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Free radical polymerization of ethylene initiated by 

orqanic peroxides wi. th high product!vi t y 

The present invention relates to a process for manufac-

5 taring polyethylene or an ethylene copolymer by high-

pressure polymerization in the presence of a particular 

peroxide polymerization initiator in a particular 

t e m p e r a t u r e r a n g e . 

10 Low-density polyetny lenes and ethylene copolymers are 

generally manufactured in an autoclave reactor or tubular-

reactor under very high pressure, by continuous 

introduction of ethylene, of one or more optionai 

c o rrt c n om e r s a n d o f o n e o r m o r e o r g a n i c p e r o x i. d e i n 1.1 i a t o r s 

15 generally diluted in an organic solvent. The pressure 

inside the reactor is generally between 500 and 5000 bar. 

The temperature during the initiation of the reaction is 

generally between 80 and 250°C. Trie maximum reaction 

temperature is generally between 120 and 350°C. 

2 0 
The degree of conversion into polymer generally obtained 

with this type of process is about from 15* to 25%. In the 

same wayr the productivity of such a process, expressed in 

grams of polyethylene produced per gram of peroxide 

25 initiator used, is generally between 1000 and 3000 g/g, 

and more particularly less than 2500 g/g. 

The search for gain in productivity and therefore cost is 

a constant preoccupation of polyethylene producers. There 

30 is a need for a polyethylene manufacturing process which 

has a high productivity while at the same time retaining 

an advantageous degree of conversion into polymer. 

A process for polymerizing ethylene in the presence of a 

35 2 , 2-bis-(tertiary butyl peroxy)butane is known from 

document US 2 650 91.3, but this initiator results in a low 
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productivity (cf. example 1 of that document and test 3 

below). 

Also known is document FR 2 946 653 which discloses 

5 2,2-di(t-amylperoxy)propane, but the latter is 

absolutely not used as a initiator. 

Finally, documents US 2008/0226891, EP 0273090 and 

EP 0259537 are known, which disclose the use of 

10 2,2-di(t-amy1 peroxy)butane, but the latter is used for 

the manufacture of polymers that are very distinct from 

ethylene polymers or ethylene copolymers. 

The applicant has discovered, surprisingly, that the 

15 use, at a temperature ranging from 150 to 200°C, of a 

peroxide initiator of formula 

^2 R4 R„ 

R—C—OO C—00-—C—Ra 

wherein R1 and R8 independently represent a C2-C6 alkyl 

20 group, R2, R3, R6 and R7 independently represent a Ci-C5 
alkyl group, and R4 and R5 independently represent a 

Ci-C6 alkyl group, makes it possible to solve these 

problems, and to obtain a productivity of greater than 

3000 g/g, while at the same time retaining a degree of 

25 conversion into polymer of between 13% and 25%. 

The subject of the disclosure is therefore a process 

for manufacturing polyethylene or an ethylene 

copolymer, comprising a step of free-radical 

3 0 polymerization or copolymerization of ethylene at a 

pressure ranging from 500 to 3000 bar. 



2a 

In an aspect, there is provided a process for manufacturing 

polyethylene or an ethylene copolymer, comprising a step of 

free-radical polymerization or copolymerization of ethylene at 

an initiation temperature ranging from 160 to 190°C, at a 

pressure ranging from 500 to 3000 bar, in the presence of a 

peroxide polymerization initiator chosen from the peroxide 

compounds of formula 

wherein 

R1 and R8 independently represent a C2-C6 alkyl group, R2, R3, 

R6 and R7 independently represent a Ci-C5 

alkyl group, and R4 and R5 independently represent a Ci-C6 

alkyl group. 
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According to the disclosure, the polymerization or 

copolymerization is initiated at an initiation tempera­

ture ranging from 150 to 200°C, in the presence of a 

peroxide polymerization initiator chosen from the 

5 peroxide compounds of formula 

wherein 

10 RI and R8 independently represent a C2-C6 alkyl group, 

R2, R3, R6 and R7 independently represent a Ci-C5 alkyl 

group, and 

R4 and R5 independently represent a Ci-C6 alkyl group. 

15 According to a first embodiment, R2, R3, R4, R6 and R7 

each represent a methyl group. 

According to a second embodiment, Rl and R8 indepen­

dently represent a C2-C4 alkyl group. 

20 

According to a third embodiment, R5 represents a C2-C4 

alkyl group. 

These three embodiments can be combined in pairs or all 

25 three together. 

Thus, according to one particular embodiment, R2, R3, 

R4, R6 and R7 can each represent a methyl group and Rl 
and R8 can independently represent a C2-C4 alkyl group. 



According to another particular embodiment, R2, R3, R4, R6 

and R7 can each represent a methyl group and R5 can 

represent a CR-CR alkyl group. 

According to another particular embodiment, R3 and R8 cars 

independently represent, a CR-CR alkyl group and R5 can 

represent a C..--CR alkyl group. 

According to another particular embodiment, R2, R3, R4, R6 

and R7 can each represent a methyl group, Rl and R8 can 

independently represent a CR-CR alkyl group, and RS can 

represent a CR~CR alkyl group. 

According oo one particularly preferred embodiment, the 

peroxide polymerization initiator is 2,2-di(teri-

arny J peroxy) butane . 

The peroxide polymerization initiator is general.lv present 

in a weight amount of between 20 and 1000 ppm relative to 
the weight amount of ethylene. 

The polymerization initiator is generally diluted in a 

solvent or a mixture of solvents. The solvent (s) may be 

As previously explained, the polymerization or co; 

merization of the ethylene is carried our at an initiation 

temperature ranging from 150 to 200°CR preferably from 160 
to 19 0 ° C. 

The polymerization, or copoiymenzation can be carried out 

in the presence also of an additional peroxide initiator. 

The. s additional peroxide initiator can be chosen from 

tert-butyi peroxyneodecanoate, tert-bucyl peroxypivaiate, 

tert-amyi peroxypiva1 at e , bi s ( 3 r 5,5-trimethyihexanoyl) 

peroxide, dodecanoyl peroxide, tert-amyi peroxy-

2 - e t h y 1. h e x a : \ o a t e., t e r t - b u t. y ]. pe. r o x y - 2 - e t fc y 1 h e x a n. o a t e, 



t.e rt-buty 1 pe r oxy- 3 , 5 t t~ -r imethy 1 hexanoate , te r t. - amy I 

peroxy-3, 5, 5-1rirnehy i h e x an.oate, tert-buty 1 

peroxybenzoste, cert-butyl peroxyacetate and di-tert-amyl 

peroxj.de . 
b. 
V 

The polymerization or copoiyrnerization can be carried out 

in the presence of at least one additive, preferably 

chosen from antioxidants; UV protection agents; processing 

agents, having the function of improving the final 

10 appearance when it is used, suck as fatty amides, stearic 

acid and its salts, ethy ienebi s (stearami de) or fluoro 

polymers; antifogging agents; antiblocking agents, such as 

silica or talc; fillers, such as calcium carbonate, and 

nanofiiiers, for instance clays; coupling agents., such as 

15 siianes; crossiinkxnc agents, such as peroxides; 

ariti static agents; nucleating ageuits; pigments; dyes; 

piasticizers; fluidizers and flame-retardant additives, 

such as aluminum hydroxide or magnesium hydroxide. 

20 These additives are generally used in contents of between 

10 ppm and 10 000 ppm by weight relative to the weight, of 

the final polyethylene or ethylene copolymer. The 

plssticizers, the fluidizers or the flame-retardant 
additives can reach amounts well above 1.0 000 ppm. 

25 
The polymerization or copoiyrnerization is carried out at a 

pressure ranging from 500 to 3000 bar, preferably from 

1200 to 3000 bar and better still from 1.200 to 2600 bar. 

30 High-pressure polymerization is generally carried out in 

an autoclave reactor or tubular reactor. The reaction 
temperature is generally between 250°C and 320°C. 

When a tubular reactor is used, the mixture of the 

30 ethylene and of the optional cowcnomer (s} is preferably 

introduced at the top of the tubular reactor. The 

initiator or the mixture of inrti.at.ors is injected using a 



h.i gh-pressure pump at. the top of the reactor,- after the 

site of introduction of the mixture cf t.he ethylene end of 

the optional comonorner (s) . 

The mixture of the ethylene and of the optional comono­

rner (s) car; be injected at at least one other point of the 

reactor; this injection is itself followed by a further 

injection of initiator or of mixture of initiators, and. 

the term multipoint injection technique is then used. When 

the multipoint injection technique is used, the mixture is 

preferent.iai.iy injected in such a way that the weight 

ratio of the mixture injected at the reactor inlet to the 

total mixture injected is between 10% and 905. 

0 ther tubular high-pressure pelymerization or copoly™ 

merization processes which can be used are, for example, 

those described in US 2006/0149004 A1 or in 

OS 2007/0032614 Al . 

It is also possible to use an autoclave reactor' for 

carrying out the free-radical high-pressure polymeriza­

tion. 

An autoclave reactor generally consists of a cylindrical 

reactor in which a stirrer is placed. The reactor can be 

separated into severe.] zones connected to one another in 

series. Advantageous 1 y, the residence time in the reactor-

is between 30 and 120 seconds. Preferentially, the 

length/diameter ratio cf the reactor is between 3 and 25. 

The ethylene alone and the optional comonorner(s} are 

injected into the first zone of the reactor at a 

temperature of between 50 and 120°C. An initiator is also 

injected into this first reaction zone when t.he reaction 

zone reaches a temperature of between 150 and 200°C. 

During the reaction, the temperature can be between 250 

and 320°C, since the reaction is exothermic. If the 

reactor is a muit-izone reactor, the stream of ethylene and 



of optional comonomers which have not. reacted and also the 

polymer formed then pass throuqb the .subsequent, reaction 

zones. In each reaction zone, ethylene, optional 

comonomers and initiators can be injected, at an 

5 initiation temperature cf between 150 and 200°C. The 

temperature of the zones after initiation is between 150 

and 320"C. The pressure of the reactor ranges from 500 to 

3000 bar, preferentially from 1200 to 3000 bar and better 

still from 1200 to 2600 bar. 

10 

The invention is illustrated by the examples which . f.oi low . 

15 Polymerization of ethylene is carried out with a 

conventional initiator, tert-butyl peroxy-3,5,5-tri~ 

rnethy ihexanoate (sold by the company A r kern a under the 

reference luperox1' 270) . 

20 In a 435 ml high-pressure stirred reactor of autoclave 

type, ethylene is irnected until a pressure of 1800 oar is 

reached, i.e. approxim.at.el y 20'? g. The reactor wall 

temperature is then fixed at I77°C by means of heater rods 

placed in the wails of the reactor. 

2 D 

The temperature of the reaction medium in the reactor is 

measured by means of two thermocouples. 

The terr-butyl peroxy-3,5,5-trimethyIhexanoate (14.8 mq) 

30 is diluted in heptane (1.3 g} and propaxia.1 dehyde (0.89 g) 

upstream cf the reactor and at tow temperature; (25°C), so 

as not to initiate the reaction before the entry into the 

reactor. This mixture is then injected into r.he reactor 

using a high-pressure pump. The polymerization is 

35 initiated as soon as the peroxide is inject.ed at. an 

initial teniDerature of 177 "C (initiation teiriDerature) . 
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The reaction is allowed to take place until the final 

temperature returns to the same value level as the initial 

temperature (i.e. a test time of approximate 1 y 25 to 50 

minutes). 
[: 
.y 

At the outlet of the reactor, the ethylene/poiyethylene 

mixture is directly decompressed to 3 bar and the polymer 

is separated from the unrsacted ethylene by passing it 

through a separation vessel. 

1 0 

The amount of polymer recovered after polymerization is 

deterrrdned by weighing, which makes it possible to express 

the deg'ree of corvvers ion into polymer, the speci f ic 

peroxide consumption and the productivity of the process. 

15 

T h e p r o d u c t. i. v i t. y i s e xp r e s sea i n g r a m s c f p o .1 y e t h y 1. e n e 

produced per gram of peroxide initiator used. 

The conversion is defined by the amount of polyethylene 

20 produced relative to the amount of ethylene introduced. 

The results are the following: 

Degree of conversion into polyethylene: 10.25 

25 Amount of low-density polyethylene produced: 22.4 g 

Productivity: 1.5IC g/g. 

11 is therefore conci uded therefrom that the conventionsi 

peroxide initiators result in a lew productivity. 

3 0 

Example 2 

Polymerization of ethylene is carried out according ro trie 
invention with the initiator 2 , 2-di (ter t.-amy! peroxy) bu tane 

35 (sold by the company Arkerna under the reference Luperox1" 
52 0M5 0). 



The procedure described in example 1 is reproduced, except 

.for the fact that. the 14.8 mg of tert-butyl peroxy-

3 , 5 , 5-trirne thyihexanoa t e are replaced with 10.2 mq of 

2f2~di (tert-amyiperoxy) butane used according to t.he 

b invent ion. 

The results are the following: 

Degree of conversion into polyethylene: 13. 91; 

JG Amount, of low-density polyethylene produced: 30." g 

Productivity: 3010 g/g. 

The use of the 2,2-di (tertu-amylperoxy)butane initiator 

during a polymerization at a temperature of between 150 

15 and 200°C therefore makes it possible to obtain a high 

conversion and a high productivity. 

Example 3 

20 Polymerization cf ethylene ,1s carried out according to the 

invention with the initiator 2,2-di(cert-amyi~ 

peroxy)butane. 

The procedure described in example 2 is reproduced, except: 

25 for the fact that the initial po.lyrnerizat.ion temperature 

(initiation temperature) is changed. Said temperature is 

fixed at I92°C instead of 177°c. The initiation, is carried 

out according to the invention as in example 2 with 

10.2 mg of 2 , 2-d.i (tert -• amy ipe roxv} butane . 

30 

The results are the £oi. lowing : 

Decree of conversion into polyethylene: 14.41 

Amount of low-density polyethylene produced: 31.1 g 

35 Productivity: 3100 g^g. 



The use of the 2,2-di (tert-amylpercxy)butane initiator 

during a pol ymerization at a temperature of between 150 
and 200°C therefore makes it possible to obtain a hiqh 

c o n v e r s i o n and a hiqh p r o d u o t :i. v i t y. 

"! 

Example 4 

Conventions! polymerization of ethylene is carried out 

with a 2,2-di (tert-amylperoxy)butane initiator, but at a 

10 temperature above the temperature used in the process 

according to the invention. 

Thus, the procedure described in example 2 is reproduced, 

except for the fact that the initial polymerization 

15 temperature (initiation temperature) is fixed at 215°C, 
and not 1 7 7°C. 

The initiation is carried out as in example 2 with 10.2 mg 

cf 2 , 2-d.i \ tert-amy iperoxy) butane . 
20 

The results are the following: 

Degree of conversion into polyethylene: 5.7% 

Amount of low-density polyethylene produced: 12.1 g 

25 Productivity: 1200 g/g. 

Thus, an ethylene polymerization carried out. at a 
temperature above 200°C results in a low conversion and a 

low productivity. 

30 
S u pp .1 em e n t a. i: y t e s t s w e r e c a r r i e d o u t i rs o r de r t o c orap a. r e 

the process for manufacturing polyethylene or an ethylene 

copolymer according to the invention (tests 1 and 2 below) 

with a process according to the prior art (according to 

35 document US 2 650 913 in which the initiator is 

2,2-Joi s (ter t iary butyl peroxy) . Only in the case of the 

initiators of tests I ana 2 is it possible to obtain a 



productivity greater than 3000 g/g with a degree of 

conversion into polymer of between 13% and 251, whereas, 

with the abovementioned initiator targeted in document 
US 2 650 913, these objectives are not achieved. 

!-. 
J 

Test 1: Polymerization with initiation using 2,2-di(tert-
amylperoxy) butane (according to the invention) or Luperox® 
520M50 : 

10 Polymerization of ethylene according to the invention is 

carried out with the 2,2-di (tert-amylperoxy) butane 

initiator (sold by the company Arkema under the reference 

Luperox^ 520M50). 

15 In a 435 ml high-pressure stirred reactor of autoclave 

type, the ethylene is injected until a pressure of 1.800 

bar is reached, i.e. approximately 203 g. The reactor wail 

temperature is then fixed at 177°C by means of heater rods 

placed in the walls of the reactor. 

20 

The temperature of the reaction medium in the reactor is 
measured by means of two thermocouples. 

The 2, 2-di(tert-amylperoxy)butane (10.2 mg) is diluted in 

25 heptane (1.3 g) and propanaldehyde (0.89 g) upstream, of 

the reactor and at low temperature (25°C), so as not to 

initiate the reaction before the entry into the reactor. 

This mixture is then injected into the reactor using a 

high-pressure pump. The polymerization is initiated as 

30 soon as the peroxide is injected at. an initial temperature 
of 177°c (initiation temperature). 

Trie reaction is ai.lowed to take place untu the final 

temperature returns to the same value level as the initial 

35 temperature (i.e. a test, time of approximately 25 to 50 
m inut.es) . 



h t t h e r eacto r o u t i e t., t h. e e t h y .lens / p c 1 y e t h y I e n e rn i x t u r e 

i.s direct.) y decompressed to .3 bar and the polymer is 

separated from the unreacteci ethylene by passing it 

t n rougo a sspc.rs 1.1 or ves se _ . 

The amount of polymer recovered aftei polymerization is 

determined by weighing, which makes it possible to express 

the degree of conversion into pol.ym.er, the specific 

peroxide consumption arid the productivity cf the process. 

10 

The productivity is expressed, in grams of polyethylene 

produced per gram of peroxide initiator used. 

The conversion is defined by the amount of polyethylene 

It crodoced relative to the amount of ethylene introduced. 

In the testy the following results were recorded: 

Degree of conversion into polyethylene: 13.9'? 

20 Amount of low-density polyethylene oroduced: 30.1 q 

Productivity: 3010 g/g. 

Test 2 - Polymerization with initiation using 2,2-di(tert-

amylperoxy) butane (invention) or Luperox® 520M50: 

2 5 

Polymerization of ethylene is carried out according to the 

invention with the initiator 2,2-di{tert-amy1-

p e r o x y} b u c. a n e . 

30 The procedure described in the previous test (test 1} is 

reproduced/ except for the fact that the initial 

pel yrner i zation temper a tore {i ni t lat i on tempe rat ure ) is 

changed. Said temperature is fixed a:: 132cC instead of 

The initiation is carried out as in the previous 

35 test with 10.2 mg of 2 , 2-di (tert:-amy 1 peroxy) butane . 

The results are the following: 



Degree of conversion into polyethylene: 14.45 

Amount of low-density polyethylene produced: 31.1. q 

Productivity: 3100 g/g. 

5 The use of the 2, 2-di (tert-amylperoxy)butane initiator 

during a polymerization at a temperature of between i 5 C 

and 200°C therefore clearly makes it possible to obtain a 

high conversion and a high productivity (conversion > 131 

and productivity > 3000 g/g). 

10 

Test 3 - Polymerization with initiation using 2,2-di(tert-

butylperoxy)butane: 

Conventional polymerization of ethylene is carried out 

15 according to the invention with the initiator 2,2-di(tert-

b u t y 1 p e r o x y) b u c a n e . 

Thus, the procedure described in test 1 is reproduced, 

except for the fact that the 2f2-di (tert-amylperoxy)butane 

20 initiator is replaced with 2,2-di(cert-butylperoxy)butane, 

The initiation is carried out with 10.2 mg of 2,2-di(tert-

butylperoxy)butane. 

25 The results are the foliowmg: 

Degree of conversion into polyethylene: 11.9% 

Amount of low-density polyethylene produced: 24.6 g 

Product: i vi t y : 2410 g/g. 

30 

it is concluded therefrom that 2, 2-di < t. ert-

butylperoxy)butane results in a lower productivity 

K 3000 g/g) with a conversion lower than 131. 
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CLAIMS 

A process for manufacturing polyethylene or an 

ethylene copolymer, comprising a step of free-

radical polymerization or copolymerization of 

ethylene at an initiation temperature ranging from 

160 to 190°C, at a pressure ranging from 500 to 

3000 bar, in the presence of a peroxide 

polymerization initiator chosen from the peroxide 

compounds of formula 

Rr—C-OO C OO C—Rr 
5 > S 

wherein 

Rl and R8 independently represent a C2-C6 alkyl 

group, 

R2, R3, R6 and R7 independently represent a Ci-C5 
alkyl group, and 

R4 and R5 independently represent a Ci-C6 alkyl 

group. 

The process as claimed in claim 1, characterized 

in that R2, R3, R4, R6 and R7 each represent a 

methyl group. 

The process as claimed in any one of the preceding 

claims, characterized in that Rl and R8 indepen­

dently represent a C2-C4 alkyl group. 

The process as claimed in any one of the preceding 

claims, characterized in that R5 represents a C2-C4 
alkyl group. 

The process as claimed in any one of the preceding 

claims, characterized in that the peroxide poly­
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merization initiator is 2 , 2-di(tert-amylperoxy)-

butane. 

The process as claimed in any one of the preceding 

claims, characterized in that the polymerization 

or copolymerization is carried out in the presence 

also of an additional peroxide initiator. 

The process as claimed in any one of the preceding 

claims, characterized in that the polymerization 

or copolymerization is carried out in the presence 

of at least one additive chosen from antioxidants; 

UV - protection agents; processing agents; 

antifogging agents; antiblocking agents; fillers; 

coupling agents; crosslinking agents; antistatic 

agents; nucleating agents; pigments; dyes; 

plasticizers; fluidizers and flame-retardant 

additives. 



Free radical polymerization of ethylene initiated by 

organic peroxides with high productivity 

The invention relates to a method for manufacturing 

polyethylene or an ethylene copolymer, including a step of: 

free radical polymerisation or oopcl ymeri sa tiori of the 

ethylene at: an initiation temperature varying from loO°C 

to 2 00 °C, at a pressure varying from. 500 to 3000 bar, in 

the presence of a peroxidic polymerisation initiator 

selected from among the peroxide compounds of formula (I) 

in which Rl and R8 are, separately, a. C2-C6 alkyl. group; 

P.2, R3, R6 and Rl are, separately, a CI-CS alkyl group; 

and R4 and R5 are, separately, a C1-C6 alkyl group. 


