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METHOD OF MAKING A MORPHOLOGY-IMPROVED POLYETHYLENE POWDER

FIELD

[0001] Polymerizing ethyviens with a catalyst in g gas phase reactor.

INTRORUCTION
{0002} Patent application publications, patents, and unpublished patent applications in or
about the field include EP1939228A1, US2008/0182950A1, USHE54248, US7592410B82,
WO1902/01218241,  WOISS7/002207A1,  WO2002/074818A1, WOZ005/005485A2,
WO2007/033941A1, WO 2016/1725867 A1, WO02021/242800471, WO2021/242801A1,
PCT/USR022/031896, and PCT/US2022/043943.
{8003} A gas phase reactor lacks much of the heat-absorbing mass present in a solution
phase reactor, which contains a large amount of solvent. Because ethylens polymerization is
a highly exothermic reaction, gas phase polymerizations of ethylene are especially vulnarable
o overheating. When overheating occurs, the rate of reactor fouling increases substantially.
Mitigating factors lessen these problems with higher olsfin monomers. These factors include
steric hindrance of the olefin monomer molecule and msiting temperature of the polyolefin. All
other things being equal, as the size of the olefin monomer being polymerized increases, the
amout of exotherm decreases. Further, as the melting temperature of the polyolefin
increases, the reactor fouling problem decreases because higher melting particles are less
prone to fusing together at a given temperature than lower mesilting particles. Indeed the
propene molecule is larger than the ethylene molecule and the melting temperature of
polvpropylene is significantly higher than that of polyethylens. Adding the effecls of these
differences mean problems with gas phase polymerization of ethviens are unigue in type and
extent.
{8004] In the field of fluidized bed, gas phase polymerization ¢f olefin monomers o make
polyolefin polymer powders, particle size and particle size distribution of the polyolefin
powders in a gas phase reactor during polymerization may influence the process and it
product. This influence is felt particularly in process making polyolefin polymers having a
multimodal (2.g., bimodal or trimodal) molecular weight distribution. If there are oo many small
polyclefin particles, referred to herein as polyoiefin fines, in the reactor, these fines can foul
reactor eguipment such as compressors and other equipment. When the gas phase reactor is
a fluidized bed reactaor, the fines can also have a negativs impact on the fluidization of a bed
of polyolefin particles {fluidized bed) in the gas phase reactor and can cause sintering effscts
leading to formation of polymer chunks and sheets. Also, discharging the polyolefin powdsr
from the reactor and conveying it to a downsiream unit operation {e.g., a purge bin) is
negatively influenced. A broad variation of particle sizes affects the bed fluidization because

paitictes with a size that deviates significantly from the average size behave significantly
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differant in a fluidized hed. Threats to the process from particles with such a relatively large or
small size include different reactivities, different cooling capacities, and particle sintering. A
consequence of this problem is that the particles are made that have different polymer
properties. This problem is known as chemical inhomogeneity. Further, broader particle size
disiributions could lead to polyolefin powder segregation, thereby leading o processing
challenges. Also, this problem can produce physical inhomogeneity due to different melt
hehaviors and formation of gels in the final polyolefin powder. All other things being egual, a
narrower particle size distribution of polyolefin powders made in gas phase polymerization
reactors is preferred.

SUMMARY
[0005] Embodiments our technical solution to this problem includes shitting particie size
disiribution of poiyolefin powders made in gas phase reaclors to larger size particies so that
the number of polyolefin fines is minimized. However, a simple shift of the particle size
distribution to larger particle size values, L.e., by shifting the particle size range by & ceriain
amount does not inherently change the broadness of the distribution. For example, shifting a
particle size distiibution by, for example, 20 um from a first range from 60 ymto 200 um to a
second range from 80 um to 2208 pm doses not change the broadness of the particle size
distribution: in both the first and second ranges the broadness of the distribution is the same:
140 pym. The present invention comprises making a reactive polyolefin prepolymer. This
reactive polyolefin prepolymer enables narrowing particle size distributions of polyolefin
powders made in fluidized bed gas phase reactors. This can be done by tuning the
tfemperature used (o make the prepolymer or by changing catalyst loading in the prepolymer
or both. In some embodimenis the present invention comprises & process for making
polyolefin powder wherein the polyolefin particles have a particle size distribution that is
nairower than g particle size distribution of a comparative polysthylens powder.
[6008] The invention generally relates to a method of making a morphology-improved
polyethylene powder during gas phase polymerization of ethylene catalyzed by an active
melallocene derivative of a spray-dried silica-supported metaliocene catalyst ("SL/SIS-
metallocene catalyst”). Without this method, the 50/5iS-metallocene catalyst would make
pelyethylene powder with too many fines and too small of an average particle size (APS).
{00071 When making a polyethylene powder by catalyzing sthylene polymerization by feeding
a 3D/SiS-metallocene catalyst in dry or siury form into a reaction zone of a gas phase reactor,
we observed overheating in the reaction zone. Surprisingly this problem created opposite
particle size defects. On the one hand the overheating generated polyethvlene fines, defined
as polyethylene pariicles having diameters of 74 micrometers or less. Without being hound by
theory this may be due to the gverheating causing fracturing some ¢f the SD/SiS-metallocens
catalyst particles into smaller sizes, which comprise or produce the polysthylene fines. Some
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polyethylene fines may be due o catalyst particle fines that may be present in the starting
SD/SiS-metaliocene catalyst. On the other hand the overheating caused reaction zone fouling,
as exemplified by reactor wall sheeting or distribution plate clogging. Without being bound by
theory this fouling may be due to the overheating causing fusing of polyethylens powders into
agglomerated particles and shests.

{60087 One attempt to solve these problems was to switch from a simple single-tube injector
hody 1o a tube-in-tube injector body 1o feed the SD/SIS-metaliocene catalyst into the reaction
zone. The tube-in-tube injector body feeds the SIVSiS-metallocens catalyst through one of
the tubes and feeds a carrier gas through the other tube. This tubs-in-tube construct more
guickly and widely disperses the supporied metallocene catalyst in the reaction zone
compared 1o the dispersal from a singis {ube injector. The tube-in-tube injector did not
gliminate the overheating problem.

{0003] The path to the present technical solution started with an observation: all other things
being egual, the SD/SiS-metaliocene catalyst had significantly faster light-oif than the
conventionally-dried system when injected into the gas phase reactor. Catalyst tight-off means
how quickly frash catalyst begins to react exothermically with monomer after being injected
into the reaclor and/or how quickly the temperature in the reactor increases once the reaction
starts. Usually there is a lag period between time-zero when the frash catalyst is injected into
the reactor and time-onset when the catalyst begins io make polymer. If the lag period is too
short, the fresh catalyst may not have time to disperse widely in the reaction zone before it
starts making polymer. This is worse with single fube injectors. That can cause localized
averheating. Once the fresh catalyst begins to polymerize sthylene, the reaction generates a
significant exctherm. I the exotherm is too strong, even widely dispersed catalyst can
overheatl and cause fouling. All other things being eqgual, the earlier the onsel of exotherm
{i.e., the shorter the lag pericd) and/or the faster the rate of increase in temperatuwre, the faster
the catalyst’s light-off. Conversely, the later the onset of exotherm (i.e., the longer the lag
period) and/or the slower the rate of increase in reactor temperature, the slower the catalyst's
light-off. A catalyst’s lag period and exotherm may be guaniified by injecting fresh catalyst inlo
vials containing room iemperature 1-octene as monomer, and recording time and
termperature, such as described later in the Light-Off Vial Test Method.

[0010] Upon invesiigation using scanning electron microscopy (SEM), we discovered
morphological differences belween the particles of the SD/SiS-metallocene catailyst versus
the particles of the conventionally-dried supported metaliocene catalyst. Because the same
reactants and amounts were used 1o make these catalysts, these morphological differences
seem 10 be an inherent resuit of the different drying methods.

{0011] The conventionally dried supported metaliccene calalyst is prepared by evaporatively

concenirating a mixture of a metaliccene precatalyst, a silica support, activator, and a
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hydrocarbon solvent to give conventional catalyst particles. The conventional drying process
yields a particle morphology comprising an intimate blend of distinet particles of the
matallocene catalyst and distinct particles of the activator/silica support. The SD/SIS-
metallocene catalyst is prepared by spray drying the mixture of a metallocene precatalyst, a
silica support, activaior, and a hydrocarbon solvent [0 give conveniional catalyst particles.
Spray drying flashes off the hydrocarbon solvent and vields particles having a core-shall
morphology whersin the metaliocene catalyst and excess activalor are mainly in the form of a
thin shell disposed on the surface of the silica support and the silica support comprises the
cores of the core-shelt particles. The different particle morphologiss produced by the
conventional drving process and the spray-drying process can be visualized by scanning
slectron microscopy (SEM). The differences in particle morphologies are belisved {o produce
different catalyst light-off profiles and different calalysi activities.

{8012] Without being bound by theory we believe the morphological differences belween
conventionally-dried and SD/SiS-metaliocene catalysts explain the significantly {aster light-off
af the SD/SiS-metalipcene catalyst in gas phase reactor. The differences in iight-off "potency”
can be quantified using the Light-Off Vial Test Methad.

{80131 Thus, the problem we addressed is how to inhibit, but not too much, light-off of a
SO/SiS-metaliocene catalyst in gthylene polymerization in @ gas phase reactor.

{0014] The problem is solved by the inventive method. The method comprises making a
morphology-improved polyethylene powder, the method comprising: contacting ethylene with
a reactive olefin prepolymer in & gas phase reactor to make a morphology-improved
polyethylene powder via gas phase polymerization; whersin the reactive olefin prepolymar
comprises a component that is a polyolefin and a component that is an active metallocene
derivative of a spray-dried silica-supported metallocene catalyst; wherein the reactive olefin
prepolymer has a prepolymer/catalyst weight/weight ratio from 10:1.0 to 50:1.0, wherein the
prepolymer weight is the total weight of the reactive olsfin prepolymer and the catalyst weight
is the weight of the spray-dried silica-supported metallocene catalyst.

{8015} Unexpectedly, solving the catalyst lighi-off problem also improves the morphology of
the polyolefin powders made in the gas phase polymerization. The improved morphology
comprises: (i) inhibiting formation of polysthylene particles that are too small (fines}, which is
defined as polyethylene pariicles having diameters of 74 micromelers or less; (i} changing
average paiticle size {APS) of the polyethylene particles; (i} narowing particle size
distribution of the polyolefin particles {e.q., polyethylene particles); {iv) both feature (i} and
faature {it); (v} both feature (i} and featurs (iit); (vi) both feature {il) and feature {il}; or (vii) each
af features (i}, (i}, and ().
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BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Figure 1 is a piot of volume percent {volume%) (v-axis} versus particle size in
micrometers {(pm} (X-axis) for the SD/SiIS-metallocene calalysis of Sample A and Sampie B of
Preparation 1.
[0017] Figure 2is a plot of volume fraction in percent (Fraction, %) {y-axis) versus particle size
in micrometers (Particle Size {microns)) on a scale from ¢ um to 2,600 um.
{9018} Figure 3 is a pict of weight percent (wi%) particles versus mesh size (MSH) of particies
for two comparative polyethylene powders and two inventive morphology-improved
polyeihylene powders.
[0019] Figure 4 is a cartoon drawing iHustrating particle morphologies of a plurality of
conventionally dried catalyst particles.
{0020] Figure 5 is a cartoon drawing iliustrating a core-shell particle morphology of a single
spray-dried catalyst patticle.

DETAILED DESCRIPTION

{0021] A method of making a morphology-improved polyethylene powder, the method
comprising: contacting ethviene with a raactive olefin prepolymer in a gas phase reactor o
make a morphology-improved polyethylene powder via gas phase polymerization; wherain the
reactive olefin prepolymer comprises a component that is a polyolefin and a component that
is an active metallocene derivaiive of a spray-dried silica-supported metallocens catalyst
("s0/5iS-metaliocene  catalyst’); wherein the reactive olefin prepolymer has a
prepolymer/catalyst weight/weight ratio from 10:1.0 to 50:1.0, wherein the prepolymer weight
is the total weight of the reactive olefin prepolymer and the catalyst weight is the weight of the
spray-dried silica-supported metallocene catalyst. The total weight of the reactive olefin
prepolymer includes the weighi of the olefin prepolymer plus the weight of the SD/SIS-
metallocens catalyst. The weight of the reactive olefin prepolymer is a measured amount
thereof added to the gas phase reactor prior to and during the contacting step. In some
embodiments the method comprises a siep of adding the measured amount of the reactive
alefin prepolymer {0 the gas phase reactor befors, during, or before and during the contacting
step. The weighti of the SD/SiS-metalipcene catalyst is the measured amount of SD/SIS-
metallocene catalyst that is used to obtain the reactive olefin prepolymer according to the
method of making the reactive olefin prepolymer as described herein.
[0022] The method as described above comprising making the reactive oletin prepolymer by
combining a measurad preparatory amount of an olelin monomer with a measured amount of
the spray-dried silica-supporied metaliocene catalyst in an alkane liquid phase in a sluny
phase reactor at a temperature from 30° 10 70° C., an ethylene partial pressure of no more
than 861 kilopascals (kpa) {(no more than about 125 psi), and a tolal reactor pressure of no
more than 2445 kilopascals {kpa, no more than about 355 psi) to make the reactive olefin
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prepolymer via slurry phase polymerization; wherein the measured preparaiory amount of
olefin monomer and the measured amount of the spray-dried silica-supported metallocens
catalyst result in the reactive olefin prepolymer having the prepolymer/catalyst weight/weight
ratio from 10:1.0 to no more than 50:1.0, wherein the prepolymer weight is the total weight of
the reactive olefin prepolymer and the calalyst weight is the weight of the spray-dried silica-
supported metallocene catalyst. The prepolymer/catalyst weight/weight ratio may be adjusted
within this range by using higher or lower amounts of the spray-dried silica-supported
metallocens catalyst relative to the amount of olefin monomer.

{8023} The method as described above having any one of limitations (i) to (i} (i) the
prepolymer/catalyst weight/weight ratio is from 10:1.0 10 45:1.0, from 15:1.0 10 35:1.0, or from
15:1.0 10 25:1.0; (i) the temperature of the slurry phase reactor in claim 2 is from 35¢ 1o 70°
C., from 40° 10 80° C., or from 45° to 55° C.; or {ili) the prepolymer/catalyst weightiweight ratio
is from 15:1.0 10 25:1.0 and the temperature of the sluny phase reactor in claim 2 is from 45°
1o 55° C.

[0024] The method as described above having Emitation () and limitation () or (i) {) the
reactive olefin prepolymer is a reactive ethylene prepolymer and the polyolefin of the reactive
ethylene prepolymer is an ethylene homopolymer or an ethylene/(C4-Cyglalpha-olefin
copolymer; and (i} the gas phase reactor is free of an olefin comonomer and the morphology-
impraved polyethylene powder is an ethylens homopolymer; or (ii) the gas phase reactor
includes a (C4-Cyglalpha-olefin comonomer and the morphology-improved polyethylane
powder is an ethylens/{C4-C1 glalpha-olefin copolymer.

{8025} The method as described above comprising: (i) feeding the reactive olefin prepolymer
from a shurry phase reactor directly into the gas phase reactor {i.e., without feeding the reactive
alefin prepolymer into an intermediate vessel such as a drier, purge bin, or siorage tank); or
{i) feeding the reactive olefin prepolymer from a slurry phase reactor into an intermediate
vessel {such as a drier, purge bin, or siorage tank}, waiting for a period of time, and then
feeding the reactive olefin prepolymer from the intermediate vessel into the gas phase reactor.
{0026} The method as described above whersin the reactive olefin prepolymer is fed via a
single inlet tube into the gas phase reacior, wherein the single inlet tube has an inner diamater
from 0.3 centimeter {om) to 1.0 om.

{6027} The method as described above comprising making the spray-dried silica-supported
metallocene catalyst by any one of preparations (i) to (i) (i} spray-dryving a mixture of a
metallocene precaialyst, a silica suppori, an activator, and hydrocarbon diluent to make the
spray-ciied silica-supported metailocens catalyst; (i} spray-drying a mixture of a silica
support, an activator, and hydrocarbon diluent 1o give a spray-dried supported activator, and
contacting the spray-dried supported activator with a metallocene precatalyst o make the
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spray-diied silica-supported metaliocene catalyst; or (i) spray-diying a mixture of a
metailocene precatalyst, a silica support, and hydrocarbon diluent to give & spray-dried
supporied metallocene precatalyst, and contacting the spray-dried supported metallocene
precatalyst with an activator 1o make the spray-dried silica-supparted metaliocene catalyst;
wherein the hydrocarbon diluent is selected from the group consisting of an alkane, an
aromatic hydrocarbon, an akyl-substituted aromatic hydrocarbon, an aryl-substituted alkane,
or a blend of any two or more thereof.

[0028] The method as desciibed above wherein the metaliocens precatalyst is of formula (1)

rRZ R
R‘@é\w

RS;VL/X

~

R:i/\::@{z/f‘i?f

R’ R® (B, wherein M is Ti, Hf, or Zr; each R1toRSis independently an unsubstituted
{C+-Cglalkyl group or A1 and A2 on one of the cyclopentadienyl rings are bonded together to
comprise a divalent hydrocarbylene  selected  from  the  group  consisting
of: -C{RA=C(RD)-CIRC)=C(RY)- and -C(RA)5-CRD)o-C(RC)2-C{RY)o-, wherein each of R2 1o

pd independently is M or methyl, and each X i a lgaving group.

[0029] The method as described above wherein the metallocene precatalyst is selected from
the group consisting of: bis{n-tetramethylcyclopentadienylzirconium dichloride; bis(n®-
tetramethyicyclopentadienylizirconium dimethyi; bés(r}5~
pentamethyicyclopentadienyl)zirconium dichloride; bis(n®-
pentamethylcvclopentadienylzirconium dimethy!; {1,3-dimethyi-4,5,8,7-tetrahvdroindenyh{1-
methyleyclopentadienylyzirconium dimethyt; bis(1-methyl-3-n-
butvicyciopentadienyl)zirconium dichloride; bis{1-methyl-3-n-butvicyclopentadienyizirconium
dimethyl; bis{n-propylcyclopentadienylihainium dichlaride; bis{n-
propylcyclopentadienylihafium dimethyl; bis{n-butylcyclopentadienyl)zirconium  dichloride;
{cyclopentadieny{1,5-dimethylindenylzirconium  dimethyl;  (methyleyclopentadienyh{1,5-
dimethylindenyl)zirconium dimethyl; {cyclopsmadieny){1 4-dimethylindenylyzirconium
dimethyl,  (methylcyclopsntadienyl)(1.4-dimethylindenyl)zirconium  dimsthyl,  and  bis(n-
butyleyelopentadienyilzirconium dimethyl

{8038] The method as described above wherein the morphology of the morphology-improved
polyethviene powder is further improved by removing at least some catalyst fines from the

spray-diied silica-supported metaliocens calalyst before making the reactive olefin prepolymer
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therewith, wherein catalyst fines are defined as catalyst particles having a diameter of 10
micrometers {(um) or less.

{0031] The improved morphology comprises: (i) inhibiting formation of polyolefin particles
{e.q., polyethylene particles) that are too small {fines), which is defined as polyoiefin particles
{e.g., polyethylene particles) having diameters of 74 micrometers or less; (i) changing average
particle size disiribution of the polyoleiin particles {e.g., polyethylene particles); {iv) both
feature (i} and featurs (ii}; {v) both feature {i} and feature (iif); (vi) both feature (i) and featurs
(i}, or {vil) each of features (i), {iH), and (ili).

{00321 In some embodiments the improved momhology comprises fealurs (i) and the
inhibiting formation of polyolefin fines (polyethylene fines) having diamesters of 74 micrometers
or less comprises a percent decrease in fines from 5% 10 60%, or from 9% 10 55%, or from
20% to 55%, or from 30% 10 55%, or from 45% to 59%.

{90331 In some embodiments the improved morphology comprises feature (i) and increasing
the APS of the polyolefin particles {e.g., polyethyiene particles), which indicates an overall
shifting of the paiticle size distribution curve to higher diameters. In some embodiments the
APS of the polyolefin particles is increased by from 9% to 50%, or from 9% to 42%, or from
30% 1o 55%. All cther things being equal, polyclefin particles (8.g., polyethylene particles)
having an increased APS may beneficially have fewer polyoiefin fines (e.g., polyethylene fines)
and/or may have improved flow characieristics and be easier {0 fransfer from the gas phase
reacior to ancther unit operation such as a drier or purge bin or storage bin. In other
ambodiments the improved morphology comprizes feature {it) and decreasing the ARS of the
polyolefin particles (e.g., polysthylens particles), which indicates an overall shifting of the
particle size distribution curve to lower diameiers. In other embodimenis the APS of the
polyolefin particles is decreased by from 5% to 30%, or from 12% to 22%. or from 14% o
20%. All other things being equal, polyoleiin particles {e.g., polyethyiene particles) having a
decreased APS may beneficially have easier processability in a melt extruder/pelletizer
aperation.

{0034} In some embodiments the improved morphology comprises feature (ili) narrowing the
particle size distribution of the polyolefin particles {e.g., polyethylene particles). To provide a
way of quantifying the narrowing of the particle size distribution, we use herein a particle size
ratio d90/d10, wherein d90 is the particle size at 90% volume fraction of the polyoiefin powder
and di0 is the particle size at 10% volume fraction of the polyolefin powder (e.q., polysthylene
powder). The 90% volume fraction means the pariicle size that is larger than 80% by volume
af alf particles in the polyolefin powder and 10% volume fraction means the particle size that
is farger than 10% by volume of all particles in the polyolefin powder. The smaller the particle
size ratio d90/d10, the narrower the pariicle size distribution. In some embodiments the
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paiticle size ratio dS80/d10 is from 3.0 fo 4.0, alternatively from 3.10 io 3.75. In soms
embodiments the feature (i) is described as a percentage decrsase in inventive d9d/d10
relative 10 a comparative d90/d10. In some embodiments feature (i) comprises a percentage
decrease in inventive d80/410 relative to a comparative d80/d10 of from 4% to 30%, or from
10% to 30%, or from 11% 10 28%, or from 23% to 28%. The comparative d80/d10 is measured
on a comparative polyoleflin powder {e.g., comparative polyethylene powder) made under the
same gas phase polymerization conditions as the inventive polyolefin powder {inventive
polyethylene powder) except wherg the SD/SiS-metaliccene catalyst is used in the
comparative polymerization instead of the inventive reactive polyolefin prepolymer (8.9.,
reactive polyethylene prepolymer).

{8035] The method as described above wherein the marphology of the morphology-improved
polyethylene powder comprises: (1) an amount of polyethylene fines that is lower by from 5%
1o 60%, or from 8% to 55%, or from 20% to 55%, or from 30% 1o 55% relative to an amount
of polysthylene fines in a comparative polvethylene powder made by an identical gas phase
polymerization except whersin the spray-dried silica-supported metallocene catalyst is usad
instead of the reactive olefin prepolymer; and (ii} an average pasticle size {APS) that is higher
by from 9% to 50%, or from 9% to 42%, or from 30% 1o 50% relative to the APS of the
comparative polysthylene powder; and (iii} a percentage decrease in inventive d9¢/d10
relative to a comparative d80/d10 of from 10% to 30%, or from 11% o 28%, or from 23% o
28%. Alternatively the method as described above whergin the morphology of the morphology-
impraved polyethylene powder comprises: (i} an amount of polyethylene fines that is lower by
from 5% 1o 80%, or from 9% to §5%%, or fromt 20% to 55%, or from 30% o 55% relative 1o
an amount of polyethylene fines in a comparative polysthylene powder made by an identical
gas phase polymerization excepl wherein the spray-dried silice-supported metallocene
catalyst is used instead of the reactive olefin prepolymer; (ii} an average particle size (APS)
that is lower by from 11% o 20%, or fram 14% {o 19%, relative o the APS of the comparative
polyethylene powder; and (ii) & percentage decrease in inventive d20/d10 relative to a
comparative d9%/di0 of from 4% 1o 30%, or from 10% to 30%, or from 11% to 28%, or from
23% to 28%.

{0036} The method as described above wherein the greater the amount of polysthylene fines
in the comparative polyethylene powder the greater the percent dacrease in polyethylene fines
in the morphology-improved polysthylene powder.

{8037} The method as described above wherein compared with a comparative polyethylene
powder mads from the SD/SiS-metallocene catalyst, the paiticle size distribution (PSD) of the
morphology-improved polyethylene powder is narrower when determined by sieving the
polyethylene powder through a stack of meashes of progressively smaller sized openings.

Narrower PSD means the range of pariicle sizes is smaller, which means the difference
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between the largest particle size and the smallest particie size is smaller. This is iHlustrated in
Figure 3. Figure 3 is a plot of weight percent (wit%) particles versus mesh sizes (MSH) of
particles for two comparative polyethylene powders (both designated "G1 t-in-t, side flow 16-
PL) two inventive morphology-improved polvethylens powders {designated “20g/g @ 500G,
side flow 16-PL” and "40g/g @ 50C, side flow 168-PL”, wherein 20g/g and 40g/g mean 20
grams or 40 grams, respectively of reactive olefin prepolymer per 1.0 gram of SD/SIS-
metallocene catalyst used to obtain the prepolymer, 50C means 50° C.). In Figure 3 “side flow”
means a nitrogen gas was fed via a side inlet into the reactor and 16-PL is a baich number.
The U.8. mesh sizes used for this measurement and shown in Figure 3 are, from largest
openings (o smallest openings: 10 mesh (10MSH, 2000 pm), 18 mesh (18MSH, 1000 um), 35
mesh (35MGH, 500 um), 60 mesh (80MSH, 250 um), 120 mesh (120MSH, 125 um), 200 mesh
(200MSH, 74 um)}, and PAN {less than 74 um). Oplionally a 325 mesh (44 um) sieve may be
inserted petween the 200 mesh and the PAN. The wi% valuss in Figure 3 are the mass of
polyethyiene powder caught by the different mesh sizes.

{0038} The method as described above having any one of fimitations (i) o (iif): {i} whevein the
maorphology-impraved polyethylene powder has from 2.5 weight percent (wi%;} 1o no more
than 5.5 wi% of polysthylene fines, which is defined as polyethylene particles having
diametsrs of 74 micrometers (um) or less; (i) wherein the morphology-improved polyethylene
powder has an average particle size from 0.360 mm to 0.480 mm; or {jii) both limitations (i)
and {ii).

{00391 The method as described above having any one of limitations (i) to (i) (i) the
temperature of the gas phase reactor is from 70° {0 120° C., from 80° to 115° C., or from 81¢
o 89° C.; (i} the gas phase reactor also contains from 1 weight percent (wi%) to 20 wi% of
an induced condensing agent (ICA") selected from a (Cx-Crlalkane, wherein preferably the
{CA is isopentane, bassd on total weight of contents in the gas phase reactor; or (iil) both
limitations (i} and (i},

{0040} The method inhibils catalyst light-off and reacior overheating and fouling. The method
inhibits light-off of a SL/SiS-metaliocene catalyst and decreases overheating and fouling in a
gas phase reactor. The method improves gas phase reactor operability by lengthening the
fime between reactor shutdowns for cleaning and improving gualily and consistency of the
composition, resin properties, and performance of the polyethylene powders made thersby.
{8041] A conventionally-dried silica-supported metallocene catalyst typically can be fed into a
gas phase reactor without causing significant overheating or fouling.

[0042] The method improves morphology of polysthylene powders. The method also
improves the morphology of the polyethylene powder. The morphology improvement

comprises: (i) inhibiting formation of polyethylene particles that are too small (fines), which is

10
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defined as polyethylene particles having diameters of 74 micromsgiers or lass; and {if)
increasing average partticle size (APS), which indicates & shifting of the particle size
distribution curve to higher diameters.

{9043] The method employs the reactive olefin prepoiymer. The reactive olefin prepolymer
comprises the component thatis a polyolefin and the component that is an active metaliocens
derivative of a spray-dried silica-supported metaliocene catalyst ("SD/SiS-metallocene
catalyst”). The reactive olefin prepolymer has a prepolymer/catalyst weight/weight ratio from
10:1.0 10 50:1.0, wherein the prepolymer weight is the iotal weight of the reactive olefin
prepolymer and the catalyst weight is the weight of the spray-dried silica-supported
metallocene catalyst. If the prepolymer/catalyst weight/weight ratio is too low, e, less than
10:1.0, then there may be oo litlle olefin prepolymer component and consequently the light-
off of the SD/SiS-metaliccene calalyst may be oo fast and may not be sufficiently inhibited,
which couid resull in greater overheating and fouling in the gas phase reactor. If the
prepolymer/catalyst weight/weight ratio is {oo high, i.e., greaier than 50:1.0, then there may
be too much olefin prepolymer component and consequently the light-off of the SD/SIS-
metallocene catalyst may be too slow and may be over inhibited, which couid decrease the
catalytic activity of the method.

[8044] The reactive olefin prepolymer is made by polymerization of an olefin monomer in a
hydrocarbon diluent under mild conditions using a spray-dried, silica-supported metallocens
catalyst. The reactive olefin prepolymer is made by combining a measured preparatory
amount of an olefin monomer with 2 measured amount of the spray-dried silica-supported
metallocens catalyst in an alkane fiquid phase in a slurry phase reactor at a temperature from
307 to 70° C., an ethylene partial pressure of no more than 861 kpa, and a total reactor
pressure of no more than 2450 kpa to make the reactive olefin prepolymer via slurry phase
polymerization. The measured preparatory amount of olefin monomer and the measured
amourtt of the spray-dried silica-supported metaliocene catalyst result in the reactive olefin
prepolymer having the prepolymer/calalyst weight/weight ralic from 10:1.0 to no more than
503:1.0, whersin the prepolymer weight is the tolal weight of the reactive olefin prepolymer and
the catalyst weight is the weight of the spray-dried silica-supporied metallocene catalyst. The
prepolymer/catalyst weight/weight ratio may be adjusted within this range by using higher or
lower amounts of the spray-dried silica-supported meslallocene calalyst relative to the amount
of olefin monomer. i the polymerization temperature is (0o low, i.e., less than 30¢ C., then the
slurry phase polymerization may take too long to make the reactive olefin prepolymer and/or
the weight/waight ratio of prepolymer/catalyst may be too low, which can result in the problems
discussed earlier. If the polymerization iemperature is (oo high, i.e., greater than 70° C., then
the slurry phase polymerization may overheat and/or the weight/weight ratio  of

prepolymer/catalyst may be oo high, which can result in the problems discussed earlier. In
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some embodiments the olefin monomer used to make the reactive olefin prepolymer
comprises at least 90 wi% sthylene, or consists of 100 wi% ethyiene, and the reactive olefin
prepolymer is the reactive ethylene prepolymer daescribed earlier.

{0045] The spray-dried silica-supporied metaliocene catalyst. Any spray-dried silica-
supported metaliocene catalyst may be used in the method, The SD/SiS-melaliocene catalyst
is made by spray drying a mixiure of two or more of its reaciants in a hydrocarbon diluent. Any
spray drying method may be used. The reactanis used io meke the SD/SiS-meiallocene
catalyst comprise a metaliocene precatalysi, a silica suppott, and an activator. The SD/SIS-
metallocene catalyst has a core-shell particle morphology. The particle morphology of the
Sh/siS-metallocene catalyst is distinet from the particle morphology of a conventionally dried
silica-supported metaliocene catalyst prepared from the same constituents. These differences
in particle morphologies are illustraied by comparing the cartoon drawings in Figures 4 and 5.
Figure 4 Hlustrates catalyst particle morphologies of a plurality of conventionally-drisd, silica
supporied metaliocene calalyst particles, wherein “SiQ2" identifies silica support particles and
‘active metal” identifiss metalincene catalyst particles. The conventionaliy-dried catalyst
comprises g matrix of distinct particles that are mostly silica and distinct particles that are
mostly active metallocene catalyst. Figure 5 Hlustraies core-shell catalyst particle morphology
of a single particle of spray-dried, silica supporied metallocene catalyst. The spray-dried, silica
supporied metallocene catalyst comprises a plurality of such core-sheli particies. In each core-
shell particle, the core is mostly silica and the shell is mostly active metallocens catalyst. In
both the active metallocene catalyst rafers to a product obtained by contacting a metallocene
procatalyst {e.g., bis{n-propyleyclopentadienybhainium dimethyl) with an activator {s.q.,
MAQ). The morphologies are based on learmings from SEM images of conventionally dried or
spray-dried calalyst particles. The cartoon drawings are not necessarily to scale {ignoring
particle sizes), but merely serve 10 depict in a8 crude way these morphology differences.
Comparing Figure 4 with Figure 5 shows how the conventionally dried silica-supporied
metallocens catalyst particles are a helerogeneous blend of different types of distingt particles:
some particles are metaliccene catalyst pariicles and other particles are activator/silica
particles. In contrast, the SD/SIS-metaliocene catalyst particles are a homogeneous blend of
core-shell particles wherein the aclivator and metallocene catalyst constituents are located in
the shells and the silica support is focaied in the cores of the core-shell particles.

{8048] The metallocene precatalyst. In some embodiments the metallocene precatalyst is as
described in US787311282, column 11, line 17, to column 22, ine 21, In some aspecis the
metallocens precatalyst is a species named in US787311282, column 18, line 51, to column
22, line 5.

{80471 In some embodiments the metaliocens precatalyst is a compound of formula {):

12
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R R ,wherein Mis Ti, Hf, or Zr;each R to R g independently an unsubstituted
{C4-Cgatky! group or RT and R2 on one of the cyclopentadienyl rings are bonded together 1o
comprise a divalent hydrocarbylene selected from the group consisting of: -C(Ra}:C(Rb}-
CIRG)=C(RY)- and -C{RA)5-C{RD)5-C{RC)s-C(RY)o-, wherein each of Ra to RY independently
is H or methyl; and each X is a leaving group selected from the group consisting of: a halide,
an unsubsiituted (C4-Cglalkyl group, benzyl, and trimethyisiiyimethyl.

{0048} In some aspecls the metallocene precatalyst is  selected  from bis(rgS—

tetramethyicyclopentadienylizirconium dichioride; bis(r}f‘--
tetramethylcyclopentadienyl)zirconium dimethyl; bis{no-
pentamethyicyciopemtadienylzirconium dichioride; bis{r}fi

pentamethylcyciopentadienylizirconium dimethyl; (1,3-dimethyl-4,5,6,7tetrahydroindenyb(1-
methyleyclopentadienylzirconium dimethyt; bis(1-methyl-3-n-
butvicyciopsmadienyi)zirconium dichloride; bis{1-methyl-3-n-butvicyclopentadienyizirconium
dimethyl; bis{n-propylcyclopentadienylihainium dichloride; bis{n-
propylcyclopeniadienylihafinium dimethyl; bis{n-butylcyclopentadienyl)zirconium dichloride;
{cyclopentadienyh{(1 . 5-dimethylindenylizirconium  dimethyl;  {melhvlcyclopentadienyi(1,5-
dimethylindenybzirconium dimethyl, {cyclopentadienyh{1,4-dimethylindenybzirconium
dimethyl; (methyleyclopentadienyl)(1,4-dimethylindenyl)zirconium  dimethyl, and bis{n-
butylcyclopentadienyl)zirconium dimethyl. In some aspects the metaliocene caialyst is a
product of an activation reaction of an activator and any one of the aforementioned
metallocene precatalysts.

{8049} In some embodiments the compound of formula (1} is of formula (1a):

N x

/? ’\x (ia)
<

R ,wherein Mis Hf or Zr, each Rlis independently a {C4-Cglalky! group, and

each X is the leaving group. In some embodiments the metallocene precatalyst is of formula

(fa) wherein M is Hi, each R is CHpCHoCHg, and each X is Gl or methyl. The iatler
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metallocens precatalysts are the bis(iv-propyloyclopentadienyiihafnium dichloride and the
bis{n-propylcyclopentadienylihafnium dimethyl.

{00507 The silica support. The silica support is a particulate solid of amorphous silicon dioxide.
The silica support may be semi-porous, or porous. The silica support independently may be
an untrealed fumed sifica, aliernatively a calcined untreated fumed silica, allernatively a
hydrophobing agent-treated fumed silica, alternatively a calcined and hydrophobing agent-
freated fumed silica.

{0051] Prior to being contacted with a catalyst or precatalyst, the silica support may be pre-
treated by heating the silica support in air 1o give a calcined silica support. The pre-treating
comprises heating the silica support at a peak temperature fromy 350° 10 850° C., aliernatively
from 400° to 800 C., alternatively from 400° to 700° C., alternatively from 500° to 650° C. and
for a time period from 2 10 24 hours, akternatively from 4 (o 16 hours, alternalively from 810 12
hours, alternatively from 1 10 4 hours, thereby making a calcined silica support. The silica
support may be a calcined silica suppott.

{8052] The silica support has variable swrface area, pore volume, and averags particle size.

In soms embodiments, the silica support has a swface area from 10 to 1000 square meter
per gram (mg./g), an average particle size from 20 o 300 micrometers (um}, or both. The
surface area is from 200 to 660 mg/g. The silica support may have a surface area in the range
of from about 10 mz/g to about 700 ma/g, a pore volume in the range of from about 0.1 cm3/g
to about 4.0 cmS/g. and average particle size in the range of from about 20 microns 1o about
500 ym,

{8053] The silica support may have a pore volume from 0.5 to 6.0 cubic centimeters per gram
{co/g) or a pore volume from 1.1 to 1.8 co/g and the surface area is from 245 to 378 mz/'g,
Alternatively, the pore volums is from 2.4 to 3.7 ¢o/g and the surface area is from 410 {0 620
m2/g. Alternatively, the pore voiume is from 0.9 to 1.4 co/g and the surface area is from 390

10 590 me/g. Each of the above properiies are measured using conventional techiniques known
in the art.

{0054] The silica support may an amorphous sifica (not quarnz), alternatively a high swiface
area amorphous silica {e.g., from 500 to 1000 mg/g}. Such silicas are commercially available
from several sources including the Davison Chemical Division of W.R. Grace and Company
{8.g., Daviscn 952 and Davison 955 products), and PQ Corporation {8.g., ES70 product). The
silica support may be in the form of spherical particles, which are obtained by a spray-drying
process. Altemnatively, M33050 product is a silica from PO Corporation that is not spray-dried.
As procured, these silicas are not calcined (.e., not dehydrated). Silica that is calcined prior
1o purchase may also be used as the support material.
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[8055] The fumed silica may be hydrophilic {(untreated}, alternatively hydrophobic {ireated). In
some aspects the silica support is a hydrophobic fumed silica. Hydrophobic fumed silica is a
product of pre-trealing a hydrophilic fumed silica {untreated) with a silicon-based
hydrophobing agent selected from trimethylsilyl chioride, dimethyldichiorosilane, a
polydimethylsiloxane  fluid,  hexamethyldisilazane, an  oclyltrialkoxysilane  {(e.g,,
octyltrimethoxysilane), and a combination of any two or more thereof; alternatively
dimethyldichlorosilane. Examples of the hydrophobic fumed silica are CAB-Q-SiL hydrophobic
fumed silicas available from Cabot Corporation, Alpharetta Georgia, USA. When the
hydrophobing agent is dimsthyldichiorosilane, an example of a hydrophobic fumed silica is
CAB-O-SIL 73610 from Cabot Corporation. In somse aspects the silica support is a
hvdrophobic fumed silica that has been swface wreated with dimethyldichiorositane
{{CHa)o8iCkn); this silica support is commercially available from Cabot Corporation as
Cabosii™ T5-610.

[0056] The activator. Any activator may be the same or different as ancther and independently
may be a Lewis acid, a non-coordinating ionic activator, or an ionizing activator, or a Lewis
base, an alkylaluminum, or an alkylaiuminoxane (akylalumoxane). The alkylaluminum may be
a tialkylaluminum, alkylaiuminum halide, or alkylaluminum  alkoxide (diethylaluminum
ethoxide}. The tiakylaluminum may be timethvlaluminum, tristhylaluminum ("TEAP),
tripropylaluminum, or tris(2-methylpropybaluminum. The alkylaluminum halide may be
disthylaluminum chioride. The alkylaluminum alkoxide may be disthylaluminum ethoxide. The
akyialuminoxane may be a methylaluminoxane (MAO), ethylaiuminoxane, 2-methylpropyl-
aluminoxans, or a modified methylaluminoxane (MMAQ). Each alky! of the alkylaluminum or
alkylaluminoxane independently may be a (Cq-Cyalkyl alternatively a (Cy-Cglalkyl,
alternatively a (C4-Cgqialkyl. The molar ratio of activator's metal (Al) to a pariicular caialysi
compound’s metal {catalytic metal, e.g., Zr) may be 10001 to 0.5:1, alternatively 300:1 to 1:1,
alternatively 150:1 to 1:1. Suitable activators are commercially available.

{0057] The spray-dried silica-supported metaliocene catalyst ("SD/SIS-metallocene catalyst”)
is made by spray-drying a mixture of a metallocens precaialyst, a silica support, an activator,
and a hydrocarbon diluent. Spray drying methods and equipment are well known in the
catalyst art and include those described in US5648310.

[0058] The hydrocarbon dilueni. The hydrocarbon diluent may be an alkane, an arene, an
alkyiarene {e.g., toluene), or an arylakkane {(e.g., phenylpropane). Examples of hydrocarbon
diluenis are alkanes such as mineral oif, pentanes, hexanes, heplanes, octanes, nonanes,
decanes, undscanes, dodecanes, eic., and wluene, and xvlenes. In one embodiment, the
hydrocarbon difuent is an alkane, or a mixiure of alkanes, wherein each alkane independently

has from 4 to 20 carbon atoms, alternatively from § 1o 12 carbon atoms, alternatively from 5
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{0 10 carbon atoms. kach alkane independently may be acyclic or eyclic. Each acyclic alkane
independently may he siraight chain or branched chain. The acyclic alkane may be 2-
meathylpropane {iscbutane), pentane, 1-methylbutane {isopentane), hexane, 1-methylpentane
{isohexane}, heptane, 1-methyihexane {ischeptansg), octane, nonane, decane, or a mixture of
any two or more thereof. The cyclic alkane may be cyclopentane, cyciohexane, cyclohepiane,
cyclooctans, cyclononane, cyclodecane, methycyclopentane,  methyleyciohexane,
dimethylcyclopeniane, or a mixiure of any two or more thereoi. Additional examples of suitable
alkanes include Isopar-C, isgpar-E, and wineral oif such as while mineral oil. In some aspecis
the hydrocarbon diluent is free of mineral oll. The hydrocarbon diluent may consist of one or
more (Cg-Cqplalkanes. In some embodimenis the hydrocarbon dilient is isopentane.

[0059] The SD/SiS-metaliocens catalyst differs in composition and catalytic activity from a
conventionally-dried supported metaliocene catalyst by virlue of their different drying
preparations.

[0080] The olefin manamer. The olefin monomer used 1o make the reactive olefin prepolymer
and the olefin monomar used to make the polyethylsne powder may be the same or different.
The olefin used to make the polyethylene powder comprises ethylene. The olefin monomer
used to make the reactive olefin prepolymer may be any olefin selecied from the group
consisting of: ethylene, propene, a (C4-Coglalpha-olefin, or a combination of any two or more
thereof, In some embodimenis the olefin monomer used to make the prepolymer and the
powder are the same. The {C4-Coplaipha-clefin may be (C4-Cqgjalpha-clefin or a {Cy-
Cglaipha-olefin. In embodimenis the (C4-Cglalpha-olefin independently may be 1-butene, 1-
pentene, 1-hexene, 4-methyl-1-pentens, 1-hepiene, or 1-octene; alternatively 1-butene, 1-
hexene, or 1-ociene,; allernglively 1-buiene or 1-hexene; alternaltively 1-hexene or 1-oclene;
alternatively 1-buiene; aliernatively 1-hexene; alternatively 1-octene; allematively a
combination of 1-butene and 1-hexens; aliernatively a combination of 1-hexene and 1-ociene.
Typically the 1-glkene may be 1-hexene.

[8061] The slurry phase reactor. Slurty phase reactors are well known in the art. Any slunry
phase reactor capable of polymerizing ethylene may be used.

{8062} The gas phase reactor. Gas phase reactors and methods are well known in the art.
Any gas phase reactor for polymerizing ethylene may be used. For exampis, the FB-GPP
reacitor/method may be as described in US 3,709,853, US 4,003,712 US 4,011,382; US
4,302,566, US 4,543,399; US 4,882,400; US 5,352,749; US 5,541,270; EP-A-0 802 202; and
Belgian Patent No. 839,380, These SB-GPP and FB-GPP polymerization reactors and
processes either mechanically agitate or fluidize by continuous flow of gaseous monomer and
diluent the polymerization medium inside the reactor, respectively. Other useful

reactors/processes contemplated include serias or multistage polymerization procasses such
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as described in US 5,627,242; US 5,665,818; US 5,877,375, EP-A-0 794 200; EP-B1-0 842
992; EF-A-0 802 202; and EP-B-634421.

{00637 The gas phase reacior may be a fluidized-bed gas phase polymerization (FB-GPP)
reactor and the effective polymerization conditions may comprise the following reaction
conditions: the FB-GPP reactor having a fluidized bed at a bed temperature from 70 to 120
degraees Celsius (* C.); the FB-GPP reactor recelving feeds of the reactive olefin prepolymer,
and independently controlled amounts of ethylene and, optionally, an olefin comoncmer in an
gthylene/comonomer molar ratic. The gas phase reactor may optionally receive a feed
hydrogen gas (Hg) for controlling molecular weight of the polysthylene powder in a hydrogen-
to-ethylene (Ha/Co) molar ratio or by weight parts per million Hp to mole percent Go ratio (Hp
ppm/Co mol%). The gas phase reactor may alse receive a feed of an induced condensing
agent {ICA) for controlling heat in the reactor.

{8064] In some embodiments the FB-GPP reactor is a commercial scale reactor described in
WO 2016/172567 A1 by Savatsky et al. for Univation Technologies, LLG, Houston, Texas.
{0065] In some embodiments the FB-GPP reactor is a commercial scale reactor such as a
UNIPOL™ regctor, which is available from Univation Technologies, LLC, a subsidiary of The
Dow Chamical Company, Midiand, Michigan, USA.

{0068] Induced condensing agent {(ICA). In gas phase reactors an {CA may be used in
condensing mode o absorb heat of the exothermic polymerization reaction. The ICA is
typically one ar more (Cs-Cyplalkanes. The ICA may be fed separately inlo the FB-GPP

reacior or as pait of a mixture also comaining the reactive olefin prepolymer. The ICA may be
a {Cx-Coplalkane, alternatively a (Cs-Cyglalkane, aliernatively a (Cs)alkane, e.g., pentane or
2-methyibutane; a hexane; a heplane; an octane; & nonaneg; a decane; or a combination of
any two or more thereof. Typically the [CA is isopentane {(2-methylbutane). The aspects of the
polymerization method that use the ICA may be referved (o as being an inducsd condensing
mode operation (ICMQO). ICMO is described in US 4,453,399; US 4,588,790; US 4,894 ,534;
US 5,352,749; US 5,462,999; and US 6,489,408, The concentration of {CA in the reactor is
measured indirectly as total concentration of vented ICA in recycle line using gas
chramatography by calibrating peak area percent 1o mole percent {mol%) with a gas mixture
standard of known concentrations of ad rem gas phase components,

{8067] The polymerization conditions may further include one or more additives such as a
chain transfer agent or a promoter.

{8068] The reactive olafin prepolymer is made by slurry phase polymerization in a siurry phase
regctor, which is different than the gas phase polymerization and reactor that makes the

morphology-improved polyethylene powder. The components of the reactive olefin prepolymer
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are in the sames particles thereof. Le., not particles of olefin prepolymer component blended
with particles of catalyst component,

{00697 The step of removing catalyst fines from the spray-dried silica-supported metallocene
catalyst may comprise sieving or electrostatic filtering the spray-dried silica-supported
metailocene catalyst. In some embodiments the spray-dried silica-supported metallocene
catalyst has from 10 weight percent (wi%,) o no more than 40 wit% catalyst fines, defined as
catalyst particles having diameters of 10 micrometers (pm) or less. In some embodiments the
SD/SiS-metallocene catalyst has from 20 wi% to 35 wi% catalyst fines, alternatively from 24
wWi% 10 31 wite catalyst fines, alternatively from 23 widk 1o 27 witSe catalyst fines, alternatively
from 28 wi% 1o 32 wi% catalyst fines, alternatively 25 wi% + 1 wi% catalyst fines, aliernatively
30 wi% = 1 wi% catalyst fines.

[0070] The spray-dried sifica-supporied metallocene catalyst is mads before and separate
from making the reactive olefin prepolymer, and the reactive olefin polymer is made before
and separate from the making of the polyolefin powder.

[0071] The morphology-improved  polyethylene powder has decreased amount of
polyethylene agglomerates relative o amount of polyethylene agglomerates in the
comparative polyethylene powdesr.

{8672] The catalytic activity of the reactive clefin prepolymer is from 90% to less than or equal
o 100% of catalytic activity of the spray-dried silica-supported metallocene catalyst when
measured by gas phase polymerization of ethylene in a reactor at 85° C., an sthylene partial
pressure of 1034 kpa, and total reactor pressure of 2447 kpa.

[8073] The weight/weight ratio of the alkane liquid phase o total glefin monomer is from 5:11.0
10 800:1.0.

{80741 The alkane of the liguid phase has from 4 (o 10 carbon atoms per molecule.

[0075] The olefin prepolymer has a number-average molecular weight (My) from 5000 grams
per mole o 50,000 g/mol.

{0076] In some embodiments the metaliccene precatalyst is bis{n-
propyicyclopentadienyhihafnium dichioride or bis(n-propylcyciopentadienyihafnium dimethyl,
which are metallocene precatalysts of formula {1a):

R/‘@
T

/ ~x (la)

oo77] R . wherein M is Hf, each R is CHoCHsCHs, and each X is Ci or
methyt.
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[0078] Catalytic activity is the mass of polyethylene powder made per unit weight of catalyst
per hour.
[0079] Alternatively precedes a distinct embodiment. ASTM means the standards
arganization, ASTM International, West Conshohocken, Pennsylvania, USA. Any comparative
example is used for ustration purposes only and shall not be prior arl. Free of or lacks means
a complete absence of; alternatively not detectable. 1SC is International Organization for
Standardization, Chemin de Blandonnet 8, CP 401 ~ 1214 Vernier, Geneva, Swilzerland.
IUPAC is International Union of Pure and Applied Chemistry (JUPAC Secretariat, Research
Triangle Park, North Carolina, USA). May confers a permitied choice, not an imperative.
Operative means functionally capable or sffective. Optionalily) means is abssnt {or excluded),
alternatively is present (or included}. PAS is Publicly Available Specification, Deutsches
Institut flir Normunng eV, (DIN, German Insiitule Tor Standardization) Properties may be
measured using standard test methods and conditions. Ranges include endpoints, subranges,
and whoie and/or fractional values subsumed therein, except a range of integers does not
include fractional values. Roont temperature: 23° C. 2 1° C.
[0080] Terms used hersin have thelr [IUPAC meanings unless defined otherwise. For
example, see Compendium of Chemical Terminology. Gold Book, version 2.3.3, February 24,
2014,
[0081] Light-off Vial Test Method: add a mineral oil sturry of a faster-light-off catalyst supported
on treated fumed silica or a mineral oilftoluene slurry of an atienuared post-metallocene
catalyst supported on freaied fumed silica into a dried 40 mb glass vial. To the vial add 5.5 mi
or 11 mb of 1-octene, and seal the vial with a septum cap. RBecord addition time as Tg (0.00
minute). Manually shake (not stir} the vials to prevent clumping. Then place the shaken vials
in different wells of a foam block sitting on a hotplate/stirrer. Immediately inseri thermocouples
through the septa caps into the vials below the liquid level therein, and record temperatures (°
C.} of the contents of the vials al & seconds intervals from Ty o 300 minutes past Ty
Download the temperature and time data t¢ a spreadsheet, and plot thermo-kinetic profiles for
analysis. The results of these runs may be depicted graphically as a plot of reaction
temperaturs of the batch reactor contents on the y-axis versus time starting from addition of
Tirmeg on the x-axis.

EXAMPLES
{0082} The experimential approach comprises conducting a slurry phase polymerization of an
olefin monomer with an S80/8IS melaliocene calalysi in an appropriaie solvent under milder
conditions {(35° to 50° C., ethylene pastial pressure up to 861 kpa, and total reactor pressure
Up 10 2450 kpa (355 pounds per square inch {(psh)) to make a reactive olefin prepolymer with
controlied morphology in a first step. To preserve undiminished catalytic activity of this reactive
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alefin prepolymer, the prepolymer is then fed directly intg a gas phase reactor (o polymerize
ethylene 1o yield a polyethyiene powdsr in a second step. This two-step sequence resulis in
controlled catalytic activity in the gas phase reactor and aliows for control of the level of fines
generated in the gas phase reactor, and hence the morphology of the product polyethylene
powder. Beneficially the controlled morphology of the reactive olefin prepolymer in the first
step enables us to feed the prepolymer into the gas phase reactor using a simple 0.635 cm
{s inch) inner diameter feed injection tube instead of an elaborate fube-in-tube feed injector
system commonly used for feeding SD/SIS meataliocene catalyst into gas phase reaciors.
[0083] Fines Test Method: fines are measursd using a 200 mesh sieve {74 um).

{00847 Average Particle Size (APS) and Particls Size Distribution (PSD) Test Method: average
particle size {APS) and particle size distribution (PSD) are measured using a series of sieves
from 10 mesh size to 325 mesh size, aliernatively from 10 mesh size to 200 mesh size. The
various mesh sizes and their respective micrometer dimensions are described elsewhere
herein. This is the test method used to measure the APS daia of the examples shown in later
Table 1 and 10 gansrale the particls size distributions of the examplas shown in Figure 3.
[6085] Volume Fraction Particle Size Test Method: volume fraction particle sizes, including
the d90 particle size at 80% volume fraction and the d10 particle size at 10% volume fraction,
are measured using a Mastersizer 3000 particle size analyzer instrument from Malvermn
Panalytical Lid, a Spectris company. This is the {est method used 1o generate the d80 and
d10 data used to calculate the d30/d10 ratios shown later in Table 1.

[0086] FPreparation 1. for the examples, a SD/SiS-metallocens calalyst was made as foliows.
A mixture of a metaliocene precatalyst, bis{n-propylcyclopentadienyiihafnium dimethyl, a
hydrophobic fumed silica support, dichlorodimethyisilane-treated fumed silica, and an
activator, methy! aluminoxane (MAQ), in mingral oi/ISOPAR C wag made. The mixture
contained 16.4 wi% solids powder. The solids powder contained 0.8 wit% Hf atoms and 16.4
wi% aluminum atoms based on total weight of the solids powder. The mixture was spray-dried
under the following conditions to make an SD/SiS-metallocene catalyst, a spray-dried silica-
supporied bis(n-propylcyciopentadienyhhafnium dimethyl catalyst. Spray drying conditions:
spray drier apparatus having an outlet temperature of 80° C. and an atomizer speed of 22,500
rotations  per minute  (pm). The resulling spray-dried  silica-supported  bisin-
propyicyclopentadienybhafnium dimethyt catalyst contained 0.045 millimoles {(mmol) of Hf
atoms and 6 mmol of Al atoms {from activator) per 1.0 gram total weight of SD/SIS-
metallocene catalyst. if used in a comparative example to polymerize sthylene in a gas phase
reactor, this catalyst can produce a comparative polyethylene powder containing up 1o 10 wi%
polyethylene fines. The catalyst of Preparation 1 was made in one iol. Two samples {(Sample
A and Sample B) were removed at different times from the lot and were found {o have different
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amounts of catalyst fines. Sample A coniained 30.2 wi% catalyst fines {particles having a
diameter of 10 ym or less) and Sample B contained 25 wi% catalyst fines.

{0087] Figure 1 is a piot of volume percent (volume%) {y-axis) versus pariicle size in
micrometars (pm) (x-axis} for the SD/SiS-metaliocens catalysis of Sampie A and Sampie B of
Preparation 1. in Figure 1 the plol of Sample A has the shortesi peak with & maximum
volume% at a particle size of about 15 pim and Sample B has the tallest peak with a maximum
volume% at a particie size of about 16 ym.

{0088] Comparative Example 1 (CE1): gas phase polymerization of ethylene with spray-dried
silica-supportsd bis{n-propyicyclopentadienyibhafnium catalyst of Sample A of Preparation 1
in a gas phase reactor at a temperature of 85° C., ethylene partial pressure of 1034 kpa, and
{otal reactor pressure of 2413 kpa and containing 15% isopemane (0 make a comparative
polyethylene powder having: (i) 6.0 wi% polvethylene fines having a diameter of from greater
than ¢ umto 74 um; and (i} an averags particle size (APS) of 0.383 millimeter {(mm).

{00831 Comparative Example 2 (CE2): gas phase polymerization of sthylene with spray-dried
silica-supported bis{n-propylcyclopentadienyhhafnium catalyst of Sample B of Preparation 1
in a gas phase reactor at a temperature of 85 C., ethylens partial pressure of 1034 kpa, and
total reactor pressure of 2413 kpa and containing 15% isopentane to make a comparative
polyethyiene powder having: (i} 3.0 wi% polyethylene fines having a diameter of from greater
than O um to 74 pmy; and (i) an APS of 0.457 mm.

[0080] Examples of the inventive method improve the morphology of polyethylens powders
as follows. Examples of the reactive olefin prepolymer containing different loadings of the
spray-drigd silica-supportad bis{n-propylcyclopentadienybhafnium dimethyt catalyst were
made by slurry phase polymerizations of ethylene monomer at different reactor temperatures.
[0081] Inventive Example 1A (IE1A, 35° C., 20g/1.0g): a reactive olefin prepolymer thatis a
reactive ethylene prepolymer was made by slurry phase polymerization of a measured amount
of sthylene with a measured amount of the spray-diied silica-supporied hisin-
propyilcyclopentadisnylhafnium catalyst of Sample A of Preparation 1 in isopsntane at reactor
temperature of 35° C., ethylene partial pressure of 158.7 kpa, and total reacior pressure of
2447 kpa to make a reaciive ethylene prepolymer comprising a component that is a
pelyethylene prepolymer and a component that is an active metaliocene derivative of the
spray-dried silica-supporied bis{n-propyleyclopentadienybhafnium  catalyst, wherein the
reactive ethylene prepolymer has a prepolymer/catalyst weighVweight ratic of 20 grams: 1.0
gram, wherein the prepolymer weight is the tolal weight of the reaclive ethylene prepolymer
and the catalyst weight is the wsight of the spray-dried silica-supported metaliocene catalyst.
{80921 Inventive Example 1B (IE1B): gas phase polymerization of ethyiene with reactive
athylene prepolymer of IE1A in a gas phase reacior at a temperature of 85° C, ethylene partial
pressure of 1034 Kpa,. and iotal reacior pressure of 2413 kpa yielded a morphologically-
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improved polysthylene powder having: (i) 5.3 wi% polyethylene fines having a diameter of
from greater than 0 um to 74 um, a decrease of 11% relative to the polyethylens fines of the
comparative polyethvlene powder of Comparative Example 1; and (i) an APS of 0.363 muy,
an increase of 9.0% relative to the APS of the comparative polyethylens powder.

[0093] Inventive Example 2A (IE2A, 50° G, 20g/1.0g): a reactive olefin prepolymer thal is a
reactive ethylene prepolymer was made by slurry phase polymerization of a measured amount
of ethylene with a measured amount of the spray-dried silica-supported bis{n-
propyicyclopeniadienyhhafnium catalyst of Sample A of Preparation 1 in isopentane at reactor
temperature of 50° C., ethylens partial pressure of 158.7 kpa, and total reactor pressure of
2447 kpa 1o make a reactive ethylene prepolymer comprising a component that is a
polyethyleng prepolymer and a component that is an active metaliocene derivative of the
spray-dried silica-supported  bis(n-propyloyvciopentadienybDhalinium  catalyst, wherein the
reactive gthylene prepolymer has a prepolymer/catalyst weight/weight ratio of 20 grams:1.0
gram, wherein the prepolymer weight is the iofal weight of the reactive ethylene prepolymer
and the catalyst weight is the weight of the spray-dried silica-supporied metaliocene catalyst.
[0084] Inventive Example 2B (IE2B). gas phase polymerization of ethylene with reactive
ethylene prepolymer of IE2A In a gas phase reactor at a lemperature of 85° €., ethylene partial
pressure of 1034 kpa, and total reactor pressure of 2413 kpa yielded a morphologically-
improved polyethylene powder having: {i) 2.8 wi% polyethyiene fines having a diameter of
from greater than 0 um to 74 ym, a decrease of 56% relative (o the polysihylene fines of the
comparative polyethylene powder of Comparative Example 1; and (i} an APS of 0.487 mm,
an increase of 40.2% relative 10 the APS of the comparative polysthylene powder.

[0095] Inventive Example 3A (IE3A, 50° C., 40g/1.0g): a reactive olefin prepolymer that is a
reactive ethylene prepolymer was made by slurry phase polymerization of a measured amount
of ethylene with a measured amount of the spray-dried silica-supporied bis{n-
propyicyclopentadienylhafnium catalyst of Sample A of Preparation 1 in isopentane at reactor
tamperature of 50¢ C., ethylene partial pressure of 272.2 kpa, and total reacior pressurs of
2447 Kpa to make a reactive ethylene prepolymer comprising a component that is &
solyethylene prepolymer and a component that is an active metaliocene derivative of the
spray-dried silica-supported bis{n-propylcyciopentadienyhalinium catalyst, wherein the
reactive ethylene prepolymer has a prepolymer/calalyst weight/weight ratio of 40 grams: 1.0
gram, wherein the prepolymer weight is the total weight of the reactive ethylene prepolymer
and the catalyst weight is the weight of the spray-dried silica-supported melaliocene catalyst.
{0086] Inventive Example 3B (IE3B): gas phase polymerization of ethyiene with reactive
athylene prepolymer of IESA in a gas phase reacior at a temperature of 85° (., ethyiens partial
pressure of 1034 kpa, and iotal reacior pressure of 2413 kpa vielded a morphologically-
improved polyethylene powder having: (i) 3.10 wi% polysthylene fines having a diameter of
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from greater than 0 pm {0 74 pm, a decrease of 48% relative to ths polyethylene fines of the
polysthylene powder of Comparative Example 1; and {il) an APS of 0.470 mm, an increase of
41.19% relative to the APS of the comparative polyethylene powder,

{9097] Figure 2 is a plot of volume fraction in percent {Fraction, %) {y-axis) versus particie size
in micrometers (Particle Size {microns}) on & scale from O pm to 2,000 um for Comparative
Example 1 and Inventive Examples 1B, 2B, and 3B. *Microns” are aiso represented as um.
The results shown in Figure 2 illustrale the decrease in fines and increase in APS of the
improved morphology polyethylene powder relative to the comparative polyethylene powder.
[0098] Inventive Example 4A (1E4A 50° €., 20g/1.0g): a reactive olefin prepolymer that is a
reactive ethylene prepolymer was made by slurry phase polymerization of a measured amount
aof ethylene with a measured amount of the spray-dried silica-supported bis(n-
propyieyclopeniadienyhihafnium catalyst of Sample B of Preparation 1 inisopentane at reactor
temperature of 50° C., ethyiens partial pressurs of 83.2 kpa, and total reactor pressure of 2447
Kpa 10 make a reactive sthylene prepolymer comprising a component that is a polysthylene
prepolymer and a component that is an active metaliccene derivative of the spray-dried silica-
supported bis{n-propylcyciopentadienyihafnium catalyst, whersin the reactive sthylene
prepolymer has a prepolymer/catalyst weightweight ratio of 20 grams:1.0 gram, wherein the
prepolymer weight is the total weight of the reactive ethylene prepolymer and the catalyst
weight is the welight of the spray-dried silica-supported metallocens catalyst.

{00987 Inventive Example 4B {(IE4B): gas phase polymerization of ethylene with reactive
athylene prepolymer of 1E4A in a gas phase reactor at a temperature of 85° €., ethyiene partial
pressure of 1034 kpa, and iotal reactor pressure of 2413 kpa yielded a morphologically-
impraved polysthylene powder having: (i) 2.0 wit% polyethylene fines having a diamester of
from greater than 0 pm o 74 prn, a decrease of 33% relative to the polyeihylene fines of the
comparative polyethylens powder of Comparative Example 2; and (i} an APS of 0.381 mm, a
decrease of 16.6% relative to the APS of the comparative polyethylens powder.

{00108] The resuits for Comparative Examples 1 and 2 and Inventive Examples 1B, 2B, 3B,
and 48 are shown in Table 1.

[00101] Tablel: weight percent fines and APS.

Preparation of Reactive Ethylene Prepolymers
Example CE1 IE1A IEZ2A IE3A CEZ2 IE4A
o Prep. 1,
SL/SIS-Metallocene Prep. 1, Frep. 1, Prep. 1,
None ) Sample | None i
Catalyst Used Sample A | Sample A A Sample B
Calalyst Fines (wit%) 302 30.2 306.2 30.2 25 25
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Slurry Phase Temp.
None 35 50 50 None 50
C)
Prepolymei/Derivativ
None 20/1.0 20/1.¢ 40/1.0 None 2010
e wi/wt
Preparation of Polysthylene (PE) Powder
Example CEt iE1B =28 IE3B CE2 f£4B
PE Powder Fines N
o 6.0 53 2.8 3.10 3.0 2.0
(Wio/c-:)
% Decrease Fines 0 11 56 48 0 33
APS (um) .333 0.383 0.487 4.470 0.457 0.381
% change in APS 0 +9.0 +40.2 +40.1 g -15.6
dsg/dio 4.21 3.73 3.2 3.4 4.48 4.29
Narrowing of particle -
) None 1.4 24.0 2614 Nong 4.2
size distribution, %

[00102] In Table 1, the inventive method improved marphology of polyethylene powders made
in gas phasse regactors by dscreasing the wi% polyethylens (PE) fines. The improved
maorphology polysthviens powders of IE18 o 1E3B had increased average particle size (APS)
of the inventive polysethylene powders relative 1o their comparative polyethylene powder. The
improved morphology polyethylene powder of 1E4B had decreased average patlicle size

{APS) of ihe inventive polyethylene powder relative to its comparative polyeihylene powder.
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CLAIMS
1. A method of making a morphology-improved polyethylene powder, the method
comprising:

contacting ethylene with a reactive olefin prepolymer in a gas phase reactor to make
a morphology-improved polyeihylene powder via gas phase polymerization;

wherein the reactive olefin prepolymer comprises a component thatl is a polyolefin and
a component thal is an active metaliocense derivative of a spray-dried silica-supported
metallocens catalyst; wherein the reactive clefin prepolymer has a prepolymer/catalyst
welght/weight ratio from 10:1.0 10 50:1.0, wherein the prepolymer weight is the total weight of
the reactive olefin prepolymer and the catalyst weight is the weight of the spray-dried silica-
supported metallocene catalyst.

2. The method as claimed in clam 1 comprising making the reactive olefin prepolymer
by combining a measuwred preparatory amount of an olefin monomer with a measured amoutt
of the spray-dried silica-supported meialiocene catalyst in an alkane liguid phase in a slurry
phase reacior al a temperature from 30° 10 70° C., an ethviens partial pressure of no more
than 881 kpa, and a total reactor pressure of no more than 2450 kpa to make the reactive
olefin prepolymer via slurry phase polymerization, wherein the measured preparalory amount
af olefin monomer and the measured amount of the spray-dried silica-supported metallocens
catalyst result in the prepolymer/caialysi weight/weight ratio from 10:1.0 to no more than
5@¢:1.0, whersin the prapolymer weight is the total weight of the reactive clefin prepolymer and
the catalyst weight is the weight of the spray-dried silica-supported metaliocene catalyst.

3. The method as claimed in claim 1 or claim 2 having any one of limitations {i) o {iii):

{i) the prepolymer/catalyst weight/weight ratic is from 10:1.0 to 45:1.0, from 15:1.0 to
3510, or from 15:1.0 10 25:1.4;

{ii) the temperature of the slurry phase reacior in claim 2 is from 35° to 70° C., from
40° to 80° C., orfrom 45°i0 55° C.; or

(i} the prepolymer/catalyst weight/weight ratio is from 15:1.0 to 25:1.0 and the
temperature of the slurry phase reactor in claim 2 is from 45° {o 55° C.

4. The method as claimed in any one of ¢laims 1 {0 3 having limitation {i) and either
limitation (i} or iimitation (i)

(i} the reactive olefin prepolymaer is & reactive ethylene prepolymer and the polyolefin
of the reactive ethylene prepolymer is an ethylene homopolymer or an ethylene/{Cyg-
C1plaipha-olefin copolymer; and

{ii) the gas phase reactor is free of an olefin comonomer and the morphology-improved

polyethyiene powder is an ethylene homopolymer; or
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{ii} the gas phase reactor includes a (C4-Cyglalpha-olefin comonomer and the
morphology-improved polyeihylene powder is an ethylene/{C4-Cqg)alpha-olefin copolymer.
5. The method as claimad in any one of claims 1 1o 4 comprising:

{i) feeding the reactive olefin prepolymer from a siurry phase reactor directly into the
gas phase reactor; or

(i) feeding the reactive olefin prepolymer from a slurry phase reactor into an
intermediate vessel, waiting for a period of fime, and then feeding the reactive olefin
prepelymer from the intermediate vesseal into the gas phase reactor.

6. The method as claimed in any one of claims 1 {o 5 wherein the reaciive olefin
prepolymer is fed via a single inlet fube into the gas phase reactor, wherein the single inlet
tube has an inner diameter from 0.3 centimeter {om) 0 1.0 cm.

7. The method as claimed in any one of claims 1 to 6 comprising making the spray-dried
siica-supported metaliocene catalyst by any one of preparations (i) to (ii):

(i) spray-drving a mixture of a metallocene precaialyst, a silica suppori, an activator,
and hydrocarbon diluent to make the spray-dried silica-supported metallocene catalysi;

(i} spray-drying a mixture of a silica support, an activator, and hydrocarbon diluent to
give a spray-dried supported aclivator, and contacting the spray-diied supported activator with
a metaliocene precatalyst to make the spray-dried silica-supported metaliocene catalyst; or

(i} spray-drying a mixture of a metallocene precatalyst, a silica support, and
hydrocarbon diluent 1o give a spray-dried supported metaliccene precatalyst, and contacting
the spray-dried supporied metallocene precatalyst with an activalor (o make the spray-dried
silica-supported metaliocene catalyst;

wherein the hydrocarbon diluent is selected from the group consisting of an alkane, an
aromatic hydrocarbon, an alkyl-substituted aromatic hydrocarbon, an arvl-subsiituied alkane,
or a blend of any two or more thereof.

8. The method as claimed in claim 7 wherein the metallocens precatalyst is of formula

RZ RE

i R R , wherein M is Ti, Hf, or Zr; each Rt 1o RO is independently an
unsubstituted {C4-Cglalkyl group or R! and RZ on ons of the cyclopentadienyl rings are

bonded iogether to comprise a divalent hydrocarbylene selected from the group consisting
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of: -C{R=C(RPL}-C(RC)=C(RY)- and -C(R&}o-C(RL)o-C(RC)o-C{R%Y) -, wherein each of R8 to

Rd independenily is H or methyl; and each X is a ieaving group.
8. The method as ciaimed in claim 7 or claim 8 wherein the metaliocene precatalyst is
selected from the group consisting of:
bis(nS-tetramem\,fioycionemadseny!;zirconium dichloride;
bis{nO-tetramethylcyclopentadienylzirconium dimethyl;
bis{n>-pentamethylcyclopentadienylzirconium dichioride;
bis(r}5—peﬂtamethylcyc!opentadienyi)zirconium dimethyi;
{1,3-dimethyl-4 5,6, 7-tetrahydroindenyl) {(1-methyleyclopentadienylzirconium
dimethyl;
bis{1-methyl-3-n-butylcyclopeniadienyzirconium dichloride;
bis{t-methyl-3-n-butylcyclopentadisnytizirconium dimethyl;
bis{n-propyicyclopentadienyhhainium dichloride;
bis{n-propylcyciopaniadienyihafinium dimethyi;
bis{n-butylcyciopentadienyl)zirconium dichioride;
{cyclopertadienvl)(1,5-dimethylindenyl)zirconium dimethyl;
{meathylcyclopentadienyh{1,5-dimethylindenylzirconium dimethyt;
{cyclopentadienyl)(1,4-dimethylindenylzirconium dimethyi;
{methyleyclopentadienyt)(1,4-dimethylindenyhzirconium dimethyl; and
bis{n-butylcyclopentadienyi)zirconium dimethyl.
10, The method as claimed in any one of claims 1 to 8 wharein the morphology of the
morphology-improved polyethylense powdsr is further improved by removing at least some
catalyst fines from the spray-dried silica-supported metallocene catalyst before making the
reactive olefin prepolymer therewith, wherein catalyst fines are defined as catalyst particles
having diametsrs of 10 micromsters {ym) or less.
11 The method as claimed in any one of ¢laims 1 1o 10 whersin the morphology of the
morphology-improved polysthylene powder comprises:
{iy an amourt of polvethylene fines that is lower by from 5% 10 60%, or from 9% 1o
55%, or from 20% to 55%, or from 30% 1o 55% relative to an amount of polyethylene fines in
a comparative polyethylens powder made by an identical gas phase polymerization excepl
wherein the spray-dried silica-supported metaliocene caialyst is used instead of the reactive
olefin prepolymer; and
(i} an average particle size (APS) that is higher by from 9% {0 50%, or from 9% 1o
42%, or from 30% to 50% relative io the APS of the comparative polyethylene powder; or {ii)
the APS of the polyolefin particles is decreased by from 5% to 30%, or from 12% to 22%, or

from 14% 1o 20%;
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(iii} the particle size distribution is described a3 a percentage decrease in inventive
d80/d 10 relative to a comparative d90/d10 of from 4% to 30%, or from 10% to 30%, or from
11% o 28%, or from 23% 1o 28%;

{iv) both feature {i} and a feature {ii};

(v} both feature (1) and feaiure (ii};

{vi} both feature {ii) and featurs {jii}; or

{vii} each of features {i}, (i), and ().

12. The method as claimed in ¢laim 11 whergin the greater the amount of polyethyiens
fines in the comparative polyethylene powder the greater the percent decrease in polysthylene
fings in the morphology-improved polvethylene powder.
13. The method as ciaimed in any one of claims 1 to 10 wherein the morphology of the
maorphology-improved polyethylene powder comprises:

(i} an amount of polyethylens fines that is lower by from 10% to 60%, or from 20% to
55%. or from 30% to 55% relative 1o an amount of polyethylene fines in a comparative
polyethviene powder made by an identical gas phase polymerization except wherein the
spray-dried silica-supported metaliocene catalyst is used instead of the reactive olefin
prepolymer;

{ii} an average particle size (APS} that is lower by from 11% to 20%, or from 14% to
19%, relative to the APS of the comparative polyethylene powder; or

{iii) both (i) and (ii).

14 The method as ciaimed in any one of claims 1 to 13 having any one of limitations () io
{iii}:

{i) wherein the morphology-improved polyethylens powdsr has from 2.5 weight percent
{wit%;) to no more than 5.5 wi% of polyethylene fines, which is defined as polyethyiene particles
having diameters of 74 micrometers {ym) or less;

(i) wherein the morphology-improved polyethylene powder has an average particle
size from 0.360 mm to 0.480 mm; or

{iii} both limitations (i) and (ii).

15. The method as claimed in any one of claims 1 10 14 having any one of limitations () 1o
{i#i):

{i} the temperature of the gas phase reactor is from 70° to 120° C., from B80° to 115°
C. orfrom 8110 88° G,

(i)} the gas phase reacior also contains from 1 weight percent {wiSe) to 20 wi% of an
induced condensing agent ("ICA”) selected from a (Cx-Cyjalkane, wherein preferably the 1ICA
is isopentans, based on total weight of contents in the gas phase reactor; or

{iiiy both Emitations (i) and {ii).
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