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This invention relates to certain organo-metal com-
pounds and more especially to hydrocarbon-metals con-
taining hydrocarbon chains having moderately high num-
bers of carbon atoms, which higher organc-metals are
adapted to serve as intermediates for the production of a
variety of organic chemicals.

This invention in its principal embodiments relates to
a novel process for producing higher hydrocarbon-metals,
and to higher hydrocarbon-metals produced thereby, and
comprises in substance starting with a simple or lower
hydrocarbon-metal and by chain growth from alpha-
olefin units insert hydrocarbon groups between a carbon
of the original hydrocarbon groups and the metal, and
thus to build up higher hydrocarbon-metals by increas-
ing the number of carbon atoms in each of the hydro-
carbon groups. These higher hydrocarbon-metals may
be converted into the corresponding higher alcohols by
oxidation of the higher hydrocarbon-metals and then by
hydrolyzing the resulting cxidation products, as described
in our copending application, Seria] No. 555,273, filed
December 27, 1953.

An object of this invention is to produce higher hydro-
carbon-metals of high quality by chain growth of alpha-
olefin units built into a simple or lower hydrocarbon-
metal between the hydrocarbon and the metal at substan-
tially atmospheric pressures and at room or moderate
temperatures, in relatively short times, and in simple in-
expensive equipmeni that brings the cost of plant and
equipment down to a point which makes the production
of the higher hydrocarbon-metals a practical commercial
operation and that produces higher hydrocarbon-metals
the chain lengths of which can be controlled.

A further object of this invention is to produce higher
hydrocarbon-metals by a novel process that makes it pos-
sible to produce, from low hydrocarbon-metals, by grad-
ual chain growth, higher hydrocarbon-metals having sub-
stantially any desired number of carbon atoms in the
higher hydrocarbon chains, and to stop the chain growth
at a point in the building up of the hydrocarbon chains
which will provide higher hydrocarbon-metals of the de-
sired chemical structure. Other objects will be apparent
from the following specification.

It is well known that certain metals combine with sim-
ple hydrocarbon radicals, a carbon atom of the hydro-
carbon radical linking directly with the metal atom to
form a class of compounds herein referred to as lower
hydrocarbon-metals.

The metals of the lower hydrocarbon-metals which
constitute a starting material in the process of this inven-
tion include those metals occurring on the right hand side
of the “periodic chart of the elements,” which is a well-
known chart reproduced on pages 392 and 393 of “Hand-
book of Chemistry and Physics,” published by Chemical
Rubber Publishing Company, Cleveland, Chio, in 1954,
The preferred lower hydrocarbon-metals of this applica-
tion are hydrocarbor-aluminums, although the metal-or-
ganic compounds in which the organic component is a
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hydrocarbon radical having from 2 to 8 carbon atoms
and the metal component is an element occurring on the
right-hand side of the “Periodic Chart of the Elements,”
as charted on page 393 of the above identified “Hand-
book,” which metal-organic compounds are well known,
being listed on pages 624 to 663 of the above identified
“Handbook.” The metal components of the lower hydro-
carbon-metals include, among others, aluminum, anti-
mony, bismuth, cadmium, copper, gallium, germanium,
indium, lead, mercury, thallium, tin and zine.

In the specification and claims of this application, the
above identified “periodic chart of the elements,” as it
appears on pages 392 and 393 of the said “Handbook of
Chemistry and Physics,” is referred to simply as “the
periodic chart of the elements”; the heavy metals charted
on page 392 as “the heavy metals occurring on the left
hand side of the periodic chart of the elements”; and
include, among others, titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium, molybdenum,
tungsten, manganese, iron, osmium, cobalt and nickel,

The hydrocarbon radicals of the lower hydrecarbon-
metals are preferably the simple alkyl radicals, such as
ethyl, propyl, butyl, amyl, hexyl, heptyl and octyl; simple
cycloalkyl radicals such as cyclopentyl, methyl cyclo-
pentyl, cyclohexyl, methylcyclohexyl and the like; simple
aryl radicals, such as phenyl, tolyl, and xylyl; simple
aralkyl radicals such as styryl, methylstyryl, ethyl-phenyl,
indyl and the like.

The simple or lower hydrocarbon-metals into which
the alpha-olefin units are built by chain growth are of the
general formula

Ryp—Me—X,, )]

wherein R represents a hydrocarbon radical, either aikyl,
cycloalkyi, aryl, or aralkyl, of the character enumerated
in the preceding paragraph, Me represents one of the
metals occurring on the right hand side of the periodic
chart of the elements, X represents a monovalent sub-
stituent, either hydrogen or a halogen, such as chlorine,
bromine, iodine or fluorine, and m and 7 are digits whose
sum totals the valency of Me, and of which n, but not
m, may be zero.

The novel process of this application for producing the
higher hydrocarbon-metals may be represented by the
following general equation;

Rt Rt
I
Rm-—MeXn-l-N-CH7=+~—> [R CH?-? > :|~M9~Xn
R? R/ yda @

wherein R, Me, X, m and » have the same significance
as in Formula 1 above; N represents the number of alpha-
olefin molecules entering into chain growth; R1 and R2
represent hydrogen or the same or different hydrocarbon
radicals above set forth; and y represents the mean num-
ber of alpha-olefin molecules which are built into each
of the m higher hydrocarbon chains as alkylidene
radicals.

A preferred embodiment of the invention of this appli-
cation as indicated by experience up to this time, is the
production of higher hydrocarbon-aluminums in which
the alpha-olefins are built into low hydrocarbon-alumi-
nums by chain growth between the aluminum atom and
a carbon of the original hydrocarbon groups linked to
the aluminum atom.

The production of the higher hydrocarbon-aluminums
is accomplished by the chain growth of alpha-olefin mole-
cules into a low hydrocarbon-aluminum between the
aluminum atom and a carbon atom of the original hy-
drocarbon radicals, the size of, or the number of carbon
atoms in, the hydrocarbon chaing so grown being con-
trolled by regulating the amount of the alpha-olefin that
is taken up in the chain-growth action.
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GENERAL EXAMPLE

As illustrative of the fundamentals of this invention,
the following general example is given:

Triethyl aluminum and aluminum trichloride are added
to dry xylene in a suitable reaction vessel, or reactor,
under a blanket- of dry nitrogen, and the reactor con-
tents stirred to -obtain an intimate admixture. Then,
titanjum tetrachloride is added to the reactor contents
with stirring continued for some time. There is formed
in the reactor contents, which is a clear liquid, a catalyst
complex that is capable of activating the gradual chain
growth of alpha-olefin units in the triethyl aluminum in
the manner indicated in the above Equation 2. How-
ever, up to this point, no chain growth has taken place.

An alpha-olefin in a gaseous ‘state, for example, ethy-
lene, is bubbled through the reactor contents containing
the catalyst complex in a constant stream, until a suffi-
cient amount of the alpha-olefin, as determined by means
later described in detail, has been taken up by the low
hydrocarbon-aluminum to produce the desired chain
growth of the original hydrocarbon radicals.

Extensive experimentation indicates that chain growth
continues under proper conditions as long as the alpha-
olefin is bubbled through the reactor contents containing
the catalyst complex, at least within the useful range of
chain growth, and that chain growth is gradual and con-
tinuous, and involves the growing of alpha-olefin mole-
cules into the low hydrocarbon-aluminum. In certain in-
stances, it has been noted that all of the growing chains
of the hydrocarbon-aluminum do not grow at the same
rate. Experimental evidence to date, however, indicates
that where one chain grows more slowly than another
that the slow-growing chain is activated through chain
transfer to grow more rapidly so as to tend to even up
the chain growth in the several hydrocarbon chains. This
is substantiated by experimental evidence which shows
that in the process of this invention the chain sizes, or
number of carbon atoms in the chain, produced by chain
growth are for the most part within a definite range.
Thus, if the hydrocarbon-aluminum chains are grown to
an average Cyo length, the resulting hydrecarbon chains
are mainly of the Cy length and the remainder are large-
ly in the Cy3 to Cy range. This makes it feasible to
segregate by fractional distillation the higher hydrocar-
bon-aluminum having the Cyy built-up chain length. For
many uses as an intermediate it is unnecessary to separate
out the major constituents, since the mixed higher hydro-
carbon-aluminums constitute an intermediate that is use-
ful for many purposes, and particularly for the produc-
tion of plasticizers. .

Taking a lower hydrocarbon-metal, in which the metal
has a valency of 3, by way of illustration, the following
starting hydrocarbon-metals may be employed in the pro-
cess of this invention:

i. Lower trihydrocarbon-metal____..... RsMe

ii. Lower dihydrocarbon-metal halide__. RpMe Halogen
iii. Lower hydrocarbon-metal dihalide-. RMe Halogen,
iv. Lower dihydrocarbon-metal hydride. RoMeH

v. Lower hydrocarbon-metal dihydride.. RMeH,

all of which are herein referred to generically as lower
hydrocarbon-metals for the purposes of this invention.

In the preparation of the lower hydrocarbon-metals, the
end product frequently contains two or more of the above
indicated, i to v, or similar lower hydrocarbon-metals.
Such mixtures may be employed as the starting lower
hydrocarbon-metals and such a mixture is herein generical-
ly referred to as a mixture of lower hydrocarbon-metals.

By the process of the above General Example, all of
the lower hydrocarbon-aluminums are operative, either
alone or in admixtures, to produce by chain growth useful
higher hydrocarbon-aluminum intermediates. Just what
chemical compounds are formed in the process of pro-
ducing the higher hydrocarbon-aluminums are. not -now
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known, and the explanations in the succeeding paragraph
are not to be considered in limitation of the invention or
of the claims of this application.

Wide experience with the hydrocarbon-aluminums indi-
cates that when a dihydrocarbon-aluminum halide, as di-
ethyl aluminum chloride, is employed as the starting
lower hydrocarbon-metal, the chain growth is built up
only on the two hydrocarbon groups, the chlorine atom
attached to the metal atom blocking any chain growth be-
tween the halide and the metal. However, chain growth
restricted to the two hydrocarbon groups produces a
higher hydrocarbon-aluminum with carbon chains of de-

_ terminate size, that is, the number of carbon atoms re-
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sulting from the chain growth. Such higher hydrocar-
bon-metals are useful intermediates, as in the production
of higher alcohols. Similarly, starting with a hydrocar-
bon-aluminum - dichloride, chain growth is restricted to
the one hydrocarbon attached to the aluminum, and is
operable to produce useful intermediates, although it
would seem at present that such intermediates are less
desirable. In the case of the lower hydrocarbon-alumi-
num hydrides, the alpha-olefin reacts to convert the hy-
dride to a hydrocarbon group during the chain growth
reaction, and the hydride may be so converted prior to
the chain growth reaction and this is commonly done.

In brief, the lower hydrocarbon-aluminums are all ca-
pable by chain growth of producing higher hydrocarbon-
aluminums which are useful intermediates.

As has been indicated above, other lower organo-
metals, that can be converted to hydrocarbon-mstals of
the Formula 1 above, can also be used as starting mate-
rials.

As to the catalyst complex referred to in the above
General Example, all that can be stated at present is
that a catalyst complex is formed in the mixture of the
lower hydrocarbon-aluminum, aluminum trichloride and
titanium tetrachloride. "What interaction takes place be-
tween these chemical compounds and what is the nature
of the catalyst complex formed, is not known, although
extensive experimentation has been carried on to find the
answer to these questions.” All that is known at present
is that a catalyst complex is formed which directs a
gradual chain growth of hydrocarbon units between the
original hydrocarbon groups and the metal of the lower
hydrocarbon-metal. )

However, it has been- ascertained that in the place of
each of these three chemical compounds, other chemical

- compounds may be employed in the process of this in-

50

vention. ‘

(a) In place of the triethyl aluminum of the General
Example, there may be employed the hydrocarbon-metals
of the formula Rp—Me—X, (1) above, more fully here-

- inabove described.

65

(b) In place of the aluminum trichloride of the Gen-
eral Example, there may be employed a compound con-
taining a halogen linked to a metal occurring on the
right hand side of the periodic chart of the elements,

- which compound has a generic formula

60

65

70

Yh—Me——-(Ha)k (3 )

in which Y is any monovalent substituent, Me is a metal
occurring on the right hand side of the periodic chart of
the elements, Ha is a halide or an oxyhalide, and 4 and &
are digits whose sum totals the valency of Me and of
which 4 but not k may be zero.

It will be seen that the compounds of Formula 1 may
overlap the compounds of Formula 3. Thus, by way of
illustration, if R of Formula 1 and Y of Formula 3 are

each ethyl, Me in each formula is aluminum, and X in

Formula 1 and Ha in Formula 3 are each chlorine, then
diethyl aluminum chloride and ethyl aluminum dichloride

_ would come within both the Formula 1 and the Formula

76

3. In the event that the lower hydrocarbon-metal, or
any substantial part thereof, falls within the Formula 3,
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then it becomes unnecessary to add to the lower hydro-
carbon-metal a compound of the formula

Yn—Me—(Ha),

since it is already present in the starting hydrocarbon-
metal. However, its addition is permissible.

In other words, the whole or a substantial part of the
admixture of compound (a4) plus compound (b), to
which the compound (c¢) is added, need be a compound
of the Formula 3 in order to secure high yields of the
higher hydrocarbon-metals.

(c) In place of the titanium tetrachloride of the above
General Example, there may be employed a compound
containing a halogen linked to a heavy metal occurring
on the left hand side of the periodic chart of the elements,
which compound has the general formula

Met(An), (4)

wherein Met is a heavy metal occurring on the left hand
side of the periodic chart of the elements. An is an
anion, and p is the maximum valency of Met. Thus, the
heavy metals include, among others, titanium, zirconium,
hafnium, vafadium, niobium, tantalum, chromium, molyb-
denum, tungsten, manganese, rhenium, iron, ruthenium,
osmium, cobalt, rhodium, iridium, nickel, palladium,
platinum, thorium and uranium. Especially effective are
the soluble halides and acetyl acetonates of the heavy
metals Met,

I'ne molar ratios of the chemicals above referred to
under (a), (b) and (c¢) above, may be varied widely.
Thaus, the molar ratios of (a) and (b) combined to (c)
preferably range from 50:1 to 400:1, although higher and
lower ratios may be employed. The molar ratios of
{a) to (b) above are not critical, since it is possible for
(a) and (b) each to be wholly of the Formula 1 and at
the same time of the Formula 3. Where, however, the
compound (a) of the Formula 1 does not fall within the
scope of Formula 3, then the molar ratio of (a):(b)
should be preferably within a range of 1.5-5.0:1, although
higher and lower molar ratios, give satisfactory results.

The process of this invention is carried out in cir-
cumambient inert fluid medium, either a gaseous medium
or a combined inert liquid and gaseous medium, which
media are practically non-reactive with the constituents
of the reaction as well as with the resulting higher hydro-
carbon-metals. The inert gaseous media include nitro-
gen, helium, argon and like gases. The inert liquid media
include the inert liquid hydrocarbons, such as a saturated
alkane, among which are butane, hexane, pentane, hep-
tane, octane and the like, or mixtures thereof, such as
“Deobase” kerosene, or the mixture of alkanes resulting
from the “Fischer-Tropsch” process, or a cyclo-alkane,
such as cyclohexane or methyl cyclohexane and the like,
or a benzene hydrocarbon, such as benzene, toluene,
xylene and the like, or mixtures of any of them. It is
important that both the liquid and gaseous media be
free of oxygen and water, and also preferably from im-
purities, especially peroxides, sulfur compounds, and com-
pounds containing active hydrogen.

It is here noted that the amount of the inert solvent
with relation to the amount of the active chemicals, here-
inabove set out in detail, is not critical. In fact, where a
mobile liquid hydrocarbon-metal is employed, such as tri-
ethyl aluminum, triisobuty! aluminum and the like, the
inert solvent may be dispensed with and the reaction car-
ried on without the solvent in an inert atmosphere of dry
nitrogen, An inert solvent of the character hereinabave
in the preceding paragraph set forth, is however desirable,
since it acts as a diluent and slows down the chain growth
of the alpha-olefin ruolecules into the hydrocarbon-metal,
and thus makes it possible to regulate and more accu-
rately control the rate of chain growth and to stop chain
growth at the proper build-up of the chains. There are
therefore no critical limits to the amount of solvent rela-
tive to the amounts of the other ingredients. It will
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normally be desirable to have the ratio of solvent to
lower hydrocarbon-metal from 10: 1 to 100 : I, with a
ratio of 40-50:1 being preferred.

It is also here noted that the inert circumambient gas,
such as nitrogen, may be replaced by the alpha-olefin
gas, such as ethylene, entering into the chain growth of
the hydrocarbon-metal. It is generally preferable to start
with nitrogen as the inert gaseous blanket, and, after the
reaction has started, to wash out the nitrogen with the
ethylene, and then to utilize the ethylene as the blanket
over the reacting liquids throughout the reaction period.
After the reaction, nitrogen gas can be bubbled through
the liquid reactor contents to remove excess ethylene
from the liquid contents and to replace the overlying
blanket of ethylene with nitrogen.

While this invention is not limited to any specific
apparatus for carrying out the novel process thereof, it is
believed that the process may be more readily under-
stood by reference to the apparatus of the drawing in
which Fig. 1 is a schematic representation of an appara-
tus in which the novel process of this invention may be
carried out. The invention is not, however, limited to
any specific apparatus.

In the drawing, a reactor, or reaction vessel 10, is
equipped at its upper end with three necks 11, 12, 13,
connecting with the reaction vessel 10 and sealed with
stoppers 14, 15, 16. Through the central neck 12 and
stopper 15 is mounted a stirring rod 17 having at its
lower end a turbine stirrer 18 and at its upper end a
motor 19. One of the side necks 11 has mounted in
the stopper 14 a tube 2§ having a stopper 21 fitting into
its upper end, and a branch tube 22 extending laterally
and upwardly to a condenser 23 which may be of any of
the usual types of reflux condenser. The stopper 21
may be removed for charging materials into the reactor
10, but is otherwise sealed into tube 20. Also, liquid
may be charged into the reactor 10 by a hypodermic
syringe through tube 20. The tube 22 conducts the gases
discharged from reactor 10 to the condenser 23 and also
the condensate from the condenser 23 back to the re-
actor 10. The gases discharged from the condenser 23
are conducted through pipe 24 to a standard wet gas
meter 25, where the volume of gases passing pipe 24 is
measured and the measurement recorded, prior to dis-
charge through pipe 26. The other side neck 13 of re-
actor 19 and its stopper 16 are connected with a pipe 30
connecting a source of dry nitrogen, as pressure tank 31,
with the reactor 10, a valve 32 in pipe 30 being provided
to control the flow of nitrogen into reactor 10.

A tube 35 conducts the alpha-olefin in gascous form
from a source of supply 36, as a pressure cylinder,
through a standard gas meter 37 for measuring dry gases
and recording the volume, the gases passing through pipe
35, which enters reactor 10 through a branch tube 38,
to the bottom of reactor 16, as shown at 39.

A pipe 40 having a control valve 41 leads from the
source of dry nitrogen 31 to pipe 35, so as to be able to
bubble nitrogen through the end 39 of pipe 35 beneath
the surface of the reactor contents. A check valve 42
in pipe 35 between the point where pipe 40 joins pipe
35 and the ethylene inlet gas meter prevents the nitro-
gen from entering the inlet gas meter. A thermometer
44 is mounted in a branch tube communicating with
the reactor 16 so as to be normally below the reactor
contents.

Heating and cooling elements for the reactor may be
provided. As shown, a heat exchanger unit 46 is con-
tiguous to the outside of the lower part of reactor 10.

EXAMPLE 1

Heat the reactor 10 and at the same time flow dry
nitrogen gas through pipe 39 from supply 31 through the
reactor 10 to remove any absorbed moisture, discharg-
ing the gases and vapors through pipe 22, condenser 23
and meter 25 to atmosphere.. This may be done over
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a considerable period of time to assure complete dis-
placement of air and moisture in the apparatus by nitro-
gen. Cool the reactor 10, and, while maintaining a
positive "nitrogen pressure in reactor 10, add to reactor
10, as through tube 20, 8.85 g. (0.066 mole) of anhy-
drous aluminum trichloride from a weighing bottle and
then add 90 milliliters of dry xylene. Seal the reactor
10 and stir contents of reactor 10 for several minutes at
room temperature. A red colored liquid forms. Now,
add 10.37 g. (0.091 mole) of triethyl aluminum to re-
actor 10, as through tube 20, while maintaining a pos-
itive pressure of nitrogen in the reactor. Close the re-
actor. A colorless liquid results with the evolution of
some gas. Stir the reactor contents for several minutes
at room temperature, and then ‘bubble ethylene gas
through pipe 35 through the contents of reactor 10 for
20 minutes while heating to 120° C. Cool reactor con-
tents to room- temperature, while bubbling ethylene gas
through the reactor contents, which are now a straw
colored liquid. The ethylene reacts with any hydride
so as to eliminate it from the reactor contents. Cut
off flow of ethylene gas and bubble nitrogen gas through
the reactor contents for one hour to remove the ethylene
from the solution. Add 8 milliliters of a benzene so-
lution containing. 0.2 millimoles of titanium tetrachloride
per cc. of solution, in all 0.0016 mole of titanium tetra-
chloride, as through tube 20, while keeping a positive
pressure of nitrogen in reactor. Dilute with 210 milli-
liters of dry xylene. A clear amber colored liquid re-

sults. The reactor confents now contains the catalyst
complex for the chain growth action. Up to this time
no ethylene has been taken up in chain growth by the
triethyl aluminum,

Heat the reactor contents to about 60° C. and main-
tain approximately that temperature, while bubbling eth-
ylene gas through the reactor contents in a slow steady
stream. Record at short intervals from the inlet gas
meter the inlet volume of ethylene gas and from the out-
let gas meter the outlet volume of gas. The difference is
indicative of the amount of ethylene being taken up by
the triethyl aluminum in chain growth. From these
tabulated results can be computed the mean size of the
chain growth on the aluminum triethyl: i

Table I
: Total Ethylene Mean

Time of Reac- Tnlet Outlet Take-Up Length

tion in Min. Meter in | Meter in of Alkyl

Liters Liters Chains

in Liters | in Moles | -

0 0 0 0 Cs
7.8 7 0.8 0.033 [oN
18.5 14.5 4.0 0.163 Cs
29.1 21.0 8.1 0.333 Cs
39.2 27.5 1.7 0.476 Cuo
50.4 34.5 15.9 0.647 Cre
67.2 48.5 18.7 0.762 Cis
83.0 57.0 26.0 1.08 18
99. 5 69. 5 30.0 1.22 Cis
108.5 75.0 33.5 1.36 Ca

It is to be noted from the above tabulation and cal-
culations made thereon that the chain growth is gradual
and continuous and that the mean number of carbon
atoms in the growing alkyl chains can be determined at
any stage and the addition of ethylene to the reactor con-
tents cut off at a stage which will yield the desired mean
number of carbon atoms in each of the built-up alkyl
chains. Thus, if the reaction were stopped at the end
of ‘51 minutes, the mean number of carbon atoms in the
alkyl chains would be Cyy; if at the end of 93 minutes,
Cyg; if at the end of 115 minutes, Cyg; and at the end of
128 minutes, Cqy. Since the purpose of this experiment
was to produce higher triethyl aluminums of a mean
chain size of Cyy, the flow of ethylene. to the reactor
was cut off at 128 minutes.

.. Thus, it is possible by a close following of the chain
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growth build-up to stop the reaction at a point to give
substantially the desired mean number of carbon atoms
in the higher alkyl chain.

In the above Example I, the molar ratio of aluminum
triethyl to titanium tetrachloride is 57:1, and of -the
aluminum trichloride to titanium tetrachloride, 41:1.
That is, the molar ratio of aluminum triethyl to aluminum
trichloride to titanium tetrachloride is 57:41:1.

As an illustration of the utility of higher hydrocarbon-
metals produced as described in above Example I, a
higher alcohol corresponding to the built-up hydrocarbon
chain Cyg, namely, n-eicosanyl alcohol, known commer-
cially as n-eicosanol, may be produced from the tri-n-
eicosanyl aluminum, formed in Example I, by oxidizing
the higher hydrocarbon-metal and hydrolyzing the result-
ing oxidation product, all as fully set out in our copend-
ing application Serial No. 555,273.

EXAMPLE II

Utilizing the same apparatus and the same procedure
as in Example I, flame the reactor while flowing dry
nitrogen gas therethrough to remove absorbed moisture.
Cool the reactor under nitrogen to room temperature.
Place in the reactor 8.1 g. (0.06 mole) of anhydrous
aluminum trichloride and 200 milliliters of dry xylene,
all under a blanket of dry nitrogen. Stir the reactor
contents for several minutes, A red colored liquid re-
sults. Add 17.8 g. (0.091 mole) of aluminum triiso-
butyl, as from a hypodermic syringe. A clear colorless
liquid results. Bubble ethylene into the reactor contents
before and after the addition of the aluminum triisobutyl
to remove any hydride present. Up to this point no
ethylene is taken up in chain growth by the aluminum tri-
isobutyl.

Heat the reactor contents to about 80° C. while stirring. -

Add to reactor contents 3.6 milliliters of benzene solu-
tion containing 0.25 millimole of titanium tetrachloride
to 1 cc. of benzene solution, in all 0.0009 mole of tita-
nium tetrachloride.

Now, bubble ethylene in a steady continuous stream
slowly through the reactor contents while stirring and
record at short intervals from the inlet gas meter the
inlet gas volume and from the outlet gas meter the outlet
volume. The difference is indicative of the amount of
ethylene gas being taken up by the aluminum triisobuty!
in chain growth. From these recorded results and from
computations made therefrom, the mean length of the
chain growth at any time may be substantially determined.

Table 11
Total Ethylene Mean

Time of Reac- Inlet Outlet Take-Up Length

tion in Min. Meter in | Meter in of Alkyl

Liters Liters Chains

in Liters | in Moles

0 1] . 0 Cy
7.3 2.52 4.82 1.96 Cs
14.2 4.7 9.5 3.86 Cs
22.8 7.6 15.2 6.15 Cr
31.8 11.8 20.0 < 8.1 Cuz
40.5 15.35 25,15 10. 08 Cue
48.2 18.0 30.2 12.4 Cis
57 22.1 34.9 14.3 Cu
68.0 26.7 41.3 17.8 Cx

It is to be noted from the above tabulation and cal-
culations made thereon that the mean number of carbon
atoms in the grown chains can be approximated at any
stage of the chain growth, and the addition of ethylene
stopped. ~ In the above Example II, it was the purpose
to obtain a higher isobutyl aluminum of a mean chain
length of Cy.

Note also that in the above Example II, the molar ratio
of aluminum triisobutyl to titanium is 100:1, and the
molar ratio of aluminum tnvsobutyl to’ aluminum tr1~
chloride to titanium tetrachloride is 100: 66 1.
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EXAMPLE 1T

Utilizing the same apparatus and procedure as in Ex-
ample I, but employing an alkyl metal halide, namely,
diisobutyl aluminum chloride, a higher alkyl aluminum
chloride is produced according to the following equation:

(C+Hy) zAch-NCsz-—-—»[CAHp(CHz—CHz) n]-—-AI—Cl

L)

without employing a Yy,—Me—(Ha)y compound.

As in the preceding examples, flame the reactor while
flowing dry nitrogen therethrough to remove absorbed
moisture. Cool the reactor under a positive pressure of
dry nitrogen to room temperature, Place in the reactor
25.9 g. (0.151 mole) of diisobutyl aluminum chloride
and add 290 milliliters of dry xylene, all while maintain-
ing a positive pressure of dry nitrogen. - Bubble ethylene
through the reactor contents, and, while the bubbling
is continuing, add 3.6 milliliters of an xylene solution
containing 0.25 millimole of titanium tetrachloride per
milliliter of solution, in zll 0.0009 mole of titanium
tetrachloride, all while stirring. Record as in previous
examples and compute from the recorded results the mean
size of the chain growth, having in mind that chain
growth takes place only between the two original isobutyl
groups and the aluminum, and that no chain growth
takes place between the chlorine atom and the aluminum.

Table 111
Totel Ethylenc | Mean
Irl-t | Ortlet Take-Up Length
Time of Reaction in Min. | Meter | Meter of
in in Alkxl
Liters | Liters in in Cheins
Liters | Molcs
0 4] 0 0 Cs
4.8 1.6 3.2 1.30 Cs
9.4 3.0 6.4 2.57 Cs
15.2 5.0 10.2 4.1 Cruo
21.2 7.8 13.4 5.4 Cia
o 27.0 10.2 16.8 6.71 Cus

It is to be noted from the above table that the mean
number of carbon atoms in the built-up chains can be
approximated at any stage of the chain growth. In the
above Example IT1, it was the purpose to obtain a higher
isobutyl aluminum chloride of the following formula:

[C4HG(CH5—CH2)5]—-AI—-CI
)

and therefore the flow of ethylene to the reactor was cut
off at the end of 60 minutes.

EXAMPLE 1V

It is the purpose of this example to demonstrate that
a higher hydrocarbon-metal can be produced from a
Iower hydrocarbon-metal without the use of an inert
solvent or an inert gaseous medium, such as is employed
in Examples I, II and IIl, but that the process of this
invention may be carried out in a circumambient at-
mosphere of a gaseous alphaolefin without the use of
inert solvent or inert gaseous medium.

Heat the reactor and pass ethyleme gas through the
reactor to remove all the air and moisture. Cool the
reactor, and, while maintaining a positive pressure of
ethylens in the reactor, charge the reactor with 103 g.
(0.52 mole) of triisobutyl aluminum, which is a thin
mobile liquid, and then add 34.8 g. (0.26 mole) cof
anhydrous aluminum trichloride, as from a weighing
bottle. The temperature in the reactor rises to near 100°
C. After allowing the reactor contents to cool to say
about 30° to 40° C. heat the reactor contents to around
80° C. and add 0.974 g. (0.0052 mole) of titanium tetra-
chloride, all with a positive pressure of ethylene in the
reactor. and continuous stirring of the reactor coatents.

Now, bubble ethylene in a steady stream slowly through
the reactor contents. Record at intervals from the gas
inlet meter the inlet ethylene volume and from the outlet
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gas meter the outlet gas volume. The difference is in-
dicative of the amount of ethylene gas taken up by the
triisobutyl aluminum in chain growth. When 8.1 moles
of ethylene has been taken up, which, from Table II in-
dicates that a higher triisobutyl aluminum of mean chain
length of C;; has been formed, the flow of ethylene gas
is stopped, and dry nitrogen passed through the reactor
to flush out the excess ethylene and to provide an inert
gaseous blanket over the reactor contents. The result-
ing product is a mobile liquid, which, when analyzed, is
found to be a higher triisobutyl aluminum in which the
alkyl chains have a mean length of 12 carbon atoms, or
largely a higher triisobutyl aluminum of the formula

[C4H0(CH2—CH2)4]A1
3

EXAMPLE V

As a further example of the process of this invention
and its controllability to produce higher hydrocarbon-
metal of a desired mean chain length, aluminum triethyl
is subjected to chain growth by the process of this in-
vention in its preferred form, so as to produce a mean
chain length of Cyg.

Taking the process of Example I as a standard by
which day-by-day operations are to be carried out, and
utilizing the same reactants in the same proportions as
those employed in Example I, namely, 0.091 mole of tri-
ethyl aluminum, 0.066 mole of anhydrous aluminum tri-
chloride and 0.0016 mole of titanium tetrachloride, that
is, the quantities and the molar proportions of triethy!
aluminum to aluminum ftrichloride to titanium tetra-
chloride being 57:41:1, the same as in Example I.
Carrying out the process in the way described in detail
in Example I, with 300 milliliters of xylene as the inert
solvent, it is only necessary to observe and preferably
record, which, in practical operations, is done by mechani-
cal means, the amount of ethylene being taken up by the
triethyl aluminum. For instance, where it is desired to
produce -a higher triethyl aluminum having a mean
chain size of 16 carbon atoms, it is only necessary to
stop the flow of ethylene to the reactor when the meas-
uring devices indicate that 26.0 liters of ethylene have
been taken up by the triethyl aluminum, since Table 1
of the standard Example I, indicates that when 26.0
liters of ethylene have been taken up, a higher triethyl
aluminum in which the mean chain length of the alkyl
chains is 16 carbon atoms has been formed; thus

(C2H;)3A14-21 CHy=CHz— CoHs( CHy—CHoz)1"3Al

Similarly, other higher triethyl aluminums of cther mean
alkvl chain lengths may be readily produced.

1t is clear from the examples above given that in mak-
ing the periodic records of ethylene take-up during the
chain growth, that the amount of ethylene take-up can be
determined as the chain growth proceeds. It is conse-
quently possible, by utilizing the technique of determining
the amount of up-take cf ethylene to tailor-make the
higher hydrocarbon-metals and to duplicate results in
successive runs, which is distinctly a novel feature of the
process of this invention and which distinguishes and
gives value to the novel process of this invention and
makes it an outstanding contribution to the art.

While, in several of the examples, it has been noted
that a positive pressure of the overlying blanket of inert
gaseous medium is maintained, it is to be understood that
such pressure is only that which is necessary to cause the
flow of inert gaseous medium through the apparatus and
to provide for a flow of the inert gas from the reactor to
the atmosphere in the event that the introduction of any
of the ingredients to the reactor might otherwise permit
air to enter the reactor. The reaction is preferably car-
ried out at near atmospheric pressures, although higher
pressures may be employed without departing from the
scope and spirit of the invention.
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EXAMPLES VI AND VII
The above fundamentals of the chain growth principle
of the process of this application are demonstrated by
taking the process and procedure of Example I and (1)
continuing the bubbling of ethylene through the reaction
mixture for a total period of 10 hours, without other
change, and (2) doubling the rate of the addition of
ethylene to the reaction mixture, without other change:

Time, Rate of Addition Mean
Example minutes of Ethylene Chain
Growth
I {control) . ..iooo_. 128 | Control. e cecenan Cao
2 Y . 600 | Same as Control._......_. Cioo
V2 1 S, 128 | 2 Times Control Rate.... Cas

It is here noted that mean size of the chains resulting
from chain growth may be widely varied. Chain lengths
of Cygp to Csgo are plainly within the scope of this inven-
tion, and all the experimental work so far points to the
feasibility of extending the chain growth process to the
production of higher hydrocarbon-metals having much
longer built-up hydrocarbon chains.

EXAMPLES VIII TO X

In all the above examples, the alpha-olefin employed
has in each case been ethylene. It is generally the pre-
ferred alpha-olefin to employ in the chain growth proc-
esses of this invention. However, other alpha-olefins may
be employed, including aliphatic alpha-olefins, such as
propylene, butene-1, pentene-1, hexene-1, heptene-1, oc-
tene-1, and the like, or alicyclic alpha-olefins, such as
cyclohexene-1, -methyl cyclohexene-1, cycloheptene-1,
methyl cycloheptene-1, and the like, or aralkylenes, such
as styrene, alpha-methyl styrene, phenyl ethylene, indene
and the like.

In each of the Examples VIII to X, the process of
Example I is repeated, the only change being the use of a
different alpha-olefin. In each case, the lower hydrocar-
bon-metal is satisfactorily converted by chain growth to a
higher hydrocarbon-metal.

Mean
Examples Alpha-Olefin Chain
Growth
I (control) ethylene.._.__ Ca
VI ettt e s propylene..... Cas
..... g --] octene-1.__.... Css
X e indene-1.__._._ Css

EXAMPLES XI AND XII

The temperature of the reaction mixture may be varied

widely in the process of this invention. Thus, following
the procedure of Example I above, in which a temperature
of about 60° C. is maintained during chain growth, the
-reaction mixture of the Example I is cooled to 20° C.
and chain growth developed the same as in Example I ex-
cept for temperature (Example XI here). In another
example (Example XII here) the reaction mixture is
maintained during chain growth at a temperature some-
what below the boiling point of xylene (140° C.). In
Example XI, the chain growth- takes place similar to
that of Example I, but at a slower rate, whereas in Ex-
ample XII, the same chain growth takes place but at a
somewhat faster rate:

Temper-| Time, Mean
Examples ature, | minutes | Chain
°C. Growth
60 128 Cuo
20 240 Cis
120 80 Ca
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EXAMPLES XIII TO XXXVI

Following the general procedure of Example I, but
utilizing (@) different starting hydrocarbon-metals of the
formula Rp,—ME—X,; (b) different metal halides or
oxyhalides of the formula Ry,—Me—(Ha)y; (c¢) different
metal salts .of the formula Met(An),; and (d) different
molar ratios of the compounds (a), (b) and (c¢) above,
similar higher hydrocarbon-metals are produced by chain
growth es in the Example I. -

In the interest of brevity and clarity, the Examples

XIII to XXXVI, which yield useful higher hydrocarbon-
metals with hydrocarbon chains from Cj; to Cjpo chain
lengths, are presented in tabulated form:

Table IV
Example a b ¢ a:b:e

XIII...o... ethyl AlIClg.cueemues TiCly 50:10:1
X1V diethyl AIH__. TiCly 50:25:1
ethyl AU, __. .} TiCly 100:75:1

tripropyl Al TiCl 180:100:1

diisobutyl A1C1L TiCly 100:66:1

trilsoamyl Al_. TiCls 180:45:1

tri-n-hexyl Al T1Cls 75:80:1

-.| tri-n-heptyl Al TiCls 100:66:1
tri-n-octyl Al______. TiCl 159:40:1

di-n-octyl AICL ... ) TiCly 240:100:1

triphenyl Al________ AICk3. .. TiCly 400:200:1

tritolyl Al.____ .| AlCl. TiCly 350:100:1

trixylyl Al.__. AlClI3. TiCly 180:45:1
tricyclohexyl A AlCl3_ TiCls 400:100:1

triethyl Sb _.. ZnClz .| FeCly 100:66:1

tripropyl Cd.. BiCl; CoCl3 75:40:1

triisobutyl Hg._..__ CeH5A1C....| VCIs 100:25:1

tetraethyl Ge. .____. CaH:AI1CLk.._ | TiClh 180:560:1
pentacyelohexyl Bi._| BiCls. .- _| TiCly 180:75:1

triisobutyl Ga-.-..-. TIiCL 100:66:1

diethyl Zn FeClz 120:80:1
tetracyclohexyl Sn__ .| VCls 180:90:1

diisobuty! In_.__.... TiCls 360:100:1

XXXVI...| diethyl Zn..._..... HAICI TiCly 200:100:1

As has been above indicated, the lower hydrocarbon-
metals of the formula R,—Me—X,, Formula 1 above,
which constitute a starting material of the process of this
invention, namely, lower hydrocarbon-metals in which R
contains 10 or less carbon atoms, are known compounds.
However, the higher hydrocarbon-metals produced by
the chain growth process of this invention, namely, those
in which the chain growth process of this invention has
extended the original hydrocarbon chains to form higher
hydrocarbon-metals having hydrocarbon groupings con-
taining from 16 to 500 carbon atoms, and which are
represented by the formula

R!
|
R CHz—-(|J —Me—Xa
i

R ylm - ®
in which all the symbols have the same significance as
in General Equation 2, are new and useful chemical com-
pounds and particularly, where y is 8 or more, novel and
highly useful intermediates for the production of the
higher alcohols and other compounds.

It is to be understood that variations in the procedure
set forth in the specification and that modifications in
the selection and proportions of the constituents utilized
in the process, such as may be made by the usual
knowledge of those skilled in the art, may be made with-
out departing from the scope and spirit of the invention
as set forth in the specification and in the following
claims. )

What is claimed is:

1. A method of producing at substantially atmospheric

‘pressure a higher hydrocarbon-aluminum having a pre-

determined number of carbon atoms ranging from 10 to
100 in at least one of its hydrocarbon components by the
chemical insertion of alkylidene radicals into a lower
hydrocarbon-aluminum between the aluminum atom and
a carbon atom of at least one of the hydrocarbon radi-
cals of said lower hydrocarbon-aluminum, which carbon
atom is linked directly to an aluminum atom, which
method comprises preparing in inert circumambient fluid
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media a liquid reaction medium initially consisting essen-
tially of (a) a lower hydrocarbon-aluminum of the gen-
eral formula Rp,—Al-—X,,, wherein R is a hydrocarbon
radical having from 2 to 8 carbon atoms, X represents
a monovalent substituent selected from the class consist-
ing of hydrogen, chlorine, bromine and iodine, and m
and r are digits whose sum totals 3 and of which n,
but not m, may be zero, (b) aluminum trichloride, and
(¢) titanium tetrachloride; then passing an alpha-olefin
having from 2 to 9 carbon atoms into intimate chemical-
ly reactive contact with the aforesaid liquid reaction me-
dium at substantially atmospheric pressure gradually and
relatively slowly over a periocd of time, measuring the
amount of the alpha-clefin taken up in the chemical in-
sertion of alkylidene radicals into the lower hydrocarbon-
aluminum throughout the said period, and terminating
the passing of the alpha-olefin into the liquid reaction
medium when the measured amount of alpha-olefin so
taken up indicates that the required number of alkylidene
radicals have been chemically inserted into the said low-
er hydrocarbon-aluminum to yield the higher hydrocar-
bon-aluminum having the desired number of carbon
atoms in at least one of its hydrocarbon radicals.

2. The method defined in claim 1 wherein the n of the
formula Ry—Al—X, is zero.

3. The method defined in claim 1 wherein the X of
the above formula is chlorine and n is 1.

4. The method defined in claim ‘1 wherein the X of
the above formula is chlorine and n is 2.

5. 'The method defined in claim 1 in which the formu-
1a Rp—Al—X, represents triethyl aluminum.

6. The method defined in claim 1 in which the formu-
Ia Rn—Al—X,, represents a tributyl aluminum.

7. The method defined in claim 1 in which the for-
mula Ry—Al—X,, represents a trioctyl aluminum.

8. The method defined in claim 1 in which the formu-
la Rp—Al—X,, represents diethyl-aluminum chloride.

9. The method defined in claim 1 in which the formula
Ry—Al—X,, represents a dibutyl-aluminum chloride.

10. A method of producing at substantially atmos-
pheric pressure a higher hydrocarbon-aluminum having
a predetermined number of carbon atoms ranging from
10 to 100 in at least one of its hydrocarbon components
by the chemical insertion of alkylidene radicals into a
lower hydrocarbon-aluminum between the aluminum
atom and a carbon atom of at least one of the hydro-
carbon radicals of said lower hydrocarbon-aluminum,
which carbon atom is linked directly to an aluminum
atom, which method comprises preparing in inert cir-
cumambient fluid media a thoroughly admixed liquid
catalyzed reaction medium consisting essentially ‘of an
anhydrous aluminum trichloride and a dry inert organic
solvent, then adding to the resulting liquid composition
with stirring a lower hydrocarbon-aluminum of the gen-
eral formula R,—A1—X,,, wherein R is a hydrocarbon
radical having from 2 to 8 carbon atoms, X represents
a monovalent substituent selected from the class consist-
ing of hydrogen, chlorine, bromine and iodine, and m
and n are digits whose sum totals 3 and of which n, but
not m, may be zero; next bubbling in a gaseous state
through the resulting liquid composition at substantially
atmospheric pressure an alpha-olefin having from 2 to
9 carbon atoms to comvert any aluminum hydrides
present into hydrocarbon-aluminums, then bubbling
through the liquid composition a stream of dry inert gas
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to wash out the residual alpha-olefin, adding to the re-
sulting liquid composition with stirring titamium tetra-
chloride to complete the liquid catalyzed reaction me-
dium, thereafter passing an alpha-olefin having from 2
to 9 carben atoms into intimate chemically reactive con-
tact with the resulting liquid reaction medium gradually
and relatively slowly over a period of time, measuring
the amount of the alpha-olefin taken up in the chemical
insertion of alkylidene radicals into the lower hydro-
carbon-aluminum throughout the said period, and ter-
minating the passing of the alpha-olefin into the liquid
reaction medium when the measured amount of alpha-
olefin so taken up indicates that the required number of
alkylidene . radicals have been chemically inserted into
the said lower hydrocarbon-aluminum to yield the higher
hydrocarbon-aluminum having the desired number of
carbon atoms in at least one of its hydrocarbon radicals.

11. A method of producing at substantially atmospheric
pressure a higher hydrocarbon-aluminum having a pre-
determined number of carbon atoms in at least one of
its hydrocarbon components by the chemical insertion
of alkylidene radicals into a lower hydrocarbon-aluminum
between the aluminum atom and a carbon atom of at
least one of the hydrocarbon components of said lower
hydrocarbon-ajuminum, which carbon atom is linked
directly to an aluminum atom, which method comprises
preparing in inert circumambient fluid media a liquid
catalyzed reaction medium consisting essentially of
thoroughly intermixed anhydrous aluminum trichloride
and dry xylene, then adding to said liquid composition
with stirring a trialkyl aluminum in which the alkyl groups
contain from 2 to 8 carbon atoms, thereafter bubbling
through the resulting liquid composition ethylene to satu-
rate the said resulting liquid composition with ethylene,
next bubbling through the resulting liquid composition
a stream of dry nitrogen to wash out the residual ethylene
from the said liquid composition, then adding to the re-
sulting liquid composition with stirring titanium tetra-
chloride to complete the liquid catalyzed reaction me-
dium; thereafter passing ethylene into intimate chemical-
ly reactive contact with the liquid catalyzed reaction me-
dium produced in the preceding step at substantially at-
mospheric pressure; gradually and relatively slowly over
a period of time, measuring the amount of ethylene taken
up in chemical reaction throughout the said period, and
terminating the passing of ethylene into the liquid
catalyzed reaction medium when the measured amount
of ethylene taken up indicates that a requisite number of
alkylidene radicals have been chemically inserted into
said lower hydrocarbon-aluminum to yield a higher hy-
drocarbon-aluminum having the desired number of car-
bon atoms in at least one of its hydrocarbon radicals.
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