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Description
PROCESS FOR PREPARING POLYETHERAMINES

The present invention relates to a process for preparing polyetheramines

using cobait catalysts.

Polyetheramines contain at least one polyalkylene glycol group, which
crucially influences their properties. A high proportion of polyethyiene glyeol
units gives rise o water-soluble polyetheramines, and a high proportion of
polypropylene glycol units to water-insoluble polyetheramines. Moreover,
the change in the molar masses of the polyalkyiene glycols allows melfing
point and viscosity of the polyetheramines to be influenced. By virtue of the
selection of suitable starter alcohols for the alkoxylation, it is possible o
achieve surfactant properties. Moreover, it is possible with polyhydric
alcohols to form branched polyetheramines which then lead, after
aminolysis, to polyfunctional amines. This gives rise o various means of
influencing the properties of a polyetheramine based thereon in a controlled

manner by the selection of suitable polyalkylene glycols.
The prior art discloses various processes for preparing polystheramines.

DE-A-16 43 426 describes a process for preparing polyoxyalkylensamines
proceeding from the corresponding alcohols using a nickel-copper-
chromium catalyst which contains 80-85 mol% of nickel, 14-37 mol% of

copper and 1-5 mol% of chromium.

US-4 818 717 describes a process for preparing primary amines
proceeding from oxyethylene glycol moncalkyl ethers using a cataiyst
which contains 50-80% by weight of nickel, 10-15% by weight of copper
and 0.5-5% by weight of the elements chromium, iron, titanium, thorium,

zirconium, manganese, magnesium or zinc,
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US-5 352 835 describes a supported catalyst for aminolysis, which is used
for the conversion of polyoxyalkylena glycols to the corresponding amines,
In this case, the catalyst consists of 15-30% by weight of nickel, 3-20% By
weight of copper, 0.5-1% by weight of molybdenum and at least 50% by

weight of y-aluminum oxide, which serves as the support material.

US-4 766 245 describes a process for preparing polyoxyatkylene-
polyamines proceeding from the corresponding alcohols using a Raney
nickel/aluminum catalyst which consists of nickel to an extent of 80-75%

and of aluminum to an extent of 40-25%,

DE-A-36 08 716 describes a process for preparing polyoxyaikylenepoly-
amines proceeding from the comesponding alcohols using 2 Raney nickel
or Raney nickel/aluminum catalyst which additionally also contains 0.2-5%

molybdenum.

US-5003 107 describes a process for reductive amination of
polyoxytreiramethylene glycols using a catalyst which contains 70-75% by
weight of nickel, 20-25% by weight of copper, 0.5-5% by weight of
chromium and 1-5% by weight of molybdenum.

DE-A-44 28 004 describes a process for preparing amines proceeding from
alcohols, in which the catalyst contains 20-85% Zr, 1-30% Cu, 30-70% Ni,
0.1-5% Mo, G-10% aluminum and/or manganese, in each case calculated

as the oxide,

US-A-2003/0136289 describes an improved process for preparing aminss
proceeding from alcohols, aldehydes or ketones by means of a catalyst

which, as well as nicke!, copper and chromium, also comprises tin.

DE-A-19 53 263 describes a process for preparing amines proceeding from
aicohols by means of a catalyst. The metal content of the catalyst consists

of Co and Ni to an extent of 70 to 95% and of copper to an extent of 5 to
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30%. In this catalyst, the weigltt ratio of Co to Ni ranges from 4:1 1o 1:4.

DE-A-102 11 101 describes a process for preparing amines proceeding
from alcohols or aldehydes, in which the catalyst contains 22-40% Zr, i-
30% Cu, 15-50% Ni, 15-50% Co, calculated in each case as the oxides.

DE-A-1570 542 discloses a process for preparing polyetheramines,

characterized in that polyethers of the formula | or I}

HO-R-(OR}-OH (1)

ZI{OR)n-OHlm {n

in which R is an aliphatic radical having 2-4 carbon atoms, 7 is a divalent to
hexavalent aliphatic, araliphatic, aromatic or alicyclic radical which may be
interrupted once or more than once by ether or amino groups,
carbonamide, urethane or urea groups, n is integers from 1 to 50 and
m=2 o 6 according to the valency of Z, in the presence of water and
hydrogen over a hydrogenation-dehydrogenation catalyst consisting mainily
of an element of the 8th transition group is reacted with ammonia at 200-
280°C, preferably 220-250°C, under pressure.

It has now been found that, surprisingly, polyetheramines or
polyoxyalkyleneamines,  especially  primary  polvetheramines  or
polyoxyalkyleneamines, can be prepared from the corresponding alcohols
and ammonia or amines (in the presence of hydrogen) at high conversions
and selectivities by using a heterogeneous catalyst whose metal content,
based on the dry, reduced catalyst excluding any support material present,
either consists of cobalt to an extent of at ieast 80% by mass or consists of
metals from the group of coball and aluminum to an extent of at least 80%

by mass, and which comprises less than 5% by mass of copper,

It is possible here to use either support catalysts which, apart from the

catalytically active metal content, also comprise support material, and metal
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catalysts without additional support material, for example the so-called “‘Raney

n

catalysis”.

The process is suitable both for continuous and baichwise preparation of
polyetheramines.

[Summary of Invention]
The present disclosure thus provides a process for preparing polyetheramines of
the formula |

RPNR'R%n ()

in which n is from 1 to 20, R? is an organic radical which comprises between 2
and 600 oxyalkylene groups, and R1 and RS are the same or different and are

each hydrogen or an organic radical having from 1 to 400 carbon atoms, by

combining a compound of the formula 2

3
< @

il
~. Rt

with a compound of the formula 3
2
R™(OH)n (3)

in the presence of hydrogen with a catalyst which is metallic and whose metal
content, based on the dry, reduced catalyst excluding any support material
present, either consists of cobalt to an extent of at least 80% by mass or, in the

case of the Raney catalysts, consists of metals from the group of cobalt and
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aluminum {o an extent of at least 80% by mass, and which contains less than 5%

by mass of copper.

In one aspect, there is provided a process for preparing amines of the formula |

RZ(NR'RY), 0

in which n is a number from 1 to 20, R? is an organic radical which comprises
between 2 and 600 oxyalkylene groups, and R1 and R3 are the same or different

and are each hydrogen or an organic radical having from 1 to 400 carbon atoms,
by combining a compound of the formula 2

with a compound of the formula 3
R*(OH); (3)

carried out continuously in a fixed bed reactor in the presence of hydrogen with a
catalyst which is metallic and whose metal content, based on the dry, reduced
catalyst excluding any support material present, either consists of cobalt to an
extent of at least 85% by mass or, in the case of the Raney catalysts, consists of
metals from the group of cobalt and aluminum to an extent of at least 80% by

mass, and which contains less than 5% by mass of copper.
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The catalyst used for the process according to the invention contains,
based on the dry, reduced catalyst excluding any support material present,
either preferably at least 85% by mass, more particularly at feast 90% by
mass, especially at feast 95% by mass of cobalt, or, for the Raney
catalysts, preferably at least 85% by mass, more particularly at least 80%
by mass, especially 95% by mass of metals from the group comprising
cobalt and aluminum. For the Raney catalysts it is preferred that the cobalt

content is higher than the afuminum content.

The catalyst may, as well as cobalt or cobalt and aluminum, also comprise
minor proportions of other metals, such as nickel, chromium, iron, thorium,
manganese, molybdenum, zinc, lithium and/or tin. These proportions,
based on the dry, reduced catalyst excluding any support material present,
are less than 20% by mass, preferably less than 15% by mass, more

particularly less than 10% by mass and especially less than 5% by mass.

It has been found that a low copper content of the cataiyst is advantageous
especially in the preparation of primary polyetheramines. This applies to
Raney catalysts and to supported catalysts. The copper content of the
catalyst, based on the dry, reduced catalyst excluding any support material
present, should therefore be less than 5% by mass, preferably less than
4% by mass, more particularly less than 2% by mass, espscially between
1% by mass and 0.1% by mass. In a particularly preferrad embodiment,
catalysts having copper contents, where the copper content is based on the
dry, reduced catalyst excluding any support material present, of less than
5% by mass, preferably less than 4% by mass, more particularly less than
2% by mass, especially between 1% by mass and 0.1% by mass, are used
for the preparation of primary polyetheramines in which R' and R® are both

hydrogen and in which n is one or is two.

The catalyst may be a supported catalyst or an unsupported catalyst,



10

15

20

25

30

When the catalyst is unsupported, it is preferably a catalyst of the Raney
catalyst type. In the dry state, Raney catalysts, as are used in the process
according io the invention, essentially consist of cobalt and aluminum, the
sum of cobalt content and aluminum content for use in the process
according o the invention being at least 80% by mass, preferably at least
85% by mass, more particularly at least 90% by mass, especially at least
95% by mass, based on the metal content of the dry catalyst. Due o their
pyrophoric properties, Raney catalysts are often stored under water, and
the removal of the water under a proteclive gas before using them in
preparing polyetheramines is usually advantageous. In the case of
pulveruient Raney catalysts, the average particle size may for exampie be
batween 20 and 200 micrometers. In the case of fixed bed Raney catalysts,
the external shape may for example be irregular, spherical or hoflow
spherical with dimensions in the range from 1 to & mm. Amongst the Raney
catalysts the hollow spherical Raney catalysts are preferred because of
their high porosity. In the anhydrous, activated staie the Raney catalysts
preferably consist of from 40 to 99% by mass of cobait and from 60 to 1%
by mass of ajuminum, more particularly from 55 to 88% by mass of cobalt

and from 45 to 2% by mass of aluminum.

When the catalyst is supporied, the catalyst may have any geometric
shape, for exampie the shape of spheres, tablets, rods or cylinders in a
ragular or irreqular version. The dimensions of the supporied catalyst for

fixed bed reactors are generally between 1 and 8 mm.

Supported catalysts in powder form have particle sizes of usuaily less than
200 micrometers and are used in stired reactors or loop reactors, for

example.

Suitable supports are the known support materials such as aluminum
oxide, silica, amorphous silicon dioxide, kieseiguhr, alumincsilicates,
silicates, titanium dioxide, titanates, zirconium oxide, magnesium oxide,

calcium oxide, mbitures of the aforementioned oxides, silicon carbide and
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activated carbon. Particularly suitable supports of this type are those
having a specific surface area of from 50 to 300 m‘%fg {measured by the

BET methed) and a mean pore radius of from 5 nm o 200 nm (measursd

by mercury porosimetry), in particular aluminum oxide, amorphous silicon
dioxide, silica, kieselguhr (SiOg) and SiOz-AlpO3 mixtures. Macroporous

supports having a large pore radius between 10 nm and 100 nm are

preferred, especially those comprising aluminum oxide as support material.

The supported catalysts are praferably used in the process according 1o the
invention in the reduced and hence activated state. The supported
catalysts of the process according to the invention consist of cobalt to an
extent of at ieast 80% by mass, preferably 1o an extent of at least 85% by
mass, more particularly to an extent of at least 90% by mass, especially to
an extent of at least 95% by mass, this cantent figure being based on the
metal component of the reduced catalyst only, excluding the support

material component.

F%?' contains from 2 to 600 oxyalkylene groups. In the present context,
oxyalkylene groups are understood to mean a unit of the formula —~(AQ)- in

which A is a Cp- to Cg-alkylene group. From 2 to 600 oxyalkylene groups

thus mean a structural unit of the formula ~(AQ)x~ where n = from 2 to 800.

In the oxyalkylene chain represented by (A-O)p, A is preferably an ethylene

radical -CHp2-CHg- or a propylene radical ~(CHp-CH(CHa)-, espedcially an
ethylene radical. The total number of oxyalkylene units is preferably
between 5 and 300, especiaily between 8 and 200. The oxyalkylene chain
may be a block polymer chain which has alternating blocks of different
oxyalkylene units, preferably oxyethylene and oxypropylene units. it may
also be a chain having a random sequence of the oxyalkylene units, a

chain having chain segments composed of biocks of different axyalkylene
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units and having chain segmenis having & random sequence of the

oxyalkylene units, or a homopolymer.

in & preferred embodiment, -(A-O)p- Is an oxyalkylene chain of the formula

4
~(CH({CH3)-CH-0)a-(CH2-CHz-O)p-(CHo-CH(CH3 -0l (4}
in which

a is from O to 300, preferably from 2 {o 80,
b is from 3 to 300, preferably from 3 to 200,
C is from 0 to 300, preferably from 2 to 80.

F{E and R3 are the same or different and are each hydrogen or an organic

radical having from 1 to 400 carbon atoms. R? and R3 may, as well as

carbon and hydrogen, also contain heteroatoms such as oxygen, nitragen,

phosphorus or sulfur.

In a preferred embodiment, Rq and R3 are each hydrogen, an alkyl radical

having from 1 to 50 carbon atoms, an alkylene radical having from 2 to 50
carbon atoms, an aryl radical having from 6 to 50 carbon atoms or an

alkytaryi radical having from 7 fo 50 carbon atoms.
. 1 3
In patticular R =R =H
In a further preferred embodiment, R1 and R3 are each as defined for RE.

in a further preferred embodiment, R1 and Rg each contain amino groups.

R1 and R3 then correspond 1o the formula 5



—
RA - N i RS
]
| = WJJ {8}

in which RﬁEw Is a divalent hydrocarbon group having from 1 to 50 carbon

atoms and RE} and R6 may each be hydrogen or a monovalent hydrocarbon

o

group having from 1 to 50 carbon atoms, where each of R4, R”and R’ may
comprise from 1 to 200 oxyalkylene groups and heteroatoms such as
oxygen, nitrogen, phosphorus or sulfur (basically in the same way as RB),

and mis from 1 to 10,
10

When R2 is alkoxylated methanol, the product of the process atcording j{o]

the invention may, for example, have the foilowing structures:

(&)

/G\/\QAV/O\AN/\VQ\\/\G/\/D\

7

15

In the case of an alkoxylated atkyt alcohol, the following structure arises:

atkyl” \%/\mm j “NH,  (8)
L Ky P
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In the case of polyalkylene glycols (diols), the following structures arise:

r GM I
HoN - , 2 9)
i \W/ g%k/[{\/ ket © ks | {
- 1 = |
H?‘Ml/\ H\\/O\l\/’\ "\f “?«;/\/{’ \/H\ Hy

(0}

in which k1, kz, k3 and kq are each integers which add up to 600.

In & further preferred embodimant, nis 1, 2, 3 or 4, and R* is an organic

10 radical which has between 5 and 300 oxyalkylene groups.

in a further preferred embodiment, n is an integer from 5 1o 20, and R is an

organic radical which contains from 2 to 300 oxyalkyiene groups.

15 When RZ is alkoxylated glycerol, the product of the process according to

the invention may, for example, have the following structure:

%\/GHJ\ fr\r
K \%/\O” “-/ NH,

20 in which the indices kp, are integers which add up o 800,
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When R2 is alikoxytated octylamine, the product of the process according to

the invention may, for example, have the foliowing structure:

(12)
in which the indices ky are integers which add up to 800.

Inventive polyetheramines are mono- or polyfunctional amines which may
be branched, unbranched or cydlic, saturated or unsaturated. They may be
primary, secondary or terfiary amines. Preference is given to primary

amines where R' = R? = H.

nventive polyetheramines are, for exampie,

- monofunctional amines, for example

alkyl polyalkylene giycol amines, for example methyl triethylene glycol
amine, bis(methyl triethylene glycol) amine, butyl triethylene glycol amine,
lauryt polypropylene giycol amine, methyl tripropylene glycel amine, phenol
polypropylene  glycol amine, isotridecyl polypropytene glycol amine,
bis(methyl tripropylene glycol) amine, N-methyl methyl polypropylene glycol
amine, methyl polypropylene glycol amine, bis(methyl polypropylene glyeol)
amine, tris(methy! diglycol) amine, methyl polyalkylene giyeol amine with
random or blockwise distribution of the oxyethylene and oxypropylene

units,

- difunctional amines, for exampls
triethylene glycol diamine, tripropylene glycol diamine, polyethylene giycol

diamine, polypropylene glycol diamine, polyalkylene glycol diamine with
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random or blockwise distribution of oxyethylene and oxypropylene units,
butanediol polyalkylene glycol diamine, resorcinol polyalkylene glycol

diamine,

~ trifunctional amines, for example
glycerol polyalkylere glycol triamine with random or blockwise distribution
of the oxyethylene and oxypropylene units, bis(tristhyiene giycol amine)

amine, bis(poiyalkylene glycol amine) amine,

- tetrafunctional amines, for example

pentaerythritol polyalkylene glycol tetraamine with random or blockwise
distribution of the oxyethylene and oxypropylene units, N,N-
bis{polypropylene glycol amine) polyalkylene glycol diamine.

The aminating agents of the formula {2) used in the amination of the
potyether aicohols of the formula (3) to give the polyether amines of the
formuta (1) by the process according to the invention may be either
ammonia or primary or secondary, aliphatic or cycloaliphatic or aromatic

amines.

In the case of use of ammonia as the aminating agent, a primary poiyether
amine is initially formed. Under appropriate reaction conditions (pressure,
temperature, reaction time, catalyst), this can be isolated as the product, or
the reaction is continued such that the primary polyetheramine formed
reacts further with further alcohol fo give the corresponding secondary or

else teriiary polyetheramine.

In addition to ammonia, the following amines, for exampie, can be used as
aminating agents: methylamine, dimethylamine, sthylamine, diethylamine,
n-propylamine,  di-n-propylamine,  isopropylamine,  diisopropylamine,

hexylamine, cyclohexylamine, aniline, toluidine, piperidine, morpholine.
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The aminating agent may,'based on the hydroxyl group o be aminated, be
usad in stoichiometric, substoichiometric or superstoichiometric amounts. if
high conversions of the alcohol of the formula (3) are to be achieved, the
aminating agent, for example ammonia, is preferably used in a molar
excess and unconverted aminating agent is recovered. The partial
hydrogen presssure 10 be used may likewise be varied within a wide range,
for example from 1 bar to 60 bar, more particularly from 10 bar to 40 bar.
Hydrogen is not consumed stoichiometricalty but is required to maintain the

catalyst activity.

The process according to the invention is performed preferably at
temperatures of from 50 to 250°C, especially at temperatures of from
140°C to 200°C. Continuous aminolysis processes are preferably carried
out at temperatures from 140°C to 200°C, pariicularly preferably at
temperatures from 150°C to 180°C, for example as a trickle-bed or botiom
process. In the trickle-bed process, the compounds of the formula (3) are
metered into the upright fixed bed reactor from the top, and in the bottom

process they are metered from the bottom.

The process according to the invention is performed preferably at overall
pressures of from 1 bar to 300 bar, in the case of ammonia or volatile
aminating agents preferably at overall pressures of from 30 o 300 bar,
especially from 50 bar to 200 bar.

The amount of catalyst fo be used is preferably in the range from 0.5 1o
greater than 90% by mass, more particularly from 1 to 80% by mass,
especially from 2 to 70% by mass, based on the alconhol of the formula (3)
used. Amounis above 70% by mass are used especially in continuous
processes in a fixed bed reactor. In batchwise processes, smaller amounts
of catalyst in the range of from 2 to 15% by mass per batch are generally
used, and the catalyst is recovered and then reused for a large number of

batches.
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The amination can be performed continuously, for example in fixed bed
reactors, or batchwise, for example in stirred reactors or loop reactors. In
both processes, the gaseous or in some cases aven supercritical reaction
components (aminating agent, hydrogen and possibly inert gases) can be

circuiated.

The water which forms during the reaction can either remain in the reaction
mixture or else optionally be removed if the desired conversion otherwise

suffers with regard to reaction rate, catalyst lifetime, yield and/or selectivity.

The amination is preferably performed without solvent. However, it is alsc

possible to use solvents.

The resulting reaction effluent is freed of catalyst, of excess aminating
agent, of water formed, of hydrogen and of optionally inert gases, and the
polyetheramine is further purified appropriately according to the
requirement. The reaction components removed may, possibly after
appropriate workup, be sent back to the amination process. The catalyst is

reused without loss of activity or selectivity.

Examples

Example 1

1.0 kg of methyl polyalkylene glycol with a mean molar mass of 2000 g/mo,
200 g of a Raney catalyst which had been freed of water under protective
hitrogen gas, and 600 mi of ammonia (liquid) were introduced into an
agitated aufoclave of capacity 4.5 1, equipped with a catalyst basket. The
Raney catalyst was in the form of porous hollow spheres of external
diameter 3 mm and consisted of 54% by mass of cobalt and 32% by mass
of aluminum, based on the metal content in the dry state. The copper
content, based on the metal content in the dry state, was 0.2% by mass.
Subsequently, 30 bar hydrogen were injected and the autociave was
closed. The mixture was heated to 180°C while being agitated for 20 hours.
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The overall pressure at 180°C was about 160 bar. After cooling fo 50°C,
the autoclave was slowly decompressed in order fo remove the majority of
the ammonia and the hydrogen. The remaining reaction mixture was freed
under reduced pressure of residual volatile constituents such as ammonia
and waler of reaction formed and filtered. The determination of the amine
number and the hydroxyl number allowed a degree of conversion of 94% to
the corresponding polyetheramine to be determined. The selectivity for the
primary polyetheramines determined by titrimetry was 98 equivalent%,

based on the fotal amine contant,

To determine the selectivities, the distributions of the primary, secondary
and tertiary polyetheramines were determined by masking reactions with
acetic anhydride or salicylaldehyde and in each case subsequent acid-base
titrations. In addition the polyetheramines and the samples derivatized with
trichloroacetyl isocyanate were analyzed by 1H NMR spectroscopy.

Example 2

1.0 kg of methyl polyalkylene glycol with a mean molar mass of 2000 g/mol,
130 g of a supported catalyst which had been reduced with hydrogen and
activated beforehand, and 800 mi of ammonia {liquid) were introduced into
an agitated autoclave of capacity 4.5 {, equipped with a catalyst basket.
The reduced supported catalyst was in the form of rods about 3 mm in
langth and consisted of the support material aluminum oxide to an extent of
90% by mass and of metals to an extent of 10% by mass, the proportion of
the coball, based on the metal content excluding the aluminum oxide
support matenial, having been more than 88% by mass and the proportion
of the copper, based on the metal content excluding the aluminum oxide
support material, having been 0.4% by mass. Subseguently, 30 bar
hydrogen were injected and the autoclave was closed. The mixiure was
heated to 180°C while being agitated for 5 hours. The overall pressure at
180°C was about 160 bar. After cooling to 50°C, the autoclave was slowly
decompressed in order to remove the majority of the ammonia and the

hydrogen. The remaining reaction mixture was freed under reduced
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pressure of residual volatile constituents such as ammonia and water of
reaction formed and filtered. The determination of the amine number and
hydroxyl number allowed a degree of conversion of 97% fo the
corresponding polystheramine to be determined. The selectivity for the
primary polyetheramines determined by titrimetry was 89 equivalent%,

based on the total amine content.

Exampie 3

1.0 kg of methyi polyalkylene glycol with a mean molar mass of 2000 g/mol,
200 g of a supporied catalyst whose metal content, based on the dry,
reduced catalyst excluding the Si0,/MgO, support material, consisted of
cobalt to an extent of more than 85% by mass and of copper to an extent of
0.8% by mass, and 540 ml of ammonia (liquid) were metered into a stirred
autoclave of capacity 2 I Subsequently, 30 bar hydrogen were injected and
the autoclave wes closed. The mixiure was heated to 190°C while being
stirred for 7 hours. After cooling, the autoclave was slowly decompressed in
order to remove the ammonia and the hydrogen. The remaining reaction
mixture was freed of residual volatile constituents under reduced pressure
and filtered. The determination of the amine number allowed a degree of
conversion of 95% fo the corresponding polyetheramine to be determined.
The selectivity for the primary polyetheramines, determined by titrimetry,

was 88 equivalent%, based on the total amine content.

Example 4

1.0 kg of methyl polyalkylene glycol with a mean molar mass of 2000 g/mol,
180 g of pulverulent cobalt catalyst of the Raney type, whose total content
of cobalt and aluminum, based on the anhydrous catalyst, was 94% by
mass and whose copper content was less than 0.2% by mass, and 540 mi
of ammonia {liquid) were metered into a stired autoctave of capacity 2 1.
Subsequently, 10 bar hydrogen were injected and the autoclave was
closed. The mixture was heated to 190°C while being stirred for 6 hours.
After cooling, the autoclave was slowly decompressed in order to remove

the ammonia and the hydrogen. The remaining reaction mixture was freed
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of residual volatile constituents under reduced pressure and filtered. The
determination of the amine number allowed a degree of conversion of 95%
to the corresponding polyetheramine to be determined. The selectivity for
the primary polyetheramines, determined by titrimetry, was §7 equivalent%,

based on the total amine content.

Example 5

750 g of polyalkylene glycol consisting of ethyiene glycol and propylene
glycot units and having a mean molar mass of 6800 g/mol, 150 g of a
supported catalyst whose metal content, based on the dry, reduced catalyst
excluding the Si0, support material, consisted of cobalt to an extent of 8%
by mass and of copper to an extent of 0.3% by mass, and 800 mi of
ammoenia (liquid) were metered into a stirred autoctave of capacity 4.51.
Subsequently, 10 bar hydrogen were injected and the autoclave was
closed. The mixture was heated to 190°C while being agitated for 6 hours.
After cooling, the autoclave was slowly decompressed in order to remove
the ammonia and the hydrogen. The remaining reaction mixiure was freed
of residual volatile constituents under reduced pressure and filtered. The
determination of the amine number aflowed a degree of conversion of 95%
to the corresponding polyetherdiamine to be determined. The selectivity for
the primary polyetheramines, determined by titrimetry, was 96 equivalent%,
based on the total amine content.

Example 6

1.0 kg of polyalkylene glycol consisting of ethylene glycol and propylene
glycol units and having a mean molar mass of 4000 g/fmol, 200 g of a
supported catalyst whose metal content, based on the dry, recuced catalyst
excluding the 8i0; support material, congisted of cobalt to an extent of 3%
by mass and of copper to an extent of 1.2% by mass, and 540 mi of
ammonia (liquid) were metered into a stirred autoclave of capacity 2 1.
Subsequently, 10 bar hydrogen were injected and the autoclave was
closed. The mixture was heated to 190°C while being stirred for 5 hours.

After cooling, the autoclave was siowly decompressed in order to remove
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the ammonia and the hydrogen. The remaining reaction mixture was freed
of residual volatile constituents under reduced pressure and fillered. The
determination of the amine number allowed a degree of conversion of 95%
to the corresponding polyetheramine to be determined. The selectivity for
the primary polyetheramines, determined by titrimetry was 98 equivalent%,

based on the total amine content.

Example 7

1.5 kg of methy! polyalkylene glycol with a mean molar mass of 2000 g/mol,
100 g of cobalt catalyst of the Raney type, whose total content of cobait
and aluminum, based on the anhydrous catalyst, was 81% by mass, and
800 mi of ammonia (liquid) were metered into an agitated autoclave of
capacity 4.51. Subsequently, 10 bar hydrogen were injected and the
autoclave was closed. The mixture was heated fo 190°C while being
agitated for 12 hours, an overall pressure of 180 bar being maintained by
injecting further hydrogen. After cocling, the autoclave was stowly
decompressed in order to remove the ammonia and the hydrogen. The
remaining reaction mixture was freed of residual volatile constituents under
reduced pressure and filtered. The determination of the amine number
aitowed a degree of conversion of 85% to the corresponding
polyetheramine to be determined. The seleclivity for the primary
polystheramines, determined by titrimetry, was 98 equivalent%, based on

the iota! amine content.

Example 8

1.0 kg of fafty alcohol oxypropylate with a mean molar mass of 310 g/mol,
200 g of a supported catalyst whose metal content, based on the dry,
reduced catalyst excluding the support material, consisted of cobalt to an
extent of 894% by mass and of copper to an extent of 0.2% by mass, and
40 mb of ammonia {liquid) were metered into a stired auioclave of
capacity 2 I. Subsequently, 5 bar hydrogen were injected and the autoclave
was ciosed. The mixlure was heated to 190°C while being stirred for 8

hours. The water of reaction formed remained in the stirred autoclave. Afer
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cooling, the autoclave was slowly decompressed in order to remove the
ammonia and the hydrogen. The remaining reaction mixiure was freed of
residual volatite constituents under reduced pressure and filkered. The
determination of the amine number aliowed a degree of conversion of 80%
to the primary amine to be determined. No content of secondary and

fertlary amines was detectable.

xampie 8

1.0 kg of fatty alcohol oxypropylate with a mean molar mass of 310 g/mol,
20 g of a supported catalyst whose metal content, based on the dry,
reduced catalyst exciuding the support material, consisted of cobalt to an
extent of 94% by mass and of copper to an extent of 0.2% by mass, and
540 ml of ammonia (liquid) were metered into a stimed asufodave of
capacity 2 1. Subsequently, 5 bar hydrogen were injected and the autoclave
was closed. The mixiure was heated o 190°C while being stirred for 24
hours. The water of reaction formed remained in the autoclave. After
cooling, the autoclave was slowly decompressed in order to remove the
ammonia and the hydrogen. The remaining reaction mixture was freed of
residual volatile constituents under reduced pressure and filtered. The
determination of the amine number allowed a degree of conversion of 75%
to the corresponding primary amine to be determined. The content of

secondary and tertiary amines was < 1 mol%.

Example 10

A fixed bed reactor having a diameter of 5 cm and a length of 2.5 m was
charged with tablets of a supported catalyst whose metal content, based on
the dry, reduced catalyst excluding the SiO/MgQ support material,
consisted of cobalt to an extent of 96% by mass and of copper to an extent
of 0.3% by mass, and the catalyst was activated under reductive conditions
with hydrogen. Subsequently, 1 kg/h of fatty aicohol propoxylate having a
mean molar mass of 310 g/mol, 2.5 kg/h of ammonia and hydrogen were
fed into the reactor at a temperature of 160°C and an overall pressure of

100 bar. The reaclor was operated in cycle gas mode, and the water of
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reaction formed was removed with an offgas stream. Once stable reaction
conditions had been established in the reactor, samples of the product
effluent were taken and any ammonia and water still dissoived in the
samples were removed under reduced pressure. The determination of the
amine number and the hydroxyl number allowed a conversion of 88% to be
determined. The selectivity for the primary amines, determined by fitrimetry,

was 98 equivalent%. based on the total amine content.

Example 11

As described in Example 10, a fixed bed reactor was charged with catalyst
and conditioned. Subsequently, 1 kg/h of fatty alcohol propoxylate having a
mean molar mass of 310 g/mol, 2.5 kg/h of ammaonia and hydrogen were
fed into the reactor at a temperature of 155°C and an overall pressure of 80
bar. Once stable reaction cenditions had been established in the reactor,
samples of the product effluent were taken. The water of reaction formed
remained in the autoclave. The determination of the amine number and the
hydroxyl number allowed a conversion of 96% to be defermined. The
seiectivity for the primary polyetheramines, determined by titrimetry, was 88

equivalent%, based on the total amine content.

Example 12

As described in Example 10, a fixed bed reactor was charged with catalyst
and conditioned. Subsequently, 1 kg/h of methyl polyalkylene glycol having
a mean molar mass of 2000 g/mol, 5 kg/h of ammonia and hydrogen were
fed info the reactor at a temperature of 166°C and an overall pressure of 50
har. Once stable reaction conditions had been established in the reactor,
samples of the product effluent were taken and ammonia and water still
dissolved in the samples were removed under reduced pressure. The
determination of the amine number and the hydroxyl number allowed a
conversion of 90% to be determined. The selectivity for the primary
polyetheramines, determined by titrimetry, was 98 equivalent%, based on

the total amine content.
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Example 13 (comparative example)

1.G kg of methy! polyalkylene glycol with a mean molar mass of 2000 g/mol,
130 g of a supported catalyst which had been reduced with hydrogen and
activaled beforehand, and 800 mi of ammonia {iquid) were introduced into
an agitated autoclave of capacity 4.5 |, equipped with a catalyst basket.
The reduced supported catalyst was in the form of rods about 3 mm in
length and consisted of the support material aluminum oxide to an extent of
89% by mass and of metals to an extent of 11% by mass, the proportion of
the coball, based on the metal content excluding the aluminum oxide
support material, having been 87% by mass and the proportion of the
copper, based on the metal content excluding the aluminum oxide support
material, having been 12% by mass. Subseguently, 30 bar hydrogen were
injected and the autoclave was closed. The mixture was heated to 180°C
while being agitated for 5 hours. The overall pressure at 180°C was about
160 bar. After cooling to 50°C, the auloclave was slowly decompressed in
order to remove the majority of the ammonia and the hydrogen. The
remaining reaction mixture was freed under reduced pressure of residual
volatile constituents such as ammonia and water of reaction formed and
filtered. The determination of the amine number and hydroxyl number
aliowed a degree of conversion of 88% fto the corresponding
polyetheramine 10 be determined. The selectivity for the primary
polyetheramines, determined by titimetry, was 91 equivalent%, based on
the total amine content. In addition, § equivalent% of secondary
polyetheramines and 1 equivalent% of tertiary polyetheramines, based on

the total amine content, were found.
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Claims

A process for preparing amines of the formula |

RANR'RY, 0

in which n is a number from 1 to 20, R? is an organic radical which
comprises between 2 and 600 oxyalkylene groups, and R1 and R3
are the same or different and are each hydrogen or an organic
radical having from 1 to 400 carben afoms, by combining a

compound of the formula 2

R3
i @)

HN a

with a compound of the formula 3
R*(OH), (3)

carried out continuously in a fixed bed reactor in the presence of
hydrogen with a catalyst which is metallic and whose metal content,
based on the dry, reduced catalyst excluding any support material
present, either consists of cobalt to an extent of at least 95% by
mass or, in the case of the Raney catalysts, consists of metals from
the group of cobalt and aiuminum fo an extent of at least 80% by

mass, and which contains less than 5% by mass of copper.

The process as claimed in claim 1, in which R1 and R3 are each

hydrogen, an alkyl radical having from 1 to 50 carbon atoms, an
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alkylene radical having from 2 to 50 carbon atoms, an aryl radical
having from € o 50 carbon atoms or an alkylaryl radical having from

7 to 50 carbon atoms,

The process as claimed in claim 1 and/or 2, in which R1 and RS are

each as defined for Rz.

The process as claimed in one or more of claims 1 to 3, in which R

3 . ,
and R~ each contain amino groups.

The process as claimed in one or more of claims 1 fo 4, in which R?

and R3 each correspond to the formula

,._[R-@,,NJT.—»RS

in which R4 is a divalent hydrocarbon group having from 1 to &0

=
carbon atoms and R~ and R6 may each be hydrogen or a
monovalent hydrocarbon group having from 1 to 50 carbon atoms,
where each of R{ RB and RB may comprise from 1 to 200

oxyalkylene groups, and mis from 1 to 10.

The process as claimed in one or more of claims 1 to 5, in which n is
1,2, 3 0r 4, and in which R? is an organic radical which has between

5 and 300 oxyalkylene groups.
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13.

14.
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The process as claimed in one or more of claims 1 to 5, in which n is
an integer from 5 fo 20, and in which R? is an organic radical which

has from 2 fo 300 oxyalkylene groups.

The process as claimed in claim 1, in which R' and R® are each

hydrogen.

The process as claimed in one or more of claims 1 to 8, in which the
catalyst of the Raney cobalt type contains at least 90% by mass of
metals consisting of the group of cobalt and aluminum and the

percentages by mass are based on the dry catalyst.

The process as claimed in one or more of claims 1 to 9, in which the

catalyst contains between less than 5 and 0.1% by mass of copper.

The process as claimed in one or more of claims 1 to 10, in which

the catalyst contains less than 4% by mass of copper.

The process as claimed in one or more of claims 1 to 11, in which n

is one or two.

The process as claimed in one or more of claims 1 to 12, in which

the reaction temperature is from 50 to 250°C.

The process as claimed in one or more of claims 1 to 13, in which

the overall pressure is from 1 to 300 bar.



