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CLAIMS 

 

The invention claimed is: 

1. A method comprising: 

contacting in a fluidized bed gas phase reactor an olefin monomer with a catalyst 

system in the presence of an induced condensing agent (ICA) and optionally hydrogen to 

produce a first polyolefin having a first melt index;  

increasing a residence time of the first polyolefin in the reactor to produce a 

second polyolefin having a second melt index, wherein the second melt index is within 10% of 

the first melt index; and  

wherein a first thin film formed of the first polyolefin has a larger small gel count 

than a second thin film formed of the second polyolefin, wherein the first and second thin films 

are produced by a same procedure, and wherein the small gel is a gel particle having a diameter 

of 201 microns to 600 microns and counting the small gel is determined by surface inspection of 

a 50 microns ± 5 microns thin film using optoelectronic analysis with a high resolution line 

camera. 

 

2. The method of claim 1, wherein the catalyst system comprises hafnium 

metallocene catalyst. 

 

3. The method of claim 1, wherein the concentration of ICA in the reactor during 

production of the second polyolefin is 6 mol% to 30 mol% of total reactor gas; or 

 

wherein the residence time of the second polyolefin in the reactor is 1 hour to 6 hours. 
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4. The method of claim 1 further comprising: 

contacting in the fluidized bed gas phase reactor the olefin monomer and at least 

one comonomer with the catalyst system in the presence of the ICA and optionally the hydrogen 

to produce the polyolefin. 

 

5. The method of claim 4, wherein the olefin monomer is ethylene and the at least 

one comonomer is selected from the group consisting of propylene, 1-butene, 1-pentene, 1-

hexene, 1-heptene, 1-octene, 4-methylpent-1-ene, 1-decene, 1-dodecene, 1-hexadecene, 1,3-

hexadiene, 1,4-hexadiene, cyclopentadiene, dicyclopentadiene, 4-vinylcyclohex-1-ene, 

methyloctadiene, 1-methyl-1,6-octadiene, 7-methyl-1,6-octadiene, 1,5-cyclooctadiene, 

norbornadiene, ethylidene norbornene, 5-vinylidene-2-norbornene, 5-vinyl-2-norbornene, 

isoprene, styrene, butadiene, isobutylene, chloroprene, acrylonitrile, and a cyclic olefin; or 

 

wherein the ICA comprise one selected from the group consisting of n-butane, isobutane, 

n-pentane, isopentane, hexane, isohexane, and any combination thereof. 

 

6. A method comprising: 

contacting in a fluidized bed gas phase reactor an olefin monomer with a catalyst 

system in the presence of an induced condensing agent (ICA) and optionally hydrogen to 

produce a first polyolefin having a first melt index;  

increasing a residence time of the first polyolefin in the reactor to produce a 

second polyolefin having a second melt index; and  

wherein a first thin film formed of the first polyolefin has a larger small gel count 

than a second thin film formed of the second polyolefin, wherein the first and second thin films 

are produced by a same procedure, and wherein the small gel is a gel particle having a diameter 

of 201 microns to 600 microns and counting the small gel is determined by surface inspection of 

a 50 microns ± 5 microns thin film using optoelectronic analysis with a high resolution camera. 
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7. The method of claim 6, wherein the catalyst system comprises hafnium 

metallocene catalyst; or 

 

wherein the concentration of ICA in the reactor during production of the second 

polyolefin is 6 mol% to 30 mol% of total reactor gas; or 

 

wherein the residence time of the second polyolefin in the reactor is 1 hour to 6 hours; or  

 

wherein the concentration of ICA in the reactor during production of the second 

polyolefin is 6 mol% to 30 mol% of total reactor gas, and wherein the residence time of the 

second polyolefin in the reactor is 1 hour to 6 hours; or 

 

further comprising: 

contacting in the fluidized bed gas phase reactor the olefin monomer and at least 

one comonomer with the catalyst system in the presence of the ICA and optionally the hydrogen 

to produce the polyolefin; or 

 

wherein the olefin monomer is ethylene and the at least one comonomer is selected from 

the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 4-

methylpent-1-ene, 1-decene, 1-dodecene, 1-hexadecene, 1,3-hexadiene, 1,4-hexadiene, 

cyclopentadiene, dicyclopentadiene, 4-vinylcyclohex-1-ene, methyloctadiene, 1-methyl-1,6-

octadiene, 7-methyl-1,6-octadiene, 1,5-cyclooctadiene, norbornadiene, ethylidene norbornene, 

5-vinylidene-2-norbornene, 5-vinyl-2-norbornene, isoprene, styrene, butadiene, isobutylene, 

chloroprene, acrylonitrile, and a cyclic olefin. 

 

8. A method comprising: 

contacting in a fluidized bed gas phase reactor an olefin monomer with a hafnium 

metallocene catalyst in the presence of an induced condensing agent (ICA) and optionally 

hydrogen to produce a polyolefin, wherein a concentration of ICA in the reactor is 6 mol%  
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to 30 mol% of total reactor gas and the residence time of the polyolefin in the reactor is 1 hour 

to 6 hours. 

 

9. The method of claim 8, wherein a melt index of the polyolefin is less than 100 

g/10 min at 2.16 kg and 190 °C; or 

 

further comprising: 

contacting in the fluidized bed gas phase reactor the olefin monomer and at least 

one comonomer with the catalyst system in the presence of the ICA and optionally the hydrogen 

to produce the polyolefin; or 

 

wherein the olefin monomer is ethylene and the at least one comonomer is selected from 

the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 4-

methylpent-1-ene, 1-decene, 1-dodecene, 1-hexadecene, 1,3-hexadiene, 1,4-hexadiene, 

cyclopentadiene, dicyclopentadiene, 4-vinylcyclohex-1-ene, methyloctadiene, 1-methyl-1,6-

octadiene, 7-methyl-1,6-octadiene, 1,5-cyclooctadiene, norbornadiene, ethylidene norbornene, 

5-vinylidene-2-norbornene, 5-vinyl-2-norbornene, isoprene, styrene, butadiene, isobutylene, 

chloroprene, acrylonitrile, and a cyclic olefin. 
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