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Introduction

In 1910, the Russian chemist S. V. Lebedev po-
lymerized butadiene from grain alcohol and obtained a
synthetic rubber, which was used in the USSR during and
after World War II. In the period of 1928-1931 Lebedev
investigated the properties of butadiene rubber using so-
dium as catalyst, found active fillers for it and suggested
the composition of rubber products from synthetic rubber.
In 1930, an experimental plant was built in Leningrad,
and several hundred kilograms of synthetic rubber were
produced in it in 1931.

However, it is known that V. N. Ipatieff began
to study the properties of butadiene much earlier, in
1900-1903. At that time, the young researcher prepared
an article for the journal of the German Chemical So-
ciety and made a report in January 1901 to the Russian
Physico-Chemical Society (RPhChS) on pyrogenetic
reactions by organic substances.

Lebedev’s reaction is widely known, but very few
people know about Ipatieff’s contribution to the study
of'this reaction. The authors of the present paper want to
help restore recognition to one of the greatest chemists
of the 20™ century who worked in the field of organic
chemistry and who was unfairly forgotten in the course
of history.

A historical review on the production of butadiene
makes it possible to distinguish some methods for the
production of butadiene:

1) Isolation from pyrolysis of amyl alcohol by E.
Caventou (1).

2) Production by the steam cracking process used to
produce ethylene and other alkenes (2). When aliphatic
hydrocarbons are mixed with steam and heated to very
high temperatures (above 900 °C) for a short period of
time, they undergo dehydrogenation to produce a mixture
of unsaturated hydrocarbons, including butadiene.

3) Production by the catalytic dehydrogenation of
n-butane over Al,O, and Cr,0O, at high temperatures (3).

4) Production by catalytic dehydrogenation of n-
butenes. This method was used in the USA during World
War II (4). After World War 11, this production pathway
from n-butenes became the major type of butadiene
production in the USSR.

5) Production from ethanol. While not competitive
with the second method for production of large volumes
of butadiene, lower capital costs make production from
ethanol a viable option for smaller-capacity plants. There
are two processes in use:

a) Lebedev’s conversion of ethanol (5-7) to buta-
diene, hydrogen and water at 400-450 °C over catalysts
in one reactor:




| Bull. Hist. Chem., VOLUME 45, Number 1 (2020)

39

2CH,CH,0H — CH,=CH-CH=CH, + 2H,0 + H,

b) L. I. Ostromislensky working at Russia’s main
rubber company Bogatyr (boratsips) in 1915 proposed
a conversion method (8, 9) which is dehydrogenation of
ethanol over alumina or clay catalysts to acetaldehyde
in the first reactor and then conversation of a mixture of
ethanol and acetaldehyde to butadiene over a tantalum-
promoted porous silica catalyst in the second reactor
(Figure 1). The yield of butadiene was 18 % (8).
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Figure 1. Overall scheme of butadiene production from
ethanol via Ostromislensky conversion (10, 11).

Lebedev got a 10-13% yield of butadiene using his
reaction (7). In 1928-1931, Lebedev proposed the for-
mulation of rubber products from butadiene. In 1929, he
received a patent (12) and submitted to the Soviet Minis-
try of Chemical Industry (Glavkhimprom) a plan of work
necessary for the design of an experimental plant. During
1930, an experimental plant was built in Leningrad where
in 1931 several hundred kilograms of synthetic rubber
was produced (13) and used in the military industry to
produce car tires. Later on, the industrial-scale yield of
butadiene was improved to 44 % (7, 14).

A variety of metal oxide catalysts, including silica-
and alumina-supported single, binary, or ternary metal
oxides such as copper and zirconium (15, 16), mixed
metal oxide catalysts such as MgO/SiO, (9, 17) or ZnO/
Al O, (2) and Ag/ZrO,/Si0,, Hf~Zn/SiO and ZrBEA
zeolite catalysts (16) were investigated.

Based on economic and environment aspects, it has
been determined that the Lebedev method holds more
potential than the Ostromislensky one (17).

However, it is known that Ipatieff began to study
the properties of butadiene much earlier, in 1900-1903.
Who was Ipatieff and what did he investigate? What were
the reasons that prevented his name from being attached
to the reaction?

Low Yield of Butadiene and Search for
Catalysts

In 1900-1903, Ipatieff began to study the proper-
ties of butadiene, which had been obtained before him
only from the pyrolysis of amyl alcohol by Caventou.
The only method then reported in the literature was the
passage of alcohol vapours through a heated tube (1).
While reflecting on the reasons for the small yield of
butadiene, Ipatieff experimented with the tube material,
the reaction conditions and composition of pyrolysis
products. It turned out that amyl alcohol decomposed
to form isovaleric aldehyde and hydrogen when an iron
tube was used at approximately 600 °C, whereas it went
unchanged at the same temperature in glass and porcelain
tubes. When the temperature was increased to 700 °C,
smaller amounts of aldehyde formed in these tubes with
simultaneous formation of significant quantities of carbon
monoxide, methane, ethylene, and hydrogen. Ipatieff
made parallel experiments with primary, secondary and
tertiary alcohols and found out that:

1) All primary alcohols, when passed through an
iron tube, form aldehydes and hydrogen.

2) Secondary alcohols decompose into ketones and
hydrogen.

3) Tertiary alcohols do not produce any of these
products, but decompose into hydrocarbons and water
at high temperatures.

In 1901, Ipatieff made a report to the RPhChS on
pyrogenetic reactions of organic substances. In this re-
port, for the first time in science Ipatieff pointed out the
influence of the material of the vessel walls on the course
and products of the reaction (18). This paper was pub-
lished in a German journal as well (19), as was common
practice at the time for Russian chemical researchers.

In this study, catalytic reaction occurred at very
high temperature, and that was new since previously it
was believed that at temperatures above 500-600 °C no
catalytic effect could be expected. In January of 1901 a
new catalytic decomposition reaction of alcohols into
aldehyde and hydrogen (aldehyde decomposition), which
is related to dehydrogenation catalysis, was discovered.

In September of 1901, at the meeting of the RPhChS
Ipatieff made a new detailed report on the catalytic
decomposition of ethyl alcohol under the influence of
various catalysts and presented a hypothesis about the
mechanism of the processes taking place. In this report,
an important conclusion had been drawn that if the metal
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causes an aldehyde decomposition, then its oxide should
have the same effect (20). Ipatieff confirmed the correct-
ness of this conclusion experimentally on the example
of zinc and its oxide.

By continuing the series of experiments on the
pyrogenic decomposition of alcohol, Ipatieff discovered
that alumina worked as a catalyst for this reaction and
introduced it for obtaining olefins from aliphatic alcohol.

At the end of December 1901, the Eleventh Con-
gress of Russian Naturalists and Physicians was held in
St. Petersburg. There Ipatieff made a one-hour report,
“Further experiments on the decomposition of alcohols
under the influence of various contact agents” (21). M. L.
Konovalov and 1. L. Kondakov noted that the work had
practical value. However, they stated that the author of
the report did not indicate the dependence of the amount
of decomposing isobutyl alcohol on the reaction time.
Kondakov also noted that the product obtained from what
he expected to be a bromination reaction after decom-
position of isobutyl alcohol was apparently butadiene.

In 1903, Ipatieff investigated the mixture of decom-
position products of ethanol using aluminum powder (22,
23). In order to separate unsaturated hydrocarbons from
a mixture of products (in addition to those mentioned
above, CO,, CO, CH, and H, were also present), Ipati-
eff carried out the reaction of unsaturated hydrocarbons
with bromine water and obtained a dibromide and a
tetrabromide, which had different melting points. Then,
the reaction of these bromides with hydrogen bromide in
an alcohol solution was conducted in the presence of zinc
powder. As aresult, an unsaturated monobromide C,H,Br
discolored bromine water and potassium permanganate
solution. The yield of butadiene obtained in Ipatieff’s
experiments was 1.5-2 %.

During 1904-1907 Ipatieff finally confirmed that
at 600 °C in the presence of aluminium powder the py-
rolysis of ethyl alcohol yields butadiene in addition to
acetaldehyde and ethylene (24-27):

Al p.t

CH,CH,0H — H, + CH,CHO
Al p.t

CH,CH,OH — H,0+ C,H,

Al p.t
2CH,~CH,0H — > H,+2H,0+ CH,=CH-CH=CH,

Ipatieff summarized the results of the influence
of various catalysts, temperature and pressure on the
decomposition of alcohols in his book (28).

Thus, in his studies carried out about 115 years
ago, Ipatieff found out the possibility of controlling the
selectivity of heterogeneous catalytic reactions. He deter-
mined that by changing the catalysts, their composition
and temperature, different products could be obtained
from the same reagent (ethanol): ethylene, diethyl ether,
acetaldehyde, butanol, acetone, butadiene, etc.

Conclusions

The authors of the present paper wanted to help
restore recognition to one of the greatest chemists of the
20 century who worked in the field of organic chemistry
and who was unfairly forgotten in the course of history.

In organic chemistry, there are a number of reac-
tions bearing the name of the researcher who discovered
or investigated the reaction. Often the names of several
scientists appear in the name of the reaction: it could
be the researchers of the first publication, or research-
ers of the reaction or scientists who simultaneously
published the results of the new reaction. Based on the
above material, the authors think that despite low yield
of butadiene and not very efficient catalysts it would be
quite logical and historically fair to call the reaction of
butadiene production from ethanol an Ipatieff-Lebedev
reaction, and not just Lebedev reaction. In our opinion,
the reason that prevented the use of Ipatieff’s name for
the reaction was the low yield of butadiene and not very
efficient catalysts.

In recent years, Ipatieft’s life and research during
his time in the United State have been described in more
detail. His contribution to the study of terpene transfor-
mations (29), of various acid-catalyzed processes that
yielded ultra-high-octane fuels used for Air Force planes
in World War II (4), and investigations in catalysis in-
cluding high pressure, dispersion of metals on supports,
and the use of promoters (30) have been described.
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