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UNIMODAL POLYETHYLENE COPOLYMER AND FILM THEREOF 

FIELD 

[0001] Polyethylene copolymers, films, manufactured articles, and related methods. 

INTRODUCTION 

[0002] Patent application publications in or about the field include US 2016/0068623 A1; US 

2016/0297907 A1; and WO 2017/132092 A1. Patents in or about the field include US 

6,989,344 B2; US 7,078,467 B1; US 7,157,531 B2; US 7,223,825 B2; US 7,300,988 B2; US 

8,227,552 B2 and US 8,497,329 B2. 

SUMMARY 

[0003] A unimodal ethylene-co-1-butene copolymer that, when in melted form at 190 

degrees Celsius (° C.), is characterized by a unique melt property space defined by a 

combination of shear thinning and melt elasticity properties (“the unimodal ethylene-co-1-

butene copolymer”).  

[0003a] In one aspect, there is provided a unimodal ethylene-co-1-butene copolymer that, 

when in melted form at 190° C., is characterized by a melt property space defined by a 

combination of shear thinning and melt elasticity properties, wherein the shear thinning 

property is defined according to equation 1 (Eq. 1): G′ (G″=3,000 Pa) < 66.6*MFR5 + 630 

(Eq. 1); and the melt elasticity property is defined according to equation 2 (Eq. 2): G′ 

(G″=3,000 Pa) < 23.5*SH1000 + 1182 (Eq. 2); wherein < is less than; * is multiplication; / is 

division; = is equals; G′ (G″=3,000 Pa) is melt elasticity in Pascals (Pa) measured according 

to Melt Storage Modulus Test Method at loss modulus G″ = 3000 pascals; MFR5 is melt flow 

ratio I21/I5; I21 is high-load melt index (HLMI) in grams per 10 minutes (g/10 min.) measured 

according to ASTM D1238-13 (190° C., 21.6 kg); I5 is melt index in g/10 min. measured 

according to ASTM D1238-13 (190° C., 5.0 kg); SH1000 = Eta0.126/Eta126; Eta0.126 is 

complex viscosity in Pascal-seconds (Pa-s) measured at 0.126 radian per second (rad/s) by 

Dynamic Mechanical Analysis Test Method; and Eta126 is complex viscosity Pa-s measured 

at 126 rad/s by the Dynamic Mechanical Analysis Test Method; wherein the unimodal 

ethylene-co-1-butene copolymer has an I21 from 13.0 to 25.0 g/10 min., measured according 

to ASTM D1238-13 (190° C., 21.6 kg); and wherein the unimodal ethylene-co-1-butene 

copolymer is free of Ziegler-Natta catalysts, metallocene catalysts, and post-metallocene 

catalysts.  

[0004] A method of synthesizing the unimodal ethylene-co-1-butene copolymer, the method 

consisting essentially of polymerizing ethylene (monomer) and 1-butene (comonomer) with 

a single unimodal catalyst system in a single fluidized-bed, gas phase polymerization (FB-

GPP) reactor under effective operating conditions, thereby making the unimodal ethylene-
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co-1-butene copolymer. The “consisting essentially of” transitional phrase means the method 

is free of other catalysts (i.e., is free of a multimodal or bimodal catalyst system or two or 

more separate catalysts), the polymerizing is carried out in a single reactor (i.e., in the FB-

GPP reactor), and the operating conditions are effective for imparting the unique combination 

of shear thinning and melt elasticity properties to the unimodal ethylene-co-1-butene 

copolymer. Other than that, the method’s constituents and operating conditions are not 

particularly limited. 

[0004a] In another aspect, there is provided a method of synthesizing the unimodal ethylene-

co-1-butene copolymer, the method consisting essentially of contacting ethylene and 1-

butene with a single catalyst system consisting of a unimodal chromium catalyst system in a 

single fluidized bed, gas-phase polymerization (FB-GPP) reactor under effective operating 

conditions comprising a reactor bed temperature (RBT), an average polymer residence time 

(avgPRT), and an ethylene partial pressure (C2P) and receiving an ethylene (C2) feed, a 

comonomer (C4) feed, a hydrogen (H2) feed, and, optionally, an oxygen (O2) feed wherein 

the feeds are characterized by a H2/C2 gas molar ratio (H2/C2), a comonomer/ethylene gas 

molar ratio (“C4/C2”), and a O2/C2 gas volume ratio (“[O2/C2]”, vol/vol in ppmv); wherein 

RBT is from 101° to 111° C.; avgPRT is from 1.70 to 3.10 hours, C2P is from 1,100 to 1,900 

kilopascals (kPa); H2/C2 gas molar ratio is from 0.01 to 0.110; C4/C2 gas molar ratio is from 

0.010 to 0.021; and O2/C2 gas volume ratio is from > 0 to 90 parts per billion volume/volume 

(ppbv); thereby synthesizing the unimodal ethylene-co-1-butene copolymer in the FB-GPP 

reactor. 

[0005] In another aspect, there is provided a film consisting essentially of the unimodal 

ethylene-co-1-butene copolymer (“the film”). The film is characterized by enhanced 

(increased) toughness and/or enhanced bubble stability (decreased bubble instability). The 

“consisting essentially of” transitional phrase means the film is free of other polyolefin 

polymers, but otherwise its constituents are not particularly limited. 

[0006] In another aspect, there is provided a method of making a blown film, the method 

comprising melting the unimodal ethylene-co-1-butene copolymer to give a melt thereof, 

extruding the melt through a die configured for forming a bubble so as to make a bubble of 

the unimodal ethylene-co-1-butene copolymer, and blowing (inflating) the bubble with a film-

blowing machine, thereby making the blown film. 

[0006a] In another aspect, there is provided a blown film made by the method and consisting 

essentially of the unimodal ethylene-co-1-butene copolymer. 

[0007] In another aspect, there is provided a manufactured article comprising the unimodal 

ethylene-co-1-butene copolymer.
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CLAIMS 

1.  A unimodal ethylene-co-1-butene copolymer that, when in melted form at 190° C., is 

characterized by a melt property space defined by a combination of shear thinning and melt 

elasticity properties, wherein the shear thinning property is defined according to equation 1 

(Eq. 1): G′ (G″=3,000 Pa) < 66.6*MFR5 + 630 (Eq. 1); and the melt elasticity property is 

defined according to equation 2 (Eq. 2): G′ (G″=3,000 Pa) < 23.5*SH1000 + 1182 (Eq. 2); 

wherein < is less than; * is multiplication; / is division; = is equals; G′ (G″=3,000 Pa) is melt 

elasticity in Pascals (Pa) measured according to Melt Storage Modulus Test Method at loss 

modulus G″ = 3000 pascals; MFR5 is melt flow ratio I21/I5; I21 is high-load melt index (HLMI) 

in grams per 10 minutes (g/10 min.) measured according to ASTM D1238-13 (190° C., 21.6 

kg); I5 is melt index in g/10 min. measured according to ASTM D1238-13 (190° C., 5.0 kg); 

SH1000 = Eta0.126/Eta126; Eta0.126 is complex viscosity in Pascal-seconds (Pa-s) 

measured at 0.126 radian per second (rad/s) by Dynamic Mechanical Analysis Test Method; 

and Eta126 is complex viscosity Pa-s measured at 126 rad/s by the Dynamic Mechanical 

Analysis Test Method; wherein the unimodal ethylene-co-1-butene copolymer has an I21 from 

13.0 to 25.0 g/10 min., measured according to ASTM D1238-13 (190° C., 21.6 kg); and 

wherein the unimodal ethylene-co-1-butene copolymer is free of Ziegler-Natta catalysts, 

metallocene catalysts, and post-metallocene catalysts.  

2.  The unimodal ethylene-co-1-butene copolymer of claim 1 wherein the melt property 

space is further defined by any one of limitations (i) to (vii): (i) a MFR5 (“I21/I5”) from 20.0 to 

27.0, measured according to ASTM D1238-13 (190° C., 21.6 kg, “I21”; and 190° C., 5.0 kg, 

“I5”); (ii) an SH1000 from 35.0 to 49.0, measured by the Dynamic Mechanical Analysis Test 

Method; (iii) a melt storage modulus G′ (G″=3,000 Pa) value from 1900 to 2300 Pa, measured 

according to the Melt Storage Modulus Test Method; (iv) both (i) and (ii); (v) both (i) and (iii); 

(vii) both (ii) and (iii); and (vii) each of (i) to (iii). 

3.  The unimodal ethylene-co-1-butene copolymer of claim 1 or 2 characterized by any 

one of limitations (i) to (xvii): (i) a density from 0.9410 to 0.9550 gram per cubic centimeter 

(g/cm3), measured according to ASTM D792-13, Method B; (ii) a weight-average molecular 

weight (Mw) from 200,000.0 to 400,000.0 grams per mole (g/mol), measured according to 

the Gel Permeation Chromatography (GPC) Test Method; (iii) a number-average molecular 

weight (Mn) from 11,000.0 to 14,000.0 g/mol, measured according to the GPC Test Method; 

(iv) a z-average molecular weight (Mz) from 2,400,000 to 3,600,000 g/mol, measured 

according to the GPC Test Method; (v) a molecular mass dispersity (Mw/Mn), ĐM, from 20.0 

to 26.0, wherein Mw and Mn are measured according to the GPC Test Method; (vi) both (i) 

and (ii); (vii) both (i) and (iii); (viii) both (i) and (iv); (ix) both (i) and (v); (x) both (ii) and (iii); 
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(xi) both (ii) and (iv); (xii) both (ii) and (v); (xiii) both (iii) and (iv); (xiv) both (iii) and (v); (xv) 

both (iv) and (v); (xvi) any four of (i) to (v); and (xvii) each of (i) to (v). 

4.  The unimodal ethylene-co-1-butene copolymer of any one of claims 1 to 3 that, when 

in the form of a blown film and having a thickness of 0.0127 millimeter (mm, 0.500 mil), is 

characterized by any one of limitations (i) to (xii): (i) a dart impact from 115 to 139 grams (g), 

measured according to the Dart Impact Test Method; (ii) an Elmendorf tear in cross direction 

(CD) from 40.0 to 160.0 gram-force (gf), measured according to the Elmendorf Tear Test 

Method; (iii) an Elmendorf tear in machine direction (MD) from 10.0 to 250.0 gf, measured 

according to the Elmendorf Tear Test Method; (iv) a bubble stability rating of Good, 

measured according to the Bubble Stability Test Method as described in the description; (v) 

both (i) and (ii); (vi) both (i) and (iii); (vii) both (i) and (iv); (viii) both (ii) and (iii); (ix) both (ii) 

and (iv); (x) both (iii) and (iv); (xi) any two of (i) to (iii); and (xii) each of (i) to (iii). 

5. A method of synthesizing the unimodal ethylene-co-1-butene copolymer of any one 

of claims 1 to 4, the method consisting essentially of contacting ethylene and 1-butene with 

a single catalyst system consisting of a unimodal chromium catalyst system in a single 

fluidized bed, gas-phase polymerization (FB-GPP) reactor under effective operating 

conditions comprising a reactor bed temperature (RBT), an average polymer residence time 

(avgPRT), and an ethylene partial pressure (C2P) and receiving an ethylene (C2) feed, a 

comonomer (C4) feed, a hydrogen (H2) feed, and, optionally, an oxygen (O2) feed wherein 

the feeds are characterized by a H2/C2 gas molar ratio (H2/C2), a comonomer/ethylene gas 

molar ratio (“C4/C2”), and a O2/C2 gas volume ratio (“[O2/C2]”, vol/vol in ppmv); wherein 

RBT is from 101° to 111° C.; avgPRT is from 1.70 to 3.10 hours, C2P is from 1,100 to 1,900 

kilopascals (kPa); H2/C2 gas molar ratio is from 0.01 to 0.110; C4/C2 gas molar ratio is from 

0.010 to 0.021; and O2/C2 gas volume ratio is from > 0 to 90 parts per billion volume/volume 

(ppbv); thereby synthesizing the unimodal ethylene-co-1-butene copolymer in the FB-GPP 

reactor. 

6.  The method of claim 5 further comprising removing the unimodal ethylene-co-1-

butene copolymer from the FB-GPP reactor to give a removed unimodal ethylene-co-1-

butene copolymer.  

7.  A manufactured article comprising the unimodal ethylene-co-1-butene copolymer of 

any one of claims 1 to 4.  

8.  A film consisting essentially of the unimodal ethylene-co-1-butene copolymer of any 

one of claims 1 to 4. 

9.  A method of making a blown film, the method comprising melting the unimodal 

ethylene-co-1-butene copolymer of any one of claims 1 to 4 so as to give a melt thereof, 
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extruding the melt through a die configured for forming a bubble so as to make a bubble of 

the unimodal ethylene-co-1-butene copolymer, and blowing the bubble with a film-blowing 

machine, thereby making the blown film.  

10.  A blown film made by the method of claim 9 and consisting essentially of the unimodal 

ethylene-co-1-butene copolymer of any one of claims 1 to 4. 


