
Tetrahedron Letter8, No.12, pp. 24-27, 1959. Fbrgamon Preen Ltd. Printed in 
Great Britain 

'ANUVEL CATALYST SYSTHlFOBTBE LOW-PIUBSURE WLYIMWATION OFETBENE 

R. vau Belden, H. P. Braendlin*, 
* 

A. F. Biokel, E. C. Kooymn 

KONINKLIJKE/SBEI.J&DOBATORIW, AM= 
(Shell Internationale Bebrearoh Maat8ohappij N.V.) 

(Beoeived 17 July 1959) 

OUB u8umptionr with re8peot to the growing entitie8 

polymeriration' have led 

other meeu8. The partial 

metal in the prerenoe of 

found to be euooeasful. 

Ua to attempt generation of 

reduotion of aluminium triohloride with alkali 

etheno, followed by oxidation with TiC14, va8 

in the Ziegler 

the8e fragments by 

Be8Ult8 

(1) AlC13 and K (l-2:1) ru8pended in heptane reaot in the pre8enoe of 

ethene with the formation of a blaok-grey rolid reaction product; 

addition of Tic14 led to a rapid polymerisation to polyethene (65'C, 

atmo8pherio pre88ure). The reactivity of the 8yrtem inoree8e8 to a 

maximm with increaeing reaotion time of AlC13 aud K (1 hr). The 

reaotion between AlCl 
3 
and K oould al80 be oarried out in a nitrogen 

atmo8phere; however, polymeri8ation took place only if the replacement 

of nitrogen by ethene wa8 performed before the addition of TiC14. 

(2) The blaok-grey produot, irolated by filtration, ha8 the 8ame 
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Low-preeeure polymerisation of ethene 25 

reactivity in 

Decomporition 

K-intake) and 

combination with Tic14 ae the original eyefem. 

of thin material with water giver ethane (about 50% on 

hydrogen (about 30$ on K-intake). The amount 

rormed amounted to 93$ bued on ethene abrorbed during the 

AN15 and K. With D20 more than 9O$ of the deutero-ethanee 

had the comporition C2H4D2. 

of ethene 

reaetion of 

produced 

By extraction of the blaok-grey solid with ether a white oompoundA 

nae obtained (yield 45p oti Al-intake) rhioh had the compo8ition (Table 1): 

A12C14.C2H4.2Kt20 (A) r.p. 74.6-75.2'C (vaouo) 

TABLE1 

Mean value from 6 determinatione 

Decomposition with D20 yielded more than 90% C2H4D2. The ether- 

ineoluble part, a black material, mainly oonsieted of Al and/or Al eubhalidee. 

When the dietherate (A) wae allowed to react with TiC14 in the 

presence of ethene no polymerization took plaoe, but when 2 mole8 of AlCl 
J 

mole of A were added, addition of TiC14 led to a rapid 

polyethene. 

polymerization to 

Interaction of the black-grey eolid or oompound 

TiC14 under nitrogen yield8 TIC15 and small amounts of 

A + 2 AlC15 with 

ethene. Ethane wae 

not formed. 

Discussion 

Since interaction of AX15 and K under 

ethene ehortly before addition of TiCI givee 

nitrogen and replaoement by 

the came rewlte aa when 



26 Lor-preeoure polymeris&ion of ethene 

carrying out the whole reaation under ethene, primary fomation of Al- 

oubhalidee and/or Al would mom probable. Their preeenae ir oonfirmod by the 

formation of hydrogen on decomposition with water. 

The eubhalidem formed react with ethene to form oompoundm of the 

tn- Alc12-c2H~-Alc12 (B) 

The propomed mtructure of (A): 

ie mupported by the formation of C2HkD2 on deoomporition with D20 and by. 

the kuown otructure of the analogous boron compound C12B-C2Ek- BC12.’ 

When TiClO ie added before nitrogen hae been replaced by ethene, the 

aubhalides are oxidized to AlCl 
3 

and the formation of (B) ie hence not 

poarible: polymerization doea not take place. 

It eeorno roaoonable to assume that on 

initiating fragment. (See ref. 1) are fozmed 

addition of TiCII the 

in the following way: 

r 

II) 

FIG. 1 



Low-premure polymerization of ethene 27 

A aomparieon of thie reaction with that poatulated in ref. 1 rhoro 

that a similar type of initiating rpeaieo ie formed in both caeee. The 

fomation of ethene ie probably due to deaompoeition of I or by reaction 

with another equivalent of TiCl,, in the mame way aa mentioned in ref. 1. 

The activation of the eyrfem A + TiClg by AlC13 ie apparently due to 

the following reaationr 

2 AlC15 + C12Al-C2f14-UC12. 2 Et20-2 AlC15-Et20 + C12A1-C2H4-A1C12 

2 
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