai nﬁﬁymﬁ@?r?'?ﬂé@ﬁﬁg‘%%ﬁ?#@%?smw water,

et hanol, or efhyl acetate.
8 9 A process in accordance with Claim 4 wherein the taming agent is -

9 present in amount sufficient to increase the melt flow ratio by at least
10 2 units compared to a polymer prepared under the same conditions
1 without the taming agent. "
12
13 10. A process in accordance with Claim 1 wherein the chromium content of
14 the catalyst is greater than about 0.1 weight percént based on the total
15 catalyst weight.
16
17 11. A process in accordance with Claim 10 wherein the chromium content
18 of the catalyst is in the range of from about 0.1 to about 10 weight
19 percent based on the total catalyst weight.
20
21  12. Aprocess in accordance with Claim 10 wherein the amount of titanium
22 is greater than about 0.1 weight percent based on the total catalyst
23 weight.
24
25 13. Aprocess in accordance with Claim 12 wherein the amount of titanium
26 is in the range of from about 0.1 to about 10 weight percent based on
27 the total catalyst weight.
28

29 14. Aprocess in accordance with Claim 12 wherein the inorganic
30 refractory oxide is silica.
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process in accordance with C ai mHlMﬁm['muﬂM] ing agent is 3
contacted with the catal yst prior th et hyl ene. 4 8.

A process i n"YX8MAnce with Caim 1 whéreln the nelt flow PEILS%H P"t‘he 6
pol yet hyl ene produced is in the range of from85 to 150. 7 8 9. A

2 7.

process in accordance with Claim4 whereindhe tam ng agent is 9

present in anobunt sufficient to increase TTe nelt flow ratio by at |east
10 2 units conpared to a polymer prepared under the sane conditions
11 w,t hout the tam ng agent 12 13 10. A process in accordance
with Caim 1 wherein the chromiumcontent of 14 the catalyst is
greater thap abgut érdéggg derdaite t\pgprb%@enen

catal yst wei gh?(SJ 1% 17 ma A proce\ggﬁl%"g?gr ance %P’n‘?sz‘
wherein the3chroni um content of the catalyst is in the range of

catal yst wenght'™ 26‘%%“%&@ iy BRI 8 PR o m 10

wher ei n t heSamount cbrionbmer contaltiing 3 to B carb@ Slohw is st palpnsiizéd. 1 Vel ght
percent basgd on the total catalyst 23 weight. 24 25 13.
process in dccordance with Claim 12 wherein the anount of titanium 26

I's in the rangeyof wmwa&oiddmahmmmwrs&?bmnﬁéeg iéh

the total catalyst weight, 28 29 14. A process in accordance wth C a| m
12 wherei n 8he i nor utene-Lor hexene-1 apd ispresent inancamountdn the-cange of from

9 0.01 to 10 mole percent of the total ethylens.
10
11 18.  Aprocess in accordance with Claim 1 wherein the polymerization
12 conditions include a temperature in the range of from 100°F to 250°F
13 and a pressure in the range of from 100 and 500 psig.
14
15 19. A process in accordance with Claim 18 wherein the polymerization is
16 carried out under gas phase polymerization conditions in a fluidized

17 bed of catalyst and polyethylene.
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A process in accordance with Caim1 wherein an al pha- ol egRPR2
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(57) Abstract

A polymerization process is provided comprising contacting under polymerization conditions a catalyst, a taming agent, ethylene and
optionally a comonomer, wherein the catalyst comprises chromium oxide, titanium oxide and an inorganic refractory oxide, wherein the
taming agent is selected from the group consisting of water, alcohols, aldehydes, ketones, esters, and organic acids and mixtures thereof.
The process is especially suited for polymerizing ethylene resins suitable for blow molding use.




