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1.) Process for the preparation of tertiary N,N-di-

methylamines by the reactian of primary amines with
formaldehyde and hydrogen as starting materials
under pressure and at elevated temperature on a
nickel-containing hydrogenation catalyst in liquid
phase, characterised in that the hydrogenation
catalyst is suspended in a solvent, the nickel
concentration is 0,1 to 10 % by weight, related to
the primary amine to be used, the starting mate-
rials aie separated from each other at 80 to 150°C
and 1 to 15 MPa but are fed into the catalyst sus-
pension at the game time with mixing and reacted in
one reaction step to form tertiary N ,N-dimethyl-

amines.
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bEe N : o
. - - 2

Nz



Cete
L]
eqey

e sco

(¢

L S

& Srwiisi

eee

)

They can serve as polymerisation and curing catalysts

Process for the preparation ofrtertiary

N,N-dimethylamines

The present invention relates to a process for the pre-
paration of tertiary N,N-dimethylamines by the reaction
of primary amines with formaldehyde and hydrogen on a
hydrogenation catalyst in liquid phase. Any monovalent
or multivalent primary amines as well as mixtures
thereof can be used as the amines. The reaction takes
place at elevated temperature and generally requires @n
elevated pfeséure. It results in fhé complete replace-
ment of all the hydrogen.atoms located on the amine
nitrogen atom by a-methyl group, watcr.being fdrmed..
This réaction is also termed hydrogenating N-methyla-

tion of amines.
Tertiary amines are industrially significant compaounds.

for the production of epoxy and urethane-based ﬁlas~
tiési.Mdreover, they are suitable as corrasion
inhibitors'aﬁd adsorption agents for synthesis gas
scrubbing. This applies in particular to the easily

prepared dimethyl derivatives.

The hydrogenating methylation of primary amines with
formqldehyds and nydrogen is an important synthesis
route to the preparation of methylated amines. A suin-
mary of this process is to be found in Houben-Weyl,

Methoden der organischen Chemie; Vol., XI/1, pages 641

SAMASEL o
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_the formaldehyde, are to contain a reduced amount of

N

to 643, 4th edition (1957).

ﬁ;;ﬁq§%==/ o

According to DE-0S 19 32 422 the reaction can be per-
formed using conventional fixed-bed catalysts in liquid

phase.

The older application DE 37 21 539 describes a modified
process. Here, the starting materials amine, formalde-

hvde and hydrogen are heated separately to a specified

_temperaturé and then mixed in the prssence of a fixed-

-bed catalyst; The starting materials, in particular

' watef. The fixed catalysts are located in tubular reac-

tors which can withstand the necessary high pressures.

However, it is also possible tordiépeﬁse with the use
of complicafed'high-pressure tubular feactors and to
perform the reaction in sfirred vesseis or loap
reactors, for example. In this case the hydrogenating
N-methylation is conducted with the aid of a suspended
hydrogenation catalyst. This process is also called the
suspension method, The present invention relates to

this process variation.

After prolonged use the hydrogenation catalysté decom~
pose to an increasing extent. The resultant fine-

-grained particles are undesirable as they make the

. "\"\‘.mf;rmq AR, e i bty <422 < e . : R . .




separation of the suspended catalyst after reaction
more difficult. Nﬁrmally, the suséended catalyst is
removed by sediméntation and/ér centfifdgatibn and/or
filtration. The finer the catalyast particiesﬂare, the
more difficult it is to remove them from the reacfion
mixture. A smaller particle size means a reduction in
the rate of sedimentation, which also has a negative
effect on centrifugatidn..lf filtration-is'employed to

separate the catalyst, particularly small particles

quickly block the filtration unit owing;to clogging of

the filter pores. This causcts a rise'in'pressure in the
apparatus with the result that filtration has to be

interrupted to eliminate the clogging.

Tﬁe inqideﬁce of fprmic.acid,'which probably forms froam
forﬁaldehyde through the Cannizzaro reaction, is also
undesirable. It removes a corresponding amount of amine
from the reaction in the form of a salt. The free acid
and the amine salt promote corrosion in the reactor

system,

Further disruptive side reactions are a result of the
polymerisation of formaldehyde with itself and the.poly-
condensation between the amine and the formaldehyde to
hexahydrotriazines or, in the case of multi&alent,
amines, to higher molecular compounds., The formation of

polymeric substances produces s reduction in the

v
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catalyst activity owing to caking of the suspended
catalyst and can even lead to the reactor being
blocked. The unavoidable consequence is that the cata-

lyst has to be changed.

The EP-A 0 142 868 recommends for the N~alkylation of
amines the use of special hydrogenation catalysts which
contain at least one of the elements Co, Ni, Ru, Rh, Pd
and Pt on carbon as a carrier. The catalyst 1is sus-
pended in the amine and the carbonyl compound added
continuously. Aluminium oxide, silicon dioxide and
«iliceous earth are undesirable as carriers for the
hydrogenation catalysts since they do not ensure good
distribution of the catalyst in the reaction system,
Although metal catalysts without carriers, such as
Raney nickel, Raney cobalt, palladium black and plat-
inum black are very active, they do not produce good

resylts, as comparative tests have shown.

The ES 538 216 produces comparable findings. While Pd
and Pt-containing catalysts give good results on
activated carbon, Raney nickel and a standard nickel
carrier catalyst produce highly unfavourable results in
the N-methylation of primary amines -~ confirmed in

comparative tests,

As can be seen from the preceding statemsnts, the

it
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successful use of nickel-containing catalysts for the
reaction of primary amines with formaldehyde and hydro-
gen is limited to a special nickel-activated carbon

carrier catalyst.

Surprisingly, it has been found that the N-methylatian
of primary amines using any nickél-cuntaining catalysts
can'be'perfofmed without any éppfeciable reductian in
conversion and selectivity, With nearly quahtitativé
CQnVersion,_the reactioh pfodUces distillative yields

of 90% and more related to the amine used.

fhese tasks are solved by a process for the preparation
of tertiary.N,Nadimethylamines hy the reaction of
primary amines with formaldehyde and hydrogen as start-
ing materials under pressure and at elevated tempera-
ture on a nickel-containing hydrogenation catalyst in
liquid phase, characterised in that the hydrogenation
catalyst is suspended in a solvent, the nickel concen-
tration is 0.1 to 10 % by weight, related to the
primary amine to be used, the starting moterials are
separated from each other at 80 to 150°C and 1 to 15
MPa but fed into the catalyst suspension at the same
time with mixing and reacted in one reaction step to

form tertiary N,N-dimethylamines.

The starting materials are reacted according to a
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proven method preferably at 90 to 130, in particular 95 to
125, most preferably 100 to 120°C. The pressure is
preferably 1.5 to 12 MPa, in particular 3 to 10 MPa, most
preferably 5 to 8 MPa. '

The hydrogenation catalyst is preferably not to
exhibit less than 10% by weight of Ni, related to the total
amount of catalyst. Hydrogenation catalysts with at least
20% by weight of Ni, related to the total amount of '
catalyst, are well suitéd These include a series of
commerc1ally available carrier catalysts having 20 to 80, in
particular 40 to 70, preferably 50 to 65% by welght of Ni,

_related to the’ total amount of”’ catalyst In many cases

catalysts hav1ng ‘at least 40% by WEIth of Ni, related to

"the total amount of catalyst, are used.

The nickel- contalnlng catalysts can be on carriers

but can also be free of- carriers. In’ addltlon to N1 they

may also contain conventional additives and/or promoters,
for example, alkaline earth oxides, 8102, Al,0,, Mno, and/or
Cr,O0, '

The use of carrier'catalysts is advantageous.
Al,0,, SiO,, siliceous earth, silica gel, activated carkon
and/or pumice stone, in particular Al,o0,, §i0,, siliceous
earth and/or silica gel, preferably 8i0,, siliceous earth
and/or silica gel serve as carriers.
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The pracess according to the invention does not depend
on the kind of primary amines used. In general, it‘can
be used with all organic compounds with one or more
primary amine groups. Monovalent and/or multivalent
primary amines can be employed as amines. Aliphatic or
cycloaliphatic amines ban.also be used in the Némethyla~
tion according to the invention as well as araliphatic,
aromatic or hetefocyclic_amines.'MiXtufes of these can

also be used.

The primafy amines have a total bf 1 to 40 carbon
atoms, The substituents available can be straight-chain
énd/or brénched alkyl gfoups having 1-to_24_caibon
atoms, unSubstituted and/or substituted cycloalkyl
groups hévihg 5 to 20 carbon atoms, unsubstituted
and/or substituted aromatic groups having 6 to 20 car-
bon atoms or heterocyclic groups having 4 to 20 carbon
atoms which can contain oxygen, sulfur and/or nitrogen

as the heteroatom.

Examples of primary aliphatic amines are: methylamine,
ethylamine, propylamine, n- and i~butylamine, 3«methyl-
butylamine, n-pentylamine, 2-methylpentylamine, n-hexyl-

amine, n- and i-heptylamine, n~ and i-octylamine, n-

and i-nonylamine, n- and i-decylamine, n- and i-undecyl-

amine, 2-methylundecylamine, n-dodecylamine, n- and

i-tridecylamine, n- and i-hexadecylamine, stearylamine,

L
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cerylamine, ethylenediamine, 1,3-diaminopropane, 1,4-di-
aminobutane, 1,6-diaminohexane (hexamethylenedi- .

/ [
amine-(1,6)), &), &I ~wpolyalkylenediamines, aminoalcohols’

such as ethanolamine, propanolamine, diglycolamine,

The following are mentioned as examples of cycloalipha-
tic amines: cyclapentylamine, cyclohexylamine and

tricyclodecanamines. The ring systems can exhibit

‘substituents, in particular alkyl groups.

Examples of araliphatic amines are: benzylamine, alpha-

and beta—phenyléthylamine and phenylpropylamine,

Examples of aromatic amines are: aniline, toluidine,
benzidine (4.4'-diaminodiphenyl), phenylene diamine,

substituted and unsubstituted naphthylamines.

The process according to the invention has proved par-
ticularly successful in the N-methylation of straight-
-chain and/or branched primary eliphatic amines,

As their number of carbon atoms ihcreases, primary
aliphatic amines tend to transalkylate in the presence
of nickel-containing hydrogenation catalysts forming
correspondingly substituted dialkylamines and trialkyl-

amines,



Wheq)the process according to the invention is em-
ployed, these u&desirable transfers of an alkyl group
from one amine nitrogen atom to another do not occur.
Thus this procedure is admirably suited for the reac-
tion of primary aliphatic amines having 4 to 24, in

particular 6 to 20 and preferably 8 to 16 carbon &atoms,

The nickel-containing catalyst can be used in lump
form, for example as filaments, tablets, pellets or
granules but also in crushed form or as a powder, The
grains should not be too fine nor too coarse, Coarse
catalyst particles have an unfavourable effect because
they have too small a surface for the reaction to take
place on, On the other hand, the fine-grained catalysts
are highly reactive owing to their large surface but it
is difficult to separate them by sedimentation, centri-
fugation or filtration owing to their small particle
size, The removal of nickel-containing catalysts after
the reaction has been completed is necessary in order
to avoid undesirable side reactions during purificas-
tion, During distillation even minor amounts of nickel
lead to rearrangements and transalkylations, The by-
-products thus formed contaminate the desired tertiary

N,N«dimethylamine,

Before the reaction begins, the nickel«containing

hydrogenation catalyst is suspended in a solvent. This
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solvent is to be inert to the reaction taking place,
i.e, it must not intervene in the N-methylation as a

reactant.

Suitable solvents are the reaction product, aliphatic,
cycloaliphatic, aromatic hydrbcarbons. ather and/or

alcohols,

In many cases cyclic ether and/or aliphatic alcohols

have proved their worth,

Tetrahydrofuran, dioxane and/or aliphatic alcohols
having 1 to 6 carbon atoms, in particular methanol,
ethanol, propanol, i-propanol, n-butanol and/ar s

i-butanol have proved particularly successful,

In view of their good solubility in water methanol,
ethanol and/or propanols, in particular methanol and/or
ethanol, preferably methanol ere recommended as sol-

vaents.

The solvent is to be selected depending on the primary
amine to be reacted, Amines with o relatively high
molecular weight require solvents of low polarity, e.g.
benzene, toluena and/or xylene, but mixtures of dife
ferent solvents con alsgo be used., In order to adjust

the required polarity, it may be negessgery ta mix

T e - P - ‘( e <
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unpolar solvents with polar salvents.

When primary amines are reacted with formaldehyde and
hydrogen, water is formed, Apart from this reaction
water, water also enters the reaction with the feed

materials, in particular with the formaldehyde,

It is recommended to limit the water content. At the

end of the reaction it should be max, 35, in particular

25, preferably 15 % by weight, related to the total

reaction mixture, If there is too much water, this can
lead to the formation of & heterogeneous water phase

and also to damage of the nichal-containing catalyst, '

A haterogeneously forming water phese settles at the
bottam of the resctor and prevents the raaction at
least in the area where it surrounds the catalyst. This
part of the catalyst which iS'surrounded'by°Watar°is no

longer available for the reaction,

Too high a water content, particularly over an‘axﬁanded
period of time, leads to an impairment of the catalyst
activity and redUcas both the gonversion and the selec-
tivity of the reaction, Moreover, rapid decomposition
of the catalyst is promoted, This applies to a great
extant to & number of carrier cetalysts. Obviously the

water attacks the corrier material and quickly reduces




its life.

Rapid decomposition of the suspended catalyst is dis-
advantagecus owing to the poor separability of fine-

~grained catalyst particles.

The water in the reaction mixture can be limited by the
type and quantity of solvent and also by the formalde-
hyde to be used, which can contain about 60 % by weight
and more of water, related to the formaldehyde

salutian,

Solvents which can dissolve water to a limited or high
deqree prevent the formation of a heterogeneous water
phase. They should be present in a percentage of at
least 6§ ¥ by volume, related to the volume of all the
liquid starting materials, but far georiamic reasons not

more than 50 % by volume,

In many cases adding 5 to 40, in particular 10 to 30,
preferably 15 to 25 % by volume of solvent, related to
the volume of all the liquid starting materiels, is
sufficlent. If less reaction water forms per vaolume
unit of amine, it is sufficient to add 5 to 20 % by
volume; if more réactiOn water is releasaed per volume
unit, it is recommended to add 10 to 30 or 15 to 35 %
by volume, related to the volume of all the liquid

o
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starting materials,

At least some of the solvent is placed in the reactor
at the beginning with the nickel-containing hydrogena-
tiuiv catalyst. More can be added to the reaction with
one of the starting materials, preferably with formal-

dehyde.

The use of a low-water, solvent-containing formaldehyde
has proved particularly successful. fuch solutions con-
sist of formaldehyde, 5 to 15, in particular 7 to 12 %
by weight of water and 25 to 55, in pavticular 30 to 40
% by weignt of an aliphatic alcohol, in particular

methanol,

A solution containing about 55 % by weight of formalde-
hyde, 10 % by welght of water and 35 % by weight of
methanol 1s well suited. A product with this composi-

tion is nn the market,

The solvent can ¢.s0 be added to the reaction with the
amine., This is to be recommended especially with pasty

or solid primary amines of higher molecular weight.

Normally the reaction is performed in a pressure-tight
vessel. The required mixing can be performed by cir-
culating the suspsnded hydrogenation catalyst and/or by

stirring. In many cases a conventional stirred vessel

o e S G B A S 0 S AN A B B e i e RSN -




can be used. The reaction can be performed continuously

or discontinuously; it is particularly suitable for

discantinuous operation.

The optionally crushed, nickel-containing hydrogenation
catalyst is placed in the pressure vessel together with
the solvent and suspended by mixing. The suspénsion is
heated to 80 to 150°C. The pressure of 1 to 15 MPa is

adjusted by adding hyrirogen.

A major feature of the invention is that the starting
materials are introduced separately but simultaneously

into the catalyst suspension with mixing.

This means that amine, forsaldehyde and hydrogen are
fed through their own separate lines into the reaction

zone where the suspended catalyst is located.

It is also possible to add the hydrogen to the reaction
in a mixture with the amire or in a mixture with the
formaldehyde It is furthermore possible to distribute

the hydrogen between the amine and formaldehyds,

All three starting materials, amine, formaldehyde and
hydrogen, may only come intc¢ contact with each other in

the presence of the suspended catalyst,

i
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If the hydrogen is fed into the reaction together with
one of the other starting material-, the amine and fhe
formaldehyde may only be added in the presence of the

suspended nickel-containing catalyst. In this case as

well, all three starting materials only come into

contact with each other in the presence of the catalyst.

It is possible to have the lines of two or all three
starting materials termin~ting in the zone of the
suspended catalyst. The arrangement of the lines to
be selected depends .oth on the amourts of material and
on the geometry of the reaction zone and the required
flow conditions, If the throughput of the substa

per time unit is to be substanticl, it is recome.

to use not only one but several lines per staiti-
material, Should the flow conditinns riot ensure . 1e-
quate mixing of the reactants in the catslyst zone, the
use of additional distributing equipment is useful.
These distributors can, for example, be mounted as ring
showers or shower heads at the end of a line. However,
other distribution systems such as jets, frits or pipe

bundles can also be used,

In accordance with a special embodiment of the inven-
tion primary amine and formaldehyde are introduced into
the catalyst suspension through two separate dip pipes.

The hydrogen can be introducet either through another




DO waw
-
-
-

e SV

dip pipe into the reaction zone or through a pipe
nozzle into the gas chamber located above the sus- '

pensian.

The reaction conditions, especially the pressure, tem-
perature and duration of reaction, also depend to a
certain extent on the type of primary amine and the

suspended hvdrogenation catalyst.

Amines of low thermal stability are reacted at 80 to
106°C, amines of medium reactivity at 100 to 2120°C and

those of low reactivity at 120 to 150°C.

Nickel-containing catalysts with high activicy permit a
reaction at relatively low temperatures whereas cata-

lysts with medium activity require higher temperatures,

The activity of a catalyst drops as a function of its
length of use. Catalysts which have been re-used sev-
eral times in hydragenating N-methylation require ever
higher reaction temperatures in the course of tima in
order to ensure an optimum synthesis process. Even
originally very active catalysts can require reaction

temperatures of 140°C awnd more.

The amount of formaldehyde required depends on the

number of hydrogen atoms on the primary amine nitrogen.
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preferally wmosk

4J.to 2, in particular 1 to 1.5,4preferably 1.1 to 1.25
moles of formaldehyde are used per gramme atom of
hydrogen to be substituted. As a rule a stoichiometric
excess of 5 to 30 mol. % of formaldehyde will have a

positive effect on the reaction.

The amount of hydrogen required is governed by the

stoichiometry of the reaction. Normally, the hydrogen

is added in an amount which ensures that a specified
¢ pressure is maintained. Excess hydrogen used can be
separated from the reaction and fed back into the

reaction process. o

The primary amine and formal!dehyde are added separately
o but simultaneously. This must not take place too quick-
l“
ly owing to the risk of undesirable by-products being

formed. Slightly too rapid dosing of amine and formal-

”~
o
-
e 7

dehyde can be corrected by an after-reaction without

appreciable amounts of by-products being formed. In
e most cases a time of 0.5 to 2 hours is sufficient for

this purpose. However, too slow addition can promote

the formation of higher-boiling substances.

The charging rate should be the same for all feed
materials, especially for the primary amine and the
formaldehyde. It depends on various factors such as

size of the batch, reactivity of the amine, type of
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amine, reactor geometry, type of catalyst, nickel
concentrution, intensity of mixing, pressure and
temperature. It is to be adapted to the prevailing
conditions and, if necessary, is to be determined by
experiment. Here, the consumption of hydrogen per time
unit is a useful aid to check the progress of the

reaction. When no more hydrogen is .consumed, the

reaction is completed.

The following examples substantiate the invention

without limiting it.
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‘" Example .1;

The reactor vessel consists of a 2 1 stirred autoclave
which has 2 dip pipes in addition to an inlet for the

supply of hydrogen.

5 g of a pulvarised nickel catalyst (~v50 to~—53 % by
weight of Ni and roughly 25 to 30 % sy weight of diato-
maceous earth as carrier; proprietary product of
Hoechst AG: RCH Ni 52/55) and 100 g of methanol are
poured into this vessel, The pulverised catalyst is
suspended with stirring and the desired conditions (10

MPa hydrogen pressure; 120°C) are adjusted.

After the desired conditions have been reached, 258 g

(2 moles) of n-octylamine and 275 g of a formaldehyde
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solution (—~~55 % by weight of formaldehyde, ™~ 10 % by
weight of water and ~~ 35 % by weight of methanol) -
corresponding to 5 moles of formaldehyde - are simul-
taneously pumped into the catalyst suspension via the

two dip pipes over a period of 2 hours.

Examples 2 to 4

The procedure is analogous to example 1 but the pumping
time varies for the feed materials n-octylamine and
formeldehyde. It is 90 minutes in example 2, 60 minutes

in example 3 and 30 minutes in example 4.

Example §

The procedure is analogous to example 1 but 5 g of a
different pulverised nickel catalyst are used (~~55 %
by weight. of nickel on diatomaceous earth as the car-

rier, proprietary product of Hoechst AG: RCH Ni 55/5).

Comparative test A

Using the reactor vessel described in example 1, 258 g
(2 moles) of n-octylamine and 5 g of the nickel cata-
lyst used in example 1 are taken. The addition of

methanol is dispensed with.

The pulverised catalyst !s suspended with stirring and
the desired conditions (10 MPa hydrogen pressure,

120°C) are adjusted.
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After the desired conditions have been reached, 275 g
of the formaldehyde solution used in example 1 - cbr-
responding to 5 moles of formaldehyde - are pumped in
over a period of 2 hours. The reaction product consists
of 2 phases, the lower phase consisting of 98 % by
weight of weater and 2 ¥ by weight of N,N-dimethyl-n-
-octylamine. The composition of the organic phase is
shown in table 1 under A. A comparison with example 1

sh.ws a clear deterioration in the yield of value product.

In the following table 1 the results of the GC analysis
(sampling directly after end of the pumping process)
are given for examples 1 to 5 and comnarative test A.
Table 2 contains the results of examples 2 to 5, in

each case after 1 hour after-reaction.

Table 1

Example 1 2 3 4 ;,5 A

Compasition *!

n-octylamine - 40.1 40,1 £0.1 - £0.1
N-methyl-n~octylamine 0.2 0.9 1.1 2.3 i.l
N,N-dimethyl«n-octylamine 93.1 93.3 96.2 98.1 96.7 78.26
N,N-dioctyl-methylamine 2,5 4.6 1.0 - 0.3 15.9

*) all figures in % by weight; Hy0 and methanol excluded

from calculation.
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Table 2

Example 2 3 . 4 "5

Composition *)

n-octylamine - - - -
N-methyl-n-gctylamine 0.2 0.5 0.6 1.1
N,N-dimethyl-n-octylamine 93.7 96.7 98.4 97.8
N,N-dioctyl-methylamine 4,7 0.7 - 0.1

*) all figures in % by weight; H,0 and methanol excluded

from calculation,

¥

Examgle 6:

The procedure is analogous to example 1.

After the desired conditions have been reached, 185 g
(L mole) of n-dodecylamine and 138 g of the formalde-
hyde solution used in example 1 - corresponding to 2.5 f
moles of formaldehyde -~ are pumped in through the two
dip pipes separately but simultaneously over a period
of 2 hours. The reaction mixture contains 0.6 % by
weight of N-methyl-n~dodecylamine, 93.6 % by weight of
N,N-dimethyl-n-dodecylamine and 0.6 % by weight of
N,N-didodecylmethylamine (GC analysis; H20 and methanol

excluded from calculation).
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Comparative test B

The procedure is analogous to the comparative test A

but instead of n-octylamine 185 g (1 mole) of n-dodecyl-
amine and 3 g of the nickel catalyst used in example 1
are taken. 138 g of the formaldehyde solution are added

as described in comparative test A.

The reaction mixture consists of 2 phases, the lower
one consisting of 89.7 % by weight of water and 10.3 %
by weight of methanol. The upper organic phase contains
0.9 % by weighti of N-methyl-n-dodecylamine, 80.3 % by
weight of N,N-dimethyl-n-dodecylamine and 16.7 % by
weight of N, ,N-didodecylmethylamine (GC analysis; H20

and methanol excluded from the calculation).

A comparison with example 6 shows a clear deterioration

in the yield ofkvalue product,
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PEBEREXEXAXmS

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
Process for the preparation of tertiary N,N-di-
-methylamines by the~réaction of primary amines with
formaldehyde and hydrogen as starting materials
under pressure and at elevated tempéréture on a
nickel-containing hydrogenation catalyst in liquid
phase, characterised in that the hydrogenation
catalyst is éuspended in a solvént, the nickel
concentration is 0,1 to 10 % by weight, related to
the primary_amine'to:be'u$ad. the starting'mate-
rials ére sépafated from éach other at 80 to 150°C
and 1 to 15 MPa but are fed into the catalyst sus-
pension at the'sdme.time with mixing and reacted in
one reaction step to form tertiary N,N-dimethyl-

amines,

Process according to claim 1, characterised in that

- the starting materials are introduced into the cata-

lyst suspension and reacted at 90 to 230, parti-

cularly 95 to 125, preferably 100 to 120°C,

Process according to one or both of the claims 1 to
2, characterised in that the starting materials are
introduced into the catalyst suspension and reacted

at 1.5 to 12 MPa, in particular 3 to 10 MPa,

Process according to one or more of the claims 1 to

3, characterised in that the concentfatian of



5.)

7.)

9.)

nickel is 0.2 to 5, in particular 0.3 to 2.0, pre-
ferably 0.6 to 1.3 % by weight, related to the

primary amine to be used,

Process according to one or more of the claims 1 to
4, characterised in that the catalyst contains 20
to 80, in particular 40 to 70, preferably 50 to 65

% by weight of nickel.

Process according to one or more of the clawms 1 to
5, characterised in that the nickel-containing cata-

lyst exhibits A120 8i0,, siliceous earth, silica

31
gel, activated carbon and/or pumice stone as

carriers,

Process according to one or more of the claims 1 to
5, characterised in that the nickel-containing cata~
lyst exhibits A1203. Si02, siliceous earth, and/or

silica gel as carriers,.

Process according to one or more of the claims 1 to
5, characterised in that the nickel-containing cata-
lyst exhibits 5102, siliceous earth and/or silica

gel as carriers.

process according to one or more of the claims 1 to

8, characterised in that straight-chain and/or
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10.)

11.)

12.)

13.)

14.,)

branched aliphatic amines having 4 to 24, in parti-
cular 6 to 20, preferably 8 to 16 carbon atoms are

used as the primary amine,

Process according to one or more of the claims 1
to 9, characterised in that the reaction product,
aliphatic, cycloaliphatic, aromatic hydrocarbons,

ether and/or alcohols are used as solvents.,

Process according to one or more of the claims 1
to 9, characterised in that cyclic ether and/or

aliphatic alcohols are used as solvents.

Process according to one or more of the claims 1
to 9, characterised in thet tetrahydrofuran,
dioxane and/ar aliphatic alcohols having 1 to 6
carbon atoms, especially methanol, ethanol, pro-
panol, i-propanol, n-butanol and/or i-butanol are
used as solvents,

Process according to one or more of the claims 1
to 9, choracterised in that methanol is used at

the solvent.

Process according to one or more of the claims 1
to 13, characterised in that the proportion of the

solvent is at leonst § % by volume, related to the
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volume of all the liquid starting materials.

15.) Process according to o.e or more of the claims 1
to 14, characturised in that the proportion of the
solvent is 5 to 40, in particular 10 to 30, prefer-
ably 15 to 25 % by volume, related to the volume

of all the liquid starting materials,

16.) Procsss according to one or more of the claims 1
to 15, characterised in that formaldehyde is used
as a sulution, which apart from formaldehyde con-

s tains 5 to 15 % by weight of water and 25 to 55 %

-

by waight of an aliphatic alcohol, in particular

methanol.

17.) Process according to one or more of the zlaims 1
te 15, characterised in that formaldehyde is used
as a solution, which apart from formaldehyde con-
tains 7 to 12 % by weight of water and 30 to 40 %
by weight of an alipbatic alcohol, in particular
methanol.

DATED this 7th day of December 1988.
HOECHST AKTIENGESELLSCHAFT

EDWD. WATERS & SONS
PATENT ATTORNEYS

50 QUEEN STREET
MELEOURNE. VIC. 3000.
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