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ABSTRACT OF THE DISCT.OSURE

Process for catalytic hydrogenation in imert solvents
jr the liguid phase in which excess hydrogen passes
through the reaction mixture to remove producis as
formed to proleng the life of the catalyst.

This invention rclaies to continuous hydrogenation
processes, and more particularly, it relales o confinuaus
hydrogenation of feed materials in the liquid phase.

The produstion of certain organic materials by the con-
ventional Hguid-phase catalytic hydrogenation process
aften results in difficulties due to instability of the start-
ing material and/or instability of the finished prodnect.
Such instability results in poor yields and in lhe formation
of undesired condensation products and polymers. More-
aver, these undesired condensation products and polymiers
deposit on the surface of the calalysi and rapidly reduce
its activity.

The principal object of this imvention is fo provide a
liguid-phase catalytic hydrogenation process which gives
good yields of the desired reaction products and a long
catalyst life,

Farther and more specific objects, features, and advan-
tages will clearly appear frum fhe detailed description
given below.

Driefly, the hydrogenation process of this invention is
carried out in the liquid phase in u bath of inert lguid
which contains a hydrogenation cufalyst. The substancs
to be hydrogepated is fed to the bath together with an
excess of hydrogen sofiicicnt simultaneously to entrain
and remove substantially all of the liquid or gaseons
reaction product as the prodoel is formed, fogethsr with
substantially all of the unreucted starting material re-
sulting from the hydrogenaiion. The hydrogen may
contain a minor proportion (np to 10% by volume)} of
one or more inert gases such as nitfogen or methans.
The liquid is inert both to the reaciunts amd fo the prod-
ucts of the hydrogenation reaction end its boiling point
under the operating conditions of the reaction is above
the temperature af which the reaction is carried oot Ii
has Leen found that this process gives the minimum risk
of breakdown of the reactants or reaction products and
further preatly diminishes, or even completely avoids,
deposition of material on, and inactivation of, the catalyst.

Tt has further been found thai the use of large ex-
cesses of hydragen permits good dispersion and intermix-
ing of the catalyst and the substance to be hydrogenated.
A further advantage of the process of this invention
is that the optimum lemperature of the bath can easily
be cuntroled within very narrow Hmits. In carrying out
the process of this invention, it is preferred to introdncs
hydrogen at & rate which is at Teast abont 300 times the
volume of the bath in the reaction zone.

The liquid dilueni. or rezclion medium, threugh which
the catalyst is dispersed, desirably hus a boiling point at
least 50° C. above the reaction temperaturc, This liquid
diluent should forther be stable nnder the operating con-
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dilions of the reaction. It has been found that a diluent

with a boiling point zbove 200° C. is generally satis-

factory in carrying out this invention. Desirable reacizon

media are hydrecarbons, alcohols, and esters, having
5 the inertness and boiling points as set forth above. It
will be nnderstood that mixtures of the hydrocarbons,
alcohols, or esters can also be used. i

The specific reaction conditions, such as reaction fem-
peruture hydrogen feed rate, volume of the bath, and
the like, are chosen aceording to the particular type of
matcrial which is to be hydrozenaled.

"The apparatus itsclf can comprise a reactor provided
with a hcater and conduils for introdocing hvdrogen and
the hydrogenatable substance into the reuciion zoue, For
example, the reactor can be surmounted by # column
fitted with a condenser and the necessary pipes required
to withdraw the product and to reflux excess condensate
to the top of the columm.

The hydrogen feed pipe will preferably open into the
20 boitom of the reactor so that a uniform dispersion of the

hydrogen (hrovghoul the reaction zone gan be ensured by

a suitable device, such as an agitator, perforated plate,

perous plate, or ihe like. The coaduit throwgh which

the substuoce to be hydrogenaled is injected Into the
& reactor vessel preferably opens us near as possible to the
hydrogen foed point at the bottom of the reactor. With
{his equipment arrungement the hydrogenatable substance
wilt antomatically upd immimediately be dispersed throngh-
vul the bath by the stream of hydrogen.

1L will be understood that the process of this invention
can be carried ent at a pressure atber than atmospheric.

Tt will be vnderstond that the process of this invention
is broadly applicable to hydrogenatable materials. It is
especially spitable for the hydrogenation of aliphatic
and cyclic materials including aromatic and aliphatie-
arometic materials, carbonylic materials, and nitro com-
pounds. For example, this process is nseful in hydro-
zenating aldehydes to obtain the corresponding aleahols,
aromatics fo obtain corresponding alicyclics, unsaturated
40 hydrosarbons to the corresponding satnrated hydro-

carhons, and nitro proups to primary amines.

The following examples are givan to illustrate preferred
embodiments of this invention as it is now preferrad to
practice it. It will be nnderstood that the examples are

45 jlnstrative, and the invention Is not to be considered as

-restricted thereto except as indicatad in the appended

claims.
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IXAMPLE T

Three liters of 2-ethylhexyl-2-ethylhexanoate contain-
ing 300 g. of Anely divided copper catalyst suspended there-
in is introduced into a cylindrical reactor having a di-
ameter of 535 mm, and a height of 4 m. The catalysi-con-
faining hexanoate bath is brought to and maintained at
66 2 temperature of 178° C. and 300 g./br. lquid furfural

and 3.5 cubic meters/hr. hydrogen are confinuously in-
trodnced into the reactor, the hydrogen serving to remaove
the products of the reaction s they arc formed.

The reaclor Is sormounted by o 2-meter high packed

gn column fitled with 2 vondenser al the head of the columo.
An amount of reaction product corresponding to the
amounnt of farfural fed is withdrawn from the condenser
and the remainder of the condensate is refinzed to the
top of the columm {o maintain the high-boiling ester in

g5 the resetor snd o maintain a constaut reaction bath
volume.

Tnder thesa operating conditions 303 g./hr. of a mix-
ture consisting of 15 g, furfursl, 287 g of furfuryl alco-
hol and 3 g. of kigh-builing by-praducts is produced. This

7o tepresents a total comversion of fucfural of 25%, and o
99% vyield of furfuryl alcohol based on the amount of
furfural converted. .
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As proof that the cafalyst activity remains at ils orig-
inul high level, after 300 hours of running under operat-
ing conditions, exactly the same peroeninge conversion and
yields ure obtained. - :

EXAMPLE TI

Three liters of Z-ethylhexyi-2-efhylhexunvate contain-
ing 300 g. of finely divided nicke! catalyst suspended there-
io is infroduced into a cylindrical reactor having a di-
ameter of 55 mm1. and a height of 4 m. The catalyst-con-
laining hexanoate bath is brought to and maintained ut a
temperalure of 175° C., while 230 g./hr. aniline and 4.2
cibic meters/br. hydrogen are contimpously fed to the
reaclor, the hydrogen being introdnced at the bottom of
the reuctor snd serving to remove the products of the
reaclion as formed.

The reactor is surmounted by a 2-meter high packed
column filled with a water-cooled condenser at the head
of the column. In scries with the water-cooled condenser
iz a brine-cooled condenser. The cyclohexylamine is con-
densed and withdrawn from the top of the column, while
the remaining comlensute is refluxed to obtain unreacted
aniline and dicyclohexylamine at the base of the colemn,
from whenes they are removed,

Under these operating conditions 86.5% of the aniline
is converted to cyclohexylamine and cnly 7% is com-
verted to dicyclohexylamine, The wvnconverted aonilime
amonats to 4.7%.

Example IT thus {lTustrates a considerable improvemment
over prior art processss. The former vapor phase hy-
drogenation of aniline at atmospheric pressure produced,
in addition to the cyclohexylamine, larpe quantities of di-
cyclohexylamine as well as phenyleyclohexylamine. The
prior art limid-phase hydrogenation processes operated
under hydrogen pressures of 100 to 400 atmospheres to
obtain cyclohexvlamine vields of about 80%%.

By confrast, the process of this invention permits a
liquid-phase hydrogenation at atmospheric pressure to ob-
{nin good cyclohexylamine yields, This is apparenily due
10 rapid removal of the cyclohexylamine from contact
with the cotalyst in the bath. Thus, the concentration of
cyclohexylmaiue is low and the dicyclohexylamine forma-

tion is low,
EXAMPLE 11

Inip a cylindrical reactor idemtical with that of Ex-
aaaple I there is introduced a reaction bath consisting of
320 g. of fincly divided nicke! catalyst suspended in 3
liters of a hydrocurbon fraction containing about 80%
by weight of pentadecane, about 10% by wsight of tetra-
decane and about 10% by weight of hexadecane. This hy-
drocarbon fraction, at atmospheric pressure, distils off
from abont 255° {0 aboul 283° C. The catalvtic bath is
brought to snd maintained at a temperatmrs of 160° C.
C. and 196 g./hy. liguid furfuryl aleohol and 4.5 cubic
metars/hr. impure hydrogen containing 5% by volume of
inert gases (nitrogen and methane) ate contivvously in-
troduced tuio the reactor.

The reactor, ke that in Examples I et T, is surmounted
by a 2-meter high packed column fittcd with 2 condenser
at the head of the column, An amount of reaction prod-
uet corresponding to the amavnt of furfuryl aleocho! fed
is withdrawn from the condenser and the remainder of
e condensate is reffoxed to the top of the column o
inminizin the high-boiling dilnent mixture in the reactor
and {0 muinfain a constant reaction bath volume,

All the apparatus is mainfained at an overpressure of
0.5 kg./em 2,

Under these operating conditions 202 g./br. of a re-
aclion product consisting of 1.76 mole of tetrahydrofur-
furyl aleohol snd 22 g, of a mixture of aliphatic alco-
hols and dinls (resulting from the breakage of the for-
furyl pucleus), methylforane and furfuryl alcohol. The
- amount of umconverted furfuryl aleohol is abuut one
gram.

The teirahydrofurfuryl alechol yizld amounis to 88%
buscd on the amount of furfuryl alcohol converted.
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Whatis claimed is:

1. Tn a continuons liyuid-phase hydrogenation process
wherein liquid or gaseous reaction products are produced,
wherein the hydragenation elfecls conversion of aldehydes
to the corresponding alcohols, aromatic compounds to
the corresponding alicyclic compounds, uusaturated hy-
drocarbons to the corresponding satwraied hydrocarbons,
or nitrg compounds to the corresponding amines, and
wherein hydrogen is fed ia stoichiometric excess to fhe
reaction bath at a ratz sufficient simultaneously to entrain
and remove substantiaily sl of the liquid ar gaseons re-
action products as formed, the improvement whick com-
prises infruducing the hydrogen and the componnd 1o be
hydregenated into a bath containing a solid hydrogens-
tion cutalyst in a reaction inert lignid which js stable under
the vperating conditions of the reaction, said Hquid hay-
ing a boiling point above the temperatnre at which the
hydrogenation process is condncted,

2. The method of claim 1 wherein the rate of hydro-
gen introduced i3 not less than (L3 cubic meter per hour
per Hter of bath,

3. The method according fo claim 1 wherein said
liquid beils at lenst 50° C, ubove the reaction temperaturs,

4. The method of claim 1 wherein the fnert Hguid has
o boiling pyint ubove gbout 200° .

5, The method of claim 3 wherein the inert Hguid is
a hydroearbon, alechol or ¢ster.

6. The method ol claim ¥ wherein the fnert lignid is
2-ethy! hexyl-2-ethylkexanoate.

7. The method of clairu 6 wherein the substance to
be hydrogenated is furfural,

8. The method of claim 7 wherein the catalyst is a
copper hydrogenation catalyst, said bath is maintaincd
ut about 178° C. and the amount of hydrogen fed iz at
Icast about 300 times per konr the volume of the bath.

Y, The method of claim ¢ wherein the subslsmee {o be
hydrogeneted is aniline.

1. The method of claim 9 wherein the catalyst is 2
nicksl hydrogenation catalyst, said bath is maintained at
about 175° C. and the amount of hydrogen fed is at
least aboutl 300 times per hour the volume of the bath.

11, The method of claim ¥ wherein the inert Tiguid
is & mixtuge of ydrogen containing about 80% hy weipht
of peniadecane, abont 10% by weight of tetradecane and
ahont 10% by weighi of hexadecane, and the substance
o be hydrogenated is furluryl alcohol,

12. The mcthod according to claim 31 wherein the
catalyst is a nickel hydrogenation catslyst, fhe bath is
maintained at about 160° C. and the amount of hydro-
gen fed is at least about 300 times par hour the valume
of the bath,
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