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Description PROCESS FOR PREPARING POLYETHERAMINES 5 The
present invention relates to a process for preparing polyetheramines
using cobalt catalysts. Polyetheramines contain at least one polyalkylene
glycol group, which crucially influences their properties. A high proportion
of polyethylene glycol 10 units gives rise to water-soluble
polyetheramines, and a high proportion of polypropylene glycol units to
BSCHEtiTole polyetheramines. Moreover, the change in the molar
masses of the polyalkylene glycols allows melting point and viscosity of
the‘{)ol etheramines to be influenced. By virtue of the selection of suitable
r

sta SI9RM tﬁggﬂgw&%g}iyé 68%5@&4{5”’1—@ achieve surfactant

properties. Moreover, it is possible with polyhydric alcohols to form
branched polﬁ/etheramines which then lead, after aminolysis, to

pORFURERRRIE KA NTIR LR PIGRIRD IR MESPRTBIY iR BRI tges

prepestiesHeftapeiygiteramine based thereon in a controlled manner by
the selection of suitable polyalkylene glycols. 20 The prior art discloses
various processes for preparing polyetheramines. DE-A-16 43 426

destyisies PeeesStAtNre RANIRE POAXY Akl eneRIABeSBEPCERAIPY which
from the corresponding alcohols using a nickel-copper 25 chromium

St NEHHRERCBREPATERR &t AIEKPTPRATIR S0P Bl hyissteagtyco!
Lemimolftosy eﬂ@@miumt#%ﬁ@l@ aéW%ﬁ?whﬁﬁ@plwgﬂ%hFﬁeﬁwmm of
primary amines proceeding irom oxyet ene glycol monoailk ethers
DRI RNADS: HeRh IR SolRa RS OIOBRk Bl w N BE FERES OMBTRANFT
wigighineireeppetaneholar She ey ig i o b £le et 3 KRsIn M BwEohelting
titanium, thorium, zir(g&gium, maggfnese, magnesiym or zinc. 2 US-5

389 B8N eSS DA AP SRR/ 165 dmirRIVLNeRith Ryudage of the

selection of suitable starter alcohols for the alkoxylation, it is possible to
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 to various means of
influencing the properties of a polyetheramine based thereon in a controlied

manner by the selection of suitable polyalkylene glycals,
The prior art discloses various processes for preparing polyetheramines.

DE-A-16 43 426 describes a process for preparing polyoxyalkyleneamines
proceeding from the corresponding alcohols using a nickel-copper-
chromium catalyst which contains 60-85 mol% of nickel, 14-37 mol% of

copper and 1-5 mol% of chromium.

US-4 618 717 describes a process for preparing primary amines
proceeding from oxyethylene glycol monoalkyl ethers using a catalyst
which contains 50-90% 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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for the conversion of polyoxyalkylene 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 5
weight of y-aluminum oxide, which seryes as the support material. US-4
766 245 describes a process for preparing polyoxyalkylene- polyamines
proceedgmﬁ from the corresponding alcohols using a Raney

nicReP it ESEIPEShRYPEEHSISIE B FHiEk PR RHINSlEHt oY et Buysed

1> pab ol GHUBTEIEM 4 561 ek Ol 2Pk REATRS QrélhdirpREAR Res
process for preparinwl oxyalglene ol -%mines p_roceedlnggfrom the

cOH B SAGRgafc SAFY BSRRT 8 Ry RickEle SYRYERHEY HREKENERImirk e DY
caialyst whishppeditomaliy.also weripins GZobMddhumnobhdenuary 3, by
003 107 describes a process for reductive amination of ,

ORGP TIPS ol iSTh G aR AT R RERRIERAE 78 750% by
weight of nickel, 20-25% by weight of copper, 0.5-5% by weight of 20
chromium and 1-5% by weight of molybdenum. DE-A-44 28 004 describes
a'procdLEref BrefRTHGRERINGs pREveRifing RonPIaRBHBES, IRAMREKaHYIene-
cptlyshianaiite ekl Fon-3080&ame3ddMinlialchb¥ i §-40Maney

aluminum and/or mang@mese, in each case calculated 25 as the oxide.

USRS 84T 48263 HSE S A PRIBIET R PR S PoPPresisM P hithés %

pspceetingriatmateohnlsx@ldebydesgrketones by means of a catalyst
which, as well as nickel, copper and chromium, also comprises tin. 30

DE-A-19 53 263 describes a process for preparing amines proceeding

from-/akelids7hg raesbaafs satalysisE e mptabesinignt el thegDaladrsipoly-
consists of Co and NII to a&\extent of 70 to 95% and of cogger’\%g an ickel
eRTBIEST Bt 8C3th. TRhiS e 43IV e HAR rbﬁg’rlﬁ“%}%so’f% PN Fafrgedicke

fronmR&Aete didkel/aluminum catalyst which additionally also contains 0.2-5%

molybdenum.

US-5003 107 describes a process for reductive amination of
polyoxytretramethylene 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, 0-10% aluminum and/or manganese, in each case calculated

as {he oxide.

US-A-2003/0139289 describes an improved process for preparing amines
proceeding from alcohols, aldehydes or ketones by means of a catalyst

which, as well as nickel, copper and chromium, also comprises tin.

DE-A-19 53 263 describes a process for preparing amines proceeding from
alcohols 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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DE-A-102 11 101 describes a process for preparing amines proceeding
from alcohols or aldehydes, in which the catalyst contains 22-40% Zr, 1 5
30% Cu, 15-50% Ni, 15-50% Co, calculated in each case as the oxides.
DE-A-15 70 542 discloses a process fgr preparing polyetheramines,
characterized in that polyethers of the formula | or Il 10 HO-R-(OR)n-OH
(I%&?(OR Nn-OH]m (Ilg in which R is an aliphatic radical having 2-4 carbon
atdhis, '7 165 AR/EIERL theeraicpiamnatidodraniphage fErBhiatidor 4
alicyclic radical which may be 15 interrupted once or more than once by
ether or amino groups, carbonamide, urethane or urea groups, n is _
iftégérs Horh 1 i 5EiaRIIRAS 2 [y @cassofin P BRRENGAIBREPSST 2ravaRding

PresaNsR Ghyrater anbiyloorN WNRIhatAxdraaanatienrdamylrongenation 1-

catalyst consisting mainly of an element of the 8th transition group is
Aol Witoaaionlia W 560+ 69 280e HefbiaISg SpOesSeES, BRderdes

pressure. It has now been found that, surprisingly, polyetheramines or
pg?: oxyalk¥leneamines especially primary polyetheramines or
pbly

Ry AN RELMISEIRSHS @ pPIIPSRSE fréft tRIRRAFEKhoRAINGIAREBRYRES,

28Rt BRI, O APINOSHBBRFRSRIIERLME hysinpgen) at high
conversions and selectivities by using a heterogeneous catalyst whose

metal content, based on the dry, reduced catalyst excluding any support
materialﬁfgggnbﬁg[@ﬁconﬂgts of cobalt to an extent of at least 80% by
mass or consists of ‘metals from the group of cobalt and aluminum to an

extent ogggggﬁgég%% 30 bygrpr)lass, 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

aterial, and metal 4 catalysts without addifional support material, for
g]%mé?%}k q§cﬁ@£mﬁ‘£ a%é{lf:@é@i@%él carbon I%I?oms, is a divalent to

hexavalent aliphatic, araliphatic, aromatic or alicyclic radical which may be
interrupted once or more than once by ether or aminc groups,
carbonamide, urethane or urea groups, n is integers from 1 to 50 and
m =2 to 6 according fo the valency of Z, in the presence of water and
hydrogen over a hydrogenation-dehydrogenation catalyst consisting mainly
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  polyetheramines  or
polyoxyalkyleneamines, can be prepared from the corresponding alcohois
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 least 80% by mass or consists of
metais from the group of cobalt and aluminum to an extent of at {east 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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The process is suitable both for continuous and batchwise preparation of
5 polyetheramines. The invention thus provides a process for preparing
polyetheramines of the formula | 10 R2(NR1R3)n (I) in which nis from 1
to 20, R2 is an organic radical which cpmprises between 2 and 600
oxyalkylene groups, and R1 and R3 are the same or 15 different and are

each hydro or, an organic radical having from 1 to 400 carhpn atoms
AR R A Lo LS ST BT O/ SRR Jau e
cttapeynchiafiyhsformula 3 R2(OH)n (3) in the presence of hydrogen with

a catalyst which is metallic and whose 25 metal content, based on the

dry, reduced catalyst excluding any support material present, either
Chnsistof sobalstotahlexteriit dbatkedasiing apndnadsonde thepasgioh of
the Rz%ﬁe}/ catalysts, consists of metals from the group of cobalt and

a‘i’&#{% 130 4 8xtent of at least 80% by mass, and which contains less
than 5% by mass of copper. 30 5 The catalyst used for the process

cording to the invention, contains, based on the dry, reduced catalyst
oSER kg A S SRV & rears T s aoly SRR gy e
nassuladre particularly at least 90% by mass, especially at least 95% by

mass of cobalt, or, for the Raney 5 catalysts, preferably at least 85% by
mass, more particularly at least 90% b%/ mass, especially 95% by mass of

metals from the group compr'ﬁﬁngR ) ()

in which n is 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 formuia 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 o 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 aluminum to an extent of at least 80% by mass, and

which contains less than 5% by mass of copper.
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cobalt and aluminum. For the Raney catalysts it is preferred that the
cobalt content is higher than the aluminum content. 10 The catalyst may,
as well as cobalt or cobalt and aluminum, also comprise minor
proportions of other metals, such as nigkel, chromium, iron, thorium,
manganese, molybdenum, zinc, lithium and/or tin. These proportions,

b ed on the dr ce catalyst excluding any su ort material
S e el 006 oy RS AEErINg e a5 o

rmxa@aaﬁapat;t@d@rlyé?s&éma@aiwistbymaswﬁr@smtﬁw iﬁSﬁeﬂ*ﬁmﬁ%eni

mass. It has peen foun OW copper content o

R N R e 1 2 e
Tﬂn@s@ppdaegdoaﬁgaray kataﬂy%o,and;xomappoﬁecbca@tysa Wbe cmepRraney
content of the taI ba n the dry, reduced c d|n
oD Fleant SR Ao D R0 %
phgferaisly, Iesgflagﬂlﬁ%b& massagos mﬁiewafdgdeS&éhgma% ®ymprising
mass, especially between 1% hy mass 0.1% ym SS
SRR ARG o B i A GRS s R PeP Roine cobalt
wheiethésdapber gomentiatbasedarctmsfi.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
nTd&s peaingesﬁaﬂyz@emee@sl%b;omssramb@,ﬂ Sodyimags,@realisedofaprise

the reparation of pr oI theram esin. h| h R1 and R3 are hoth
R B oL T e o 30 e e et gy o, T,
sumntg&@mtamst)drcamunsu;zpurtentmualym@/da‘\/hen tFﬁEMalgsﬁpsrtions
SRS PRl o R IO
irarentess dssenfily donssta, cptﬂttrabd/ alessininan tHé%uiny ahesbalmore

R A e P D B B R e R e
It has been found that a low copper content of the catalyst is advantageous
especially in the preparation of primary polyetheramines. This applies to
Raney catalysts and to supperted 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, especially between
1% by mass and 0.1% by mass. In a particularly preferred 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.
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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 to their
pyrophoric properties, Raney catalysts are often stored under water, and
the removal of the water under a protegtive gas before using them in 10
preparing polyetheramines is usually advantageous. In the case of
pulverulent Raney catalysts, the average particle size may for example be

bYRERHM SRfAEB0IPnIEISHRRRIE N i Phslebibived B hzah@§thg Raney

catabists, tibe axteraal shapadnRafnexampedeiragliascspheieabfcess
hollow spherical with dimensions in the range from 1 to 6 mm. Amongst

IREEAAEE 18 BRIYRMIRN SRR Bsihnel, cohaly sadrlyriee dhe
begausef ofcthaitr bigthidarosty. Bdherarhydepusnadbraieskstptette process

Raney catalysts preferably consist of from 40 to 99% by mass of cobalt

aRAIPENE0 Rolig IBYERERRE BEXERhGRSIRGHS PuSRasPreler 38 ¥ Rbdesst

bg3nass/ahegbathardientdiatg 2V dysraes.obalkaiynmsgeMNeatheast
c%arglﬁvl;t is supported, the catalyst may have any geometric shape, for

RY & ehaB 6P sphehss Mafmeteo i 6f fndirsialyseddiig b their
irpsgo oy esh e dlimensipnsefi{Ressurperted catabet fardixaated and

reactors are ?enerally between 1 and 8 mm. 25 Supported catalysts in

pEFAEPTIMRh AV e BE i 2061 R URIRIEEY tn 8RS 266 TRIR rdsIBEERY In

afgdisethty sivrestiesstonsee lpopuaaipradosrasgamie. 3thSuiablease of
Slﬁﬁcf)orts ariﬁ?e known ?u porématerials such as aluminum oxide, silica,
a

RUES STRBR R S e Ry AHPraffRAOLRiIRARS BR¥dRIsHeamRlmbPe
distdectitanaies, 20Ceniciorasides MAgReskie okiiesdqsdel Ranmxjdeatalysts,

A B AAST NS, R P ot
spherical with dimensions in the range from 1 to 6 mm. Amongst the Raney
catalysts the hollow spherical Raney catalysts are preferred because of
their high porosity. In the anhydrous, activated state the Raney catalysts
preferably consist of from 40 to 99% by mass of cobalt and from 60 to 1%
by mass of aluminum, more particularly from 55 to 98% by mass of cobalt

and from 45 to 2% by mass of aluminum.

When the catalyst is supported, the catalyst may have any geometric
shape, for example the shape of spheres, tablets, rods or cylinders in a
regular or irregular version. The dimensions of the supported catalyst for

fixed bed reactors are generally between 1 and 8 mm.

Supported catalysts in powder form have particle sizes of usually 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, kieselguhr, aluminosilicates,
silicates, titanium dioxide, titanates, zirconium oxide, magnesium oxide,

calcium oxide, mixtures of the aforementioned oxides, silicon carbide and



10

15

20

25

30

having a specific surface area of from 50 to 300 m2/g (measured by the
BET method) and a mean pore radius of from 5 nm to 200 nm (measured
by mercury porosimetry), in particular aluminum oxide, amorphous silicon
5 dioxide, silica, kieselguhr (Si02) and?SiOZ-AI203 mixtures. Macroporous
supports having a large pore radius between 10 nm and 100 nm are
preferred, especially those comprising aluminum oxide as support

n%S’FéY%ﬁdTﬁ@@Gﬁpqﬁ@GiE_H@I_%t§‘&F@%@e@%&@s&f iﬁhﬂﬁ_e YRsceae those
3?39{ ﬂég% tggtgg'[fﬂco %ﬂ%%%%ogg’é‘a%% teguced %g%?@ﬁg%%%?&%%‘% the

he's por catalysts of the process accor ntion consist

opeobalina Sxtentobahersb8elby Massmpseiprallytnanetaskefired

at least 85% by mass, more particularly to an extent of at least 90% by

Y BN IEHER RIS MRlesidRt BRRIWRE Y580TBY Tl tnidReFRERLfgRilicon

ggﬁgﬁeﬁgﬁﬁié’é‘ tP%é@#}]ﬁﬂ.§‘&§é‘iﬁéﬁcﬁ“§ﬁg-§a§8”C%ﬂﬁﬁ%‘é’skﬁé‘é&porous

e Support ™ateria ponent. Atains from 2 1o

oxyBltene sakPs ImHie piesenteiMeet@sakyene9raHas 18 nm are

understood to mean a unit of the formula -(AO)- in 20 which Ais a C2- to,
OU R RACRATR B IR L6 BB B LIRMERE Yo G thas Mpaed material.
structural unit of the formula -(AO)n- where n = from 2 to 600. In the
Oé%alkylene chain represented by (A-0)n, A is preferably an ethylene

rddieaFueRfsted 02taP s ey i at sRsHD BRI REPESSSAGRRANP 4R the

2theshyleneirndical. rHiriteial anenbpeptoxyriliyiaae Uitisds MMederabbborted
between 5 and 300, especially between 8 and 200. The oxyalkylene chain
nFBE B R AIRERERIRANRIRA %é@t&ﬁﬁﬂﬂﬁ%mﬁf?ﬁmﬁ o an

oxyadkyleneieis: Beieraphexyeidens BpdOXPENRYIaNS Woilsati ey, by
also be a chain having a random sequence of the oxyalkylene units, a 3
CFRAS TS AU UEMERE L GREELEN o [H8ck ST ErERE ExSRERAY to

8annitaamddiatingeehaip segnenissharnisgamerdagusequengerelsie on the

oxyalkylene units, or a homopolymer. _
etal component c% t%e PedYJced catalyst only, excluding the support

material component.

R2 contains from 2 to 600 oxyalkylene groups. In the present context,
ocxyalkylene groups are understood to mean a unit of the formula —(AO)- in

which A is a Cy- to Cy4-alkylene group. From 2 to 600 oxyalkylene groups

thus mean a structural unit of the formula —(AO)n- where n = from 2 to 600.

in the oxyalkylene chain represented by (A-O)n, A is preferably an ethylene

radical -CH»-CHgp- or a propylene radical -(CH2-CH(CHa3)-, especially an

ethylene radical. The fotal number of oxyalkylene units is preferably
between 5 and 300, especially between 8 and 200. The oxyalkylene chain
may be a block polymer chain which has aliernating 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 blocks of different oxyalkylene
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In a preferred embodiment, -(A-O)n- is an oxyalkylene chain of the

formula 5 4 -(CH(CH3)-CH2-O)a-(CH2-CH2-0)b-(CH2-CH(CH3)-O)c- (4)

in which 10 a is from 0 to 300, preferably from 2 to 80, b is from 3 to 300,
preferably from 3 to 200, c is from O tg 300, preferably from 2 to 80. 15

R1 and R3 are the same or different and are each hydrogen or an organic
radical having from 1 Lo 400 carbon atoms, R1 and R3 may, as well as
cHRSH 4Rt H%%%@er‘?, 215 EBAERT RetdAsme sTRIPEE oy g Htrogkrdhe
phegpRoNIson sitfusr 2hbheprgfenead embodiment, R1 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

o, caanAOMS A ity Iapd Kalicas havi H&We%éo&i%ﬁéﬁ?ﬂea% 1la

25 In particular R1=R3=HInaf fther preferred embodiment, R1 an
RB are each as defined for R2. In a further preferred embodiment, R1 and
R3 each contain amino groups. 30 R1 and R3 then correspond to the
formula5 9 R4-N RS R5 (5) in which R4 is a divalent hydrocarbon group

"POGER 19,99 cAB0. RIS R0 KB ARG gy eoch e

hydrogen Oor a monovalent hydfocarbon group havi m 1 to 50 carbon
atoms, where each of R4, R5 and R6 may comprise from 1 to 200
oxyalkylene groups and heteroatoms such as oxygen, nitrogen,
p'ﬁ%/\é’[ﬁ/‘iﬁus or sulfur (basically in the same way as R3 and m is from 1 to
10.

a is from O to 300, preferably from 2 to 80,
b is from 3 to 300, preferably from 3 to 200,
c is from O to 300, preferably from 2 to 80.

F{1 and R3 are the same or different and are each hydrogen or an organic

radical having from 1 fo 400 carbon atoms. RT and R3 may, as well as

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

phosphorus or sulfur.
In a preferred embodiment, R1 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

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

In a further preferred embodiment, R1 and R3 each contain amino groups.

R1 and R3 then correspond to the formula 5
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10 When R2 is alkoxylated methanol, the product of the process
according to the invention may, for example, have the following
structures: /0 O (r) t~H2 (6) kti k2 15 In the case of an alkoxylated alkyl
alcohol, the following structure arises:,014j~R4#i (8) alkl,00J1f 10 In
the case of polyalkylene glycols (diols), the following structures arise: k (r)
(9) H2N O k1 L o]HfrNH2 L~ 2 FiINJ~~ k~( ikH~'~+ 0 3HNN2 5 (10) in
which k1, k2, k3 and k4 are each integers which add up to 600. In a
further preferred embodiment, nis 1, 2, 3 or 4, and R2 is an organic 10
radical which has bet n 5 and 3P0 oxyalkylene groups. In a further
preferred embodiment;n iR ari 6m 5 to 20, and R2 is an organic
radical which contains from 2 ﬁo 300 oxyalkylene groups. 15 When R2 is
alkoxylated glycerol, the prodétt ofithe process according to the invention
may, for example, have the following'structure: ONHZ Lv3NH2 kL~k5
6 (11)

in which R4 is a divalent hydrocarbon group having from 1 to 50 carbon
atoms and R5 and Re may each be hydrogen or a monovalent hydrocarbon

group having from 1 to 50 carbon atoms, where each of R4, RS and R6 may
comprise from 1 to 200 oxyalkylene groups and heterocatoms such as

oxygen, nitrogen, phosphorus or sulfur (basically in the same way as RS),

and mis from 1 to 10.

When R2 is alkoxylated methanol, the product of the process according to

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

E(1 kz

/0\/\0/\\/’0\/\?‘4/\'/0\/\0/\\/0\

K/O \/\O/\/O\ "

In the case of an alkoxylated alkyl alcohol, the foliowing structure arises:

o1 )
aikyi”g\%/\ﬁm/ 1 “NH, (8)
Ky K2



20 in which the indices kn are integers which add up to 600. 11 When R2
is alkoxylated octylamine, the product of the process according to the
invention may, for example, have the following structure: 1 2 octyl'~N Ito
4kT'-0 NH2 4 (12) 5 in which the indiﬁ?s kn are integers which add up to
600. Inventive polyetheramines are mono- or polyfunctional amines which
may be branched, unbranched or cyclic, saturated or unsaturated. They
may be 10 primary, secondary or tertiary amines. Preference is given to

printiasyc asBinepuvene Bne Recoll (iventivepelusihesamings @a e
example, - monofunctional amines, for example 15 alkyl polyalkylene
glycol amines, for example methyl triethylene glycol amine, bis(methyl
triethylene glycol) amine, butyl triethylene glycol amine, lauryl

polypropylene.glycol amine, methyltriprogylene glycol amine, phenol
polypropvwle;iglycsl S%W W%l amine {9}
bis(methyl triprapylene glycol) amin€:N-meth ‘raethyl polypropylene
glycol 20 amine, methyl polypropylene glycol amine, bis(methyl
polypropylene glycol) amine, tris(methyl diglycol) amine, methyl

polyalkylene glycol mineqm h random o t&ock ise distri Lgion fithe
oxyeft y%(ﬁﬁ%?ﬁ%ye uniMﬁ kg{ﬂa inesyfor | ~NH,
example triethylené glycol diafine; tripropylene glyéol diamine, s

polyethylene glycol

(10}

in which k1, k2, k3 and kg are each integers which add up fo 600.

In a further preferred embodiment, 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 to 20, and R? is an

organic radical which contains from 2 to 300 oxyalkyiene groups.

15 When R2 is alkoxylated glycerol, the product of the process according to

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

ot e
! 2 O\{}AOH\’/OMNHZ
(

11)

20 in which the indices kp are integers which add up to 600.
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diamine, polypropylene glycol diamine, polyalkylene glycol diamine with
12 random or blockwise distribution of oxyethylene and oxypropylene
units, butanediol polyalkylene glycol diamine, resorcinol polyalkylene
glycol diamine, 5 - trifunctional amine§1 for example glycerol polyalkylene
glycol triamine with random or blockwise distribution of the oxyethylene
and oxyprppylene units, bis(triethylene glycol amine) amine,

bl(pety &kyteni& oty zitanoicig)eanniee 16 prietratiinctivagraresse g dosrding to
example pentaerythritol polyalkylene glycol tetraamine with random or
biBEKNYES GRITEMI SR PIREBIE diRVfeFie ARHWIs SHARNERnits, N,N'-
bis(polypropylene glycol amine) polyalkylene glycol diamine. 15 The
aminating agents of the formula (2) used in the amination of the polyether
alcohols of the formula (3) to giye the polyether amines of the formula (1)
by the process accordjin theii tion, fMay] be er ammonia or
primary or secondary,jgliphafi¢ yclo Iipha'gg or aroﬁ’Hﬁ.ﬁc amines. 20 In
the case of use of ammjonia as thé aminating ag?ent, a primary polyether
amine is initially, ed. riate reagtion gonditions (pressure,
temperature, reaction tim ¢ isolated as the product,
or the reaction is continued iy polyetheramine formed
25 reacts further with furt qrresponding secondary
or else tertiary polyetheramine. In addition to ammonia, the foIIo(vy' g
amines, for example, can be used as aminating agents: methylamine,
dimethylamine, ethylamine, diethylamine, 30 n-propylamine,

YRR ARG o et IR SRR RE R,

Inventive polyetheramines are mono- or polyfunctional amines which may

be branched, unbranched or cyclic, saturated or unsaturated. They may be
primary, secondary or tertiary amines. Preference is given to primary

amines where R' = R? = H.

Inventive polyetheramines are, for example,

- monofunctional amines, for example

alkyl polyalkylene glycol amines, for example methyl triethylene glycol
amine, bis(methyl triethylene glycol) amine, butyl triethylene glycol amine,
fauryl polypropylene glycol amine, methyl tripropyiene giyco! amine, phenol
polypropylene glycol amine, isotridecyl polypropylene glycol amine,
bis{methyl tripropyiene glycol) amine, N-methyl methyl polypropylene glycol
amine, methyl polypropylene glycol amine, bis(methyl polypropylene glycol)
amine, tris(methyl diglycol) amine, methy! polyalkylene glycol amine with
random or blockwise distribution of the oxyethylene and oxypropylene

units,

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

diamine, polypropylene glycol diamine, polyalkylene glycol diamine with
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13 The aminating agent may, based on the hydroxyl group to be
aminated, be used in stoichiometric, substoichiometric or
superstoichiometric amounts. If high conversions of the alcohol of the
formula (3) are to be achieved, the agynating agent, for example
ammonia, is preferably used in a molar 5 excess and unconverted
aminating agent is recovered. The partial hydrogen presssure to be used,

majREWRe R e MitkiP AR e TeeBRaA e NI PY S 66,
baitareradqanisytany fiee §6/bar tai4ipal. Hsdegen iHopkrensHEedycol
stoichiometrically but is required to maintain the catalyst activity. 10 The

p Caccording to the invention is performed preferably at

temperatures of from 50 to 250C, especially at temperatures of from
140&}0 200C. Caontinugus aminolysis processes are preferably carried

oult Bt RS RA L RTURS o RM2WI200C, particularly preferably at 15
teyperatyies dRmcROG focl GAGmiae exampimasa ticklediedwr Brtantion

ss. In the trickle-bed)é%rﬁ(;cess, the com oun,d% of the formula (3) are

RSN WS HIG Y BERP HER o Tt (B DB AMIER B Srmine)

pEetiess they g kateractfien Haihejtamind) 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
overahforestinasohinem & oxdatbhar, especially from 50 bar to 200 bar.

25 The amount of catalyst to be used.is preferably in the range from 0.5 to
PR 0B By AALE! T SArdCHBAR 41 SO adiocknise
espacialtiofiomo? toth8% byyeassehased the:gloahplenthe fatiyla (BN -
used. Amounts above 70% by mass are ysed especially in continuous
PR BS P TE S 68 TS P AN e PO ALEe vl

amounts 30 of catalyst in the range of from 2 to 15% by mass per batch

ar[% egr%ri?lle%ng agents of the formula (2) used in the amination of the
polyether alcohols of the formula (3) to give the polyether amines of the
formula (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 polyether
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 to give the corresponding secondary or

else tertiary polyetheramine.

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

hexylamine, cyclohexylamine, aniline, toluidine, piperidine, morpholine.
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used, and the catalyst is recovered and then reused for a large number of
batches. 14 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 gasepus or in some cases even
supercritical reaction components (aminating agent, hydrogen and
passibly inert gases) can be 5 circulated. The water which forms during

the e 4EHOAEEh AR PavMaftP P the T BRI i FECUPER &8 SBIRAIG hePe
rerpened Hionehirsiert CONVEISION Gtheriss Sullersodndagard @mounts. if

reaction rate, catalyst lifetime, yield and/or selectivity. 10 The amination is
PRV SOGVEERBRREH WithBlRLE aMNGRE it Y A8 IBRiBRNBYESe the
salveisnghadestitiog wantionetivendisdrerd sitatabist, WeKaass molar

aminating 15 agent, of water formed, of hydrogen and of optionallg inert

g5EEESAnd e BUIDBURSIEMIRERIRSer JRFREdRpERYRIER atbbrdRfytiel

toh koAU RBSAlrcl ReFEARINN BRMPRAIIS FRINRVRM ManiPasHiBY range,
ag%er approprLijate workup, be sent back to the amination process. The
c

RIGEEIEPHBIENE ithutdoid BRECTRAR RARILAY ToTEIGPRids 40 bar.

Exgmplech Ishiso @frsethytnabiaipieregeebutth adneaadnelaidmashahe
2000 g/mol, .25 200 g of a Raney catalyst which had been freed of water

ufid oI nitrogen gas, and 600 ml of ammonia (liquid) were
introduced into an agitated autoclave of capacity 4.5 I, equipped with a

catalyst basket. The Raney catalyst was in the form of porous hollow
OB R Bsto RSP UMbt i ANFEBRE S BFAA0AIEY mpleteeroly

cobaart3290diy florsss0 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, particularly preferably at
temperatures from 150°C to 180°C, for example as a trickle-bed or bottom
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 fo 300 bar,

especially from 50 bar to 200 bar.

The amount of catalyst to be used is preferably in the range from 0.5 to
greater than 90% by mass, more particularly from 1 to 80% by mass,
especially from 2 to 70% by mass, based on the alcochol of the formula (3)
used. Amounts 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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30 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 autoclave was
closed. The mixture was heated to 18(? while being agitated for 20 hours.
15 The overall pressure at 180C was about 160 bar. After cooling to 50C,

the autoclave was slowly decompressed in order to remove the majority of
thEgnffBRRtIaRCEe Rydregenmase femimvpighoattiom kil Wabmdeled

upsexiipdueehRIGSHMYE abresidrabiolatile cRpsttUeMaSYCLAS aaUBRRE |

5 and water of reaction formed and filtered. The determination of the .
aRfite PRBRASSPANHhEFRABRYPhUTHUPAIRAES £ dRiyraddsr ediralrsraetion

OL8AdReHIE AHTRBRPRANE RO YSHIFAING I ResdRis ke atR8) can be

selectivity for the primary polyetheramines determined by titrimetry was
o8iERiatntos, based on the total amine content. 10 To determine the
selectivities, the distributions of the primary, secondary and tertiary
polyetheramines were determined by masking reactions with acetic

a

fakeo MauRRyRITEHHENhE fr8asH @asER b ieRaiBi R BRggeaction

tiaiane. 4 additiopheng/vetherasubgsant e tAmnes iediiziferwise
with 15 trichloroacetyl isocyanate were analyzed by 1 H NMR o
sﬁeﬁﬁ&wﬁyr@@aﬁmm&aﬁwRgr%iranfam}v%lgfaw@n@@q/@@mmﬂﬁalﬁféyﬁy.
molar mass of 2000 g/mol, 130 g of a supported catalyst which had been

reduced with hydrogen and 20 activated beforehand, and 600 ml of
alRoRA TR0) SvRre RirBhLBsd RiBesh wiiat alRiatowryspatiity also

4ok aleipped i aaaalyst 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 90% by mass and of metals to an
eXtleat RisLfhd yanassn therpmordoniR othetalalt, Basstesstheninating
metal congent exc}Juding the aluminum oxide ) ,
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 setectivity.
Examples

Example 1

1.0 kg of methyl polyalkylene glycof with a mean molar mass of 2000 g/mol,
200 g of a Raney catalyst which had been freed of water under protective
nitrogen gas, and 600 ml of ammonia (liquid) were introduced into an
agitated autoclave of capacity 4.5 [, equipped with a catalyst basket. The
Raney catalyst was in the form of porous hollow spheres of external
diameter 3 mm and consisted of 64% 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 autoclave was

closed. The mixture was heated to 180°C while being agitated for 20 hours.
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support material, having been more than 98% 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. Subsequently, 30 bar
hydrogen were injected and the autoclave was closed. The mixture was
30 heated to 180C while being agitated for 5 hours. The overall pressure
at 180C was about 160 bar. After cooling to 50C, the autoclave was

sl WReInmpRsssEa f# ditferto¥emahowie! fidBaty ofttiecariienia aRdC:

tige ARSI TR eaNNacaasiessaXIHIermastieachundanEemigstty of
16 pressure, of residual volatile constituents such as ammonia and water

o FeATHBATERABY LT HEERAE rhE Geie iR f iR i Rule freed
aned By deanraupress atowed gigesree afirorvertianatdéletodbaammonia

corresponding polyetheramine to be determined. The selectivity for the 5

pRiRaHAYRyRNERRYRRCS dBRSHARR A I Gttin oy 4 Sata A Higs amine

hasetbendhe tathamBe/contebbrExaNBle 3 dof ke o Beihyrpelyakulensto
glycol with a mean molar mass of 2000 g/mol, 10 200 g of a sFlJ;gp{)orted
c

I8 (FRBBFINSAIUSRtBRIABYEEd O R THEeiRy M Paecb i aBIRH Vity for the
exaluding Hoe,/SiRafMaResURBRHMAtRTial, cansiates, ofvsoball tecivalent,

extent of more than 95% by mass and of copper to an extent of 0.8% by

nP2SEhAR BRI RLPRIRMGARI}IGuId) were metered into a stirred

autoclave of capacity 2 I. Subsequently, 30 bar hydrogen were injected

and 15 the autoclave was closed, The mixture was heated to 190C while
Db S IRPolTP 1R IPCINHES c By SHHE ABE SN By, Secondary

decangiesseddyrdestoinennoxadheaamomnia and theskiydyogertidhe with

R B PR LA Ao R BB ARG O B g c-base
nigmaibienslioweddtdeoree pbivetbenyeaision ah8abetedhpiesrmeapaitiing with

T e

Example 2

1.0 kg of methyi 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 600 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
length 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 cobalt, based on the metal content excluding the aluminum oxide
support material, having been more than 98% 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. Subsequently, 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 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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was 98 equivalent%, based on the total amine content. Example 4 25 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@nhydrous catalyst, was 94% by
mass and whose copper content was less than 0.2% by mass, and 540 ml
of ammonia éliqui,d) were metered into a stirred autoclave of capacity 2 |.

3B QR HYEG AL ARSI OHRbYP IR cRRrRlIERNTR SUED ASARIaNGeAR water of

clesedot e mixtuehwanberietie 1R whiiribeipg Slisrachiae thewsr and
After cooling, the autoclave was slowly decompressed . in order to remove

SR bNEIEIhPHOMR e, THROFEMalin G PEXENBIR Tistlre (Vas freed®
1doRtEpiHuR Yy Patijetaenstitinents updedsesiiep@ drepsure giadtiitereadr the

The determination of the amine number allowed a degree of conversion

PO AN B R in G B R R i T BRI et¥ARinis  SFHvalent,

spipaityibn fore thedpamaiy pehiethieramines, determined by titrimetry, was
97 equivalent%, 5 based on the total amine content. Example 5 750 g of

polyalkylene glycol consisting of ethylene glycol and propylene glycol
URKs@IRtEh@ving a mean molar mass of 600 g/mol, 150 g of a 10

supported catalyst whose metal content, based on the dry, reduce
o P13 5 Bert el A8 ARG Y e 200 0/,

eXENG0HPBVes iRy mass aapfRoppRIs. Ateentesrbhi3Wdymass teaddry,
e S (L s R, S o O o
astociave wasslisslesedointh anasn bameateddwl 306pehite deiagent of
s A S B R Moo o
remiaioikage efchpacitixRifeuas dqeshtof, reSidualeladite canstdueieisied and
! hdeerag) gg a%% Rvas e c?s%g(.j ?ng%k{}r}g 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% 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 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 iotal 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 ml
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 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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determination of the amine number allowed a degree of conversion of
95% 20 to the corresponding polyetherdiamine to be determined. The
selectivity for the primary polyetheramines, determined by titrimetry, was
96 equivalent%, based on the total amjne content. Example 6 25 1.0 kg
of polyalkylene glycol consisting of ethylene glycol and propylene glycol
units and having a mean molar mass of 4000 g/mol, 200 g of a supported

c%liaﬂ?%ﬂﬁﬁbé’@ e CEOSIEHET 8 SeRr6h tRE ld?ﬁdrétﬁ‘a%%‘d'“%af’f&@/sfﬂ'*ered The
exetading 88 SEP sUpRMrbMateal sphsisted abepbalbte.anexiam ef a5,

93% by mass and of copPer to an extent of 1.2% by mass, and 540 m| of

36 dhfmsie SRR WS HRthETEa to shifr P aitBlaTe bheaprleryot. for
SubseameniyclfmsRysiegen wernminias el machdeauaslaye@salent,

closed. The mixture was heated to 190C while being stirred for 5 hours.
AQ@%BWH@%M%@B@%@@%%@IOWW decompressed in order to remove

18 the ammonia and the hydrogen. The remaining reaction mixture was
freed of residual volatile constituents under reduced pressure and filtered.
EA@REmination of the amine number allowed a degree of conversion

oF86% dp H&WKW@Q@F@WP@WMI@@“@B éﬂw??éﬁé@l%@le@n’dhﬁropyiene
select|V|ty for 5 the :E% nary polyetheramines, determlned by tltrlm was

RliviESAD YR ARIRE BREHOELINSIENPL 3 %G orOf 2
m@w&:ﬂ@%&wm @hyssd with-a saetennelassdess #2080 @idedlOa199st

B ey e s ) ot o Cobgl P,
nwy)frﬁmmcana (buidpyerednateregtano e agtatas amgolaveref 800 mi of
Sy Sh Sikssasenty Jopyvcrogen yere st natis,
aama;mhtmrﬁ@,hqtmban dverath pressore ohjdfebanbeintaaintaiieddyvas
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 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%
to the corresponding polyetherdiamine to be determined. The selectivity for
the primary polyetheramines, determined by titrimetry, was 86 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/mol, 200 g of a
supported catalyst whose metal content, based on the dry, reduced catalyst
excluding the SiO; support material, consisted of cobalt to an extent of 93%
by mass and of copper to an extent of 1.2% by mass, and 540 mi of
ammonia (liquid) were melered into a stirred autoclave of capacity 21.
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 slowly decompressed in order to remove
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injecting further hydrogen. 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. Qe determination of the amine
number 20 allowed a degree of conversion of 85% to the corresponding
polyetheramine to be determined. The selectivity for the primary

pHIetRmRhiRcaNddhs AHBEIS tithnFetRMAAY o8 eathipalentst Isavas dreed
the teighrming eAMeRbraatEXamNIe &t Lke ol fafty-aloho Laxy Riepylaterhe

with a mean molar mass of 310 g/mol, 200 g of a supported catalyst

wHRISETREAPEoRtdRE BEYRE BRTRSHAJIONAR cedecingyat eRBNRIMg RS ©5%
SUP RSt &@@Q@br@ﬂ??ﬁ?é’cﬁ%@@ﬁlm R X ienahAdos byHBassandigf for

copper to an extent o % by mass, and 30 540 ml of ammonia (liquid)

wibie PREIERE PRI B StRrBI aBtcQiRE BleHapw ity matre e §GepayivaiBais,

hydeRgesvBECHNIfGiadnedhe utoclave was closed. The mixture was
heated to 190C while being stirred for 8 hours. The water of reaction

formed remained in the stirred autoclave. After 19 cooling, the autoclave
wag:sgwdydecompressed in order to remove the ammonia and the
hydrogen, The remaining reaction mixture was freed of residual volatile

corstiiShERtRYbPRORIEE PRatiGR WHB AlERAN THiatBlaRm pheePlug/mol,
thenarging BERIEEaliapadA dromreRhCORUEr IR 08 88%AI SihiBRIPHIMaIYalt

amine to be determined. No content of secondary and tertiagré amines

wARHBEERNE BBRHARIOD 116 RGBT SFIRDIDKYBpYIate Rithass, and
NEENAOHAr Anas A3 Laimolvete SRk SHRPAFEG SRSt NRRS8ve of

metal content, based on the dry, reduced catalyst excluding the support

nfRBRAYcAngisted ISESBIaPHY arl R8ht BY QUS4 WEER dhgTpeopper the
taambeeat Whe. 220 8ydnasse antkture was heated to 190°C while being

agitated for 12 hours, an overall pressure of 180 bar being maintained by
injecting further hydrogen. 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 85% 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 8

1.0 kg of fatty alcohol oxypropylate with a mean molar mass of 310 g/mo,
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 94% by mass and of copper to an extent of 0.2% by mass, and
540 ml of ammonia (liquid) were metered into a stired autoclave of
capacity 2 |. Subsequently, 5 bar hydrogen were injected and the autoclave
was closed. The mixture was heated to 190°C whiie being stirred for 8

hours. The water of reaction formed remained in the stirred autociave. After
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540 ml of ammonia (liquid) were metered into a stirred autoclave of
capacity 2 I. Subsequently, 5 bar hydrogen were injected and the
autoclave 15 was closed. The mixture was heated to 190C 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

nfRBiROw e BdiPer Ye IR VeIt S AsHRIBRES tfleP TRRILRJEMOVe the
PERSRIRIANhfltere thyEReRR detesminationf taa amine-numberalowady of

a degree of conversion of 75% to the corresponding primary amine to be
dERElTHiRe A ORI SRIRFH IR EE cORGAFy RaY EaiaRyoaTiHiBs 3ss Eienekiod e
Exampianklia® 4F et Res prekhaing clipmelRiobb GhvaRdisHeA%h %

of 2.5 m was charged with tablets of a supported catalyst whose metal

cBhtBift, BHSERNORTHBSIAP, reBugeistaiaRit HelrdRtEHeSicemgeary and

SHRAry Balpdalweanaistegefcobalt 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 30 with hydrogen. Subsequently, 1 kg/h of fatty
afcehelgpsapoxylate 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

166CFarff dpfveicanoteR¥pecay 280 Wi, FRBGRARY Wad PR rited fho/mol.
cyole 9as madpittheuatesoldibdeagtianfamedivas semovad WE dry,

an offgas stream. Once stable reaction conditions had heen established

i G rE4 ctBrY S BILUS iRe R RoBHBP WG B URlre RIGRIEA PRAP LAl to an

agmoniaconaiehsidlisselvedphe wagbieayyareremoyes UneEss, and
reduced pressure. The determination of the 5 amine number and the

hy AR AinARMQR NGO RS 885H 1R Beflififeduitidave of
selgsaivity for thespemasyiammes: deiaaninedveyditipetsy, awasfBautoclave
equivalent%, hgsed gn the total amine content.o%xarﬂple 11 i

was closed. The mixiure was heated to 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 metai content, based on
the dry, reduced catalyst excluding the SiO,/MgO support material,
consisted of cobaltf to an extent of 86% 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 alcohol 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 reactor was operated in cycle gas mode, and the water of
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10 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
ammonia and hydrogen were fed into,the reactor at a temperature of
155C and an overall pressure of 90 bar. Once stable reaction conditions
had been established in the reactor, 15 samples of the product effluent

wereteformed e erexefon Brateaaanatieam Heck flakigereasgtion
deterarinatonRf thecamire-puaHer andriberdydimdambsr slemehiduct

conversion of 96% to be determined. The selectivité;or the primary

pBiffefitrarRitedatiRle AhifeBNYy AENMBH WaS dvaEiuRidleRisBolasedoihe
thetetamine cemenbRAfamelr t\srdesarbers ExamalastRriof the

fixed bed reactor was charged with catalyst and conditioned.

SHBYER ERRE L aRIHRS MEFRT P ARAE REYKRSG PHERANG TSI PR PRGIAP De
MRS OhiABE0 THENak|BdE/if THAMBRild AR CERYHOg e werg RRIfB Y itPnetry,

the reactor at a temperature of 160C and an_overall pressure of 50 bar.
Ote SEBRNIERGM cBABRIDAS Hiki IRk R BURHRSAE T the reactor,

samples of the product effluent were taken and ammonia and water still
dissolved in the samples were removed under reduced pressure. The
dEtEMRStbh of the amine number and the hydroxyl number allowed a 30

CARVEESIOMHRHIA% o he deternineed Heiselastbhtyderdhargemaiyh catalyst
heramines, determined by titr was 98 equjvalent%, based on

polyet : imetr

t Ei&.ﬂ%*me&forﬁanﬁw%@mb@& %éema@iﬁwwam&i% Rg'BRY 2

matys petialkiiase glysalngimalmearkaiplat raasseiia08edoiyelo g0 Were

of a supported catalyst which had been reduced with hydrogen and -

R e e e e S

Stair agitate daiiectave iicapatiichd haenuippedutithinathlystaskeattor,
samples of the product effluent were taken. The water of reaction formed
remained in the autoclave. The determination of the amine number and the
hydroxyi number allowed a conversion of 96% to be determined. The
selectivity for the primary polyetheramines, determined by fitrimetry, was 99

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 moiar mass of 2000 g/mol, 5 kg/h of ammonia and hydrogen were
fed into the reactor at a temperature of 160°C and an overall pressure of 50
bar. Once stable reaction conditions had been established in the reactor,
samples of the product effluent were taken and ammonia and water stilt
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 fotal amine content.
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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 cobalt, based on the,metal content excluding the
aluminum oxide 10 support material, having been 87% by mass and the

proportion of the copper, based on the metal content excluding the
aferamiR dXidecsippGHEvmatear Baving been 12% by mass.

SP.@S@%?%M@@MWM@&@S@ WesE witiesteseandtBeAHiagaye Yi® g/mol,

closed. The mixture was heated to 180C while being agitated for 5 hours.

ThétgerhippreRBAFEeH BBt Sh A b hirdshEse BaFUsrer viBIMmyto goiT and
R AUARSIAYENRT SIRYY ML COMPREEF A ORREL] QBN RPN BNRIY into

of the ammonia and the hydrogen. The_remaining reaction mixture was

frRBPGHAE tcRiiOE P KR SE LTBRsIGBSIdual. VofatiRPeEn it eheaiabistabasket.
amyBopia @k walsp S caaetion fermed andiiltermeh Bhﬁafé%gﬁ@@tmﬂ% in

the amine number and hydroxyl number 20 allowed a degree o

cERFs R T HHIS RARE s R RRAITEMG I PR cthisrimegdseto an extent of
dgteyminadadbeselectiviiafordherperary olyethsyantagsiieisupbedn of

b%%ifirimetr{g was 91 equivalent%, based on the total amine content. In

atfitiGRLETeqBRRENPR INse CORMANF BN IRIGINING MRl BlegtivaRgde
okigrtisry Relkstaeramings. Besgdsan, 26 the fetal ARINBCHERENRIf the

found. 22 Claims 1. A process for preparing amines of the formula | 5

RARREIRFTEH RIVIRRME R £ATIRRERNIHTIN g 16, F¥Mindorgitficsupport
radinakwhieh raTsises beiweem2saNG 60901 @iylene BEpURRIBBaRIvere

and R3 10 are the same or different and are each hydrogen or an organic

radiRSIHh NG ISP HIBABYE Y BR a5, BiFcoIbiRmYy as diapslity 680°C
theHisaia 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 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 88% to the corresponding
polyetheramine to be determined. The selectivity for the primary
polystheramines, determined by titrimetry, was 91 equivalent%, based on
the total amine content. In addition, 8 equivalent% of secondary
polyetheramines and 1 equivalent% of tertiary polyetheramines, based on

the total amine content, were found.
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Rs HN\R1 (2) 15 with a compound of the formula 3 R2(OH)n (3) 20 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 co ?It 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 aluminum to an extent of at 25 least 80% by mass,
aléPWhfch contains less than 5% by mass of copper. 2. 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 23 alkylene radical having
frobm 2 t@%%%@é@ﬁ%?ﬁﬁgaﬁ/mﬁﬁ%ﬁﬁ tREVRIE W& 6 to 50 carbon
atoms or an alkylaryl radical having from 7 to 50 carbon atoms. 5 3. The
process as claimed in claim 12and/?r g in which R1 and R3 are each as
defined for R2. 4. The process(ddcl&imed in ongipr more of claims 1 to 3,
in which R and R3 each contain amino groups. 10 5. The process as
claimed in one or more of claims 1 to 4, in which R and R3 each
correspond to the formula 5 -ilR4_N Cis L R5m (5) 151_inwhich R4 is
a divalent hydrocarbon group having from | to 50

in which n is a hrumber from 1 1o 20, R” is an organic radical which

comprises between 2 and 600 oxyalkyiene groups, and R1 and R3

are the same or different and are each hydrogen or an organic

radicai having from 1 to 400 carbon atoms, by combining a

compound of the formula 2

R:%
/ @

HN L N

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 cobait and aluminum to 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 R? and RS are each

hydrogen, an alkyl radical having from 1 to 50 carbon atoms, an



10

15

20

25

carbon atoms and R5 and R6 may each be hydrogen or a monovalent
hydrocarbon group having from 1 to 50 carbon atoms, where each of R4,
R5 and R6 may comprise from 1 to 200 20 oxyalkylene groups, and m is
from 1 to 10. 6. The process as claimed in one or more of claims 1 to 5, in
which nis 1, 2, 3 or 4, and in which is an organic radical which has
between 5 and 300 oxyalkylene groups. 25 24 7. The process as claimed
in one ofINGFE Bffekipas 136 B iHAMRiehtA RAsAR e AtRING 530 20ylarasical

in which22:i%,ap.praapicsadisal guhigBrias framAk e300 9xvalkyensy from

groups. 5 8. The process as claimed in claim 1, in which R1 and R3 are
each hydegéhcebPReaBERSS as claimed in one or more of claims 1 to

8, in which the catalyst contains at least 90% by mass of cobalt and the

10 percentages by mass are based on the dry, reduced catalyst1 3
eXcludingrsuppme ssaderiadhid®dlimegmones aad/cained whizheRor amaf&ofare
claims 1 to 8, in which the caﬁalyst of the Raney cobalt type contains at
least 90&@bly aradsfofedetald consisting of the group of cobalt and
aluminum and the 15 percentages by mass are based on the dry catalyst.
11. The process as claimed in one or more of claims 1 to 10, in which the

i 0
calalyst spatapsbetween 5809 0136 Y 11358 GF SORRRTY 13 T8 e =
process as Claimead In one or more o claims 0] , In'whic € catalyst

pontainsalgg%than Af_?/% {t))'){ gngssg% 8\%08&82(_) 13. The process as claimed
in one of more of claims 110 1 , N hich 1 is one or two.

5. The process as claimed in one or more of claims 1 1o 4, in which R‘g

and RS each correspond to the formula 5

,..[th;s\; =3

Rs (5)

in which R4 is a divalent hydrocarbon group having from 1 to 50

carbon atoms and RS and R6 may each be hydrogen or a
monovalent hydrocarbon group having from 1 to 50 carbon atoms,
where each of R4, R5 and R6 may comprise from 1 to 200

oxyalkyiene groups, and mis from 1 to 10.

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

5 and 300 oxyalkylene groups.
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14. The process as claimed in one or more of claims 1 to 13, in which 25
the reaction temperature is from 50 to 250C. 15. The process as claimed
in one or more of claims 1 to 14, in which the overall pressure is from 1 to
300 bar. 30 16. The process as claimed in one of claims 1 to 15, in which
the process is carried out continuously in a fixed bed reactor.

7.

10.

11.

12.

13.

14.

15.

16.

The process as claimed in one or more of claims 110 5, in which n is
an integer from 5 to 20, and in which R? is an organic radical which

has from 2 to 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 contains at least 20% by mass of cobait and the
percentages by mass are based on the dry, reduced catalyst

excluding support material.

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 10, in which

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

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

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

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

is ohe or two.

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

the reaction temperature is from 50 to 250°C.

The process as claimed in one or more of claims 1 to 14, in which

the overall pressure is from 1 to 300 bar.

The process as claimed in ocne of claims 1 to 15, in which the

process is carried out continuously in a fixed bed reactor.



