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Process for continuously earrying out hydrogenation reaetions
in liquid phase.
COMPLETE SPECIFICATION

We, Lis UsiNes DE MELLE, a Franch
Body Corporate, of (Deux-Sevres), Melle,
France, do lereby declare the invention,
for which we pray that a patent may be
granted to us, and the method my which
it is to be performed, lo be particularly
descrihed in and by the following state-
ment;—

This Invention relales [o & process for
continuously carrying out a hydrogenation
reaction in the liquid phase.

The manufacture of cerlain  organic
products by the conventional process of
cataiytic hydrogenation in the quid phase
is frequently faced with difficultics duc in
fragility of the starting material or the tinal
product or both. Suchk fragility results in
yield decrease and the formation of con-
dansation products and of resins, which
clog the catalyst, with consequent rapid de-
crease of the activity thereof.

The process of the present Invention
enables these difficuities 1o be substantially
avoided.

In accordance with the present invention
there is provided a process for continu-
ously carrying aut a hydrogenation reaction
in the liguid phase, which comprises main-
taining at a temperalure suitable for the
bydrogenalion reaction, a bath comprising 2
suspension of a hydrogenation catalyst in
a liquid dilvent, whick has a hoiling point
above ke reaction temperature and which
is chemically inert towards the reactants
and reaction products, continuously feed-
ing to the said bath the substance to be
hydrogenated while introducing into the
bath’ a sufficient excess of hydrogen for
the reaclion product or products to be
enirained as vapour by the excess hydro-
gen, the hydrogen feed raic heing above
0.3 cubic melres per hour per litre of bath,
separating from the entrained products the
amount of hydrogenatad product corres-
ponding (o the fecd and refluxing the re-

mainder, in liguid condition, into the bath,

By introducing into the bath 2 suitable
excess of hydrogen so that the reaction
preduct or products are entrained as vap-
curs by the excess hydrogen, the content
of substance to be hydrogenated and of
desired reaction products remain very low
at any time in the batk, with the conse-
quence that the risk of destruction of reac-
tants or reaclion preducts and of clogging
of lhe catalyst is considerably diminished
or even completely avoided,

In addition, the excess hydrogen ensurcs
perieel dispersion of the catalyst and the
substance to be hydrogensled. Under such
circumstances the optimum temperature
of the bath can be easily controfled within
very narrow limils, which is a further
adventage of this process. In actual prac-
tice the hydrogen feed rate iz above 0.3
cubic metres per hour per litre of bath.

The fiquid dilvent through which the
catalyst is dispersed preferably has a beil-
ing point at lcast 50°C. above the reaction
temperalure and is stable under the opera-
ting conditions. Experience has shown that
4 dilvent having a boiling point above
200°C is generally satisfactory. Examples
of snitable liquid dilvents are a hydrocar-
bon, an alchohal or an ester, or = mixture
thercof. A preferred diluent is the 2-ethyl
hexyl ester of 2-eithyl hexanoic acid.

The reaciion conditions, such as tempera-
ture. hydrogen feed rate and volume of
the bath, are chosen according to the nature
of the subsiance to be hydrogenated

The apparatus may comprise a reactor
provided with a heaiing device and pipes
for introducing the hydrogen and the sub-
stance to be hydrogenated, the reactor
baing for example surmounted by a column
fitted with 2 condenser and the pipes re-
quired to withdraw the desired product and
reflux the excess condensate to the top of
the colympn,
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Preferably the hydrogen delivery pipe
opens into the boltom of the reactor, where
uniform  dispersion of the hydrogen
{hroughout the bath muy be ensured by a
suitable device, such as an agitator, or
a perforated or porous plate. Preferubly
the pipe for introducing the substance to
be hydrogenated opens as near as possible
the hydrogen feed point, at the bottom of
the teactor, so thai the said substance may
be automatically and immediately disper-
sed throughout the bath by the hydrogen
siream.

It is within the scope of the invention to
operate at a pressure other thap atmos-
pherie,

The following Examples ilustrate the
invention and clearly show the suitability
of the process for the hydrogenation of
furfural to furfuryl alcchol (Example 1),
of aniline to cyclohexylamine {Example 2)
and of furfuryl alcohol to tetrahydrofur-
furyl alcoho! (Bxample 3).

Prior to lhe present invention the menu-
facture of cyciohexylamine from aniline
was carried out efther in the vapour phase
at atmospheric pressure or in the lquid
phase at a superalmospheric pressure. In
the [irst case there was obtained besides
cyclohexylamine, dicyclohexylamine in high
proportion and phenyl ayclohexylamine.
Tn the liquid phase process, for reaching a
satisfactory reaction rate the operation
was to be conducted under a hydrogen
pressure of between 100 and 400 astinos-
pheres; but on the other hand a high
cyclohexylamine yietd, of the order of 209
is oblained.

1t has now been found, as indicated in
Example 2., that by applyiag to this reac-
tion the provess of the present invention
it is possible both to carry cut lhe reac-
tion in the liguid phase at atmospheric
pressure apd to obiuin & high cyclohexy-
lamine yield.

This results from the fact that dicyclo-
hexylamine formation takes place only from
the cyclohexylomine and in confact with
the catalyst. Beuring in mind that, in ac-
cordance with the provess of the present
invention, the cyclohexylamine formed is
removed by the hydrogen stream as fast
as it is produced, the concentration of
cyclohexylamine in the bath is always very
low and conmsequently the dicyclohexys
lam{i}zc formafion is conmsiderably dimini-
shed,

ExampiE 1

Tnto a cylindrical reactor of 55 milli-
metres dizmeter and 4 mefres height there
was placed a bath consisting of 3 lilres of
the 2-ethyl hexyl ester of 2-ethyl hexancic
acid containing 500 grams of finely divided
copper catalyst in suspension. The bath was
maintained at a temperatwe of 178°C,
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and there was continuously introduced
thereinto, per hour, 300 grams of liquid
furfural and 3.5 cubic metres of hydrogen.

The reactor was surmounted by a colomn
having a height of 2 metres filled with
packing end fitted wilh & condenser at
its head. The product was withdrawn from
ithe comdenser in amount correspending to
the amotnt of furfural feed amd the re-
mainder of the condensate was refluzed
to the head of the column to allow ihe
high boiling ester to rcmain in the reactar
and to maintain constant the volume of
the reaction balh.

There was produced per hour 305 grams
of a mixture consisting of 15 grams of
furfural, 287 grams of furfuryl akeohol and
3 grams of high boiling by-products, ic.,
a total coaversion of the furfural of 95%
and a furfuryl alechel vield of 999
reckoned with respect fo the furfural con-
verted.

After 300 hours® ronaing under the same
operating conditions, exactly the same con-
version and the same yield were obtained,
which is a proof that tke activity of the
catalyst remained unalterad.

ExAMPLE 2

A cylindrical reactor of 53 millimeters
diameter and 4 meters in height was char-

d with a rcaciion bath consisting of 3
Titres of the 2-ethyl hexyl ester of 2-ethyl
hexanoic azcid containing 300 grams of
finely divided nickel cetalyst suspended
therein.

‘T'he bath was maintained at 175°C, and
there was introduced thereinto 230 grams
per hour of liquid aniline and, throngh the
bottom of the reactor, 4.2 cubic metres
per hour of hydrogen. The rcactor was
surmounted with a distillation columm of
2 metras in height, filled with a packing
and provided at its head with & water-
cooled condenser ifoflowed by a brine-
cooled condenser. The cyciohexylamine
produced was, after distillation in the
colunn, continuously withdrawn ir amount
;:oeré'espcndiﬂg to the amount of aniline
eed,

This withdrawal of cyclohexylaminc was
from the top of the columa, to which the
excess condensate was refluxed. This re-
flux coused the unconverted aniline and
the dicyclohexylamine formed fo be driven
back fo the foot of the column, from
which they were removed.

86.9% of the aniline was converted into
cyclohexylamine, and only 79 inlo diey-
clobexylamine. The percentage of uncon-
verted aniline amounied to 4.79%.

ExampLe 3

Tnio a cylindrical reactor identical io
that ysed in Example 1 there is introduced
a reaction bath comsisting of 320 g of
fnely divided nickel catalyst suspended in
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3 lifres of a hydro-carbon fraction con-
taining about 809 by weight of pentade-
cane, about 109, by weight of tetradecane
and about 109% by weight of hexadecane.
This hydrocarbon {raction, at atmospheric
pressure, distile off from 235% to 2RS°C,
The catalytic bath is broughi {0 and main-
taincd al a lemperature of 160°C, and
196 g/hr. liquid forfuryl alcohol and 4.5
cubi¢ ametresfhe. Impure hydrogen con-
Laining 59 by volume of inert gases (hitro-
gen and methane) are continuously intro-
duced inlo the reactor.

The reactor, like that in Example 1, is
surmounted by a 2-metre-high packed
colunn fitted with a condenser at the head
of the coiumn. An amount of reaclion
product corresponding to the amount of
lurluryl sleochol fed is withdrawn from
the condenser and the remainder of the
condensate is refluxed to the top of the
columin io mainlzin ithe high-boiling dilvent
mixture in the reactor and {o maintain a
constant reaction bath velume.

All the apparatus is maintaincd under
an excess pressure of 0.5 kgfom®

Under these operating conditions there
is ohtained 202 g/hr. of a reaction product
consisting of L.76 mole of tetrahydrofur-
furyl alcohol and 22 g. of a mixiure of
aliphatic alcohols and diols (resulting from
the cleavage of the {furfuryl nucleus),
methylfurane and forfuryl alechol. The
amount of unconverted furfuryl alcohol is
about one grai.

The terahydrofurfuryl alcohol yield
amounts 10 889% based on the amount of
furfuryl alechol converted,

WHAT WL CLAIM 15—

1. A process for continuously carrying
out a hydrogenation reaction in the liquid
phase, which comprises maintaining at a
temperature suitable for the hydropena-
tion reaction, a bath comprising a suspen-
sion of a hydrogenation catalyst in o lquid
dilyent, which has 2 boiling point above
the reaction temperature and which is
chemivally ineri towards the reactants and
reaction products, conlinuously feeding to
the said bath the substance to be hydra-
genated while introducing into the bath a
sufficient excess of hydrogen for the reac-
tion product of products to be entrained
as vapeur by the excess hydrogen, the
hydrogen feed rate being above 0.3 cobic
meires per hour per liire of bath, separa-
Ling from the entrained products the aimnount

of hydrogenated eﬂproduct corresponding to
the ieed and refluxing the remainder, in
liquid condition, into the bath.

2. A process according to claim |,
wherein the liguid diluent has 2 boiling
point at least 30°C. above the reaction
temperature.

3. A process according io either one of
claims 1 or 2, wherein the liguid diluent
has a boiling point above 200°C,

. A process according to any onc of
claims 1 to 3, wherein the Hguid diluent

_ is » hydrovarbon, an alcobol, an ester, or

a mixture thereof,

5. A process according to any of the
preceding claims, wherein lhe subsiance
1o be hydrogenated is furfural and the reac-
tion produet is furfuryl alcohol,

6. A process according lo any one of
claims 1 to 4, wherein the substance to be
hydrogenated is aniline and the reaction
produet is cyclohexylamine,

7. A process according to any one of
claims 1 to 4, wherein 1the substanve io be
hydrogenaled is furfuryl alcchel and the
reactionn  produet is  tetrahydrofurfury!
alcohol.

8. A process according to either one
of cluims 3 or 6, wherein the liquid diluent
is the 2-ethyl hexyl ester of 2-ethyl hexa-
noic acid.

9. A process according to claim 7,
whercin the liquid dilueat is a hydmca.rb{m
fraction containing about 809% g by weight
of pentadecaie, about 109 by weight of
teiradecanc and about 102, by weight of
hexadecane.

10. A process for continuously carrying
oul a hydrogenation reaction in the liguid
phase, substantially as hereinbefore de-
soribed with reference to the Examples.

STEVENS, LANGNER, PARRY &
ROLLINSON,
Chartered atent Agents,
Agents for the Applicants.

Sheernass:
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