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essentially of, or being a reaction product made from, the spray-dried particulate solid, 

mineral oil, and EADC. The intermediate mixture is free of Ti(OiPr)4. Then combine the 

intermediate mixture with 8.7 g of Ti(OiPr)4at 30° C. for 2 hours to give the spray-dried 

Ziegler-Natta procatalyst system of IE2a in mineral oil. 

[00128] Inventive Example 2b (IE2b): synthesis of a spray-dried Ziegler-Natta catalyst 

system. Contact the spray-dried Ziegler-Natta procatalyst system of IE2a in mineral oil with 

triethylaluminum at 30° C. for 0.02 hour to give the spray-dried Ziegler-Natta catalyst system 

of IE2b in mineral oil. 

[00129] Comparative Example 1a (CE1a): comparative spray-dried Ziegler-Natta 

procatalyst system. Add anhydrous tetrahydrofuran (14 kg) to a feed tank. Next add finely-

divided solid MgCl2 (1255 g). Heat mixture to 60° C., and mix it for 5 hours to overnight to 

form a third solution. Cool third solution to 40° C to 45° C. Then add TiCl3.AA (459 g), and 

mix for 1 hour. Then add hydrophobic pre-treated fumed silica (Cabosil TS-610, 1.6 kg) to 

give a suspension. Mix the suspension for 30 minutes to give a slurry, which has a blue color. 

Spray the slurry in a spray dryer using the spray-drying conditions of Prep1 to give 

procatalyst system CE1a as a spray-dried solid. Suspend the solid in mineral oil to slurry the 

a procatalyst system CE1a. 

[00130] Comparative Example 1b (CE1b): comparative spray-dried Ziegler-Natta 

catalyst system. Contact the mineral oil slurry of the spray-dried procatalyst system CE1a 

with a chemically reducing effective amount of a reagent mixture of 40 wt% trihexylaluminum 

(TnHAl) reducing agent in mineral oil in a 4 liter (L) volume mix tank for approximately 1 hour 

to give spray-dried Ziegler-Natta procatalyst system of CE1b.  

[00131] Comparative Example 1c (CE1c): comparative spray-dried Ziegler-Natta 

catalyst system. Contact the spray-dried Ziegler-Natta procatalyst system of CE1a with a 

reagent mixture of 12 wt% diethylaluminum chloride (DEAC) in mineral oil, and mix for 1 hour 

to give the spray-dried Ziegler-Natta catalyst system of CE1c. The molar ratio of TnHAl used 

in CE1b to DEAC used in CE1c is approximately 0.875/1.000. A commercial UCAT™ J 

catalyst. Al/Ti molar ratio based on TEAl feed = 29.86. Al/Ti molar ratio based on X-ray 

diffraction = 40.78. 

[00132] Inventive Examples A and B (IE(A) and IE(B)): copolymerize ethylene and 1-

butene catalyzed by the spray-dried Ziegler-Natta catalyst system of IE1b or IE1c, 

respectively, to give an ethylene/1-butene copolymer composition IE(A) or IE(B), 

respectively. Produced the ethylene/1-butene copolymer composition of IE(A) or IE(B) in a 

single gas phase polymerization reactor with a capacity of producing 10 to 35 kg resin per 

hour. For an experimental run, preloaded the reactor before startup with a seedbed of 
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with the catalyst system feed. The catalyst system feed consisted of 20wt% IE2a procatalyst 

system in mineral oil carried by 3 pounds per hour of isopentane. The procatalyst system 

and isopentane were dispersed with 1.5 pounds per hour of nitrogen before being injected 

into the reactor. The gas phase reactor gas composition was adjusted by adjusting the feeds 

of hydrogen, ethylene, isopentane, and 1-butene to achieve the composition shown in Table 

1. The reactor was allowed to run for 7 bed turnovers to reach steady-state production of the 

ethylene/1-butene copolymer composition, thereby giving the embodiment of the inventive 

ethylene/1-butene copolymer composition of IE(C). Collected the inventive ethylene/1-

butene copolymer composition from the reactor’s product discharge outlet. 

[00135] Comparative Example A (CE(A)): copolymerize ethylene and 1-butene 

catalyzed by a spray-dried Ziegler-Natta catalyst system of CE1c to give an ethylene/1-

butene copolymer composition CE(A). Replicate Inventive Example A except use the 

commercial UCAT™ J spray-dried Ziegler-Natta catalyst system of CE1c containing 

tetrahydrofuran as organic modifier but lacking ethanol. Reactor and process conditions are 

listed later in Table 2. Collected the comparative ethylene/1-butene copolymer composition 

from the reactor’s product discharge outlet. 

[00136] Comparative Example B (CE(B)): copolymerize ethylene and 1-butene 

catalyzed by a spray-dried Ziegler-Natta procatalyst system of CE1a to give an ethylene/1-

butene copolymer composition CE(B). Replicate Inventive Example C except use the spray-

dried Ziegler-Natta procatalyst system of CE1a. The Al/Ti ratio target for the triethylaluminum 

catalyst activator directly fed to the reactor was 34 mol/mol. The Al/Ti ratio target for the 

triethylaluminum catalyst activator mixed with the CE1a procatalyst system was 15 mol/mol. 

Reactor and process conditions are listed later in Table 2. Collected the comparative 

ethylene/1-butene copolymer composition from the reactor’s product discharge outlet. 

[00137] Characterized the inventive ethylene/1-butene copolymer composition of 

IE(A) and the comparative ethylene/1-butene copolymer composition of CE(A) by density, 

melt index (I2), melt index-5 (I5), high load melt index (I21), melt flow ratio (I21/I2), fluidized 

bulk density, and settled bulk density using the aforementioned respective test methods. 

  


















