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Major uses of LDPE are in the manufacture of film, toys and housewares, wire and

cable coverings, coating with hot solutions, melts or emulsions [12].

2.1.3 LOW-PRESSURE POLYMERIZATION OF ETHYLENE AND o-
OLEFINS - THE INITIAL DISCOVERIES OF ZIEGLER AND NATTA

In 1930, Friedrich and Marvel reported that ethylene was polymerized to low
molecular weight products in the presence of lithium alkyls [13]. After World War II,
Ziegler reinitiated a program based on the lithium alkyls in order to synthesize high
molecular weight products. This was however proven to be an unsuitable initiator
because of the formation of LiH which precipitates early in the reaction [14]. By
reacting LiAlH4 with ethylene, LiAlEty; was obtained as the lithium alkyl source.
Both LiEt and AlEt; polymerized ethylene, AlEt; even more efficiently than LiEt
[15]. Because of experimental advantages, Ziegler and Gellert switched to AlEt; but
molecular weight remained in the range 3 000 to 30 000 g/mol, depending on reaction
conditions. One day, instead of polyethylene, predominantly 1-butene was found in
the reactor, its presence being traced back to a nickel contaminant from a previous
hydrogenation experiment and it was speculated that the chain transfer reaction which
forms AIH was catalyzed by the nickel [16]. A series of transition metal salts were
then examined. Holzkamp found in one reaction that when a combination of AlEt;
and zirconium acetylacetonate was used, a small amount of a solid white precipitate
was formed. In later experiments this material was found to be high molecular weight
polyethylene with the most active catalyst prepared by a combination of AlEt; with
TiCls [17,18]. In effect, a solid catalyst was prepared in situ from a soluble transition
metal halide (e.g. TiCls) and an aluminum alkyl. The polymer was characterized and
found to consist of essentially linear chains with high molecular weight. Before
informing the scientific community of his work, Ziegler disclosed his findings to
Montecatini. Professor Gulio Natta, at that time consultant to Montecatini was
studying the kinetics of ethylene addition to aluminum alkyls. Natta started
investigating Ziegler’s catalyst in 1952 [19]. Two years later, Natta’s group
successfully synthesized regular, linear, head-to-tail polymers of a-olefins [20] with

increased crystallinity. This was achieved by using preformed titanium chlorides in
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