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SLURRY PCLYWERI ZATI ON PROCESS This invention relates to the
copol yneri zati on of mono-1-ol efin nononers, such as ethylene, with _,.'-)cﬂﬁgrgyi}/
one hi gher al pha-ol efin conononer. It is well known that

nono-1 -ol efins, such as ethylene, can be polynerized with catal yst systens
enpleyi ng vanadi um chrom um or other netals on supports such as al um na,
silica, alum nophosphate, titania, zirconija, magnesia and other refractory

nomopol yrers of i hyl ene. - SEUKIY PR PR " I TR Y
appl [ cat i ons requi red PehuRIGAA YIS IR dopBIRfrifRDh VAR LBREnet Ny ene
tly, po evelo

honmopol yners. Consequen ymers were ped having short chain
branchi ng, |i keonbiversysuch 4s exhxylimec withest leasdomealiigher|ajpherdlefod candnomene

R gher ai pha- "ol ef Pns. wit BRHCRETEIHE: PHurT 2 T &t AYIRE B8 35 ovi de
r e% Ins tail or gdlybfarisee With! ta®el syt enlplofifg RRAAATRE, SchrotiRing) (o GRfE fetdl9 Make
suth pol yners;; were inproved 1n order to nore efficiently incorporate
cononomer’s i noo sipportsoiughes alupina, silica, aluminophosphate, titania, zirconia, magnesia
and other refractory metals, Initially, such catalyst systems were used to form
primarily homopolymers of ethylene. It soon developed, however, that many
applications required polymers having more impact resistance than ethylene
homopolymers. Consequently, polymers were developed having short chain
- branching, like the more flexible free radical polymerized ethylene polymers, by
adding comonomers such as propylene, butene, hexene and other higher alpha-
olefins which were copolymerized with ethylene to provide resins tailored to
- specific end uses. These polymers, and processes to make such polymers, were
‘E}proved in order to more efficiently incorporate comonomers into the polymer to
pr:;‘duce linear, low-density copolymers having high impact resistance, especially
when made into films.

Unfortunately, during polymerization processes to produce these
improved copolymers, the heat transfer coefficient of the polymerization reactor can
be severely reduced. Loss, or decrease, of the heat transfer coefficient can resutt' in
a loss Of cooling efficiency of the reactor. During the polymerization reaction,
polymer product can coat, or plate out on, the reactor walls and start fouling

. conditions in the reactor. This coating phenomenon can cause a loss of cooling
efficiency, which is indicated by a decrease of the heat transfer coefficient in the
reactor. A significant loss of reactor cooling efficiency creates polynier production
limits on the reactor. Generally, once fouling conditions begin, such conditions are
very difficult to reverse and fouling continues at an ever increasing rate.
Eventually, the reactor can enter a condition known as “full foul”, which can result
when a significant build-up of polymer plates out on the reactor walls. In fact,
fouling conditions can be so bad that the entire reactor can become completely

plugged with solid polymer. Correction of such types of foul conditions usually
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produce linear, |owdensity copolynmers having high i npact Tesistance;
especially when nmade into fil ns. Unfortunately, during

pol ymeri zati on processes to produce these inproved copol tH 1 Repdeced
transfer coefficient of the polynerization reactor can be ﬂ, ed.
Loss, or decrease, of the heat transfer coefficient can r s of
cooling efficiency of the reactor. Duri gg t he pol ynerization reaction, *
pol ymer product can coat, or plate out 6n, the reactor walls and start
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conpl etel y penskitens apdican dwproye ths speting effisionsy of &h¢ msectefuch types of foul
C:O‘nd' tions usually  §A49BesisdB& 44 provide a polymerization process which can produce

copolymers of ethylene and one or more higher alpha-olefins that have high impact
resistance and toughness.

It is particular object of this invention to provide a process to “shock"
a polymerization reactor, by employing "shock” polymerization conditions which

require temporarily decreasing the comonomer to ethylene monomer weight feed
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ratio to halt and even reverse reactor fouling conditions.

In accordance with this invention, a slurry polymerization processes is
provided which comprises contacting in a reaction zone under polymerization
conditions, at a temperature in a range of from about 60° to 88°C,

a) a paraffin, cycloparaffin, or aromatic hydrocarbon diluent;

b) ethylene monomer;

¢) a higher alpha-olefin comonomer having from about 3 to about 8
carbon atoms per molecule;

d) an alkyl aluminum and/or alkyl boron compound and;

€) a catalyst system comprising chromium supported on a
silica-titania support wherein the support comprises from about 2 to about 20 weight
percent titanium, based on the weight of the support, and wherein the catalyst
system has been activated in an oxygen-containing ambient and subsequently
reduced in the presence of carbon monoxide; and

wherein the higher alpha-olefin comonomer to ethylene monomer

i weight feed ratio is temporarily reduced and then increased.

| Preferably the pdlymerization process consists essentially of said
contacting wherein the higher alpha-olefin comonomer is selected from the group
consisting of 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene, and

mixtures of two or more thereof.
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requires a conplete shut-down of the reactor and cleaning of the reactor

wal I's. A reactor shut-down to correct fouling conditions can take up to
sever al days, depending on the severity of the fouling, and can result in a
significant |oss of polynmer production and can have a serious detrinental
econeni ¢ inpact. Ceaning the reactor walls can restore the heat transfer
coefficient to original operating conditions and can inprove the cooling

ef ficiency of the reactor. "It is desirable to provide a

pol ymeri zati on process which G -_gdu'enc--oj,ners_of et hyl ene and one or
nor e hi gher al pha- ol efins that=ftave HEE T B I3¥ang tance and toughness.

It is particular obj eCFx%i‘estf'b.ﬂii ZBHWEHeOébrie!htiBﬁ%‘f'hﬁlﬁ tnBfeP 66Fhcibt toShock” a
pol ymeri zation reactor y enpl oyi ng "shock"” polynerization conditions

whi ch requi r &meardol- B?’Wl? ca@enmutngthymemme\rexgh@ feedirptie te timenoner

wei ght feed T V, ea oul | t.i ons.
I'n accordancg%whgﬁﬁ% I |°nf/}§ hﬁﬁ sllielgﬁﬁf’yf ﬁgc@%eﬂi? ‘%?%‘3%82124?%
provi ded whi chowothat & deese it gﬁf l-h&cekbw c@m%%ﬁﬁérl 0 %ﬂ@%ﬁ@ nhistdBder BoddywWBighzat i on
t t enper at ure bel ow about err
conditions, ?auoamcrerarsped e reactor heat transfer coefﬁci.lent om about 195 btu/°F/hr/ft’ to a
preferred, higher value, up to nearly 220 btw°F/hr/fi>. Figure 2 demonstrates a

similar response on Day 20 from about hours 7 to 12, wherein the 1-hexene

comonomer to ethylene monomer feed weight ratio was quickly decreased and the
reactor heat transfer coefficient recovered from about 195 btu/°F/hr/ft* to about 210
btu/°F/hr/f,

Figure 3, again, shows the correlation of reactor heat transfer
coefficient to time and 1-hexene comonomer to ethylene monomer weight feed ratio
to time during a second olefin polymerization run, Figure 3 also shows that a
decrease in the 1-hexene comonomer to ethylene monomer feed weight ratio
increases the reactor heat transfer coefficient to a preferred, higher value, as shown
drastically on Day 17, where the reactor heat transfer coefficient increased from
about 125 btw/°F/hr/ft” to about 210 btu/°F/hr/f2. A lesser change is also shown on
Day 21 where the reactor heat transfer coefficient was increased from about 195 -
btu/°F/he/ft to about 210 btu/°F/hr/ft%.

As used.in this disclosure, the term “polymer” and “copolymer” are
used interchangeably, and both terms include the product of polymerizing ethylene
and a higher alpha-olefin comonomer including, but not limited to, 1-butene,
1-pentene, 1-hexene, 1-octene, and/or 4-methyl-1-pentene. |

Catalyst Systems

Catalyst systems used in this invention must be supported chromium
catalyst systems. The chromium catalyst systems of this invention comprise
chromium supported on a silica-titania support. The catalyst support must be a
silica-titania support. As used in this disclosure, the term "support" refers to a
carrier for another catalytié component. However, by no means is a support
necessarily an inert material; it is possible that a support can contribute to catalytic

activity and selectivity. Further, as used in this application, reference to silica



a) a paraffin, cycloparaffin, or aromatic hydrocarbon dil uent;

b) ethyl ene nononer; c) a higher al pha- mm&ammgﬁg
having from about 3 to about 8 carbon atomnms per nol ecul}fl o d)
an al kyl al um num and/ or al kyl boron conpound and,; | l,uu’u'mm,a
catal yst system conprising chrom um supported on a silica- pport

wherein the support conprises fromabout 2 to about 20 wei ght percent
titanium based on the weight of the suppdrt, and wherein the catalyst
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presence of carbon nonoxi de so as to effect at least a partial reduction of
the hexaval e#itcopifs ommixtures taerpafnefor jnstange, the silia-containing material capitepsistn t he
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and oxide. Other ingredients which do not adversely affect the catalyst system, or

which are present to produce some unrelated result, can also be.present. Preferably,
the support contains from about 2 to about 20 weight percent titanium (Ti), based
on the total weight of the dry support. Most preferably, the support contains 3 to 6
weight percent titanium, in order to produce a polymer with the most desirable
physical properties. Silica-titania supports are well know in the art and can be
produced as disclosed in Dietz, U.S. Pat. No. 3,887,494, the disclosure of which is
hereby incorporated by reference.

The catalyst component of the catalyst system must be a chromium
compound. The chromium component can be combined with the silica-titania
support component in any manner known in the art, such as for example, forming a
coprecipitated tergel of the silica, titanium, and chromium components.
Alternatively, an.aqueous solution of a water-soluble chromium component can be
added to a hydrogel of the silica-titanium component.. Suitable water-soluble
chromium compounds include, but are not limited to, chromium nitrate, chromium
acetate, and chromium trioxide. Alternatively, a solution of a hydrocarbon-sbluble
chromium component such as tertiary butyl chromate, a diarene chromium
compound, biscyclopentadietyl chromium(II) or chromium acetylacetonate can be
used to impregnate the silica-titania xerogel which results from removal of water
from the cogel. The most preferred support is a cogelled silica/titania support in
order to produce a polymer with the desired physical characteristics.

The chromium component is used in an amount sufficient to give
from about 0.05 to about 5, preferably 0.5 to 2, weight percent chromium, based on
the total weight of the chromium and support after activation.

The resulting chromium component on the silica-titania support is
then subjected to activation in an oxygen-containing ambient in any manner
conventionally used in the art. Because of economy and ease of use, the preferred

oxygen-containing ambient is air, preferably dry air. The activation is carried out at
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- 2a - wherein the polynerizati on conditions—include —
tenporarily reducing the higher al pha-olefin conononer to ethyl ene nononer

wei ght feed ratio by about 15 to about 75 percent of AbF et Ha Replagpd
conditions for a time within a range of about a few m nug 15
hours and then returning to normal polynerization condi

Preferably the pol ynerization process consists essentially of sal
contacting wherein the higher al pha-ol efin cononomer is selected fromthe

group consi sti f, 1- but ene,.. 1-pentene,.l-hexe 1- octen

A et hyl - - YA SRBeTARRT fprabok ORI TBHCY B FReferibly about 2 to

-3- about 10 hours at a temper@eSkittIR e +aRké 8Nalut BO® for BBLNLFD0°C,
preferably about 300° to about 800°C, and most preferably within a range of 600°

to 700°C. Under these activation, or calcination, procedure conditions, at least a
substantial portion of any chromium in a lower valent state is converted to the
hexavalent state. - _

The resulting calcine&, supported catalyst component is cooled and
then subjected to at least a partial reduction of the hexavalent chromium to a lower
valent state prior to combining with a cocatalyst. The reducing agent must be
carbon monoxide in order to effectively incorporate a comonomer into the
copolymer. If a reducing agent other than carbon monoxide is used catélyst system
activity can be decreased and/or higher amounts of comonomer can be needed in the
reaction zone to achieve similar amounts of comonomer incorporation into the
resultant copolymer. Generally, the calcined catalyst is directly subjected to the
reducing agent, although intervening steps may be employed, if desired.

The carbon monoxide reduction process can be employed at
temperatures between about 300° to about 500°C, although it is preferably employed
at temperatures in a range of 350° to 450°C for best chromium reduction. The
partial pressure of the reducing gas in the reduction operation can be varied from-
sub-atmospheric pressures to relatively high pressure, but the simplest reducing
operation is to utilize about 5 to about 25 volume percent carbon monoxide, diluted
with nitrogen, at about atmospheric pressure.

The reduction time can vary from a few minutes to several hours or
more. The extent of the reduction can be followed by visual inspection of catalyst
color. The color of the initial activated catalyst is generally orange, indicating the
presence of hexavalent chromium. The color of the reduced catalyst system
employed in the invention is blue, indicating that all or substantially all of the initial
hexavalent chromium has been reduced to lower oxidation states, generally the
divalent state.

The course of the reduction of the air-activated orange catalyst with
carbon monoxide can be determined exactly by pulse titration. A known amount of

carbon monoxide is added per pulse and the amount of evolved carbon dioxide is
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Figures 1 and 2 show the correlation of heat transfer coefficient to tine
and 1- hexene conononer to ethyl ene nononer weight feed ratio to tinme during
an ol efin polynerization run. Figure 1, on Day 2 fromabout 8 to 12 hours,
shows that a decrease in the 1-hexene cononomer to ethyl ene nononer feed
wei ght ratio increased the reactor heat transfer coefficient from about 195
btu/[err]F/ hr/ft[err] to a preferred, higher value, up to nearly 220
btu/[err]F/hr/ft[err]. Figure 2 denonstrates a sinilar response on Day 20

from about h t ' H&@% it
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reactor heat transfer coefficient t Coreferred  higher val ue, as shown
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increased framogens fldshoolicdftof middokide! A& rthik flushinp dehtmehf) the catalyst
btu/[err]F/ hr/ft[err]. A lesser change is also shown on Day 21 where the

react or heat systesm i kapt eway fiont eontachaathi eitherreducing onaxidizing agegl, ie.,

btu/[err]F/h t].J 210 btu/[err]F/ hr/ft[err]. As
used in thi s%ﬁé‘iﬁ{?&h@é‘?a@ﬁ%@m "pol ynmer" and "copolyner" are used
i nterchangeably, and bChtalysesystensuf!thig envehtiond fmdetiss usell 1 @bjuB¢tionl With a

et hyl ene and a hi gher_ al pha-ol efin conononer including, but not limted to,
1- but ene, cocatalyst. Suitable cocatalysts include aluminum alkyls, boron alkyls, and mixtures

thereof. These cocatalysts can decrease density and sometimes increase the melt
flow characteristics of the resultant polymer. Suitable aluminum alkyls include -
AIR,, wherein R is a hydrocarbyl radical having from about 1 to about 12,
preferably from 1 to 10, carbon atoms per radical. Halide-containing cocatalysts are
not as preferable because halide-containing cocatalysts can result in less efficient in-
situ production of a comonomer. Triethylaluminum cocatalyst is a particularly
suitable aluminum alkyl cocatalyst.

Exemplary alkylboron compounds include, but.are not limited to, -
trialkyl boron compounds, particularly tri-n-butylborane, tripropylborane, and
triethylborane (TEB). Other suitable boron compounds include trihydrocarbyl boron
compounds broadly; triaryl boron compounds, such as, for example,
triphenylborane; and boron alkoxides, such as, for example, B(C,H;),(OC,Hj).
Halogenated alkyl boron compounds, such as, for example, B(C,H,)Cl,, can be used
as cocatalysts but are not as preferred for reasons given above.

Preferably, the cocatalyst is a triatkyl boron compound, wherein the
alkyl group has from about 1 to about 10 carbon atoms and preferably from 2 to 4
carbon atoms per alkyl group. Trialky!l boron compounds are preferred cocatalysts
because these compounds are effective agents to improve polymer properties, such
as, for example, to reduce melt flow and to retard polymer swelling during
polymerization. By far, the most preferred alkylboron cocatalyst is triethyl borane,

for the reasons given above.
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the mass of diluent in the reactor. Preferably, cocatalyst is used in an amount
within a range of 0.5 to 12 mg/kg, and most preferably within a range of 0.5 to 6
mg/kg, for cost effectivéness and best resultant polymer properties.
Reactants

Polymers produced according to this invention must be copolymers.
This inventive process is of particular applicability in producing copolymers of
ethylene and higher alpha-olefins. Ethylene monomer must be polymerized with at
least one higher alpha-olefin comonomer having from about 3 to about 10 carbon
atoms per molecule. Preferably, the higher alpha-olefin comonomer is selected
from the group consisting of 1-butene, 1-pentene, 1-hexene, 1-oct;ene,
4-methyl-1-pentene, and mixture thereof. Ethylene monomer is the necessary

monomer due to the advantageous physical properties of the resultant copolymer.

" Most preferably, the comonomer is 1-butene and/or 1-hexene, to achieve maximum

polymer toughness.

The contents of a polymerization reactor can be determined by a
variety of different methods. One method is to measure the amount of each reactant
actually fed to the reactor. A second method is to sample the flash gas at a reactor
outlet and then analyze the flash gas sample for reactant quantities. Due to reactor
operating conditions, it is very unsafe and nearly impossible to sample the actual
contents of the reactor. Usually, during a commercial polymerization process, a
flash gas sample is used to determine reactor comonomer and monomer
concentrations.

The total comonomer to monomer weight ratio added to the
polymerization reactor, or reaction zone, during normal polymerization conditions '
can vary greatly. As used in this disclosure, "normal" polymerization conditions are
those which are used most often for polymerization. The amount of comonomer
content in the reactor feed includes comonomer which is added fresh to the reactor

and comonomer which is recycled back into the reactor after recovery of the
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oxi de. O her ingredients which do not adversely affect the catal yst system
or which are present to produce sone unrelated result, can also be present.
Pref-erably, the support contains fromabout 2 to about 20 wei ght percent
titanium (Ti), based on the total weight of the dry support. Mbst
preferably, the support contains 3 to 6 weight percent titanium in order
to produce a polyner with the nost deS|r§bIe physi cal properties.
Silica-titania supports are well know i h®t"he art and can be produced as
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an anount sufficient to give L
While not wishing to be bound by theory, it is believed that

additional comonomers, as disclosed earlier, can be generated in-situ in the

polymerization reactor, or the reaction zone, as disclosed in U.S. Pat. No. 4,820,785
(McDaniel et al, 1988), the entirety of which is herein incorporated by reference.
However, the amount of comonomer generated in-situ can be difficult to quantify.
Since more than one comonomer can be generated in-situ, the resultant copolymer
product can have more than one comonomer incorporated into the copolymer.
Polymerization

Polymerization of the monomer and comonomer must be carried out
under slurry, also known as loop/slurry or particle form, polymerization conditions
wherein the temperature is kept below the temperature at which polymer swells
significantly. The slurry polymerization process is relatively simple, compared to
other polymerization processes and the polymer product can be recovered much
more easily. Such polymerization techniques are well-known in the art and are
disclosed, for instance, in Norwood, U.S. Pat. No. 3,248,179, the disclosure of
which is hereby incorpbra:ted by reference. Two sets of polymerization reactor
conditions are utilized during the practice of this invention. The main difference
between these two sets of conditions is the utilization of two different comonomer
to ethylene monomer weight feed ratios. The first set of conditions, as stated
earlier, is referred to as "normal" polymerization conditions. The second set of
conditions is referred to in this disclosure as "shock" conditions. As used in this

disclosure, the term "weight feed ratio" is interchangeable with "feed ratio” and both



from about 0.05 to about 5, preferably 0.5 to 2, weight percent—chrom um
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supported catal yst conponent is cool ed
is the most preferred diluent due to low cost and ease of use.

The temperature of the polymerization reactor, or reaction zone, when

using isobutane as the reactor diluent, according to this invention, is critical and
must be kept below 88°C, preferably within a range of about 60°C (140°F) to about
88°C (190°F), and more preferably within a range of about 70°C (158°F) to about
85°C (185°F). Most preferably, the reaction zone temperature is within a range of
76°C (170°F) to 82°C (180°F). Although higher reactor temperatures can be used,
operating outside of the specified temperature ranges can cause the copolymer to

swell and the reactor to foul irreversibly.

Pressures in the slutry process can vary from about 110 to about 700
psia (0.76-4.8 MPa) or higher. The catalyst system is kept in suspension and is

contacted with the monomer and comonomer(s) at sufficient pressure to maintain

the medium and at least a portion of the monomer and comonomer(s) in the liquid

phase. The medium and temperature are thus selected such that the copolymer is
produced as solid particles and is recovered in that form. Catalyst system

concentrations in the reactor can be such that the catalyst system content ranges

from 0.001 to about 1 weight percent based on the weight of the reactor contents.

Two preferred polymerization methods for the slurry process are
those employing a loop reactor of the type disclosed in Norwood and those utilizing
a plurality of stirred reactors either in series, parallel or combinations thereof

wherein the reaction conditions can be the same or different in the different

reactors. For instance, in a series of reactors, a chromium catalyst system which has
not been subjected to the reduction step can be utilized either before or after the

reactor utilizing the catalyst system of this invention. In another specific instance, a

conventional chromium oxide catalyst system can be utilized in a reactor in parallel

with a reactor utilizing the catalyst system of this invention and the resulting

polymerization diluents can be combined prior to recovering copolymer.
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then subjected to at least a partial reduction of the hexaval ent chrom um
to a |lower valent state prior to conbining wwth a cocatal yst. The reduci ng
agerit nmust be carbon nonoxide in order to effectively incorporate a
conononer into the copolyner. If a reducing agent other than carbon

nonaxi de i s used catal yst systemactivity can be decreased and/ or higher
anounts of conononer can be needed in thg, reaction zone to achieve simlar
anounts of conononer incorporation into the resultant copolymer. CGenerally,
t he cal ci ned catal yst 4 | ke ' e | . al t hough
I nterveni ng steps may ge @%ﬁ%&e@?bﬁ%@eiﬁggﬁ&p%999&&6%@%?%8@% bon
nmonoxi de r edpghnoknowroineths atancibss sdjmdting ekl teimpeeapre ofithe wactivat zomen about
300[err] to a%out 500[err] C, . although it is preferably egﬁxggﬁed at

t enper at ur es (Fghex teraprIatus g¥ing lowermolecylan weight), HEQHung o RAQWES on.

The parti al ' ' v on operation can be
A 1o BESCHE R el SOYEL 98, A bl hpfar D07

varied from sub- at ati1ve gh pressure, but the
si npl est reduci ng oper The catalyst systems cddatatyss hmeoronter andademaenof®r ¢ bere

peLcent T DRI ) LILGH A O L0950 0% SO0 BLRRTRL N,
several hour FoPExdMHIe- thd BRaGH §REmO bodabifyst GHMTne NaridecdniRofet LaVES by

visual inspection of catalyst Color. The color of the initial activated
catal yst is e¢ddedrsimulfansoushyyéo themehction zong. t Halepirask éheceatalyst gpstem andnt

“nvent i on 1 TR cffty R eraAdd i 3P A ST T SRy RAER 4F Bt ¢

Pﬁ)e( a\é ?Lg Inte ] tcbié;?gi; ?ﬁl&ﬁﬁn&e%ﬂfe%ﬁ%ﬂaﬁ&cdcﬁ%&t grei flédonfabted| &f disclogg@nsr al |y
McDaniel et al in U.S. Pat. No. 4,735,931, herein incorporated by reference, some
comonomer can be generated in-situ; therefore, the amount of comonomer that is
affirmatively added to the reaction zone can be reduced, but still remain within the

ranges disclosed above.

OO

During normal polymerization conditions, when making a polymer
within a density range of about 0.918 to about 0.925 g/cc, the comonomer to
ethylene monomer weight ratio, as stated- earlier, generally is within a range of
about 0.03 to about 0.4 and generally within a range of about 0.03 to about 0.15.
However, this feed weight ratio can vary depending on the type of polymer desired.
Expressed in different terms, the comonomer to ethylene monomer feed ratio points
generally are within a range of about 3 to about 40 and generally within a range of
about 2 to about 15,

The comonomer to ethylene monomer weight ratio during shock
reactor conditions can be decreased by an amount up to about 1 to about 10 ratio
points lower than the normal, or initial, reactor operating conditions. For example,
if the normal reactor comonomer to ethylene monomer feed weight ratio is 13, then
the shock feed ratio conditions can be within a range of aboﬁt 11 to about 3.
Preferably, the comonomer to ethylene monomer feed weight ratio is decreased by
about 2 to about 7 ratio points and most preferably decreased by 3 to 5 ratio points,
in order to reverse the loss of heat transfer. Too much of a decrease in the
comonomer to ethylene feed weight ratio can result in a change in the resultant

polymer density and other physical properties. Too little change can result in



The course of the reduction of the air-activated orange—catalyst—with

carbon nonoxi de can be determ ned exactly by pul se t| '

‘ n
anount of carbon nonoxide is added per pul se and the ap i ﬁm§W
i Ul esent

carbon dioxide is

measured. When reduction is conplete only carbon nonox

and the catal yst systemis blue in col Qry. _The reduced bl ue catal yst system
can be titrated with pul ses of oxygen to convert the catalyst systemto the
ori gi nal _or e kvl everstl 611X bIIJIAR chfoiGiR7PI QiR unBipnaRAIN ciiiget dent
in the off gas. ter Teduction, the reduce supported :

cat al yst sysﬂlerfeedswggbﬂxadotrcsuhbuualmom ctangenatharrmctoe fgashgbbut 25[err]C,
in an inert atnmosphere such as argon or nitrogen to flush out carbon

nonoxi de. Af‘f°é‘f‘p°§ﬁ%°§‘fl ushing treatment, the catal yst systemis kept away
fromcontact with eit f&(ock@@ﬂéfdr@@n&ﬁo%ﬂi Zin'te REAAd 8s a lloweringCartBON

nonoxi de and oxygen. Cat al yst systens of this invention nust
be used in cemaneser ¢ ethylene monomer weight feed ratxo by about 15 to about 75 percent,

preferably lowering the weight feed ratio by about 15 to about 60 percent. Most

preferably, the comonomer to ethylene monomer weight feed ratio is lowered by -
two to 40 percent in order to have the minimal or no change in the flash gas
composition and minimal or no change in the copolymer properties and
characteristics.

Generally, duration of shock reactor conditions can last for a few
minutes up to about 15 hours, preferably for about 1 hour to about 6 hours, and
most preferably last for 90 minutes to about 3 hours. Again, too long of a shock
time can result in a polymer with different, out-of-specification properties, as
indicated by a change in the flash gas reactant concentrations. Too. short of a shock
time can have no effect on the loss of cooling capacity and the heat transfer
coefficient will not be restored that of normal operating conditions.

Product

The polymers produced in accordance with this invention must be a
copolymer of ethylene and at least one higher alpha-olefin. The comonomer, or
higher alpha-olefin, whether affirmatively added or generated in-situ in the
polymerization reactor, is very efficiently incorporated into the copolymer. The
copolymer product contains from about 7 to about 15 weight percent, preferably
from about 8 to about 12 weight percent comonomer, based on the total weight of
the copolymer product. Most preferably, the comonomer is present in the
copolymer with the range of 8 to 10 weight percent for the best copolymer
properties and reactor run conditions.

The copolymers produced according to this invention generally are
impact resistant, tough, Iinear,'low-density polyethylene copolymers, having a broad
molecular weight distribution. Usually, the melt index (MI) for polymers produced
in accordance with this invention, before pelleting, are within a range of about 0.05
to about 0.35 g/10 min., preferably within a range of about 0.05 to about 0.3 g/10
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cocatal yst. Suitable cocatalysts include alum num al kyhs,cphopon al kyl s, and
. : a3

m xtures thereof. These cocatal ysts can decrease densit Ed
increase the nelt flow characteristics of the resultant 'ﬂ abl e
al um num al kyl s include AlLR[err], wherein Ris a hydroc | havi ng
fromabout 1 to about 12, preferably from1 to 10, carbon atons per

radi cal . Hal i de-containing cocatal ysts_gpe not as preferable because

hal i de- contai ni ng cocatal ysts can result in less efficient in- situ

producti on Ghind MeGREfRbLY, Tid Bivéntvelpelynteisrhaveca M wittin asangepall @.2¢al ar | y

sui tabl e al um num al kyl cocat al yst . ) Exe Iﬁr al ‘I%I bagr on

conmpounds i rit3.ufge besy procgssabilist and bast mgltisength, lé-’k?}‘glﬁ‘ﬁgn E‘é‘%o R

particul arl | -.-:Ruiy, I ' k6 Ll i (TEB).

G ner - surt anPed BsIRHINEr phlbirBlsJRbiRRl 3 GocoRlilpd (e o 1AARAGE

br gag| y; tr :a;éy&!itghﬁwmge?mbomgﬁ, toabotlt ]&)sgllganinenmhpfeé’erablyi\gﬂ.g[dnw :‘aan[eane]; )

and boron al koxi des, such as,  for, exanple, err err err]).

Hal ogenat ed flabpnt 3 taogbout A9 8(HQmin. Mest P&%f“"“ﬁ’& ﬂ&%g’s Heb S LKt

B(qerr]H er%i]tﬁiga[ﬁ%%e; of SR 5%, f&%@aﬂﬁ&é&%@\sﬁ SnetUlreAss, 101 toghiisel er r ed
above. Pretera

for reasons given y, the Cocatalyst I1s a
trial kyl bor@enecallypes il Mideeraases, piocessing \diffignity fncheasesf howeveboast HiMIo about

10 carbon atpns and preferaply fr 2.to 4 c on. ato er kyl group.
Trial kyl borie¥ipb x@grgpg%pwgasgdnq% al @%8@5‘%@5 ?ﬁ@% conmpounds
are effecti Viﬁvélﬂi%ﬂtu%uilg' ha¥R RONEMYMY 7486, ButoRYellbty, withia adngelsrabguanml e,
to reduce nelt flow and to retard polyner swelling duri ng(hpol ymeri zation.

g
By far, the ¢fbtorabouti el paeferablyywithin arrangscef shoyt 70 fosahout d2hy Masér ane, for
the reasons ﬁ'ef"e%lﬁqgé/ BILMI/MI ratio is within a range of 80 to 100, for the reasons given

above.

The polymers produced in accordance with this invention also usually
have a broad molecular weight distribution, as indicated by the heterogeneity index
(HI), i.e., the ratio of weight average molecular weight (Mw) to number average
molecular weight (Mn). Mw/Mn is within a range of about 12 to about 35, and
preferably within a range of about 15 to about 30. Most preferably, the Mw/Mn
ratio is within a range of 18 to 25, for best polymer processability. Generally, for a
given MI, as Mw/Mn is broadened,. the processability of the polymer improves. -

The density of the copolymer products produced in accordance with
this invention are less than or equal to 0.925 g/cc preferably from about 0.915 to
about 0.925 g/cc. Most preferably, the copolymer density is within the range of
0.918 to 0.922 g/cc. Usually, shock reactor conditions are most beneficial when the
polymer being produced has a density of less than about 0.925 g/cc. Shock
conditions have not been found to be an effective remedy for loss of the heat
transfer coefficient during production of higher density polymers.

Other aspects and embodiments of this invention can be shown by the
following examples.

Examples

Example |
Two examples are provided from a production run of a low density

polymer lasting over 25 days. During the run, the heat transfer coefficient had

THIS SHEET HAS DPrriN
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-7 - Most preferably, the cocatalyst is a m xture of

al kyl al um num and al kyl boron conpounds for nost efficient in-situ
genération of conononer. The cocatal yst can be used in an
anount within a range of about 0.1 to about 20 parts per mllion (ppm, or
m | l.igranms per kilograms (ng/kg), based on the mass of diluent in the
reactor. Preferably, cocatalyst is usedsn an ampunt within a range of 0.5
to 12 ngy/ kg, and nost preferably within a range of 0.5 to 6 ng/ kg, for cost
ef f ecti venesgaditly WRftioff&, lptdiinall9|diER6 pblyRIRE bl on the reactor walls. A

React ant s : Pol'ymers produced according to this invention nust
be copol ynerminorand vemykeief ichanger orctsbeck' swaf mpde ini the |1 shexensptoi esbdene ty in

duci | f ethyl d.hi aher . al phaol.efins. Ethyl
ot e ol yHEBROREE st i YhechiS: BffesteeficioRt RRGER0 vt S8 vt no
from about 3hbectoie whafkeCRdsi08 bakPFafRRE rédBlafiCitnBentraliSisCoraptlymert Bsity gher

al pha-ol efin conononer 1s sel ected
to any significant degree.

The discovery of these "shock” conditions is valuable because, as
stated earlier, a decrease in heat transfer coefficient is an indication that heat
transfer between the reactor and coolant has become less efficient. A decrease in
the heat transfer coefficient is usually attributed to a skin or plate-out formation of
polymer on the walls of the reactor. As the heat transfer decreases, the coolant
demand increases, and over time the coolant supply will not be able to control the
reactor temperature. A severe case will result in the reactor having to be shut down
and the reactor walls having to be manually and mechanically cleaned in order to
recover the heat transfer capability. '

During a high density foul, loss of heat transfer is usually
irreversible. That is, the reactor must be shut down and physically cleaned to
remove the wall scum. However, jt was discovered unexpectedly that while making
low density polymers by the process herein described as normal polymerization
reactor conditions, where the polymer has a density within a range of about 0.915 to
about 0.925g/cc, as previously discussed, at a reactor temperature within a range of
about 170° to 180°F, the heat transfer coefficient frequently decreases slowly for a
period of hours, days or even weeks. Under the above-described circumstances, the
loss of heat transfer coefficient actually can be recovered by an exercise of the
inventive shock condition steps described herein.

The slurry reactor size in both of the following Examples was about
27,000 gallons. The catalyst system employed was chromium supported on a
silica/titania support containing 4.5 weight percent titanium, based on the total
weight of the support and 0.8 weight percent chromium, based on the weight of the
total, supported catalyst. The supported catalyst system was activated at about
700°C (1300°F) and then reduced in 10% carbon monoxide at about 370°C (700°F).
During polymerization, the reactor temperature was kept within a range of about 76-

78°C (170-172°F). The resultant ethylene copolymer generally had a density within



fromthe group consisting of 1-butene, 1-pentene, 1-hexene, 1-octene,

4-met hyl - 1- pentene, and m xture thereof. Ethylene nononer is the necessary
mononrer due to the advantageous physical properties of the resultant

copol ymer. Most preferably, the conononmer is 1-butene and/or 1-hexene, to
achi eve maxi mum pol yner toughness. The contents of a

pol yneri zati on reactor can be determ ned,by a variety of different nethods.
One method is to neasure the amount of 2AER reactant actually fed to the

reactor. A's \ I I tor outlet and
t hen anal yze%tcralg%égigégg%gfgsgﬁ%@@@?é@%c@ﬁibﬁggﬁ%i?hlugss. "™ 0 reactor

operati ng comdidrdamee witht ASEMVBL 505468 &ideASTNI D928, Condipies <, linca t 0 sanpl e the
actual contents of .the rgsctor Usual |y, during a commercjal polynerization

process, a f[CYUpregsen Sample, ceoled af ahope} migsteotnd-ennditinned abind

nononer conc | QQEQQ I ght
rati o added ?(E)Bx{iﬁ%dx oiét;/ur‘r:et;of g%?ﬁtgrq l}o(g%stgﬁ(}f?}feglrlﬁ&%ac i oﬁ‘ﬂgéﬁl‘eﬂ%eg"?fﬁ%gg{%%fm
pol yreri zat i ¢maband0tg/Yhming aletevaingd g ecdokdancderith XSTMID 1238 at A0 QSta £,
"normal " pol éﬁ%lbl zation conditions are those which are used nost often for
pol yreri zat i GO MMMt of conmononer content in the reactor feed
I ncl udes conononmer which is added fre the reactor and conononer which
is recycled back into the reactor aft?ar‘é‘?e'mﬁvery of the

The heat transfer coefficient of the polymerization reactor during this

Example is shown in Figure 1. The ethylene concentration was set at about 2.8-3.3
‘Weight percent. On Day 1 of the run, the polymer density was in specification,
between 0.918 and 0.922g/cc. Notice that at constant reactor temperature conditions
of between 76-78°C, the heat transfer coefficient had stabilized between 193 and
200 btu/°F/he/ft. The ethylene concentration in the reactor, as measured in the
flash gas was 3 weight percent, hydrogen concentration in the flash gas was 2 mole
percent, hexene flash gas concentration was 2.7 weight percent, and reactor solids
was about 30-31 weight percent. The comonomer, i.c., 1-hexene, feed rate into the
reactor was between about 2200 pounds 1-hexene for each 30,000 pounds ethylene
(0.073 weight ratio) to about 3300 pounds 1-hexene for each 35,500 pounds
ethylene (0.093 weight ratio) on Day 2. .

During the day on Day 2, the polymerization reactor was operated in
"shock" conditions and the 1-hexene feed rate suddenly was decreased to about
0.058 weight ratio of the ethylene (1500 pounds 1-hexene to 26,000 pounds -
ethylene) for about one to two hours. Coincidently, ethylene concentration
increased slightly to about 3.7 weight percent during this event, but the diminished
1-hexene feed was too brief to have any significant effect on the 1-hexene
concentration in the flash gas, which remained almost unchanged. Nevertheless, this
brief action caused the heat transfer coefficient to rapidly recover up to 220
btu/°F/hr/ft* even though no significant change in polymer density was noticed; the
polymer density remained withiix the range of about 0.918 to about 0.922g/cc.

Thus the 1-hexene/ethylene weight feed ratio was dropped about 3.5
ratio points, or about by 38 percent of the initial weight ratio, for a period of one to
two hours and then the 1-hexene/ethylene weight feed ratio returned to normal.



-8- polyner. Usually the total conononer to ethylene nononmer weight ratio
Is within a range of about 0.03 to about 0.4; i.e., a range of about 3
part's by wei ght of conmononer per 100 parts by wei ght of ethylene to about
40 parts by wei ght cononomer per 100 parts by wei ght ethyl ene, also
referred to as "ratio points"” in this disclosure. However, during the
practice of this invention, the weight _ratio of conmononmer to nononer fed,
or added, to the reaction zone is altered for a short period of time and

then returnegyik QeRGd RS tdPbridTRG isipRificamiy aictt theoRactart coRentrbiehsaifmbint  of
cononorer added 'to the reaction zZone mist be drastically reduced or the
anount of et tepttenencdhthe pobimendid npteeven alsift eraof ppecification en deasitydi scussed

theory, it 1 TRl i Amel ahpek e o b soelel BOLRLAFRHAL Y o,

can be genergimtericdefficient lods.t he pol yneri zation reactor, or the reaction
zone, as disclosed in U S. Pat. No._ 4,820,785 (MDaniel et al, 1988), the
entirety of which is herein incorpd2arsdd asd 20ef er ence. However, the amount

o comnoTer Sener ! ook Sy Wik U W RaHR Bk ©
in Figure 2. On Day 19, the heat transfer coefficient was 195 to 200 btw/°F/hr/ft%.
1-Hexene feed at this time was about 1600 pounds/hr and ethylene feed was about
24,000 pounds/hr. Thus, the 1-hexene comonomer to ethylene monomer weight
feed ratio was about 0.067. On Day 20, the 1-hexene feed rate to the reactor was
reduced to about 550 pounds/hr with ethylene fed at about 20,000 pounds/hr (the
feed weight ratio was about 0.028). This is a temporary drop of 3.9 ratio points, or
about 38 percent, of the I1-hexene comonomer/ethylene monomer weight feed ratio.
Note, again, that the heat transfer coefficient immediately rose again back to 220
btu/°F/hr/ftY even though no significant change in the polymer density was noticed,
i.e., the polymer density remained within a range of about 0.918 to about 0.922g/cc. '

Example II

Another example is provided from another production run of a low
density polymer lasting over 22 days. During the run, the heat transfer coefficiert,
again, had gradually deteriorated, presumably due to polymer buildup on the reactor
walls. Generally, under optimum conditions and as indicated by Figure 3, the heat
transfer coefficient should be around about 200 to about 210 btw/°F/hr/ft. A
severe, but brief change, or “shock", was made in the 1-hexene to ethylene weight
feed ratio and the heat transfer coefficient immediately recovered, even though the
change was too brief to affect reactant concentrations. Unfortunately, even though
the heat transfer coefficient recovered to an optimal value, the shock was too severe
and the density jumped momentarily to 0.929 g/cc.

As with the first Example, the slurry reactor was about 27,000
gallons. The same catalyst system was employed in Example Il as in Example L.
During polymerization, the reactor temperature was kept within a range of about 79-
80°C (175-176°F). The resultant ethylene copolymer generally had a density,

except as discussed above, within a range of about 0.918 to about 0.922g/cc,



product can have nore than one conononer incorporated into the copol yner.
Pol yneri zati on Pol yneri zati on of the nononmer and conononer
nmust” be carried out under slurry, also known as |oop/slurry or particle
form polynerization conditions wherein the tenperature is kept bel ow the
tenperature at which polynmer swells significantly. The slurry

pol yneri zation process is relatively SIW%GL conpared to ot her

pol ymeri zation processes and the pol ymer product can be recovered nuch nore

easi |y, SuchdRHABY fof 3 1P ArRE M RUBRIACE WIS ATIMOYIB05 8 8 ASThANd ar e

di scl osed, for i1nstance, in Norwood, U. . 3,248,179, the

di scl osure oP1928, dfondmmeﬁ,smya cmmwnmelﬂeﬁyamﬁﬁmwiﬂdeat abont KRCspeot

pol ymeri zati gn reactor nditions are utilized the ra of this
i nvention. THEYi; dcfofl‘?‘ léer‘?caé e T é’ cgﬂ'{?cff‘*‘%ﬁ V3855t he

utilization @ithinrHigé bEEBGU 20Q0ABSITB0 /00 %ﬂydm&méariﬁmeéorma Réithf eed
ratlos The first set of conditions, as stated earlier, is referred to as

"normal " pol H4§EM PI2s%at K6 withhn 2,160 gsam avsight. set of conditions is

i scl osur e, the ter m 8 B SRl soRBRiche of YR petiBREagoR pHall ol Bl

ratio" and bBkdmple is shown in Figure 3. The ethylene concentratxon was set at about 3.0 -

3.2 weight percent. The polymer density was in the preferred specification range,
between 0.918 and 0.922g/cc, during the entire run except for about several hours
on Day 17. Notice that at constant reactor temperature conditions of between 76-
78°F, the heat transfer coefficient had stabilized around, or above 200 btu/°F/hr/ft.
The ethylene concentration in the reactor, as measured in the flash gas was 3.2
weight percent, hydrogen concentration in the flash gas was 1.1 mole percent,
hexene flash gas concentration was 2.2 weight percent, and reactor solids was about
30-31 Weight percent. The comonomer, i.e., 1-hexene, feed rate into the reactor
was between about 1500 pounds 1-hexene for each 21,000 pounds ethylene (0.07
weight ratio) to about 1700 pounds 1-hexene for each 21,000 pounds ethylene (0.08
weight ratio).

As indicated by Figure 3, the heat transfer coefficient steadily
declined from Day 7 to Day 17, to a critically low point of about 125 btw/°F/hr/ft.
On Day 17, the polymerization reactor was operated in "shock" conditions and the
1-hexene feed rate Suddenly was decreased to about 0.036 weight ratio of the
ethylene (756 pounds 1-hexene to 21,000 pounds ethylene) for about one to two
hours. This brief action caused the heat transfer coefficient to rapidly recover up to
210 btu/°F/hr/ft’. The correction was too severe, as indicated by the above
discussed minor change in polymer density. The polymer density rose above 0.925
g/cc for about eight hours, after shock conditions, and only for a few minutes to
about 0.930g/cc. However, the polymer density quickly recovered to the
specification range of about 0.918 to about 0.922g/cc after "shock" conditions.

Thus, the 1-hexene/ethylene weight feed ratio was dropped about 3.4
to 4.4 ratio points, or about by 45 to 51 percent of the initial weight ratio, for a

period of one to two hours and then the 1-hexene/ethylene weight feed ratio



-9- terns nmean the weight ratio of cononomer to nononer fed to the

The slurry process is generally carried out in an inert diluent (nmedium,
such as, for exanple, a paraffin, cycloparaffin, and/or aromatic

hydr ocar bon. Exenplary diluents include, but are not limted to propane,
n- but ane, isobutane, n-pentane, 2-nethyl butane (isopentane), and m xtures
thereof. Isobutane is the nost preferreq,diluent due to | ow cost and ease

of use. ~The tenperature of the polymerization reactor, or
reaction zoRgwmias némhald NERRHEARCthiSsridlF"sh6A@ laefior baudsd'h CoRBRR! ding to
this invention, is critical and nust be kept bel ow about 88[efr]C,

preferably wevensah of theamyt tradisferlroeffickif boss.]) C (140[err]F) to about 88[err]C
(190[err]F), and nore pr ferablégwithi.n a range,of abouf 7 [1err

C
(158[err]F) to about &S} FER SFf die; inpsntio b8 seanemL BRY, 219 dhe Bt i on
Zone t enper athdrat fanbdr HoBERichPBGB&S toBb&l 195CbAFRLRLr it dBdbae ] C

(180[err] F). Al though higher reactor tenperatures can be used, operating
out si de of tofidhe pdekérnecgpmonamer ot ethdencamgeameraatic sersestadHbe ceastiryheatr t o

swel | and the react to foul if.reversh . Pressures in the
slurry pr oc&@%ﬁﬁf’ﬁnﬁ?ﬁfﬁﬁ?&tﬂw&abou; 700 psia (0.76-4.8 MPa) or
hi gher. The catal yst Syhilethid Rvé&ftidh Had bedhSRANATHed In FeRill for HRPudpds8GfW th the
mononer and conononer(s) at sufficient pressure to maintain the medi um and

at |east a pbvstagan.of 1anes tonbpcarstrued as bwited tressbydut imintended tyeqvsr phase. The
medi um and tGoBeL AbY hdE GRS RS LEG S Rop Blordofe COPOI yNEr IS



produced as solid particles and is recovered in that form Catalyst system
concentrations in the reactor can be such that the catal yst system content
randes from 0.001 to about 1 wei ght percent based on thé&hiadh Béen Réjaced

reactor contents. Two prif erred polyneriz iﬂggﬂﬁ!gm or
the slurry process are those enpl oyi ng 8I'oop react or of JH{EEH1EE osed
I n Norwood and those utilizing a plurality of stirred reactor n
series, parallel or comnbinations theﬁfﬁ Wﬁi n the reaction conditions
can be the same or different in the drfterent reactors. For instance, in a
series of redctors, a éhstemy polymetizationtprogess eompiisinghcantascting in paeastionbj ect ed
to the reduction sie an .be. utilized eit.her peftore or af e ct or
Ui 1151 ng 1 neoREEaHes Bo Rl spactRR condibiant bR Wieralis Ry dRS it o] FEL

i nstance, a ¢pabsutigge0al chrom um oxi de catal yst system can be utilized in
a reactor in parallel with a reactor utilizing the catalyst systemof this

i nvention and the resuPB} iadjlusat yhish iy a presfiinj dycleparafiing aromatie hygrasatbopy i or
to recovering. cqROh¥ERereof:

b) ethylene monomer;

c) at least one higher alpha-olefin comonomer having from about 3
to about 8 carbon atoms per molecule;

d) a cocatalyst which is an alkyl boron compound and/or an alkyl
aluminum; and

e) a catalyst system comprising chromium supported on a silica-
titania support, wherein said support comprises from about 2 to about 20 weight
percent titanium, based on the weight of the support, and wherein said catalyst
system has been activated in an oxygen-containing ambient and subsequently
reduced in the presence of carbon monoxide in an inert ambient; and

wherein the higher alpha-olefin comonomer to ethylene monomer
weight ratio under normal operating conditions is. temporarily reduced and then

increased.

2. A process according to claim 1, wherein said temperature in the
reaction zone is within a range of from about 60°C. to about 88°C.

3. A process according to claim 1 or 2, wherein said higher alpha-olefin
comonomer is 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene, or a
mixture of two or more thereof. '
4. A process according to any one of the preceding claims, wherein said

catalyst system activation is carried out in air at a temperature in a range of from
about 300° to about 1,000°C. and wherein said carbon monoxide reduction is
carried out at a temperature in a range of from about 300° to 500°C.

5. A process according to any one of the preceding claims, wherein said
silica-titania support is formed by coprecipitation.

6. A process according to any one of the preceding claims, wherein said

CASE; 33471 ———
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- 10 - The nol ecul ar wei ght of the copol ymer can be
controll ed by various neans known in the art such as adjusting the
tenperature of the reaction zone (higher tenperature giving | ower nolecul ar
wei ght), introducing hydrogen to | ower the nol ecular weight or varying the
catal yst system conpounds. - 19The catal yst system cocatal yst,
nononmer, and conononer can be added to the reaction zone in any order,
accor di ng t 0 tAdliylBIr6® Boti e ik BridthyAbothde ardOfs pResetiih Qhe fdabtisiPiaielifita Syst em
cocatal yst, nononer, and cononomer can be added sinultaneously to the

reacti on zongangefofdeasn abeut k tecabout 20 pem, bassd emtimmassfdheidilusntcan be

recontacted. n an inerg len riQr to co ti ; Q or
Eom)nomer. If7|'t he cat a@g{%@%ﬁ&cé%@iggg?wo% g*@%é’é%gglgggé@g’a‘gﬁ%f@gﬁésed by
McDani el et gbmbforderSto éthflendNBondet 3eifid feed A6 Iif inictragsd sy Ritrddudiyg

ref erence, sone_conononer can be generated in-situ; therefore, the anount
of conpnoner ethylgne;intothe rea6tori vel y added to the reaction zone can be
reduced, but gstill renygy L J Dl F oGl :

Duri ng nor mal8§pol ymer %?fo\g%gs%gﬁbéﬁi?gg&n%?;g\ﬁﬁeegfﬁ%ﬁeﬁc&ﬂig@%@%&e\yhﬁﬂmph@% a
density rangeomonainetito éhyléfe monaruteifhtdedd gtiods dédseasedb by natuweingtthe et hyl ene
nononmer wei ght ratito, as stated ear]jer, generally is within a range of

about 0.03 t #moystel ¢pmonomer dntraducad ipta fhe 1e3¢10L. | ange of about 0.03 to about

0.15. Houeverg, this feqflpiieidfikcediingo SR bl HBRCIY] Rflerifh hBC tYPe Of
pol ymer desired. Expressed in different terns, the conononer to ethyl ene

nmonomer f eed comonompntonttbylemamondrher weightfieedratiods demmepsedbby abauttl ® 1 about
40 and gener ?’la.tlic}/ pe‘:’vm{n&hgvrér Sornsal %;e)er%ng conditions.
10. A process according to any one of claims 1-8, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by about 15 to
about 75 percent of normal operating conditions.
11. A process according to any one of the preceding claims, in which the
polymerization temperature is in the range of from about 60° to about 88°C. and the
normal comonomer to ethylene monomer feed weight ratio is from about 0.03 to

about 0.04.

12, A process according to claim 1, wherein the temperature is in the
range of from about 76° to about 82°C. '
13. A process according to any one of the preceding claims, wherein the

‘normal comonomer to ethylene monomer feed weight ratio is from about 0.03 to
about 0.04.

A
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about 2 to about 15. The conononer to ethyl ene nononer wei ght
rati o during shock reactor conditions can be decreased by an anount up to
about 1 to about 10 ratio points |ower than the nornmal, or initial, reactor
operating conditions. For exanple, if the normal reactor conononer to

et hyl ene nononer feed weight ratio is t®20then the shock feed ratio
conditions can be within a range of about 11 to about 3. Preferably, the
comononer to ethylene monomer ARSFRWE ] gewieased by about 2 to
about 7 ratio points and nost pre 3’to 5 ratio points,
in order to reverse the Iosssmnﬂot,mﬁ'@gmmg a decrease in
the conmononer to ethylene feed weight ratio can result in a change in the
resul tant pol yner .densi ty"* eessttmonqoh;bghmtrpmﬁgeqopffwmmdw d4fim change

Qi t o unex peot BgPmerizast FocBsis A RlBAF WARIR wr BPairARR i 2l roet
no change in t Ipeondeﬂ:t ‘Dhis shackivomptises quickly decreasmg and then restoring to normal

operating conditions, the higher alpha-olefin comonomer to ethylene monomer
weight feed ratio.

CASE: 33471



conposi tion. Shock reactor conditions also can be defined as
a lowering of the conononer to ethylene nononer weight feed ratio by about
15 td about 75 percent, preferably |owering the weight feed rati o by about
15 to about 60 percent. Most preferably, the conmononer to ethyl ene nononer

wei ght feed ratio is lowered by two to percent in order to have the
m ni mal or no change in the flash gas conposition and m nimal or no change
in the copol yner properties and characteristics. General ly,

duration of shock reactor conditions can last for a few m nutes up to about
15 hours, preferably for about 1 hour to about 6 hours, and nost preferably
|l ast for 90 m nutes to about 3 hours. Again, too |long of a shock tinme can

na cated by a change i n GHR FHSLNBIEN SBaIRBe R (ol | ons.  Too' short

of a shock time @an havegno effast on tgg | oss aé cooli capacigy and the
heat transfer coefficiend will t be reStored t3|at of r mal o&ratl ng
condi ti ons. S S —brodud The

pol ymers produceq in acces BNW th th|s i nvention nust be a cdbolyner of

et hyl ene and at [feast one al pha-ol efin. The conononer, or} higher
al pha-ol efin, whdqther affir added or generated in-situ I h &he
pol ymeri zation rdqactor, is veLys eently incorporated into t
copol ymer. The cpolyrrer progese—general |y contains from about tQ %bout
15 wei ght percent], preferabl™ Om about 8 to about 12 weight p
conononer, basedjon the total<s
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wei ght of the copol yner product. Mst preferably, the conononer is present
in the copolymer with the range of 8 to 10 wei ght percent for the best

copof ymer properties and reactor run conditions. The
copol ynmers produced according to this invention generally are inpact
resistant, tough, linear, |owdensity polyethyl ene copol yners, having a
broad nol ecul ar wei ght distribution. Usually, the nelt index (M) for

pol ynmers produced in accordance with this invention, before pelleting, are
within a range of about 0.05 to about 0.35 g/10 nmin., preferably within a

range of about 0.05 to about

-12- mn. Mst preferably, OEW%P’WQBS‘WP?H%'& a M within a range
of 0.2 to 0.3, for best processablkgty and best nelt strength, i.e.,

t oughness. Usually, thg hlgh'toad [ ex (HENI) f OB polyaers pEoduced

I n accordance with pk AVI=3e | n_a range ol about 15 t® about

40 g/ 100 mn., and preferably mﬁthln a .nge of about 20 to aboyt 30 g/ 10
mn. Most preferablf, the polynmers have a
S
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HLM within a range of 23 to 29, for best processability and nelt strength,
| .e., toughness. Cenerally, as HLM decreases, processing difficulty

i ncfeases; however, as HLM decreases, polyner nelt strength al so

i ncreases. Therefore, polyners of this invention usually have a HHM /M
rati-o, before pelleting, within a rangegof about 60 to about 150,
preferably within a range of about 70 to about 120. Most preferably, the
HLM/M ratio is within a range of 80 to 100, for the reasons given above.
The pol yners produced in accordance with this invention also usually have a
broad nol ecul ar wei ght di stri, het er ogeneity

i ndex (H'), i.e.,_the ratl o] opWﬂgéﬁa'\/M]ageﬁw WEV\BI ght (Mv)_to
nunber aver age ecul ar |ght (Eh) S W|t in a raage of ala)ut 12
to about 35, and Qreferablk n .*.n- of _abg 0_2bQ © \bst
preferably, the M rgtio is W|th|n a range of M_fo 25, for best &l yner
processability. Ceneregl¥, for a given M, as MV Mh i s Droagersd, the

processability off] the pol ys&F 1 npr owes e denstty ‘Lhe
copol yner productf producegds®n accoMn are [fesd¥ than
or equal to 0.929 g/cc pregrably from about 0.915 t 0.925 ¢g/cc.

Most preferably, fhe copol &fer density is swtbin the range of 0.914 te®

0.922 g/cc. Usualgy, shoc eact or copditiors—ere~nost benefici al &l the
pol ymer bei ng praduced has _Zagernst+ty=0T | ess than about 0.925 g/cc.} Shock
condi ti ons have npt been f@Ummd—te—be==n ffectlve rerredy for | oss & ®he
heat transfer coefficientgring produyct O of —trsiEr=c —potyrjers.
O her aspects andf enbodsgreht s of s nu_m--.-.—--:- be shown by t hd o
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§

foll ow ng{_:exarrpl es, in which the diluent in which the slurr
carri.ed out is isobutane. . '

a low density polyner |asting over 25 days. Substitage sheetu
transfer coefficient had

7 "2' .
13 - gradually deteriorated, presumably due to pol yner buil dup~omtire

REPRCE BE SHEET

Exanmple | Two exanpl es are':provi ded froma Er pdpcti on

n of

weMe k2209

reactor wal kguirls HicB@bledshut-@6vn bf iR reeaN&R, cl@hingSETol reactiswallBder i n t he

1- hexene to ethylene weight feed ratio and the heat transfer

coeffircrent

i medi at el yrqagtonsbitedpwietpegornepioogling eanditinns gen (ke upde severdrdayd af f ect

The.dr spoversrarignce sBleshfol BE iFE abd et BRSLARI"GE

polymer production and can have a serious detrimental economic impact. Cleaning

the reactor walls can restore the heat transfer coefficient to original operating

conditions and can improve the cooling efficiency of the reactor.

It is desirable to provide a polymerization process which can produce

copolymers of ethylene and one or more higher alpha-olefins that have high impact

resistance and toughness.

It is particular object of this invention to provide a process to "shock"

a polymerization reactor, by employing "shock" polymerization conditions which

require temporarily decreasing the comonomer to ethylene monomer weight feed

ratio to halt and even reverse reactor fouling conditions.

In accordance with this invention, a slurry polymerization process is

provided which comprises contacting in a reaction zone under polymerization

conditions, at a temperature below about 88°C,

a) a paraffin, cycloparaffin, or aromatic hydrocarbon diluent;

b) ethylene monomer;
c) a higher alpha-olefin comonomer having from about 3
carbon atoms per molecule;

d) an alkyl aluminum and/or alky! boron compound and;

to about 8

e) a catalyst system comprising chromium supported on a

silica-titania support wherein the support comprises from about 2 to about 20 weight

percent titanium, based on the weight of the support, and wherein the catalyst

system has been activated in an oxygen-containing ambient under conditions such

that at least a substantial portion of any chromium in a lower valent state is

converted to the hexavalent state and subsequently reduced in the presence of

carbon monoxide so as to effect at least a partial reduction of the hexavalent

chromium to a lower valent state;

wherein the chromium is present in an amount of about 0

.05 to about

5 weight percent, based on the total weight of the chromium and the support after

activation; and



stated earlier, a decrease in heat transfer coefficient is a_%@@t’?’@'{t SHLET
t hat heat transfer between the reactor and cool ant has becong™fess
efficient.” A decrease in the heat transfer coefficient is ustal 4559
attributed to a skin or plate-out formation Sﬂbsiblwiﬁrﬁhee&nﬁﬁb 1H0r3 898 12
reactor. As the heat transfer decreasesgy,the coolant demand iindreases. . .and
over time the coolant supply will not be able to control thejreactor

tenperature. A severe Gas&n\hd ﬁotyxﬁaﬁ&ahoh@oﬂdieoﬂsqaaﬁmeh@w@my QubgShtt—""
down and the reactor walls having to be manually and nechanrcally cleaned

in order to thebigher alpheolsfiatcomonomérsto Qﬂ&fiml honomer weight feed ratio by abaut ng a

hi gh d t I f heat t bl T, t
the r eact or T8 ebpat & frStns it Papmal iyt be coyl EoiR nte s VB etk obal |

scum Hdvvevedbouf5fé&amt{=§@v§;0gg15jﬁgm@ect edI y that while naking | ow densr ty
pol ymers by the process herein described as nornal polynerization reactor

condi ti ons, where the Rmﬂ'e;abbrﬂlhaml};mmaﬂmnprowsshom1$ ¢$¢I@@11bf0famdut 0.915
to about 0.925 oys sed, at a.re r te erature

W thin e argBis e R Yol SR SPonduefs FREET ot RcpS

coefficient d‘ohﬁ%&%&ff Ybﬁ‘ﬁﬁéel ne! P-Weﬁ’enEOI-oéteﬁ@MLlﬁ@'th?ILl ﬁéﬁ‘thrn'é atﬂiays or even
weeks. Under the ove- described circunstances, the |oss of heat transfer
coef fici ent mixtures bf/tvenor mererthewobr ed by an exercise of the inventive shock
condition steps described herein. The slurry reactor size in
both of the foll ow ng Exanpl es was about 27,000 gallons. The catal yst
system enpl oyed was chrom um supported on a silical/titania support

containing 4.5 weight percent titanium based on the total weight of the
support and 0.8 wei ght percent chrom um based on the wei ght of the

—_—
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total, supported catalyst. The supported catal yst system wg

about, 700['err] C (1300[err]F) and then reduced in 10% car bonm&ﬁ%aﬁ@ SEE@T
about 370[err]C (700[err]F). During pol ymerization, the recctor tenperature
was kept within a range of about 76- 78[err]8.t|t(s1|'rlmtelsim{eér~r1] brymge-1998.
resul tant ethylene copolyner generally hfad a density wthirp
-14- a range of about O. 918 to about 0.922g/cc, determ nedf or~a—~fi-tif=f
sanpl e in aGromdanakaldohhiriny MatdHaDperRhlignd 28028, 1000p¢liliti gafeet 0N a
conpressi on nol ded sanpl e, cool ed a about 15[err] C per mnute, —and ==
condi ti oned silicay thermemeinder; aff anye béiog selbeied fmm #Homing, beried magaesia.hoTigas wi t hi n

a range of about, 20 t o about rmned .in_accokrdan th
ASTM D1238 AI°98{ & PIRuRgs #}‘F“‘é’g Q‘J%B“%"P‘é“m ?’ ff containing md if S St
Days 1 - 3 egsentially of silica arkd'fo HfoRd tHaﬁW%fghFﬁ@&éﬂt of @Rinifd of H@er metal
pol ymeri zation reactor during this Exanple is shown in Figure 1. The

et hyl ene corpade r @thep ingneiengewhizh d&b@mad@er@)eaﬁect the catalyst system, or

which are present to produce some unrelated result, can also be present. Preferably,

the support contains from about 2 to about 20 weight percent titanium (Ti), based
on the total weight of the dry support. Most preferably, the support contains 3 to 6
weight percent titanium, in order to produce a polymer with the most desirable
physical properties. Silica-titania supports are well know in the art and can be
produced as disclosed in Dietz, U.S. Pat. No. 3,887,494, the disclosure of which is
hereby incorporated by reference.

The catalyst component of the catalyst system must be a chromium
compound. The chromium component can be combined with the silica-titania
support component in any manner known in the art, such as for example, forming a
coprecipitated tergel of the silica, titanium, and chromium components.
Alternatively, an aqueous solution of a water-soluble chromium component can be
added to a hydrogel of the silica-titanium component. Suitable water-soluble
chromium compounds include, but are not limited to, chromium nitrate, chromium
acetate, and chromium trioxide. Alternatively, a solution of a hydrocarbon-soluble
chromium component such as tertiary butyl chromate, a diarene chromium
compound, biscyclopentadietyl chromium(II) or chromium acetylacetonate can be
used to impregnate the silica-titania xerogel which results from removal of water
from the cogel. The most preferred support is a cogelled silica/titania support in
order to produce a polymer with the desired physical characteristics.

The chromium component is used in an amount sufficient to give
from about 0.05 to about 5, preferably 0.5 to 2, weight percent chromium, based on
the total weight of the chromium and support after activation.

The resulting chromium component on the silica-titania support is then
subjected to activation in an oxygen-containing ambient in any manner conven-

tionally used in the art. Because of economy and ease of use, the preferred oxygen-

containing ambient is air, preferably dry air. The activation is preferably carried out at



wei ght percent. On Day 1 of the run, the pol ynmer density [
speci fi cat’i on, between 0.918 and 0.922g/ cG. Notice that af gomstant T eaction
tenperature conditions of between 76-78[€err]C, the heat t awsgeé -0 1999
coefficient had stabilized between 193 and Zihdfiturel stidel =i Feb# a&%%ggg h |
ethylene concentration in the reactor, as_neasured in the|f
wei ght percent, hydrogen concentration in the flash gas s 2 nple per cent |
hexene fl ashndasvatAneRBtlarid 6 a‘l’f@ﬁt e halforo HBbuPY KSR, foxﬂ&&m*;‘fé"i’#r%’baﬁtm ras
was about 30-31 wei ght “percent. The conononer, 1.e., '1-hexene, Teed rate
into the reactooabontiil bevrsmen tabparatu220ithip ahnchagd of eborin 806t sbaah 30, 000

yl 0.073 I ght t] t bout 3300 pounds, 1-hexene for each
35,500 poundUOB Gy ara-att S b5 Ribne i host proferably witn @ Dur | ng
the day on Baypeof 600 tHGDOME! URAL: tAGe RGBS, BN Bﬁ}@ggéedgr shock

conditions and the 1-hexene feed rate suddenly was decr %0 about 0.058
wei ght rat i cooditiphse abidast] aesubstantid Poptivm mf&njz-chmnﬁlum iha ]ﬁﬁ!l,eﬁﬁﬂemmmd% y

et hyl ene) far_aboyt e to two hours. Coincidently, ethylene concentration
i ncr eased s|°P5Y1?€°§t?3ﬂeah%iﬂ¥31%‘?tf%i ght percent during this event, but the

di m ni shed 1-hexene fqgd @Hide0Q1dMdde EudpBrtbP Y. YeodpdRid i alie £l LCt on
the 1-hexene concentrati gn I n"the fld’aswpgas, é\}ﬂ?%hcor ggng% néd@(gqtermsl{
unchanged. Nesresubjesteddte at {dastsa partialf reduxttion of duisadvalén chemtiubr tarsheier

i Ci i dl . 1.0 220 RQtu/ /hr/ft[err] even though
oot o e SO iR P St hepb 0 o9
remai ned W ichitantiéhokRRAR ofder 30 fitctiieR1liBedrBordROH ool iftt5 the

Thus the 1-hexene/ethyl ene weight feed ratio was dropped about 3.5 ratio
points, or &BpRlymBy Ha3 redneingiaget othiee thanicaiteh mwriogide is asddogatdlyst spsteari od of

one to activity can be decreased and/or higher amounts of comonomer can be needed in the

reaction zone to achieve similar amounts of comonomer incorporation into the
resultant copolymer. Generally, the calcined catalyst is directly subjected to the
reducing agent, although intervening steps may be employed, if desired.

The carbon monoxide reduction process can be employed at
temperatures between about 300° to about 500°C, although it is preferably employed
at temperatures in a range of 350° to 450°C for best chromium reduction. The
partial pressure of the reducing gas in the reduction operation can be varied from
sub-atmospheric pressures to relatively high pressure, but the simplest reducing
operation is to utilize about 5 to about 25 volume percent carbon monoxide, diluted
with nitrogen, at about atmospheric pressure.

The reduction time can vary from a few minutes to several hours or
more. The extent of the reduction can be followed by visual inspection of catalyst
color. The color of the initial activated catalyst is generally orange, indicating the
presence of hexavalent chromium. The color of the reduced catalyst system
employed in the invention is blue, indicating that all or substantially all of the initial
hexavalent chromium has been reduced to lower oxidation states, generally the
divalent state.

The course of the reduction of the air-activated orange catalyst with
carbon monoxide can be determined exactly by pulse titration. A known amount of

carbon monoxide is added per pulse and the amount of evolved carbon dioxide is

PUACEY &1 SHEET|



norm). , S 15 | g
was too brief to significantly affect the reactant concentra}ipng
reactor and the polyner did not even drift oSbsaftutepsisadti-chif Q&'
Neverthel ess, this small "shock" action gaused a conplete re
heat transfer coefficient |oss. , Days 19
and 20 AN CedeRtaB¥ i€ 8 thixkdre LRSI E L
Exanmple 1, shown in Fi gu%tzb?ge%y 19, thle heat ttarans er colefficient was
195 to 200 hilkylberon]chtipoidds[fer most ffitlenteinesith grenerationt ¢ff omdnomenas about 1600
pounds/ hr and et hyl ene_f eed s abqut 24,000 pounds/hr. Thus he, 1-hexene
conmononer to ethyl ene m%t\?{\ﬁ’ﬁfe‘?a&ﬁ%e ysed ip ?—%?ﬁ[}“‘?}é’?ﬂ%ﬁdﬁn&iﬁ ot Pl pay 20,
the 1-hexengpf iduS@big) 88l 5Tkl daraROHhe/RED bRRUAS/ hr
wi th ethyl eﬁtg a%ggt ﬁa?bﬁ%slo%rt@gl 88@%2’&%@?%? (tﬁe fe(%’gl we?%%{tégat | 0 was
about 0. 028)the Tidss of dileent énrfherraacford rRipferdblyd .cocatalystas psedrinsin asrount

within a range of 0.5 to 12 mg/kg, and most preferably within a range of 0.5 to 6

mg/kg, for cost effectiveness and best resultant polymer properties.
Reactants

Polymers produced according to this invention must be copolymers.
This inventive process is of particular applicability in producing copolymers of
ethylene and higher alphaolefins. Ethylene monomer must be polymerized with at
least one higher alpha-olefin comonomer having from about 3 to about 8 carbon
atoms per molecule. Preferably, the higher alpha-olefin comonomer is selected
from the group consisting of I-butene, 1-pentene, 1-hexene, 1-octene,
4-methyl-1-pentene, and mixture thereof. Ethylene monomer is the necessary
monomer due to the advantageous physical properties of the resultant copolymer.
Most preferably, the comonomer is 1-butene and/or 1-hexene, to achieve maximum
polymer toughness.

The contents of a polymerization reactor can be determined by a
variety of different methods. One method is to measure the amount of each reactant
actually fed to the reactor. A second method is to sample the flash gas at a reactor
outlet and then analyze the flash gas sample for reactant quantities. Due to reactor
operating conditions, it is very unsafe and nearly impossible to sample the actual
contents of the reactor. Usually, during a commercial polymerization process, a
flash gas sample is used to determine reactor comonomer and monomer
concentrations.

The total comonomer to monomer weight ratio added to the
polymerization reactor, or reaction zone, during normal polymerization conditions
can vary greatly. As used in this disclosure, "normal" polymerization conditions are
those which are used most often for polymerization. The amount of comonomer
content in the reactor feed includes comonomer which is added fresh to the reactor

and comonomer which is recycled back into the reactor after recovery of the
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about 38 percent, of the 1-hexene conononer/ethyl ene nonong
ratio. Note, again, that the heat transfer.coefficient impdra
agai n back to 220 btu/[err]F/ hr/ft[err] even t hough no si ghi|

i cant change
in the polymer density was noticed, i.e., thgyupgfii®sheensintpe 5@@99@
within a range of about 0.918 to about 0g 9229/ cc. '
‘anot her

Exanpl e 11 Anot her exanple”is provided fromg

productionr B Btor-L2 th
Fun, 't he. neafpeinel BBl BaahY of ok itmer 5 el B 8 e o el

prtesumabl y gute to pol ymd slinvy('jbﬂmps[ﬁsgmgeﬂwallyeauu@kom/ahlaa 1n@dvé~mt:cy, under
opti mum condi ti ons and as .i ndicafe eat transfer
coefficient @edinma), suchaise fTFxame ?Géﬁtl’f‘b H?fag:‘tf@a’b o FOPPEE hr/ft[err].
A sever e, F@,{&ﬁ, A& lumitdd '@ eRButade,

et hyl ene wel%g?hd? ‘Jfa%eél rati largc?ﬂuﬁﬁwﬁk}'ﬁdemrﬁ?er coeffi C;?rgﬂ??él ITTYng Zt ely
recovered, epetutiRpugientahe Shathgbhutans (mntane)efand mistirfes dhereefa cliselntane
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the slurry reactor vvas ons e san®e catal yst system was
enpl oyed i n dsisyrisbeuthde asthe meaEtoardﬂhmt,l accldingnty thislipvemtion.ds ictticaltané r eact or

t emper ature was kept | bou 79- 80[ er rr]F
The resul t anfughek (Fhee Wﬁgﬂoy’r@%gﬁﬁg‘?rﬁb ¥ q‘é’ﬂaé{%%&iaﬁ’y% @ée%%&gé% 19
di scussed ab&%ﬁt g¥dc f’f%qﬁ, LAD Bordpref sty v@thﬁi@ rdrige 30 Ab6utG09C 2UPF) to

about 85°C (185°F). Most preferably, the reaction zone temperature is within a

range of 76°C (170°F) to 82°C (180°F). Although higher reactor temperatures can

be used, operating outside of the specified temperature ranges can cause the

Fh

copolymer to swell and the reactor to foul irreversibly.

Pressures in the slurry process can vary from about 110 to about 700
psia (0.76-4.8 MPa) or higher. The catalyst system is kept in suspension and is
contacted with the monomer and comonomer(s) at sufficient pressure to maintain
the medium and at least a portion of the monomer and comonomer(s) in the liquid
phase. The medium and temperature are thus selected such that the copolymer is
produced as solid particles and i; recovered in that form. Catalyst system
concentrations in the reactor can be such that the catalyst system content ranges
from 0.001 to about 1 weight percent based on the weight of the reactor contents.

Two preferred polymerization methods for the slurry process are
those employing a loop reactor of the type disclosed in Norwood and those utilizing
a plurality of stirred reactors either in series, parallel or combinations thereof
wherein the reaction conditions can be the same or different in the different
reactors. For instance, in a seties of reactors, a chromium catalyst system which has
not been subjected to the reduction step can be utilized either before or after the
reactor utilizing the catalyst system of this invention. In another specific instance, a
conventional chromium oxide catalyst system can be utilized in a reactor in parallel
with a reactor utilizing the catalyst system of this invention and the resulting

polymerization diluents can be combined prior to recovering copolymer.
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as HLMI decreases, polymer melt strength also increases. Therefore, polymers of

this invention usually have a HLMI/MI ratio, before pelleting, within a range of

about 60 to about 150, preferably within a range of about 70 to about 120. Most

preferably, the HLMI/MI ratio is within a range of 80 to 100, for the reasons given

CPREERR, ST

gHiLegHH,
2,160 gram...
rization

above.

The polymers produced in accordance with this invention also usually
have a broad molecular weight distribution, as indicated by the heterogeneity index
(HI), i.e., the ratio of weight average molecular weight (Mw) to number average
molecular weight (Mn). Mw/Mn is within a range of about 12 to about 35, and
preferably within a range of about 15 to about 30. Most preferably, the Mw/Mn
ratio is within a range of 18 to 25, for best polymer processability. Generally, for a
given MI, as Mw/Mn is broadened, the processability of the polymer improves.

The density of the copolymer products produced in accordance with
this invention are less than or equal to 0.925 g/cc preferably from about 0.915 to
about 0.925 g/cc. Most preferably, the copolymer density is within the range of
0.918 to 0.922 g/cc. Usually, shock reactor conditions are most beneficial when the
polymer being produced has a density of less than about 0.925 g/cc. Shock |
conditions have not been found to be an effective remedy for loss of the heat transfer
coefficient during production of higher density polymers.

Other aspects and embodiments of this invention can be shown by the
following examples, in which the diluent in which the slurry process is carried out is

isobutane,

Examples

Example I
Two examples are provided from a production run of a low density polymer

lasting over 25 days. During the run, the heat transfer coefficient had
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et hyl ene (756 pounds 1-hexene to 21CO0Q pauRds et hyl ene) for about one to
two hours. This brief action caused the heat transfer coefficient to
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severe, as | I r.
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of about O0.9nBmiBE,Hereod 922g/cc after "shock" conditions.

Thus, the 1- hexene/et?y é@ﬁ? eed rati o was dropped about 3.4 to 4.4
rati o points, or abou by ﬁercent of the initial weight ratio, for

a period of one to tw) holeas omadugﬂeealphMIeﬁnmmeln%Wﬁ'OMbgbﬂfeed
ratio

to about 8 carbon atoms per molecule;

d) a cocatalyst which is an alkyl boron compound and/or an alkyl
aluminum; and

e) a catalyst system comprising chromium supported on a silica-
titania support, wherein said support comprises from about 2 to about 20 weight
percent titanium, based on the weight of the support, and wherein said catalyst
system has been oxidized in an oxygen-containing ambient under conditions such
that at least a substantial portion of any chromium in a lower valent state is
converted to the hexavalent state and subsequently reduced in the presence of
carbon monoxide in an inert ambient so as to effect at least a partial reduction of
the hexavalent chromium to a lower valent state;

wherein said chromium is present in an amount of about 0.05 to
about 5 weight percent, based on the total weight of the chromium and the support
after activation; and

wherein said polymerization conditions include temporarily reducing
the higher alpha-olefin comonomer to ethylene monomer weight feed ratio by about
15 to about 60 percent of normal operating conditions for a time within a range of
about a few minutes to about 15 hours. .
2. A process according to claim 1, wherein said temperature in the
reaction zone is within a range of from about 60°C. to less than 88°C.
3. A process according to claim 2, wherein the temperature is in the
range of from about 76° to about 82°C.
4. A process according to any one of claims 1-3, wherein said higher
alpha-olefin comonomer is 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-

pentene, or a mixture of two or more of said comonomers.
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about 300° to about 1,000°C. and wherein said carbon monoxide reduction is
carried out at a temperature in a range of from about 300° to about 500°C.

6. A process according to any one of the preceding claims, wherein said
silica-titania support is formed by coprecipitation.

7. A process according to any one of the preceding claims, wherein said
trialkyl boron compound is triethylborane and is present in the reaction zone in a
range of from about 1 to about 20 ppm, based on the mass of the diluent.

8. A process according to any one of the preceding claims, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by introducing
ethylene into the reactor.

9. A process according to any one of the preceding claims, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by reducing the
amount of comonomer introduced into the reactor.

10. A process according to any one of the preceding claims, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by about 1 to about
10 ratio points over normal operating conditions.

11. A process according to any one of the preceding claims, wherein the
normal comonomer to ethylene monomer feed weight ratio is from 0.03 to about
0.04.
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CLAI'VS 1., A slurry polynerization process conpri si ré‘[“
in a*teaction zone under polynerization reaction conditions, [af a
tenperature of |ess than 88[err]C.: a) a dilueft | Wli€dUNswa
paraffin, cycloparaffin, aromatic hydrocarbon, gstitife’dHéet - I gnsef,099

b) et hyl ene nononer; c) at al_east one hi gher al pha-olefi i
conon@ner having from about 3 to about 87' carbon atons per nolecul e;

d) a cocatalyst whi ch \réif i 51 y@ﬂia%n%ﬂ&lﬁbﬁ%%élﬁﬁér%%pg%rs fucitlpm num -

and e) a catalys stem conprising c pporté&d on a
silica- tit ahehighepplphs-olefinaoaionomer 1 ethyleer toxmmgrrweighs feedonmmtiatbyutbodt t 0
about 20 wei %gt %erc? t ti tar}i um .based on the \Aﬁtjght, of the support, and
wher ei n sai d-ci 2RopL /> pereent A ormal onsrating ¢poditionsfoh 4 time WERKD AR08 Af ng

anbi ent  undefhofOR Hv nARSteS tCAboLD 84 halrs |aﬁ@§{eng'eﬁﬂﬁ1§%t ﬁﬁx&drﬁlal g@ eARtRh any
chromumin a lower valent state Is converted to the hexav nt state and
subsequent | ycondifisosd i n the presence of carbon nonoxide in an inert anbient
so as to effect at le artial reduction of the hexavalen romumto

t
a | ower valent state; referably °P°i¥mm‘?%w0§%§?a°%ﬁlﬁ%?ﬁsm Iy Oglséiaent in an
amount  of ahQutaclnd¥hERIPNE Higher Ieﬁlﬁ%ﬁﬁﬁbmelbﬁ?ﬁ%c@@ o tHeQrdhp VeI ght

of the chrom um and the support after activation; wher ei n
sai d pol ynerdonsistingnoft bibuiené, drpentane) Uliexdanenboctend, l4ymethyllibpenene, and

mixtures of two or more thereof,




the higheg al pha-ol efin cononomer to ethylene mononer weight feqEN ACTMENT §HEE’
about-+15 to about -75 percent of normal operating conditions for a +r1re
within a range of about a few m nutes to about 15 hours and then " N 90y
to normal polynerization conditions. 2. SubsfitRe Qe - 3L g@hE %M
claim1, wherein said tenperature in th reactlon zone I's withip ja range of
fromabout 60[err]C. to less than 88[er
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-19 -+ 4.  the feed weighh riticoresulss inef0osdino@hhpeanthoreactof flashagays 1- 3, wherein
sai d hlgher alpha ol efin conononer is 1-butene, 1-pentene, 1-hexene,

1-ottene, A4CAmPATHon . _
Shock reactor conditions also can be defined as a lowering of the

comonomer to ethylene monomer weight feed ratio by about 15 to about 75 percent,
preferably lowering the weight feed ratio by about 15 to about 60 percent. Most
preferably, the comonomer to ethylene monomer weight feed ratio is lowered by
two to 40 percent in order to have the minimal or no change in the flash gas
composition and minimal or no change in the copolymer properties and
characteristics.

Generally, duration of shock reactor conditions can last for a few
minutes up to about 15 hours, preferably for about 1 hour to about 6 hours, and
most preferably last for 90 minutes to about 3 hours. Again, too long of a shock
time can result in a polymer with different, out-of-specification properties, as
indicated by a change in the flash gas reactant concentrations. Too short of a shock
time can have no effect on the loss of cooling capacity and the heat transfer
coefficient will not be restored that of normal operating conditions.

Product

The polymers produced in accordance with this invention must be a
copolymer of ethylene and at least one higher alpha-olefin. The comonomer, or
higher alpha-olefin, whether affirmatively added or generated in-situ in the
polymerization reactor, is very efficiently incorporated into the copolymer. The
copolymer product generally contains from about 7 to about 15 weight percent,
preferably from about 8 to about 12 weight percent comonomer, based on the total
weight of the copolymer product. Most preferably, the comonomer is present in the
copolymer with the range of 8 to 10 weight percent for the best copolymer
properties and reactor run conditions.

The copolymers produced according to this invention generally are
impact resistant, tough, linear, low-density polyethylene copolymers, having a broad
molecular weight distribution. Usually, the melt index (MI) for polymers produced
in accordance with this iﬁvention, before pelleting, are within a range of about 0.05
to about 0.35 g/10 min., preferably within a range of about 0.05 to about 0.3 g/10



penterie, or a mixture of two or nore of said cononomers. 5 RFPLACEMEN
process according to any one of the preceding clains, wherei &

system activation is carried out in air at a tenperature i L Qf. T romy
about, 300 to about 1,000[err]C. and wherein Saisﬁjb%?irt%&”s 0 QM qonp }
is carried out at a tenperature in a rapge of from about 0 abou

500[err] C. 6. A process according to any one of] the precedi ng
clains, wherein said silica-titani a@sgpRemeg s forned by copreerpr+ation
7 A process according t6 any one of the preceding clains,
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ratio is decreased by introducing ethylene into the reactor.
A process aerermixtuetherearfy one of the preceding clains, wherein the

conmononer to ethyl ene r weight feed ratio is decreased by reducing
the amount of corronorré’ﬁrD%qe%ed’ﬁ@é(gn‘?rnto the reactor. 10. A

process according to anyatQ&st Sre hierRasHfiOcdthctolfer hidifg Glofh At gomononer
to ethyl ene nononer welight feed ratio’is decreased by about 1 to about 10

ratio poi nt 3o ebeut Searbad atome pex inolpculondi ti ons. 11. A process
o et hyl ane monomer f Ab8 SHEFBHE THET B Tk gerd amna s5Hpe BBt ™"

aluminum; and

e) a catalyst system comprising chromium supported on a silica-
titania support, wherein said support comprises from about 2 to about 20 weight
percent titanium, based on the weight of the support, and wherein said catalyst
system has been oxidized in an oxygen-containing ambient under conditions such
that at least a substantial portion of any chromium in a lower valent state is
converted to the hexavalent state and subsequently reduced in the presence of
carbon monoxide in an inert ambient so as to effect at least a partial reduction of
the hexavalent chromium to a lower valent state;

wherein said chromium is present in an amount of about 0.05 to
about 5 weight percent, based on the total weight of the chromium and the support
after activation; and

wherein said polymerization conditions include temporarily reducing
the higher alpha-olefin comonomer to ethylene monomer weight feed ratio by about
15 to about 75 percent of normal operating conditions for a time within a range of
about a few minutes to about 15 hours and then returning to normal polymerization
conditions.
2. A process according to claim 1, wherein said temperature in the
reaction zone is within a range of from about 60°C. to less than 88°C.
3. A process according to claim 2, wherein the temperature is in the
range of from about 76° to about 8§2°C.
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4, A process according to any one of claims 1-3, wherein said-higher————- - .
alpha-olefin comonomer is 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-
pentene, or a mixture of two or more of said comonomers.

5. A process according to any one of the preceding claims, wherein said
catalyst system activation is carried out in air at a temperature in a range of from
about 300° to about 1,000°C. and wherein said carbon monoxide reduction is
cartied out at a temperature in a range of from about 300° to about 500°C.

6. A process according to any one of the preceding claims, wherein said
silica-titania support is formed by coprecipitation.

7. A process according to any one of the preceding claims, wherein said
trialkyl boron compound is triethylborane and is present in the reaction zone in a
range of from about 1 to about 20 ppm, based on the mass of the diluent.

8. . A process according to any one of the preceding claiﬁls, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by introducing
ethylene into the reactor.

9. A process according to any one of the preceding claims, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by reducing the
amount of comonomer introduced into the reactor.

10. A process according to any one of the preceding claims, wherein the
comonomer to ethylene monomer weight feed ratio is decreased by about 1 to about
* 10 ratio points over normal operating conditions.

11. A process according to any one of the preceding claims, wherein the
normal comonomer to ethylene monomer feed weight ratio is from 0.03 to about
0.04.
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