we201/©98425 A1 | 00000000 0000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property J
Organization % OO 00O O 0 00O 0
=

International Bureau (10) International Publication Number

WO 2018/098425 Al

(43) International Publication Date

31 May 2018 (31.05.2018) WIiPO | pcT
(51) International Patent Classification: (72) Inventors: BERNAL, Samuel; 401 Main Street, Aust-
CO8F 10/02 (2006.01) well, Texas 77950 (US). GOODE, Mark G.; 1840

Union Carbide Drive, S. Charleston, West Virginia 25303
(US). ALEXANDRE, Francois; 6683 Jean-Talon Est,
Suite #228, Saint-Leonard, Alberta HIS O0A5 (CA).

(21) International Application Number:
PCT/US20 17/063261

(22) International Filing Date: MATTHEWS, William A.; 15Wildbird Lane, Hilton Head
27 November 2017 (27.1 1.2017) Island, South Carolina 29926 (US).

(25) Filing Language: English  (74) Agent: HUEBSCH, Joseph C ; Brooks, Cameron & Hueb-
. ) . sch, PLLC, 1201 Marquette Avenue South, Suite 400, Min-

(26) Publication Language: English neapolis, Minnesota 55403 (US).
(30) Priority Data: (81) Designated States (unless otherwise indicated, for every
62/426,840 28 November 2016 (28.11.2016) US kind d national protection available): AE, AG, AL, AM,
(71) Applicant: UNIVATION TECHNOLOGIES, LLC AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,BZ,
[US/US]; 5555 San Felipe, Suite 1950, Houston, Texas CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
77056 (US). Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW,KZ, LA, LC, LK, LR, LS, LU, LY,MA, MD, ME,

(54) Title: PRODUCING A POLYETHYLENE POLYMER

244
oo 2w N0, ﬁ\[” Qfﬂ Ta 2020 J f[?g
Lol

pTeerr—
. 3 @ E!

£
8
§
14
4
&

5 AT A

. .| [, y _
‘ZD"“" R il

£ T

ey
[

[ Oy e

T

Tawazies

FIG. 2A-2E

(57) Abstract: The present disclosure provides for a system and method for producing a polyethylene polymer (PE) that includes
measuring a melt flow index (MFI) of the PE, comparing the measured value of the MFI to a predetermined desired range for the
MFI, changing a catalyst feed rate to the polymerization reactor based on the compared vaues of the MFI, where changes in the
catalyst feed rate preemptively compensate for subsequent changes in an oxygen flow rate to the polymerization reactor that maintain a
predetermined residence time and bring the MFI of the PE into the predetermined desired range for the MFI; and changing the oxygen
flow rate to the polymerization reactor thereby maintaining both the predetermined residence time and bringing the MFI of the PE into
the predetermined desired range for the MFI. The measuring and comparing steps are repeated to ensure the measured value of the MFI
iswithin the predetermined desired range of the MFI at the predetermined residence time.
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PRODUCING A POLYETHYLENE POLYMER

Technical Field
The present disclosure relates to methods for producing apolymer and in particular to

methods for producing a polyethylene polymer.

Background
In fluidized bed gas phase methods for producing a polyethylene polymer, reactants such

as gaseous ethylene, catalyst, hydrogen and other raw materials are converted into a solid
polyethylene polymer. Polymerization reactors for such fluidized bed gas phase methods can
include areactor vessel, a compressor, and a cooler (heat exchanger). During production, the
polymerization reaction is maintained in atwo-phase fluidized bed of granular polyethylene and
gaseous reactants by afluidizing gas which is passed through adistributor plate near the bottom
of the reactor vessel. The heat of reaction istransferred to a circulating gas stream, which is
compressed and cooled in an external recycle line and then reintroduced into the bottom of the
reactor vessel where it passes through the distributor plate. Make-up feed-streams of the
reactants are added to maintain the desired reactant concentrations.

The properties of the polyethylene polymer formed by such afluidized bed gas phase
method can be controlled by varying one or more operating conditions of the fluidized bed gas
phase method. Such operating conditions can include an operating temperature, an amount of
catalyst present in the reactor vessel, atype and/or a quantity of catalyst and an amount of
gaseous reactants present in the reactor vessel, among others. Such properties of the
polyethylene polymers can include molecular weight, molecular weight distribution, polymer
density, and the melt flow index of the polyethylene polymer, for example. Of these properties,
the melt flow index can be measured to provide an indirect measure of the molecular weight of
the polyethylene polymer, with ahigher melt flow rate corresponding to arelatively lower
molecular weight and lower melt flow rate corresponding to arelatively higher molecular
weight.

The operating conditions may also influence a production rate of the polyethylene
polymer. For anumber of applications, it may be desirable in operating a polymerization reactor
to have a production rate of the polyethylene polymer that is constant such that the polyethylene
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polymer has, among other things, amelt flow index in adesired range. It may also desirable to
have as high of aproduction rate of the polyethylene polymer as possible while still producing
the polyethylene polymer in the desired range of the melt flow index. Having a production rate
that is constant can require having aresidence time of the polyethylene polymer coming from the
polymerization reactor that isalso constant. A residence time isthe average amount of time the
components used to form the polyethylene polymer spends in the polymerization reactor,
assuming no dead or stagnant zones within the polymerization reactor. All other things staying
the same, asthe residence time increases, the melt flow index of the polyethylene polymer
decreases (e.g., the average molecular weight goes up the longer the polyethylene polymer stays
in the reactor vessel), and when the residence time decreases, the melt flow index increases (e.g.,
the average molecular weight goes down the shorter the polyethylene polymer staysin the
reactor vessel).

One significant challenge is getting to a steady state that produces the polyethylene
polymer at the desired production rate within adesired melt flow index range. This can require
making changes in the amount of catalyst present in the reactor vessel, the type and the quantity
of catalyst and the partial pressures of the gaseous reactants present in the reactor vessel. One
approach to controlling the melt flow index of the polyethylene polymer isto feed an adjunct
material to the reactor vessel. For example, oxygen added to the gas phase fluidized bed in the
reactor vessel tends to function as a catalyst "poison” that terminates polymerization. This
generally results in an increase in the melt flow index of the polyethylene polymer. Adding
oxygen to control the melt flow index, however, can cause changes in the residence time, which
inturn can cause further changes in the melt flow index. Given this scenario, holding the
residence time constant so asto maximize the production rate of the polyethylene polymer
becomes extremely challenging from a process control standpoint.

So, there isaneed in the art for the ability to maintain a constant value for aresidence
time so asto maximize the production rate of the polyethylene polymer coming from the
polymerization reactor while accommodating changes in oxygen flow rates to bring the

molecular weight of the polyethylene polymer into adesired melt flow index range.

Summary
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The present disclosure provides amethod of bringing amelt flow index (MFI) of a
polyethylene polymer into a predetermined desired range of the MFI while maintaining a
constant value of a predetermined residence time of the polyethylene polymer. Bringing the MFI
of the polyethylene polymer produced at the predetermined residence time into the
predetermined desired range of the MFI isaccomplished by changing an oxygen flow rate of an
oxygen feed to the polymerization reactor. Changes in the oxygen flow rate to adjust the MFI,
however, need to be compensated for by preemptively changing the catalyst flow rate of afeed
of achromium based catalyst in order to maintain the constant value of the predetermined
residence time. So, the timing of the changes in the catalyst flow rate relative to the changesin
oxygen flow rate are used to provide the polyethylene polymer with the MFI in the
predetermined desired range of the MFI while maintaining the constant value of the
predetermined residence time.

Specifically, the present disclosure provides a method for producing apolyethylene
polymer in a polymerization reactor, where the polymerization reactor receives afeed of
ethylene, afeed of a chromium based catalyst and afeed of oxygen, where the polyethylene
polymer produced in the polymerization reactor has a predetermined residence time in the
polymerization reactor and a predetermined desired range of amelt flow index (MFIl). The
method includes (a) measuring the MFI of the polyethylene polymer being produced in the
polymerization reactor at the predetermined residence time to give ameasured MFl value of the
polyethylene polymer. The method further includes (b) comparing the measured MFI value of
the polyethylene polymer to the predetermined desired range of the MFI to give a comparison.
The method uses an oxygen flow rate of the feed of oxygen to the polymerization reactor to
eventually maintain the predetermined residence time and to bring the MFI of the polyethylene
polymer being produced in the polymerization reactor with the chromium based catalyst into the
predetermined desired range of the MFI of the polyethylene polymer. Before this happens,
however, the method preemptively (c) changes a catalyst feed rate of the feed of the chromium
based catalyst to the polymerization reactor when, based on the comparison from (b), the
measured value of the MFI is outside the predetermined desired range of the MFI. Specificaly,
the change in the catalyst feed rate of the feed of the chromium based catalyst is calibrated to
preemptively compensate for an anticipated subsequent change in the oxygen flow rate of the
feed of oxygen to the polymerization reactor. Asmentioned, the anticipated subsequent change
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in oxygen flow rate of the feed of oxygen to the polymerization reactor is an adjustment for
maintaining the predetermined residence time and for bringing the MFI of the polyethylene
polymer being produced in the polymerization reactor into the predetermined desired range for
the MFI of the polyethylene polymer. The method also includes (d), which at a predetermined
time after starting (c) provides for changing the oxygen flow rate of the feed of oxygen to the
polymerization reactor thereby both maintaining the predetermined residence time and bringing
the MFI of the polyethylene polymer being produced in the polymerization reactor with the
chromium based catalyst into the predetermined desired range of the MFI of the polyethylene
polymer. In (e), the steps of (a) and (b) provided herein are repeated after (d) to determine that
the measured value of the MFI iswithin the predetermined desired range of the MFI at the
predetermined residence time.

Depending upon the desired change in MFI, changing the catalyst feed rate of the feed of
the chromium based catalyst to the polymerization reactor includes increasing the catalyst feed
rate to the polymerization reactor, where changing the oxygen flow rate of the feed of oxygen to
the polymerization reactor includes increasing the oxygen flow rate to the polymerization reactor
at the predetermined time selected from 15 minutes to 2 hours after starting step (c).
Alternatively, changing of the catalyst feed rate of the feed of the chromium based catalyst to the
polymerization reactor includes decreasing the catalyst feed rate to the polymerization reactor,
where changing the oxygen flow rate of the feed of oxygen to the polymerization reactor
includes decreasing the oxygen flow rate to the polymerization reactor at the predetermined time
selected from 15 minutes to 2 hours after starting step (c).

The oxygen flow rate of the feed of oxygen to the polymerization reactor isfrom 1ppb to
about 500 ppb by volume of the ethylene feed to the polymerization reactor. Asoxygenisa
poison to chromium based catalysts, changes in the oxygen flow rate of the feed of oxygen to the
polymerization reactor preferably bring the MFI of the polyethylene polymer being produced in
the polymerization reactor to amedian value of the predetermined desired range for the MFI of
the polyethylene polymer. The changes in the oxygen flow rate to the polymerization reactor
also maintain the predetermined residence time at a constant value, aswill be discussed more

fully herein.

Brief Description of the Drawings
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FIG. lisa schematic representation of agas phase polymerization reactor system that
may be utilized for producing a polyethylene polymer, according to one or more embodiments.

FIG. 2A - 2E are data for example polyethylene polymers in which Fig. 2A isthe
residence time (hrs) for the polyethylene polymer; Fig. 2B isthe production rate in tonne/hour;
Fig. 2C isthe melt flow index (l,,) dg/min, measured according to ASTM D1238; Fig. 2D isthe
0,/C, molar feed ratio pph, ; Fig. 2E isa catalyst feed rate (kg/hr) and catalyst productivity
(tonne polyethylene/kg catalyst) for the example polyethylene polymers.

Detailed Description

Asdiscussed herein, the present disclosure provides methods for producing polyethylene
polymers. These methods for producing polyethylene polymers can include bringing amelt flow
index (MFI) of apolyethylene polymer into a predetermined desired range of the MFI, while
maintaining a constant value of a predetermined residence time of the polyethylene polymer.
Bringing the MFI of the polyethylene polymer produced at the predetermined residence time into
the predetermined desired range of the MFI can be accomplished by changing an oxygen flow
rate of an oxygen feed to a polymerization reactor utilized for producing the polyethylene
polymers. To maintain the constant value of the predetermined residence time, however,
changes in the oxygen flow rate to adjust the MFI may be compensated for by preemptively
changing a catalyst flow rate of afeed of chromium based catalyst used to produce the
polyethylene polymer. So, as discussed herein, timing of the changes in the catalyst flow rate,
relative to the changes in oxygen flow rate, are used to provide the polyethylene polymer with
the MFI in the predetermined desired range of the MFI, while maintaining the constant value of
the predetermined residence time.

Asnoted, changes in the catalyst flow rate of the feed of the chromium based catalyst are
made before making changes in the oxygen flow rate of an oxygen feed to the polymerization
reactor. Staggering the flow rates changes can be utilized because of the relative differencein
the response of the polyethylene polymer reaction to the changes in the catalyst feed rate and the
changes in oxygen feed rate. For example, changes in oxygen flow rate of afeed of oxygen to
the polymerization reactor can result in rapid changes in the residence time of the polyethylene

polymer being produced. In comparison, changes in the catalyst feed rate of the chromium based



WO 2018/098425 PCT/US2017/063261

catalyst may have amuch longer induction period before changes in the residence time of the
polyethylene polymer being produced are seen.

So, in changing the oxygen flow rate to adjust the MFI the residence time can deviate
from the constant value of the predetermined residence time. Knowing this, the catalyst flow
rate of the feed of the chromium based catalyst is changed in a calibrated manner to preemptively
compensate for an anticipated subsequent change in the oxygen flow rate of the feed of oxygen
to the polymerization reactor. Asdiscussed herein, the calibrated manner of changing the
catalyst flow rate can be based, at least in part, on the catalyst feed rate, induction period data for
the chromium based catalyst, residence time of the chromium based catalyst, activity rates of the
chromium based catalyst, and/or decay rates of the chromium based catalyst being utilized to
produce the polyethylene polymer. Once the effect of the change in the catalyst flow rate of the
chromium based catalyst begins to take effect (e.g., when the induction period ends and the
residence time begins to deviate from the constant value of the predetermined residence time
beyond apredetermined threshold) the change in the oxygen flow rate can be used to both bring
the MFI of the polyethylene polymer into the predetermined desired range for the MFI of the
polyethylene polymer and to restore the residence time to the constant value.

Asused herein, apredetermined residence time is aresidence time that is selected for use
in producing apolyethylene polymer in apolymerization reactor. Asmore fully discussed
herein, the polymerization reactor receives a least afeed of ethylene, afeed of a chromium
based catalyst and afeed of oxygen to produce the polyethylene polymer & a steady state. The
predetermined residence time is selected based on the desired production rate of the polyethylene
polymer for the given operating conditions of the polymerization reactor and flow rates of at
least afeed of ethylene, afeed of a chromium based catalyst and afeed of oxygen to produce the
polyethylene polymer at the steady state.

The residence time value for the present disclosure can be determined from amass of the
polyethylene polymer produced. For instance, amass of polyethylene polymer removed from
the polymerization reactor for agiven time (e.g., kilogram per hour) and the overall mass (e.g.,
kilogram) of the reaction bed inside the polymerization reactor may beutilized. For the present
disclosure, determining the residence time for producing the polyethylene polymer at steady state
can be based on an assumption of no dead or stagnant zones inside the polymerization reactor.

Asknown inthe art, the overall mass of the reaction bed inside the polymerization reactor can be
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determined, among other ways, by measuring a pressure drop across the reaction bed. For a
mass of the polyethylene polymer removed from the polymerization reactor for a given time the
residence time can be determined by dividing an overall mass of the reaction bed by the mass of
the polyethylene polymer removed from the polymerization reactor for the given time. So, for a
desired production rate a predetermined residence time, asused herein, can be calculated and
used in operating the polymerization reactor to produce the polyethylene polymer.

Asdiscussed herein, it isdesired to produce a polyethylene polymer in the
polymerization reactor at a constant value of the predetermined residence time. For example, the
constant value of the predetermined residence time can be selected for agiven polymerization
reactor to provide a particular production, e.g., amaximized production, of the polyethylene
polymer having adesired MFI in agiven polymerization reactor. The polyethylene polymer
being produced initially at the predetermined residence time, however, may not necessarily have
aMFI that falls into the predetermined desired range of the MFI. To achieve aMFI in the
predetermined range, the oxygen flow rate of the oxygen feed, can bevaried to change the MFI
of the polyethylene polymer. However, varying the oxygen flow rate can change the residence
time of the polyethylene polymer being produced. So, as mentioned, to help ensure that the
predetermined residence time ismaintained at the constant value for the polyethylene polymer,
the catalyst feed rate of the chromium based catalyst can be preemptively changed in anticipation
of the changes in the oxygen flow rate of the oxygen feed that will bring the MFI of the
polyethylene polymer into the predetermined desired range of the MFI.

In practicing the present disclosure, a polyethylene polymer can be produced in a
polymerization reactor that receives a least afeed of ethylene, afeed of achromium based
catalyst, and afeed of oxygen to produce the polyethylene polymer at steady state and at a
predetermined residence time. At steady state, the polymerization reactor can operate with a
constant value of the predetermined residence time so asto achieve a desired production rate of
the polyethylene polymer being produced. Preferably, the production rate is a constant
production rate. Further details regarding producing the polyethylene polymer are discussed
more fully herein.

In addition to producing the polyethylene polymer in the polymerization reactor with a
predetermined residence time, it isaso agoal to produce the polyethylene polymer having a MFI
that falls within a predetermined desired range of the MFI. The predetermined desired range of
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the MFI has a predetermined upper limit and a predetermined lower limit, aswill be discussed
more herein. Asused herein, the MFI "fallswithin" or is "found in" the predetermined desired
range of the MFI when ameasured value of the MFI of the polyethylene polymer isequal to
either of the predetermined upper limit or the predetermined lower limit, or avalue between the
predetermined upper limit and the predetermined lower limit defining the predetermined desired
range.

Asaninitial step, a sample of the polyethylene polymer produced a steady state with a
predetermined residence time can betaken from the polymerization reactor. The MFI of this
sample can be measured to provide a measured MFI value of the polyethylene polymer. MFI
can be described as ameasure of the ease of flow of the melt of athermoplastic polymer, e.g. the
polyethylene polymer as described herein. MFI can be defined asthe mass of polymer in grams
flowing in 10 minutes through a capillary of aparticular diameter and length by a pressure
applied via prescribed alternative gravimetric weights for aternative prescribed temperatures.
The MFI can be utilized as an indirect measure of molecular weight, where for example the
higher the MFI the lower the molecular weight of the polymer and the lower the MFI the higher
the molecular weight of the polymer.

A variety of MFI standards such asMFI (1.,), MFI (Is) and/or MFI (1,,), and melt flow
ratios (I,,/ 1) and (121/ I5) can be used with the present disclosure. For example, MFI (1) can be
measured using ASTM D-1238, Condition FR-190/2. 16. Melt flow index (I5) can be measured
using ASTM D-1238, Condition FR-190/5.0. Melt flow index (I,;) can be measured using
ASTM D-1238, Condition FR-190/21.6. In one example, melt flow index measurements for
MFI (1), MFI (I5) and/or MFI (1,,) can be conducted using acommercial indexer 162, which
include indexer models MP200 and MP600 from Tinius Olsen, Inc., 1065 Easton Road, PO Box
1009, Horsham, Pa. 19044-8009, USA. Ratios between various combinations of the MFI for one
material a different gravimetric weights (e.g., MFI (1), MFI (Is) and/or MFI (hi)) may beused
as ameasure for the broadness of the molecular weight distribution.

Asmentioned, it ispreferred that the polyethylene polymer coming from the
polymerization reactor have aMFI with a measured value found in the predetermined desired
range for the MFI of the polyethylene polymer. The predetermined desired range for the MFI of
the polyethylene polymer can be for any one of MFI (I.,), MFI (Is) and/or MFI (1,,) discussed

herein. In addition, the specific values of such adesired range for the MFI can be afunction of
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the intended application for the polyethylene polymer, where the predetermined desired range for
the MFI of the polyethylene polymer has the predetermined upper limit and the predetermined
lower limit. Preferably, changes inthe oxygen flow rate of the oxygen feed to the
polymerization reactor are used to bring the MFI of the polyethylene polymer being produced in
the polymerization reactor to amedian value of the predetermined desired range for the MFI of
the polyethylene polymer.

Examples of apredetermined desired range for the MFI (I,.) of the polyethylene polymer

21)
includes upper values of 50 dg/min, 30 dg/min, 25 dg/min and 20 dg/min and includes lower

values of 1dg/min, 1.5 dg/min, 2 dg/min and 3 dg/min for MFI (I,,,). Preferred ranges for MFI
(1,,) include plus and minus 25% of the target MFI (I,,,); plus and minus 20% of the target MFI
(1,,): plus and minus 15% of the target MFI (I,,); plus and minus 10% of the target MFI (1,,,);
plus and minus 5% of the target MFI (1,,,); and, plus and minus about 2% of the target MFI (I

21)'
Examples of melt flow ratio (I,1/ ) values for the polyethylene polymer of the present
disclosure can include upper limits of 150, 160, 180 and 200 and includes lower limits of 50, 60,
70 and 80. Preferred ranges for the melt flow ratio (121/ ) include 50 to 200; 60 to 180; 70 to
160 and 80to 150. Examples of melt flow ratio (I,i/ | 5) values for the polyethylene polymer of
the present disclosure can include upper limits of 28, 30 and 35 and includes lower limits of 10,
15 and 18. Preferred ranges for the melt flow ratio (1,,/ 1) include 10 to 35, 15 to 30, and 18 to
28.

Aspreviously mentioned, asan initial step the MFI of the sample of the polyethylene
polymer produced at steady state with a predetermined residence time can be measured. This
measured MFI value can then be compared to the predetermined desired range of the MFI to give
a comparison. Based on the comparison, when the MFI value of the sample of the polyethylene
polymer formed at steady state is outside the predetermined desired range of the MFI, changes to
both the catalyst feed rate of the feed of the chromium based catalyst to the polymerization
reactor and the oxygen flow rate of the feed of oxygen to the polymerization reactor can be
made.

Oxygen in the polymerization reactor can function asa "poison”. For instance, oxygen in
the polymerization reactor may terminate reaction sites on chromium based catalysts used in
polymerization reactions. So, changes to the oxygen flow rate of the flow of oxygen tothe

polymerization reactor can be used to control the chromium based catalysts activity, and thereby
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to control the MFI of the polyethylene polymer produced. Changing the oxygen flow rate of the
oxygen flow to control the MFI, however, can cause a change in the residence time, which in
turn can cause further variation inthe MFI of the polyethylene polymer. For example, increasing
the oxygen flow rate to the polymerization reactor actsto increase the MFI of the polyethylene
polymer, where increasing the residence time would act to decrease the MFI. Given this
scenario, changing the oxygen flow rate of the oxygen flow to the polymerization reactor, so as
to hold the predetermined residence time constant while bringing the MFI into the predetermined
desired range can be extremely challenging from a process control standpoint.

So, before changes in the oxygen flow rate occur, the present methods preemptively
change the catalyst feed rate of the feed of the chromium based catalyst to the polymerization
reactor when, based on the comparison discussed above, the measured value of the MFI is
outside the predetermined desired range of the MFI. Specifically, the change in the catalyst feed
rate of the feed of the chromium based catalyst can be calibrated to preemptively compensate for
an anticipated subsequent change in the oxygen flow rate, e.g., of the feed of oxygen, to the
polymerization reactor. The anticipated subsequent change in oxygen flow rate of the feed of
oxygen to the polymerization reactor can then an adjusted to maintain the predetermined
residence time and/or for bringing the MFI of the polyethylene polymer being produced into the
predetermined desired range for the MFI of the polyethylene polymer.

Calibrating the change in the catalyst feed rate can be based on at least the induction
period, the activity rate, and the decay rate of the catalyst. The MFI value targeted isused to
project the required £¥2'C2to achieve the desired targeted aim. The 02/C2 thus required is used to
project the resulting change in catalyst productivity. This may be done at a constant residence
time production rate. Based on the new catalyst productivity, the catalyst feed isadjusted to a
value that will maintain a steady production rate.

Therefore, in anticipation of changes in the oxygen flow rate to bring the molecular
weight of the polyethylene polymer to the desired MFI, the catalyst feed rate is preemptively
changed before any changes in the oxygen flow rate to the polymerization reactor occur. Thisis
done because the chromium based catalysts utilized for polyethylene polymer production, as
previously discussed, can have arelatively long induction period, as compared to the effect of
oxygen discussed herein. As such, the effects of changes in catalyst feed rate in the

polymerization reactor are not immediately seen once the catalyst feed rate of the chromium
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based catalyst changes. In contrast, the effects of oxygen on such chromium based catalystsis
much quicker as compared to the effects caused by the changes to the catalyst feed rate. So, the
methods disclosed herein utilize changes in the catalyst feed rate of the chromium based catalyst
to the polymerization reactor before changes to the oxygen feed rate to the polymerization
reactor, so asto help maintain the residence time of the polyethylene polymer asthe oxygen flow
rate i s changing.

The changes to the oxygen flow rate can be made a a predetermined time after starting
the change in the catalyst feed rate of the chromium based catalyst. A smentioned, changing the
oxygen flow rate of the feed of oxygen to the polymerization reactor can both maintain the
predetermined residence time and bring the MFI of the polyethylene polymer being produced
into the predetermined desired range of the MFI. The oxygen flow rate of the feed of oxygen to
the polymerization reactor can range from 1 ppb to about 500 ppb by volume of the ethylene
feed to the polymerization reactor.

Depending upon the desired change in MFI, changing the catalyst feed rate of the feed of
the chromium based catalyst to the polymerization reactor can include increasing the catalyst
feed rate to the polymerization reactor, where changing the oxygen flow rate of the feed of
oxygen to the polymerization reactor can include increasing the oxygen flow rateto the
polymerization reactor at a predetermined time selected from 15 minutes to 2 hours after starting
the change in the catalyst feed rate of the chromium based catalyst. Alternatively, changing of
the catalyst feed rate of the feed of the chromium based catalyst to the polymerization reactor can
include decreasing the catalyst feed rate to the polymerization reactor, where changing the
oxygen flow rate of the feed of oxygen to the polymerization reactor can include decreasing the
oxygen flow rate to the polymerization reactor a the predetermined time selected from 15
minutes to 2 hours after starting the change in the catalyst feed rate of the chromium based
catalyst. Other preferred predetermined time values include aboutlO minutes to about 3 hours
for the delay. After making the changes in the oxygen flow rate of the oxygen flow, the
polymerization reactor is allowed to reach anew steady state. A sample of the polyethylene
polymer produced at the new steady state can then betaken and the MFI of this sample can be
measured using the same test(s) (e.g., MFI (1), MFI (I5) and/or MFI (hi)) used to measure the
MFI of the sample taken before the changes in the catalyst flow rate and the oxygen flow rate.
The MFI value of the sampletaken at the new steady state can be compared to the predetermined

11
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desired range of the MFI to determine if the MFI iswithin the predetermined desired range of the
MFI at the predetermined residence time. Finally, on the chance that the measured value of the
MFI value of the sample taken &t the new steady state does not fall within the predetermined
desired range of the MFI & the predetermined residence time, the above described method can be
repeated.

By way of example, the method of the present disclosure can be performed using a
variety of fluid phase polymerization reactions. For example, such reactions can be carried out
in agas phase polymerization reactor or in aliquid slurry phase polymerization reactor. The
polymerization system may comprise a single reactor or two or more reactors in series. While
the following discussion features a gas phase polymerization reactor, where the present
disclosure has been found to be preferred and especially advantageous, it isto be understood that
the general concepts relating to the changes in the catalyst feed rate of the chromium based
catalyst and the oxygen flow rate of the oxygen flow to the polymerization reactor to maintain
both the predetermined residence time and to bring the MFI of the polyethylene polymer being
produced in the polymerization reactor with the chromium based catalyst into the predetermined
desired range for the MFI of the polyethylene polymer are applicable to the liquid slurry phase
polymerization reactor aswell. The present disclosure isnot limited to any specific type of gas
phase reactor system.

A fluidized bed of the gas phase polymerization reactor can generally include abed of
particles in which the static friction between the particles is disrupted. In each of the
aforementioned generally preferred approaches and/or embodiments, the fluidized bed systemis
aclosed fluidized bed system. A closed fluidized bed system can comprise one or more fluids
and one or more types of fluidized particles that are generally bounded by abarrier so that the
fluids and particles are constrained. For example, aclosed fluidized bed system may include a
pipeline (e.g., for particle transport); arecirculating fluidized bed system, such asthe fluidized
bed polymerization reactor system of Fig. 1, asdiscussed herein; or a solids drying system; any
of which may be associated with various residential, commercial and/or industrial applications.

In general, the fluidized bed system can be defined by manufactured (e g., man-made)
boundaries comprising one or more barriers. The one or more barriers defining manufactured
boundaries can generally be made from natural or non-natural materials. Also, in general, the

fluidized bed system (whether open or closed) can be aflow system such as a continuous flow
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system or a semi-continuous flow (e.g., intermittent-flow) system, abatch system, or a semi-
batch system (sometimes also referred to as a semi-continuous system). In many instances,
fluidized bed systems that are flow systems are closed fluidized bed systems.

The fluidized bed in preferred embodiments isgenerally formed by flow of a gaseous
fluid in adirection opposite gravity. The frictional drag of the gas on the solid particles
overcomes the force of gravity and suspends the particles in afluidized state referred to asa
fluidized bed. Tomaintain aviable fluidized bed, the superficial gas velocity through the bed
must exceed the minimum flow required for fluidization. Increasing the flow of the fluidizing
gas increases the amount of movement of the particles in the bed, and can result in abeneficial or
detrimental tumultuous mixing of the particles. Decreasing the flow results in less drag on the
particles, which can ultimately lead to collapse of the bed. Fluidized beds formed by gases
flowing in directions other than vertically include particles flowing horizontally through a pipe,
particles flowing downwardly e.g., through a downcomer.

Fluidized beds can also be formed by vibrating or otherwise agitating the particles. The
vibration or agitation keeps the particles in afluidized state.

In general terms, aconventional fluidized bed polymerization process for producing a
polyethylene polymer isconducted by passing a gaseous stream containing one or more
monomers continuously through afluidized bed reactor under reactive conditions and in the
presence of catalyst a avelocity sufficient to maintain the bed of solid particles in a suspended
condition. A continuous cycle isemployed where the cycling gas stream, otherwise known as a
recycle stream or fluidizing medium, isheated in the reactor by the heat of polymerization. The
hot gaseous stream, also containing unreacted gaseous monomer, is continuously withdrawn
from the reactor, compressed, cooled and recycled into the reactor. Product iswithdrawn from
the reactor and make-up monomer isadded to the system, e.g., into the recycle stream or reactor
vessel, to replace the polymerized monomer.

The method of the disclosure can be described, for example, with reference toFig. 1, in
which abulk material 10 ispresent in a polymerization reactor 100. Such bulk material can be
gaseous, liquid and/or solid material. In the polymerization reactor 100, illustrative bulk
materials may include one or more of reaction raw materials such as ethylene, a chromium based
catalyst and oxygen, reaction products such as polymer particles, catalysts, reaction byproducts

and other materials. Thus, the bulk material may include substantially pure individual materials
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aswell ascombinations of materials, the material(s) being present in one or more phases. A
chromium based catalyst is added to the polymerization reactor 100 via an appropriate
mechanism such asfeed line 148. A gaseous monomer (e.g., ethylene), added to the
polymerization reactor 100 via an appropriate mechanism such asfeed line 111, is contacted
with the chromium based catalyst in the polymerization reactor for polymerizing the monomer to
form apolyethylene polymer. Oxygen isadded in situ to the polymerization reactor 100 via an
appropriate mechanism such asfeed line 148 or another feed line 150 in an effective amount for
changing the melt flow index (MFI) of the polyethylene polymer as desired and discussed herein.

The polymerization reactor 100 seenin Fig. 1also provides for areactor vessel 110 that
includes areaction zone 112 and avelocity reduction zone 114. While areactor configuration
comprising ageneraly cylindrical region beneath an expanded section is shown in Fig. 1,
aternative configurations such as areactor configuration comprising an entirely or partially
tapered reactor may also beutilized. In such configurations, the fluidized bed can be located
within atapered reaction zone but below aregion of greater cross-sectiona area which serves as
the velocity reduction zone of the more conventional reactor configuration shown in Fig. 1.

In general, the height to diameter ratio of the reaction zone can vary in the range of about
2.7:1 to about 5:1. The range may vary to larger or smaller ratios and depends mainly upon the
desired production capacity. The cross-sectional area of the velocity reduction zone 114 is
typically within the range of from about 2.5 to about 2.9 multiplied by the cross-sectional area of
the reaction zone 112.

The reaction zone 112 includes abed of growing polymer particles, formed polymer
particles and aminor amount of catalyst all fluidized by the continuous flow of polymerizable
and modifying gaseous components, including inerts, in the form of make-up feed and recycle
fluid through the reaction zone. To maintain aviable fluidized bed, the superficial gas velocity
through the bed must exceed the minimum flow required for fluidization which istypically from
about 0.2 to about 0.5 ft/sec. for polyethylenes. Preferably, the superficial gas velocity isat least
0.2 ft/sec. above the minimum flow for fluidization or from about 0.4 to about 0.7 ft/sec.
Ordinarily, the superficial gas velocity will not exceed 5.0 ft/sec. and isusually no more than
about 2.5 ft/sec.

On start-up, the polymerization reactor isgenerally charged with abed of particulate

polymer particles before gas flow isinitiated. Such particles help to prevent the formation of
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localized "hot spots' when catalyst feed isinitiated. The particles may be the same asthe
polymer to be formed or different. When different, they are preferably withdrawn with the
desired newly formed polymer particles asthe first product. Eventualy, afluidized bed
consisting of desired polyethylene polymer particles supplants the start-up bed.

Fluidization isachieved by ahigh rate of fluid recycle to and through the bed, typically
on the order of about 50 times the rate of feed or make-up fluid. This high rate of recycle
provides the requisite superficial gas velocity necessary to maintain the fluidized bed. The
fluidized bed has the general appearance of a dense mass of individually moving particles as
created by the percolation of gas through the bed. The pressure drop through the bed isequal to
or slightly greater than the weight of the bed divided by the cross-sectional area.

Referring again to Fig. 1, make-up fluids can be fed a points 118 and 119 via recycle line
122. The composition of the recycle stream istypically measured by agas analyzer 121 and the
composition and amount of the make-up stream isthen adjusted accordingly to maintain an
essentially steady state composition within the reaction zone. The gas analyzer 121 can be
positioned to receive gas from a point between the velocity reduction zone 114 and heat
exchanger 124, preferably, between compressor 130 and heat exchanger 124.

To ensure complete fluidization, the recycle stream and, where desired, at least part of the
make-up stream can be returned through recycle line 122 to the reactor, for example at inlet 126
below the bed. Preferably, there isagas distributor plate 128 above the point of return to aid in
fluidizing the bed uniformly and to support the solid particles prior to start-up or when the
system is shut down. The stream passing upwardly through and out of the bed helps remove the
heat of reaction generated by the exothermic polymerization reaction.

The portion of the gaseous stream flowing through the fluidized bed which did not react
in the bed becomes the recycle stream which leaves the reaction zone 112 and passes into the
velocity reduction zone 114 above the bed where amajor portion of the entrained particles drop
back onto the bed thereby reducing solid particle carryover. The recycle stream isthen
compressed in compressor 130 and passed through heat exchanger 124 where the heat of reaction
isremoved from the recycle stream before it isreturned to the bed. The heat exchanger 124 can
also be positioned before the compressor 130. Aniillustrative heat exchanger 124 isashell and

tube heat exchanger, with the recycle gas traveling through the tubes.
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The recycle stream exiting the heat exchange zone isthen returned to the reactor at its
base 126 and then to the fluidized bed through gas distributor plate 128. A fluid flow deflector
132 ispreferably installed at the inlet to the reactor to prevent polymer particles from settling out
and agglomerating into a solid mass and to maintain entrained or to re-entrain any particles or
liquid which may settle out or become disentrained.

InFig. 1, polyethylene polymer isdischarged from line 144. Although not shown, it is
desirable to separate any fluid from the product and to return the fluid to the reactor vessel 110.

In accordance with an embodiment of the present disclosure, the chromium catalyst
enters the reactor in solid or liquid form at a point 142 through line 148. The one or more
cocatalysts to be added may be introduced separately into the reaction zone where they will react
with the chromium catalyst to form the catalytically active reaction product and/or affect the
reaction proceeding in the reactor system. However the chromium catalyst and cocatalyst(s) may
be mixed prior totheir introduction into the reaction zone.

The reactor shown inFig. lisparticularly useful for forming polyethylene and/or
polypropylene. Process conditions, raw materials and chromium catalysts for forming
polyethylene and other polyolefins are found in the references incorporated herein. Illustrative
process conditions for polymerization reactions in genera are listed below to provide general
guidance.

The reaction vessel, for example, has an inner diameter of at least about 2 feet, and is
generally greater than about 10 feet, and can exceed 15 or 17 feet.

The reactor pressure in agas phase process may vary from about 100 psig (690 kPa) to
about 600 psig (4138 kPa), preferably in the range of from about 200 psig (1379 kPa) to about
400 psig (2759 kPa), more preferably in the range of from about 250 psig (1724 kPa) to about
350 psig (2414 kPa).

The present method also includes determining an operating temperature for producing the
polyethylene polymer in the polymerization reactor 100 and selecting a chromium based catalyst
which may optionally have been reduced with an auminum alkyl compound based on a desired
property of the polyethylene polymer. An ethylene monomer is contacted with the chromium
based catalyst inthe fluidized bed reactor system. A recycle stream of the fluidized bed reactor
system traveling through recycle line 122 is cooled, e.g., by aheat exchanger 124, for

maintaining about the optimum operating temperature. The reactor fluidized bed temperature in
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agas phase process may vary from about 30 °C to about 115 °C. In one approach, the reactor
temperature isless than about 40 °C or 30 °C, more preferably less than about 20 °C, and even
more preferably less than about 15 °C below the melting point of the polyethylene polymer being
produced. The process can run a even higher temperatures, e.g., less than about 10 °C or 5°C
below the melting point of the polyethylene polymer being produced. Polyethylene, for
example, has amelting point in the range of approximately 105 °C to 130 °C or 135 °C.

The overall temperature in agas phase process typicaly varies from about 30 °C to about
115 °C. In one approach, the temperature at the point of highest temperature in the reactor
system isless than about 30 °C, more preferably less than about 20 °C, and even more preferably
less than about 15 °C below the melting point of the polyethylene polymer being produced. In a
system such asthat shown in Fig. 1, the point of highest temperature istypically at the outlet of
the compressor 130.

Other gas phase processes contemplated include series or multistage polymerization
processes. Also gas phase processes contemplated include those described in U.S. Pat. Nos.
5,627,242, 5,665,818 and 5,677,375, and European publications EP-A-0 794 200, EP-BI-0 649
992, EP-A-0 802 202, and EP-B-634 421.

In any of the embodiments described herein, the gas phase process may be operated in a
condensed mode, where an inert condensable fluid isintroduced to the process to increase the
cooling capacity of the reactor system. These inert condensable fluids are referred to as induced
condensing agents or ICA's. A condensable comonomer may contribute to condensed mode
operation such asthe following non-limiting examples: propylene, 1-butene, 1-pentene, 1-
hexene, 1-heptene and 1-octene. For further details of a condensed mode processes see U.S. Pat.
Nos. 5,342,749 and 5,436,304.

In an embodiment, the polymerization reactor can produce greater than 500 Ibs of
polymer per hour (227 Kg/hr) to about 300,000 Ibs/hr (136,100 Kg/hr) or higher of polymer, or
greater than 1000 Ibs/hr (454 Kg/hr), preferably greater than 10,000 Ibs/hr (4540 Kg/hr), more
preferably greater than 25,000 Ibs/hr (11,300 Kg/hr), still more preferably greater than 35,000
Ibs/hr (15,900 Kg/hr), even more preferably greater than 50,000 Ibs/hr (22,700 Kg/hr), and most
preferably greater than 65,000 Ibs/hr (29,500 Kg/hr) to greater than 100,000 Ibs/hr (45,400
Kg/hr).
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In some embodiments afluidized bed polymerization reactor system that includes a
recirculating system including afast riser, a downcomer, and arecirculating pump, may be used.
In this type of system, the polyethylene polymer isformed primarily in the fast riser, but
continues to form throughout the system. Polymer particles formed in the fast riser pass through
alineto an upper inlet port of the downcomer. The polymer particles gather in the downcomer,
where they move downwardly in adense, slow moving bed. The bed formed in the downcomer
can be considered afluidized bed.

In some embodiments, aliquid phase polymerization system, such asaliquid Slurry
phase polymerization reactor, suspension or solution reactor system may beused. Such a system
generally comprises areactor vessel to which an olefin monomer (e.g., ethylene) and a catalyst
composition (e.g., chromium based catalyst) are added, individually or as a mixture combined
prior to addition to the reactor vessel. The reactor vessel typically contains aliquid reaction
medium for dissolving and/or suspending the polyethylene polymer. The liquid reaction medium
may consist of the bulk liquid monomer or an inert liquid hydrocarbon that is nonreactive under
the polymerization conditions employed. Although such an inert liquid hydrocarbon need not
function as a solvent for the catalyst composition or the polymer obtained by the process, it
usualy serves as solvent for the monomers employed in the polymerization. Among the inert
liquid hydrocarbons suitable for this purpose are isobutane, isopentane, hexane, cyclohexane,
heptane, benzene, toluene, and the like. Slurry or solution polymerization systems may utilize
sub-atmospheric or super-atmospheric pressures and temperatures in the range of about 40 °C to
about 300 °C. A useful liquid phase polymerization system isdescribed in U.S. Pat. No.
3,324,095.

Reactive contact between the olefin monomer and the catalyst composition may be
maintained by constant stirring or agitation, e.g., by amember such as a paddle or plunger
rotating or moving through the reactor vessel (e.g., a stirred reactor or blender). Other types of
liquid phase polymerization systems can be formed by arotating drum (e.g., with or without
internal baffles to enhance mixing), avessel moving in a see-saw manner, agitation including
ultrasonic vibrations applied to the materials or vessel, among others.

In general, the reactor systems and methods described herein can be used in connection
with liquids and/or gases having awide range of fluid properties, such asawide range of
viscosities, densities and/or dielectric constants (each such property being considered
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independently or collectively astotwo or more thereof). For example, liquid fluids can
generaly have viscosities ranging from about 0.1 cP to about 100,000 cP, and/or can have
densities ranging from about 0.0005 g/cc3to about 20 g/cc3 and/or can have adielectric constant
ranging from about 1to about 100. In many embodiments of the disclosure, the bulk material is
agaseous fluid. Gaseous fluids can, for example, generally have viscosities ranging from about
0.001 to about 0.1 cP, and/or can have densities ranging from about 0.0005 to about 0.1 g/cc3
and/or can have adielectric constant ranging from about 1to about 1.1.

The bulk material can include relatively pure gaseous elements (e.g., gaseous N, gaseous
H,, gaseous 0,). Other components can include relatively pure liquid, solid, or gaseous
compounds (e.g., liquid or solid catalyst, gaseous monomers). The various systems of the
disclosures can also include single-phase or multi-phase mixtures of gases, solids and/or liquids,
including for example: two-phase mixtures of solids and gases (e.g., fluidized bed systems),
mixtures of gases with a single type of particle, mixtures of gases with different types of particles
(e.g., polymer and catalyst particles); and/or three-phase mixtures of gases, liquids and solids
(e.g., fluidized bed with liquid catalyst being added or liquid monomer or other liquid
compound). Particular examples of preferred fluids are described herein, including in discussion
below regarding preferred applications of the methods and devices of the disclosure.

According tothe present disclosure, operating conditions for the polymerization reactor
are determined for producing the polyethylene polymer. These operating conditions include, for
example, an operating temperature for the polymerization reactor, afeed rate of the chromium
based catalyst to the polymerization reactor, afeed rate of the ethylene monomer and optional
comonomer with the chromium based catalyst in the polymerization reactor, a hydrogen
concentration and an oxygen concentration in the polymerization reactor.

In generally preferred embodiments, the amount of hydrogen fed to the reactor system
maintains in the fluidized bed reactor system about a molar ratio of hydrogen to monomer of
between 0 and about 0.5 mol/mol. In other embodiments, hydrogen isfed to the reactor system
tomaintain in the fluidized bed reactor system about amolar ratio of hydrogen to monomer of
between 0 and about 0.25 mol/mol, between 0 and about 0.1 mol/mol, and between 0 and about
0.05 mol/moal.

The catalysts and catalyst systems that may be used include chromium based catalysts
and reduced chromium based catalysts. The chromium catalyst isformed by impregnating a Cr+3
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species into silica, followed by fluidization of the silica matrix at 400 °C to 900 °C. Under these
conditions, Cr+3is converted to Cr+6.

Variations on chromium catalysts employing Cr+6 species supported on silica are also
known. One particular variation uses titanium tetraisopropoxide impregnated onto silica along
with the Cr+3 species before activation. Thisvariation isreferred to as"Ti—CrOx" (titanated
chromium oxide). Such modifications result in polyethylenes with slightly greater molecular
weight distributions compared to those made without titanation.

Aluminum akyl reduced chromium oxide-on-silica (CrOx) catalysts represent one
pathway to improved catalyst systems for polyethylenes and other polyolefins. It isdesired that
any such chromium based catalytic system perform well during high space-time yield operation
(i.e., operation maximizing polymer produced per unit reactor time and reactor space), producing
the greatest amount of polyethylene possible with high catalyst activity in a shorter residence
time.

Information about these and other types of catalysts, including methods of preparation for
chromium based catalysts, aswell as characteristics of the polyethylene polymers formed is
found in U.S. Pat. No. 6,989,344, among other places.

A chromium based catalyst reduced with areducing agent will have certain properties
based on the ratio of reducing agent to chromium. In apreferred embodiment, a chromium based
catalyst used for the polyethylene polymer, applications includes a silica supported chromium
oxide reduced with an aluminum alkyl compound. Thistype of catalyst provides a polyethylene
with abroad molecular weight distribution.

In addition to the examples provided herein, polyolefins that may be produced according
to the disclosure include, but are not limited to, those made from olefin monomers such as
ethylene, asdiscussed herein, and linear or branched higher apha-olefin monomers containing 3
to about 20 carbon atoms. Homopolymers or interpolymers of ethylene and such higher alpha-
olefin monomers, with densities ranging from about 0.90 to about 0.965 may be made. Suitable
higher alpha-olefin monomers include, for example, propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-I-pentene, 1-octene, and 3,5,5-trimethyl-I-hexene.  Specific polyolefins that may be
made include, for example, high density polyethylene, medium density polyethylene (including

ethyl ene-butene copolymers and ethyl ene-hexene copolymers) homo-polyethylene, and

polypropylene.
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The post-reaction processing may include pelletizing the polyethylene polymer formed in
the polymerization reactor. Such pelletization processes, known in the art, include extruding the
polyethylene polymer through anarrow aperture, upon which the extruded polyethylene polymer
iscut into pellets. The polyethylene polymer may be heated to facilitate extrusion. Prior to
extrusion, additives may be added to the polyethylene polymer. In another approach, the
polyethylene polymer isprocessed to form extruded strands. In afurther approach, granules of
the polyethylene polymer are compressed into alarger composite block. Those skilled in the art

will appreciate that other forms of post-reaction processing may be performed.

Examples
Some embodiments of the present disclosure will now be described in detail inthe

following examples.

Fluidized Bed Gas Phase Polymerization Reactor

A polyethylene polymer was produced in a commercial scale fluidized bed gas phase
polymerization reactor operating a 100 °C and 295 psig (2.04 MPa) total reactor pressure having
awater cooled heat exchanger. Prior to starting these examples using a chromium based
catalyst, afeed of ethylene was adjusted to provide an ethylene partial pressure of about 198 psia
(1.36 MPa). A feed of oxygen was also adjusted to provide an oxygen to ethylene (0 /C,) molar
feed ratio of 38 ppb,. The chromium based catalyst was ACCLAIM™ K-100 Catalyst
(Univation Technologies, Houston TX). The catalyst feed rate of the chromium based catalyst
was set to 2.8 kg/hr with a predetermined residence time of 3 hours.

For the polyethylene polymers of the following Examples, the residence time (hrs) for the
polyethylene polymer is shown in Fig. 2A, the production rate in tonne/hour is shown in Fig. 2B,
the melt flow index (1,,) dg/min, measured according to ASTM D1238) is shown in Fig. 2C, the
0,/C, molar feed ratio ppb, isshown in Fig. 2D, and catalyst feed rate (kg/hr) and catalyst
productivity (tonne polyethylene/kg catalyst) is seeninFig. 2E.

Comparative Example A
Referring now to Fig. 2A-2E, beginning at time zero 200 (T=0) the 0,/C, molar feed

ratio was increased from about 38 ppb, to about 55 ppb, (Fig. 2D) to increase the melt flow
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index (FI,i dg/min, MFI) targeting the center of the predetermined desired range of the MFI,
where the predetermined desired range isfrom 9to 11.5 dg/min. After agradua increase in
catalyst productivity and polymer production rate, there was agradual decrease in the two
starting about 6.5 hours 210 after T=0. The polymer average residence time steadily decreased
until reaching a shallow minimum before turning and starting to increase, also at about 6.5 hours
210 after T=0. The MFI during this time remained approximately at the bottom of the
predetermined desired range, thus highlighting that the change in 0 /C, molar feed ratio failed to
change the MFI given the dominating effects of the polymer average residence time in the
reactor. Had this approach been maintained, the longer residence time resulting from the 0.,/C,
Molar Feed Ratio increase would have caused a decrease in MFI, thus further offsetting the
intent of the 0,/C, increase. Comparative Example A illustrates what can go wrong when the
catalyst feed rate isnot changed prior to changes inthe 0/C, Molar Feed Ratio as provided

herein.

Example 1
At 8 hours 220 after T=0, the catalyst feed rate of the chromium based catalyst, which

was constant until then, was increased steadily over time from 2.80 kg/hr to 3.48 kg/hr. This
change in the catalyst feed rate was calibrated to preemptively compensate for the subsequent
change in the oxygen flow rate of the feed of oxygen, via changes to the 0 /C, gas mole feed
ratio, that is an adjustment for maintaining the predetermined residence time and for bringing the
MFI of the polyethylene polymer into the predetermined desired range of the MFI. The0,/C,
increase was made a about 9.33 hours 230 after T=0 with an increase from about 55 ppb, to
about 66 ppb,. The MFI moved from about the low end of the predetermined desired range to
about the top end of the predetermined desired range. By about 16 hours 240 after T=0 the
catalyst feed was a about 4 kg/hr and 0 /C, remained a about 66 ppb, .

At 28 hours 250 after T=0 the catalyst feed rate was decreased. Thetrailing 0,/C, gas
mole feed ratio was decreased at about 30 hours 260 after T=0. Thiswas 2 hours after the earlier
adjustment to the catalyst feed rate. The resulting MFI values moved from the top end of the
predetermined desired range (e.g., about 11.5) to about the middle of the predetermined desired
range 270.
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Comparative Example B

In Comparative Example B areduction was made in the catalyst feed rate followed by no
change in O,/C, gas mole feed ratio. Asaresult, the residence time increased and the MFI went
to the bottom of the predetermined desired range of the MFI. Specifically, as seenin Figs. 2A-
2E, from about 33.33 hours 280 to 34.5 hours 290 after T=0 the catalyst feed rate was decreased
from about 4 kg/hr to about 3.2 kg/hr and then to 3.0 kg/hr a about 36.5 hours 294 after
T=0. There was no subsequent change in the O,/C, gas mole feed ratio. The MFl eventually
moved to the bottom of the predetermined desired range of the MFI (e.g., about 9 dg/min).
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We Claim:

1 A method for producing a polyethylene polymer in a polymerization reactor, the
polymerization reactor receiving afeed of ethylene, afeed of a chromium based catalyst and a
feed of oxygen, wherein the polyethylene polymer produced in the polymerization reactor has a
predetermined residence time in the polymerization reactor and a predetermined desired range of
amelt flow index (MFI), the method comprising:

(a) measuring the MFI of the polyethylene polymer being produced in the polymerization
reactor at the predetermined residence time to give ameasured MFI value of the polyethylene
polymer;

(b) comparing the measured value of the MFI of the polyethylene polymer to the
predetermined desired range of the MFI to give a comparison;

(c) changing a catalyst feed rate of the feed of the chromium based catalyst to the
polymerization reactor when, based on the comparison, the measured value of the MFI is outside
the predetermined desired range of the MFI, wherein the change in the catalyst feed rate of the
feed of the chromium based catalyst is calibrated to preemptively compensate for an anticipated
subsequent change in the oxygen flow rate of the feed of oxygen to the polymerization reactor,
wherein the anticipated subsequent change in oxygen flow rate of the feed of oxygen tothe
polymerization reactor is an adjustment for maintaining the predetermined residence time and for
bringing the MFI of the polyethylene polymer being produced in the polymerization reactor into
the predetermined desired range for the MFI of the polyethylene polymer;

(d) at apredetermined time after starting (c), changing the oxygen flow rate of the feed of
oxygen to the polymerization reactor thereby both maintaining the predetermined residence time
and bringing the MFI of the polyethylene polymer being produced in the polymerization reactor
with the chromium based catalyst into the predetermined desired range of the MFI of the
polyethylene polymer; and

(e) repeating () and (b) after (d) to determine that the measured value of the MFl is
within the predetermined desired range of the MFI a the predetermined residence time.

24



WO 2018/098425 PCT/US2017/063261

2. The method of claim 1, wherein the changing of the catalyst feed rate of the feed of the
chromium based catalyst to the polymerization reactor includes increasing the catalyst feed rate
to the polymerization reactor; and

wherein changing the oxygen flow rate of the feed of oxygen to the polymerization
reactor includes increasing the oxygen flow rate to the polymerization reactor & the

predetermined time selected from 15 minutes to 2 hours after starting step (c).

3. The method of claim 1, wherein the changing of the catalyst feed rate of the feed of the
chromium based catalyst to the polymerization reactor includes decreasing the catalyst feed rate
to the polymerization reactor; and

wherein changing the oxygen flow rate of the feed of oxygen to the polymerization
reactor includes decreasing the oxygen flow rate to the polymerization reactor at the

predetermined time selected from 15 minutes to 2 hours after starting step (c).

4. The method of any one of claims 1-3, wherein the changing the oxygen flow rate of the
feed of oxygen to the polymerization reactor brings the MFI of the polyethylene polymer being
produced in the polymerization reactor to amedian value of the predetermined desired range for
the MFI of the polyethylene polymer.

5. The method of any one of claims 1-4, wherein the oxygen flow rate of the feed of oxygen
to the polymerization reactor isfrom 1 ppb to 500 ppb by volume of the feed of ethyleneto the
polymerization reactor.

6. The method of any one of claims 1-5, wherein changing the oxygen flow rate of the feed
of oxygen to the polymerization reactor maintains the predetermined residence time at a constant

value.
7. The method of claim 6, wherein the changing the catalyst feed rate of the feed of a

chromium based catalyst to the polymerization reactor maintains both a constant production rate
of the polyethylene polymer being produced in the polymerization reactor and the constant value
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of the predetermined residence time of the polyethylene polymer being produced in the

polymerization reactor.

8. The method of any one of claims 1-7, wherein the polyethylene polymer is produced a a
constant production rate.

9. The method of any one of claims 1-8, wherein the method is a gas phase polymerization

method and the polymerization reactor is agas phase polymerization reactor.
10. The method of any one of claims 1-8, wherein the method isaliquid slurry phase

polymerization method and the polymerization reactor isaliquid slurry phase polymerization

reactor.
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