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.l
METHOD FOR PRODUCING AMINOETHYLETHANOLAMINE AND/OR HYDROXYETHYL
PIPERAZINE '

The present invention relates to a method for producing
aminoethylethanolamine, hydroxyethyl piperazine or both these
compounds by continuously ethoxylating ethylenediamine,
piperazine or a mixture thereof in an excess of ethylenediamine
and piperazine. The resulting ethoxylation product flow is then
processed by distillation in a distillation plant for processing
an amination product flow obtained in the amination of
monoethanclamine with ammonia. '

It is long since known, for instance from Knorr et al,
Ber. 13 (1%02), p. 4470, to produce amincethylethanolamine by
reacting ethylene oxide with ethylenediamine at rcom temperature
and in the presence of considerable amounts of water. The
reaction is carried out in an excess of ethylenediamine in order
to avoid ‘the formation of higher adducts, such as N,N'-bis(2-
hydroxyethyl)-ethylenediamine.  DE=-A-2,716,946 <discloses a
discontinuous method for producing aminocethylethanolamine by
reacting ethylenediamine with ethylene oxide at a temperature of
100-120°C and in the presence of water in a specially-daveloped
reaction apparatus. ' Patent Specification SU-a-1,512,967
discloses the production of N,N'-bis(2-hydroxyethyl)-ethy-
lenedianine by ethoxylating ethylenediamine with ethylene oxide
in a molar ratio of 1:2 at a 'tcnporaturc of 40-50°C and in an
approxinatsly 20% aquecus solution. This reaction generates a
great number of by-products. Patent Publication EP~-A-354 993
proposes that amines containing reactive hydrogen atoms are
reacted with ethylene oxide and/or propylene oxide at an
elevated temperature, cohvcniontly a temperature of 130-180°C,
at a pressure above atmospheric and in the absence of any
solvent but in the presence of a catalytic amount of alkalil
metal hydroxide and/or alkali metal alkoxide.

It is known from DE-A-2,013,676 to react, in a first
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step; ethylenediamine with ethylene oxide in the absence of a
catalyst, and to react, in a second step, the formed higher
condensation ptoducté in the presence of hydrogen (and
optionally ammonia) and a hydration catalyst to piperazine,
hydroxyethyl piperazine and N-aminoethyl piperazine.

It is further known that  the production of
ethylenedianine by the anmination of monocethanoclamine with
ammonia inter alia results in minor amounts of ethylenediamine
and piperazina substituted with one or more hydroxyethyl groups.
The reaction mixture obtaincd in the amination is then separated
by multistep distillation. | _

There are many difficulties associated with the
production of aminoethylethanolamine and hydroxyethyl
piperazine. Thus, one problem is that the ethoxylation of
ethylenediamine results in the formation of a number of

‘'undesirable '_by-products; ' ‘such as di-, tri-

or tetra(hydroxyethyl)-ethylenediamine which, along with
unreacted ethylenediamine and ethylene oxide as well any water
present. “ave to be separated from the aminoethylethaholamine,
usually by vacuum distillation. The use of water as catalyst
results in the formation of a high-boiling azeotrope of
ethylenediamine and water, which is difficult to break. The

~ethoxylation of piperazine results in the formation of not only

hydroxyethyl piperazine but also di-(hydroxyethyl)-piperazine.
The ressulting product inj.i:tur. is usually separated by vacuum

-distillation. If use is made of catalysts which wholly or partly

are dissolved in the reactants, also these should be removed
prior to the processing of the reaction mixture. In reactions
above 100°C, ethylene oxide reacts also with the water present
to form ethylene queelf_whieh'rnldlts in ethylene oxide losses
and further separation problems.

The object of the present invention is to produce
anino.thyletnanolanino and/or hydroxyethyl piparazine in such a
manner as to simplify’ ‘the purification process. Another object
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of the invention is that the reaction should be carried out
continuously, S0 as to. avoid the problems associated with a
reaction betchwiee.__i Further objects of the invention are to
achieve high yields ot the deeirable compounds and to enab].e use
of reactants wluch ere not necessarily pure.

It has now been tound that these objects are attained by
reacting etnylenedienine, piperazine or a mixture thereof with
ethylene oxide in __the presence ot a catelyst. the reaction
procees involvinq the eteps ot _
1) continuouely reeoting etnylenedienine and/or piperezine

witn 0. 05-0. S mole. or ethylene oxide. preterebly 0.1~0.3

' mole, per mole of . ethylenedienine .and/or piperazine in
~the preeence o! a catelyst.

__ii)l_' i.ntroducing the reeultinq ethoxyl.a.tion product flow into

. a dietination plant deeigned for proceeeing an amination
product tlow obteined by eninatinq monoethenolanine with
,amonie, end ' :

1ii) distillinq the ethoxylation product now in the distille-
| tion plent while recoverinq aninoethylethenolenine and/or
hydroxyethyl piperezine. L

| Pref.erehly, the cetalyet enployed coneiste of water or a solid

catalyst which is .not, dieeolved during the ethoxyletion
renction. Conveniently, the ethoxylation product flow |is
introduced into the dietinetion plent betore the first column
where, in the dietinetion of . the eninetion product flow, a

' compound or nixture is eepereted ‘which contains a compound

torning pert ot tne ethoxylation product ﬂ.ow. As a result of
the mode of inplenentetion ot tne netnod eccording to the.
invention, the reection producte can be proceeeed in a plant.
intended for the production of etnyleneeeinee by catalytic
amination of nonethenolenine with emonie, eince the ethoxylated
products tound in the ethoxyletion product t:l.ow are present also
in the eninetion product flow obteined in catelytic amination of

' monoethanolamine with ammonia. -
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In one preferred mode of inp'lementatio_n, it has been
found highly suitable to conduct amination and ethoxylation in
parallel and to | j_oi_ix the ethoxylation product flow and the
amination product flow in the distillation. plant. Owing to the
higher content of aminoethylethanclamine and/or hydroxyethyl
piperazine in the thus-joined product flows, it has, in
additioh, been foun;l' that the rocovefy of 'ethylenediaminé from
the azeotrope of"etﬁylenedia.‘mine and water is facilitated.

| In another preterred mode of inplenentation. ethylene-
diamine and/or pxperazine au drawn off in the form of a product
flow from the distillation plant ‘where the ethoxylation product
flow and the amination product flow are being processed jointly.
Such a product £flow may wholly or partly consist of the
azeotrope of cthylcmdi_anix_u and water ( optiona]_.ly containing
piperazine), in which case the water will serve as catalyst in
the eﬁhcxylation 'roac'tibn. An ethylenediamine-containing
fraction, which has not yet becn tully processed, may then be
used as reactant.

If water, wholly or partly, is used as catalyst, the
athoxylation reaction is carried out at a ‘temperature of 20-95°C,
preferably 40-80°C. Under such conditions, it has been found
possible to attain a d'atisthdtoﬁ ethoxylation rate as well as
a high selectivity for ethoxylation of the reactive hydrogen
atoms of the amine conpounds there being practically no
formation of g:l.yco].s or any cthoxyl.at:j.on of hydroxyl groups. If
the reaction is carried out in the absence of water, the reac-

' tion tupcraturc suitably is 20-150°C, preferably 40-120°C. If
use is made of a solid etnoxylation catalyst which is not
soluble during the reaction, additional process steps for
removing the eau].yst can be avoid.d Exanmples of suitable solid
catalysts are acid ion enchangors, acid zZeolites, acid clays and
Lewis acids. The term soli.d catalysts also includes liquid
catalysts that are bound to a solid carrier. It is further
possiblc to use a solid ethoxylation catalyst in combination
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with watcr. _

' 'l'he ethoxylation of athylenodianine and piporazi.ne to
aninocthylethanolanine and hydroxyethyl pipcrazine, respec-
tively, inplios that only ono ot the four and two reactive
hydrogen atons oz athylenediamino and piporazine, rospectively,
raact with athylano oxide. According to ‘the invantion, this
problen is solved by portorn.xng tno ' roaction with an
considarablo oxcoss ot othylan_odiamin_a and[or piporazino. In the
method, use may also be mada"”ot cthirlanodiamino and/or pipera-
zine containing uinor anounto of othar coupounds with reactive

hydrogan atoms obtained trom tha anination plant. 'rho ethoxy-

lates formod trom thaso conpounda, ' as wall as  unreacted
othylanadianina and piporazina n ba racovorod as purc products

- or as a hiqh-boilinq distillation raliduo, optionally together
' with the corrasponding conponants of tha anination flow.

A ‘suitable starting product for ethoxylation :I.s, for
instanca, an athylonadiauino fraction which contains at least
95% by woight of athylonadianina and which has been obtained
!rom tho distillation plant. If tho traction is watar-:roo, the
reaction ia protarably carriod out in the presanco of a solid
catalyat in a watar-troo onviromnt. it ia also. suitable to

ethoxylate a mixturs of athylanodianina and piparazina, in which

case the two anina conpounda nay havo baan obtainad in the

_diatillation plant. Such a product uixtura nay contain 60-100%

by waight of athylonodiaaina, protorably 80—95! by weight, and
0-40% by woiqht of piporazino, protorably o-zo% by weight. Use

is protarably uad. of tho othylonodiamina azaotropc formed when

reacting nonoothanolanina and aan_onia._ Additional ethylanodi-

anina and/or piporazino nay alao ho add.od to the azaotropa, as

nay additional anounto ot wator convaniantly, such a product

~ mixture contains 55-95% by waiqht ot athylamdianina, prerarahly

70-90% by waight: 1-30% by waight ot vatar. prarorahly 10-20% by

‘weight; and 0-40% by waiqht of piparazino. praf.orably 0-10% by

weight.
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By performing the ethoxylation of ethylene diamine and/or
' p_ipdraziné in the special manner described and by performing the
processing in a distillation piant for amination products
obtained in the amination of monocethanolamine with ammonia, a
simple and cost-effective mode of production of aminocethyl-
‘aethanoclamine and/or hyc;r_oxyethyl piperazine is obtained.
| Appended Figs 1 and 2 schematically illustrate two
examples of how the ethoxylation process can be integrated with
a distillation plant for processing an amination product flow
obtained in the anination of monosthanolamine with ammonia. The
following abbrcv:.ations are used in the description of the
Figures as well as in the Examples below.

AEEA = .Aminoethylethanolanme
DETA = ~Diethylenetriamine
EDA - Ethylenediﬁinc
EO - Ethylene oxide
HEP =  Hydroxyethyl piperazine
MEA = Monoethanclamine
PIP - 'piperazino
Fig. 1 schmtically iuustratu an arrangement for

intagratcd ethoxy].ation ot EDA and/or PIP to AEEA and/or HEP. A,
B and D are columns in a distillation plant for procusing an .
uination product flow obtained in the amination of MEA with
ammonia. ¢ is a system of distillation columns for separating
vari.ous products, and E is a mctor for ethoxylating EDA and/or
PIP. An amination product tlov 11 is introduced into the
distillation column A, whers ammonia is separated. In the
distillation column B, the main part of the water present in the
amination p:oduet flow is upa:atod and drawn off through a
conduit 31. The remaining amines are conducted through a conduit
32 to the distillation system C, where an EDA-water azeotrope,
EDA, PIP, DETA, AEP and are separated via the conduits 41,
42, 43, 44, 45 and 46, rcspcctivcly. Usually, the azeotrope
' contains 80-90% by weight of EDA, 0-5% by weight of PIP and 10-
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. 20% by woight of water. A tlow 46 of hiqh-boiling amines leaves
the system of columns C. In the column D, thoso high-boiling
'anines are, by distil].ation, separated into Am, which is drawn
off through a conduit 51, and a bottom fraction, which is drawn
off through a conduit 52. 'l‘he nzsotrope 41 is. whony or partly
and after optional cooling to a suitahle roaction temperature in
a cooler K, conducted throuqh a conduit 61 to the ethoxylation
reactor E. If so dosired, more water can be nddod to the
azeotrope through a conduit" 64, and more piperazino may be added
through a conduit 63. Ethylone oxidc is introducod into the
reactor E ttu:ouqh a conduit ss. suitahly in several places. The
reaction mixture fornod in tho sthoxylation reactor E, which in
addition to EDA and ' water contains EDA adducts and/or PIP
adducts, is joined with tno amonia-:roo amination product flow
22 for distillation. '
Fig. 2 shows an altsrnativs arrangement, which enables
".the production of more AEEA than is possiblo when using the EDA-
wvater azeotrope only. I.ike conponsnts as in Fig. 1 are
identitiod by like dssignntions. In view of the otnoxylation, _
part of the flow 42, which consists of’ m, is conductsd, via a
conduit 62, to an sthoxylation rsactor J, which contains an acid
ion sxchanqst as cstslyst. No wstsr need bo added. Since the
reaction nixturs contains zo and an excess of m, only EDA
ethoxyl.stos ars, apart tron !DA. obtainsd in the ethoxylation
product flow 71. Then, the ethoxylation product flow 71 is
‘joinea with a t].ow 32 from ths disti:l.lation col.unn B, which as
a rasult is subjsctsd to 1sss load. :
A grsst number of arrsngsnsnts of the distil.lation plant
“and its integration with ths stnoxylstion reactor are
conceivable within the scopo ‘of ths invsntion. For instance, the
flow 41 in Fig. 2, i.e. the nssotropo ot othylonsdianino and
water, may wholly or partly be introducsd into the sthoxylation
rsaotor J. If so, the sthoxylstion product flow should, however,
be joined with the ammonia-free amination product flow 22 from
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the column A.

The invention will now be further illustrated with the
aid of two Examples.

Example 1 :

A flow leaving a distillation plant according to Fig. 1
and containinq 72% of ED. , 4% of PIP and 23% of water was cooled

- to 40°C and introduced into an ethoxylation reactor with a static

mixer. Ethylene oxide in a molar ratio of EDA to EO of 1:0.17
was then added to the reactor in several steps. In the reaction,
the temperature rose to 90-95°C. The ethotylation product flow
from the reactor contained 56.5% of EDA, 2.5% of PIP, 19.5% of
water, 17% of AEEA; 3% of HEP and 1.5% of other reaction
products. All the ethylene oxide had reacted. 95% of the EDA
spent and 93% of the PIP spent had reacted to AEEA and HEP. 79%
of the EO supplied had reacted to AEEA, while 11% thereof had
reacted to HEP and 10% theréof had reacted to other products.
The resultin& ethoxylation product flow was joined with the

 amination product flow for distillation. In processing in

accordance with Fig. 1, the additions of both AEEA and HEP were
found in the amounts expected from the analysis.

Example 2 @ - :

‘An EDA-containing flow (more than 99.5% by weight of EDA;
cooled to 50°C) in accordance with Fig. 2 was introduced into an
ethoxylation reactor which contained a solid catalyst consisting
of an ion exchanger in sulphonic-aéid form. In addition, 0.108
nole of ethylene oxide per mole of EDA was supplied to the
reactor in saveral steps, and the reaction was carried out at

- about 75°C. The ethoxylation flow leaving the reactor contained

85% of EDA, 14% of AEEA and 1% of other reaction products. All

" the EO had reacted. More than 99% of the EDA spent had reactaed

to AEEA. The resulting ethoxylation product flow was joined with
the amination product flow for distillation. In processing in
accordance with Fig. 2, the addition of AEEA was found in the
amount expected from the analysis.
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CLAINMS

1. A method for producing. mi-pqgghylethanolaine and/or
hydroxyethyl piperazine by ethoxylating ethylenediamine and/or

_piperazine with ethylene oxidc in the presence of a catalyst,

chan.cto:i-od by

- continuously raactinq ethylcnediamine and/or pipetnzine
with 0.05-0.5 mole of ethylene oxide, preferably 0.1-0.3
mole, per mole of ethylenediamine and/or piperazine,

- introducing the resulting ethoxylation product. flow into

a distillation plant designed for processing an amination
product flow obtained by aminating monoethanolamine with
ammonia, and . . S C
- distilling the . ethoxylhtion product - flow in the
distillation ' plant while :cco?g:ing aminoesthylethanolamine
and/or hydroxyethyl piperazine.
2. A method as claimed in claim 1, chnracto:isod by being
performed in the presence ot water as catalyst at a temperature
of 20-95°C, preferably 40-80°C. : - _
3. A method as claimed in claim 1, cha:nctc:ilod by being

~ performed in the absencs of water but in the presence of a solid

catalyét, which is not dissolved during the reaction, and at a
temperature of 20-150°C, preferably 40-120°C. L _

4. A method as clainnd in claim 1, 2 or 3, ocharactarised by
introducing the ethoxylation product flow into the distillatien

'_plant bafore the first column where, in the distillation of the

amination product flow, a compound or mixture is separated which

~ contains a compound torninq part of tho ethoxylation prodnct.

flow.

S. A hnthod as clainud 1n any one ot clains 1-4, charac-

terised by joining the ethoxylation product flow with the ami-
nation product flow and jointly distilling them in the
distillation plant.

(O
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6. A methoed as claimed in any one of claims 1-5, charac-
terised by ethoxylating an ethylenediamine fraction which con-
tains at least 95% by weight of ethylenediamine and which has
been cbtained from the distillation plant.

7. A method as claimed in any one of claims 1, 2, 4 and 5,
eha:aetorticd by ethoxylating a product mixture which contains
55-95% by weight of ethylenediamine, preferably 70-90% by
weight; 1-30% by weight of water, preferably 10-20% by weight;
and 0-20% by weight of piperazine, preferably 0-10% by weight.
8. A method as claimed in claim 3, 4 or S, characterised by
ethoxylating a product mixture which contains 60-100% by weight
of ethylenediamine, preferably 80-95% by weight; and 0-40% by
weight of piperazine, preferably 5-20% by weight.
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