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LP Oxo process —
a success story

by . L. Stewart

The development of the Low Pressure

The first LP Oxo plant
producing butyealdehydes:
Untan Carpide Corparation,
Ponee. Pucrto Rico,

(LP) Oxo Process from initial laboratory
experiments to the position today in

p More than 40 years ago, the German
which 13 commercial plants are

chemist Otto Roelen, working in the

operating or under construction
throughout the world is a elassic story of
chemical innovation and its application
on a large industrial scale,

The technical and commercial success
of the process has been brought about
by close collaboration between three
companies operating in widely diverse
business areas and on both sides of the
Atlantic — Union Carbide Corporation,
dohnson, Matthey & Co., Ltd. and Davy
MeKee (London) Lid.

Many people from all three of the
“Tripartite” companies - people
representing all the chemical,
enginecring and commereial disciplines
—have played a part in achieving the
prominence which the LP Oxo Process
has attained today,

laboratories of Ruhrehemic AG,
discovered that it was possible to react a
mixture of carbon monoxide and
hydrogen with an olefin to form
products containing oxveen. Roelen’s
initial work identified aldehydes and
ketones in the product. and the reaction
was named the “oxo” reaction. Later
work established that, using alefing
other than ethylene, the produet is
essentially an aldehyde with very little
ketone formation, and the reaction was
renamed *Hydroformylation” In current
practice, both names are used, but *oxo”
1s ¢learly the more convenient and more
internationally recognisable name.

The process was commercialised in
Germany during the early 18405, and
has been widely used throughout the
world sinece the late 19405, The major
application of the process is in the
production of alechols, produced from
the corresponding aldehyvdes by
hydrogenation, and today a range of



Starting Product(s) End use
Olefin ‘applications
Ethylene (C,) n-Propyl alcohol Solvent, Printing inks
propionic acid Grain preservative
Agricultural chemicals
Propylene (C.) Butyl alcohols Solvents, Paints
Butyraldehydes Adhesives, Plasticisers
Octanols Agricultural chemicals
(2-ethyl Hexanaol)
Butene (C,) C. alcohols Lubricants, Cetane-improvers
Oil additives _
Metal extractive agents
C,; alcohols Flasticisers
Pentene (C:) C; alcohals Dil additives
Plasticisers
Hexene (Cg) C, aldehydes Fragrances
S5 C:-C,; alcohols Plasticisers
Giean =G5, alcohols Detergents

aleohols containing between 3 and 20
carbon atoms is produced on a large
seale using oxe technology. The major
uses for these alechols are as solvents
and as intermediates for the production
of plasticisers, lubricants, detergents
and other surfactants. The production
of plasticiser gleohols 15 the major
application of oxo technology, and, of
these, 2-ethvlhexanol (2EH) is the most
important. Plasticisers are added to
palymers to give a product which is
more flexible than the polvmer alone,
and most plasticisers are esters formed
from an aleohol and a dibasic acid or
acid anhvdride, The “workhorse"” of the
plasticiser industry in most countries of
the world is dioctylphthalate (DOP),
widely used in the production of flexible

PV, and produced by the esterification
of phthalic anhydride with 2EH, Table 1
summarises the principal applications
far oxo products.

Prior to the existence of oxo technology,
2EH was produced from acetvlene or
ethylene by a series of steps yielding
successively acetaldehyde,
crotonaldehyde and normal
butyraldehyde. The oxo reaction
enabled normal butyraldehyde to he
produced in one step from propvlene.
Normal butyraldehyde can readily be
converied Lo a O, aldehyde which on
hvdrogpenation vields 2EH.

Total installed eapaecity throughout the
world to produce butyraldehyvdes using

XL Slewart, BSe, ARTC,

C, Chem., MRIC, Ph.I).

We preatly regret Lo report
that Drod, 1, Siewart, the
author of thas article andg a
man clasely identified for more
than 10 wears with the
successfiol development af the
technology it deseribes, dicd
just a few weeks befare its
publication,

Jm Btewart was an Azsociate
Dircetar with Davy Melee
{London) Led. He was Manager
of the LP Oxo Business Areas,
and as aueh was responsible,
pritmarily 1o Davy MeKee but
algo to the Tripartite as o
whale, for the terms of LP Cxe
Licence Agresments.

Jim joined the then Powoer Gas
Corporation Ltd, in 1963, aod
waa Business Develepment
Manuger prior to his
invalvernent in 1P (o

A tribute to hiny from same of
his prineipal collvagues
sppears at the end of the
article.

Tablie 1
lizes for Oxo products
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Figure 1
Hydroformylation.

Figpare 2
Aldolisation and
Hydrogenation.
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oxo technology exceeds 3 million metric
Lonrmes peEr :_."E'E..’.

The tripartite

In the mid 1960s research work was
being carried out in many industrial and

academic laboratories with the ohjective

of improving the efficiency of the oxo
process as then in use commercially on
a large scale. Several research projects
were investigating the potential of
catalvst svstems other than those using
cobalt — the only oxo catalyat in use
industrially at that time - and
particular attention was focussed on
another metal in Group VI of the
Periodie Table, rhodium.

Professor Geoffrey Wilkinson (now Sir
Geoffrey Wilkinson, Nobel Laureate) at
[mperial College, London, showed that
rhodium could be highly active as a
hvdroformylation catalyst at lower
pressure than was possible with cobalt,
and that, by using a suitable co-
ordination complex of rhodium with an
nrgano-phosphorus ligand, high

selectivity could be achieved to the
straight-chain (normal) aldehyde
product. Professor Wilkinson's work was
undertaken with the support of
Johnson, Matthey & Co. Ltd,, a UK
company long established in precicus
retal refining and processing, Johnson
Matthey approached Davy McKee (then
The Power (Gas Corporation Ltd.) and
proposed that the two companies joined
forces to develop and exploit the
rhodium-catalysed process,

At about the same time, and quite
independently of the research work in
the UK., Union Carbide Corporation
research personnel at South Charleston,
West Virginia, had also established that
rhodinm co-ordination complexes in
solution showed promise as
hydroformylation catalysts at low
pressure to give a product contalning a
high proportion of the straight-chain
aldehvde product, In 1970, Union
{arbide, who were then operating a
number of oxo plants using cobalt
catalyst at high pressure, decided that
they would not themselves install a
rhodium catalysed process ona
commercial scale because of the
depressed state of the oxo alechols
market at that time,

Johnson Matthey and Davy McKee
became aware of Union Carbide’s work
inn the area when the first patents were
published and the three companies
agrecd to meet to determine whether a
joint development programme might be
more effective than procecding
independently. These meetings resulted
in the signature by the three companies
of an agreement in 1971 (the Tripartite
Agreement). The Agreement foresaw
three successive phases of collaboration,
In the first phase, each of the parties
was to disclose in confidence to the
others the results of its work to date. If
all three parties were then willing to
continue, the second phase was to be
the development of definitive design
data for a commercial gcale plant to
produce butyraldehydes from propylene,
together with an assessment of the
techno-veonomic merits of the new
process relative to the cobalt catalysed
technology then existing. The third
phase would be to undertake a
campaign to license the process on
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terms which reflected the economic
advantage which the rthodium process
offered.

By 1973, process design and
optimisation studies had shown that a
viable cormmercial process was possible
which offered substantial savings in
both capital and operating costs relative
to existing technology, This information
together with an improved market for
oxo aleohols, led Union Carbide to
decide to build a plant to produce 300
million lbfvear of butvraldehydes at
their Ponee, Puerto Rico site. Union
Carbide installed a pilot plant at Ponee
to obtain data specific to the qualities of
propylene and synthesis gas available
there and to provide information as an
input to the commercial plant design
being carried out by Davy McKee. In
addition, Union Carbide decided to
build a plant at Texas City, Texas to
produce propionaldehyde from ethylene
using the same rhodium catalysed
ProCess.

In January 1976, the Ponce plant started
up and the LP (O=o Process to produce

LFP (Jxo process - a success story

Aldehydes

butyraldehydes became a commuercial
reality, Plant start-up was trouble-free
and design output and feedstock
efficiencies were rapidly attained.
Relative to the high pressure cobalt
catalysed plant which the new unit
replaced, plant operation proved to be
extremely simple and reliable.
Excluding interruptions for reasons
external to the LP Cxo plant (e.g.
shortage of propvlene or synthesis gas;
power lailure), the plant was available
for aperation for mare than 99% of the
first 12 months.

In 1977, Union Carbide, Johnsen
Matthey and Davy McKee jointly
received the Kirkpatrick Award for
“putstanding group effort in new
chemical engineering technology”
following the development and
eommercialisation of the LI Oxo
Process,

The technology

The aldehyde product from the Oxo
reaction containg one more carbon atom

Figure 3
Flow scheme of LP (xo
process.
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