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HIGH PRESSURE FREE RADICAL POLYMERIZATIONS 

 

REFERENCE TO RELATED APPLICATIONS 

 The present application claims the priority to European Patent Application 

15382556.7, filed November 10, 2015.    5 

 

BACKGROUND OF INVENTION  

Low Density Poly Ethylene (LDPE) is produced in an autoclave and/or tubular 

reactors at high pressure and temperature.  High pressure, free-radical polymerizations are 

disclosed in the following references: U.S. Patent Nos. 8445606, 4135044, 7582709, and 10 

JP050534422 (Abstract).  LDPE products with different properties, for example, different 

levels of long chain branching, different molecular weight distributions, and different 

densities, can be produced by applying different reactor configurations, such as multiple 

ethylene-based feed flow injections, and multiple reaction zones.  Extrusion coating resins 

typically require high levels of long chain branching and broad molecular weight distribution 15 

(MWD), and such resins are typically polymerized using high peak or control temperatures.  

On the other hand, narrow MWD resins (having low level of long chain branching), required 

for high clarity film application, are typically polymerized at lower temperatures.  Operating 

at high or low peak temperatures will strongly affect the conversion level and the polymer 

output of tubular LDPE plants.  Typically, broad MWD resins are polymerized at lower costs, 20 

while narrow MWD resins are polymerized at higher costs.   

There is a need for new polymerization processes that can be used to prepare 

ethylene-based polymers that have constant and/or high Long Chain Branching (LCB) levels, 

yet MWD varying from narrow to broader levels.  There is a further need for such processes 

that result in high conversion levels.  These needs have been met by the following invention.   25 

 

SUMMARY  

 In one aspect, the present disclosure refers to a process to form an ethylene-based 

polymer, in the presence of at least one free-radical, said process comprises at least the 

following:   30 

 polymerizing a mixture comprising ethylene, in a reactor configuration comprising at 

least three reaction zones, and comprising two ethylene feed streams, and  

wherein the ratio (RLCBf 40%), in percent, of the “LCB content of the first 40 wt% of 

the total polymer formed” to “the total LCB content in the final polymer” is ≤ 22.5%; and  
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wherein the amount of ethylene, and optionally one or more comonomers, and optionally one 

or more CTAs, fed to the first reaction zone, is from 40 mole% to 80 mole%, based on the 

total moles of ethylene, and optionally one or more comonomers, and optionally one or more 

CTAs, fed to the polymerization; 

wherein the term “ethylene-based polymer” refers to a polymer that comprises a 5 

majority amount of polymerized ethylene, based on the weight of the polymer, and, 

optionally, at least one comonomer. 

A process to form an ethylene-based polymer, in the presence of at least one free-

radical, said process comprises at least the following:   

 polymerizing a mixture comprising ethylene, in a reactor configuration comprising at 10 

least three reaction zones, and comprising two ethylene feed streams, and  

wherein the ratio (RLCBf 40%), in percent, of the “LCB content of the first 40 wt% of 

the total polymer formed” to “the total LCB content in the final polymer” is ≤ 22.5%; and  

wherein the amount of ethylene, and optionally one or more comonomers, and optionally one  
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CLAIMS   

1. A process to form an ethylene-based polymer, in the presence of at least one free-

radical, said process comprises at least the following:   

 polymerizing a mixture comprising ethylene, in a reactor configuration comprising at 

least three reaction zones, and comprising two ethylene feed streams, and  5 

wherein the ratio (RLCBf 40%), in percent, of the “LCB content of the first 40 wt% of 

the total polymer formed” to “the total LCB content in the final polymer” is ≤ 22.5%; and  

wherein the amount of ethylene, and optionally one or more comonomers, and optionally one 

or more CTAs, fed to the first reaction zone, is from 40 mole% to 80 mole%, based on the 

total moles of ethylene, and optionally one or more comonomers, and optionally one or more 10 

CTAs, fed to the polymerization; 

wherein the term “ethylene-based polymer” refers to a polymer that comprises a 

majority amount of polymerized ethylene, based on the weight of the polymer, and, 

optionally, at least one comonomer.   

 15 

2. The process of claim 1, wherein the reactor configuration contains only two ethylene 

feed streams.   

 

3. The process of claim 1, wherein the LCB ratio (RLCBf 60%/LCBf 40%) of the “last 60 wt% 

total polymer formed” to the “first 40 wt% of total polymer formed,” is greater than, or equal 20 

to, 6.8.   

 

4. The process of any one of the previous claims, wherein the amount of ethylene, and 

optionally one or more comonomers, and optionally one or more CTAs, fed to the first 

reaction zone, is from 45 mole% to 75 mole%, based on the total moles of ethylene, and 25 

optionally one or more comonomers, and optionally one or more CTAs, fed to the 

polymerization.   

 

5.  The process of any one of the previous claims, wherein the ethylene conversion is 

greater than, or equal to, 28%.   30 

 

6. The process of any one of the previous claims, wherein the ethylene is fed to a first  

reaction zone (i = 1) and to one subsequent reaction zone (i = n, and n > 1), and wherein the 

ethylene comprises fresh ethylene and recycle ethylene, and  
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wherein for the subsequent reaction zone, the ratio, Rn, of “mole fraction of fresh 

ethylene fed to the first reaction zone (RZ1)” to “mole fraction of fresh ethylene fed to the 

nth reaction zone (RZn)” is (Rn = RZ1/RZn) less than, or equal to, 1; and   

wherein the “total amount of ethylene fed to the polymerization process” derives from 

at least one fresh ethylene stream and at least one recycled ethylene stream.   5 

 

7. The process of any one of the previous claims, wherein the first ethylene feed stream 

comprises from 30 to 100 mole% of the total amount of fresh CTA added to the 

polymerization, and wherein the activity of the CTA system in the first ethylene feed (Z1) is 

greater than, or equal to, the activity of the CTA system in the second ethylene feed (Z2).   10 

 

8. The process of any one of the previous claims, wherein the ethylene-based polymer 

has a melt index (I2) from 0.10 to 20.0 g/10 min.   

 

9. The process of any one of the previous claims, wherein the mixture further comprises 15 

at least one CTA selected from an aldehyde, an alkane, a ketone, an alcohol, an ester, an 

alpha-olefin, or a combination thereof.    

 

10.   The process of any one of the previous claims, wherein the ethylene-based polymer is 

an LDPE.   20 
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