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KB'.rBOD !'OR PRODUC%HG AHIKOBTKYLBUAXOLAM%HB AHD/OR HYDROXY'E'1'J:lY1. 
PZIDAIIJIB 

~he present invention relates to a method for proclucinq 
s aminoethylethanolamine, hydroxyethyl piperazine or both these 

compounds by continuously etboxylatinq ethylenediamine, 
piperazine or a mixture thereof in an excess of ethylenediamine 
and piparazina. Tne resulting ethoxylation product flow is then 
processed by distillation in a distillation plant for processing 

io an aaination product flow obtained in the amination of 
monoethanolamina with ammonia. 

It is lonq since known, for instance from Knorr et al, 
Ber. ~ (1902), p. 4470, to produce aminoethylethanolamine by 

reacti119 ethylene oxide with atbylanadiamine at room temperature 
15 and in the presence of considerable amounes of water. The 

reaction is carried out in an excess of ethylenec:tiamine in order 
to avoid "the formation of hiqher adducts, such as N,N'-bis(2- . 
hydroxyethyl)-ethylenediamine. DE-A-2,715,946 discloses a 
discontinuous method for producing .aminaethylethanolamina by 

20 reactinq ethylenediam~e with ethylene oxide at a temperature ot 
100-12o•c and in the presence of water in a specially-developed 
reaction apparatus. · Patent Specification su-A-1,512,967 

disclo••• the prcduction of N,N'-bis(2-hydroxyethyl)-ethy­
lanacliamin• ))y •thoxylatinq athylenediamina with ethylene oxide 

2s in a molar ratio of i:2 at a taaperatura of 4o-so•c and in an 
approximately 20' aqueous solution. This reaction qanerates a 
great number of by-products. Patent PUblication EP-A-354 993 
proposes tbat udnas containinq reac'Cive hyclroqen aeoma are 
reacted with ethylene oxide and/or. propylene oxide at an 

Jo elevated temperature, conveniently a temperature of 130-1ao•c, 
at a pressure al>ove atmospheric and in th• al:taanca of any 
solvent but in tba presence of a catalytic amount ot allcali 
metal hydroxide and/or alkali metal alkoxida. 

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, tbe formed higher 

. . 
condensation products in the presence of hydrogen (and 
optionally -onia) and a hydration catalyst to piperazine, 

s hydroxyethyl piperazine and 11-aminoathyl piperazine. 
it is further known that the production of 

ethylenecliamine by tba amination of monoethanolamine with 
ammonia inter alia re11Ults in minor amounts of ethylenediamine 
and piparazina substituted with one or more hydroxyethyl qroups. 

10 The reaction mixture obtain8d in the amination is then separated 
by multistep distillation. 

There 
production 

are 
of 

many difficulties associated with the 
aminoethylethanolamine and hydroxyethyl 

piperazine. Thus, one · problem is that the ethoxylation of 
15 ethylenediamine r-ults.· in the formation of a number of 

undesirable by-products, such as di-, tri-
or tetra (hydroxyethyl)-ethylenediamine which, alonq with 
unreacted ethylenediamine and ethylene oxide as well any water 
present. ~ave to be separated from the aminoethylethanolamine, 

20 usually by vacuum distillation. The use of water as catalyst 
results in tbe formation of a hiqb-boiling azeotrope of 
et.hylenediaaine and. water, wbicb · is difficult to break. The 
etlloxylation of piperazine results in the tormation of not only 
bydroxyethyl piperazine but also di~(hydroxyetbyl)-piperazine. 

2s Th• resulting product miXtur• is uaually saparat·ed by vacuum 
distillation. If.uaa is made of catalysts which wholly or partly 
are dissolved in tba reactants, ·. also th-• should be r-oved 
prior to the procesainq of the reaction mixture. In reactions 
above 1oo•c, ethylene oxide r•ctil also with the water present 

30 to form •thY19118 9lycol, which results in ethylene oxide losses 
and further separation probl-. ·. 

'l'h• object of ·tbe present invention is to produce 
aainoethyletbanolamine··ti.nd/or hydroxyethyl piperazina. in such a 
manner as to simplify' the purification process. Another object 
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of the inventiqn is that the re(!Sction should be carried out 
contin\lously, sp 4s .··to •voic:l the prob~ems associated with a 
reaction batchwis~' .•..•.. Furt;ber obj~ts of. the inv~ntion are to 
achieve high ', yiel~ ~t' tbe a-.l.li'~~i. comp~~ds aDci t() enable use 

. . .. , . . . . ·~·: . ,: . ·.. . .· . . . . . . . 

ot reactants wbiChare not nec••••rily pur,e. . ': : ·. . .·•:·' .. : . . ·· · ....... ·. . 

It .. has .now. t:>eeri f0\1114 that these oJ?jects are attained by 
. :··.·' .. ..·· . ' .. . . . '. . - . 

reac:tinq etbylened,laai11e, piperazj.ne or a mixture thereof with 
ethylene oxid.~ ·'1~' th~ pre~ertc~. 'of a' catalyst, the reaction 
proc••IS. inVC)·lvinCJ, thl! step~ ~f :,· ·:'. · . . . · .. ·.· ··· 

- . . ·.. ' . . . ~·: .. . . . :· . -·~ . 

i) continuously reactin9 e1:Jlyl,enedi-.i.ne .. and/or piperazine 
with o.os-o.5.mole otethyl~ne oxid~, preferably 0.1-0.3 

.,ii) 

. . . . .·· :. .: .·· ·'· :: '· ' . 

moie, Per 11~le of a~yl~q~diamine and/or piperazine in 
. .. . . .. ,. •' ..... ·.·.,. ·' . 

the .Pr•••11qe ot a··.c:,a~lY•t, 
intr~uc.t.~ ~.~• ~~'~J.~+~_e.ttbo~1a;io1' product flow into 
a distillation plant d•~ed t~r processing anamination 
product tl~·~btain,ed~'~i~atinq iaonoethanolamina with 

·. •.. . . . . . •:.·. : · .... · .,· . . . ... 

. llJQlania, and . .· .. ·. . . 
iii) dist111irl9 .1:ha eiti~xy~tion product r.~ow in tba distilla­

ti~n plantvb,J-1• r1t~i.n9 ~inaethylethanolamine and/or 
·. ' .. ;,. -~· . . . .. . , .. ·. . . " . . 

hydrqXy.thyl piper,~in~ •.. 
Praf e~bly, tile. cai;alyat eJllploy~ consists of water or. a solid 
catalyst .Wl.icb ....• is_, .not: .. ·d~a•9iV.CS during · the ath~xylation 
reaction.. COD'V'~ien1;ly,, ~e e*xylation product flow is 
intr~ucecl into·~~ clistilla~ion plant before the first column . . . .. . . ,.... . . ·. 

25 where, in the . distillation of 1:he -.!nation product tlow, a 
cmapound or ll~ur• is ••~~~~ . which contains a coapound 
tormin9 Part: ~t t.ia •tlloxybtion. product flow.· As a result ot 
tha llOda . of i.Pi~tat.t~ .. o(,. ., 1;:11.e matbod according to tba 
invention, t:h• ruc1;ion p~uf3• -=~·be prQC::.-••d in a plant 

30 intended tor. tba ~~~~n···~~ ·· ~1:ayl.~e~ne8 by catalyt:ic 
uaination of --~~·~itb-~nia, siftca th• athoxylatad 
producta fcnand 1z1· ~ ••i•t~ product',fi~ are pruent also 
in the aaination. ~·.fl. ~bt;..j,nad .,. in ca-t.lyt:ic 1111ination of 

. . ... · ' . . : . .. · .. ·· ·. 

monoetbanolaaina with a .. onia. 

c 
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In one preferred mode of implementation, it has been 
found highly suitable to conduct amination and ethoxylation in 
paraliel and to join the etboxylation product flow and the 
amination product flow in the distillation plant. owing to the 

S hiqher content Of uinoethylethanolamina and/or hydroxyethyl 
piparazine in th• thus-joined product flows, it has, in 
addition, been found that th• recovery of ethylenediamine from 
the azeotropa o~·athylanediuine and water is facilitated. 

In another preferred mode of iaplementation, ethylene-
10 diamina and/or piperazina are drawn off in the form of a product 

flow from the distillation plant where the ethoxylation product 
flow and the amination product flow are beinqprocessecl jointly. 
Such a product flow may wholly or partly consist of the 
azeotrope of ethylenediamine.aftd water (optionally containinq 

·. . . . 

15 piperazine), in wbich case th8 water will serve as catalyst in 
the ethoxylation reaction. An athy~anadiuine-con~aininq 

fraction, which has not yet been fully processed, may then be 
used as reactant: 

If water, wholly or partly, is used as catalyst, the 
20 at:hoxylation reaction is carried out at a temperature of 20-9s•c, 

preferably 40-ao•c. t7nder· such conditions,. it has been found 
possible to attain a satisfactory ethoxylation rate as wall as 
a hi9h selectivity for ethoxylation of the reactive hydroqan 
atoaa of the amine coapounc:la, there bainq practically no 

zs formation of glycol• ~r any etboxylation of hydroxy1 qroupa. Xf 
tile reaction is carried out in the absence of water, th• reac­
tion temperature suitably is 20-1so•c, preferably 40-12o•c. Zf 
ue is ·made of a solid ethoxylation catal~st which is not 

.· . . 

soluble durinq tile.· reaction, additional process steps for 
30 raovinq tb• catalyst can be avoided. Exaapl- of suitable solid 

catalysts are acid ion excbangers, acid zeolitea, acid clays and 
Lewis acids. The tera solid catalysts also includes liquid 
catalysts that are bound to· a solid carrier. It is further 
possible to use a solid etboxylation catalyst in combination 
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with water. 
fte e~o~lation o.t 'eth,yl~ediamina and piparazine to 

aminoethyiatllanol~aine . and .. hydroxy~thyl piperazine, respec­
tively, i~pli•s' 1:b•t oniy one ·~¥.:'th• f~r and two reactive 

s byd1-09en atoms of ethylen~diamlne ~nd plperazine, respectively, 
react with ethyl8Jla. o>eid~. ~Qrd~ng · to·· .. the invention, this 

10 

. 15 

p:r:obiam· is . solve~ . by .. Perf.~~ing.> ··• thti reaction . with an 
~iderable ··~ of ·ettl)'~~~~ina··-afld.fo-; piparazine. In the 
method, use may ··l•o' be ~d. •. ;.of ~~yleneciia-.in•. and/or pipera-

zine containing •inor ··~~·"ot ~ther COJIPOunds with reactive 
hydroqen ato11s·o~tainad ff~11~·· alu.nation plant. The ethoxy-

. . . ·.~· . . 

late• formed trO. th••• co.Pounds, . as well as unreacted 
ethylenediamhe andpiperaz.i.ne ·~~ b8'r•-~-4as ·pure products 
or as a hi9b-boilht9.·dis~i1i;fi~n -~~.!clue, optionally together 
with tlle·Gorreaponciinca·comP~n81lt8. ot'tlle uination t1ow~ 

A s\aituie . ~taz1;i1l9 1'1-od~~~ to~ et;hoxylation is,. for 
instance, an etbylenediuine fraction whicl( contains at least 
95t by weight of ethylenediamine and whi.::h. bas.· b9en obtained 

. : .. .,.. . .,. ' . . . . . . . .· .. 

from the di~iilation plant. If .the fraction is.water-free, the . . . ... . :: . . : :...· . . ·.··· . .·. 

20 reaction i• prefer.ably carried out in th• presence of a solid 
catalyst in a wat~.:.tr•• .. eJ\v1r0..lent. :i:t is al~o : suitable to 
etbaxylate a~ of et:taY~t~•.and s»iper~zin•, in which 
case tm two amine · .. c~ii · •Y- ·have baen obtained in th• 

distillation plant. ·· sucb ~-· PrOdilct. miXtur11. •Y contain ao-1oot 
25 by v.i9ht of ethtiepdiaain~ •. ·p~~.abJY ~0-911 .·by v.i9bt, and 

0-40t b.Y,. vei9ht: of. piperaz!ne, p~tarabiy. 0."'."201 by weiqht. 0•• 

is prdera.biv...ha ()t ~ ·~ylm~i~ine as~otrop•. tomed when 
nact:ing ~no91:banol.8.ine iUatJ·. .-.en:&ia~ . Addlt.t.anal etbylenedi­
-ine ard/or pi~asine •Y a~o·be add.cl to.tb• az~otrope, a• 

lo· •Y additi- ~t• ·of·~·· --·~vaniently, su~ •product 
mixture contains -55•95t. ~ 1'.19tli: of" ~l~~a,min•~. preferably 
70-90t by wei-gbt, i-30t bl' wa1- _of .~tlllr, pn~erably 10-2ot by 

Weight; and 0•401 by we:l.9bt Of p~puazhte, preferably 0-101 by 
night. 
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By performinq the etboxylation of ethylene diamine and/or 
piperazine in the special manner described and by performing the 
processing in a distillation plant tor amination products 
obtained in the aaination of monoethanolaaine with ammonia, a 

s simple · and cost-effective 110de of production of am.inoethyl­
ethanolaaine and/or hy~roxyethyl piperazine is obtained. 

Appended · Fi9• 1 and 2 sch-tically illustrate two 
examples of how the ethoxylation process can be integrated with 
a distillation plant tor processing an aaination product flow 

10 obtained in the am.ination of monoethanolaaine with ammonia. The 
following abbreviations are used in the description of the 
Piqures as well as in the Examples below. 

AEEA • Aainoetbyletbanolamine 
DETA - _Diatbylenetriamine 

15 !DA - Btbylanediamine 
EO .. Btbylene oxide 
HEP - Hyctroxyethyl piperazin• 
MBA • Konoethanolaaine 
PIP • Piparazine 

20 Fi9. l •cb-tically illutratas an an-angement for 
integrated etboxylation of. EDA and/or PIP to AEEA and/or HEP. A, 
B and D are columns in a distillation plant for processinq an . 
aaination product flow obtained in tbe amination of MBA with 
ammonia. c is a syst .. of distillation columns for separating 

2s varioua produci:s, and.Bis a r.&ctor for etboxylatinq EDA and/or 
PIP. An aaination product flow 11 is introduced into tba 
distillation colmm A, wbare am.mania is ·separated. In tbe 
distillation column.a, t:be •in part of tbe water present in tb• 
aaination proclu• flow is ••parated and drawn off through a 

30 conduit 31. 'nle r-ining Ulinell are c:cmducted tbrougb a conduit 
32 to tb• distillation •yst:-: c, where an EDA-water azeotropa, 
BDA, PIP, DB'.rA, A£5t and HBP are separated via tbe conduits 41, 
42, 43, 44, 45 and 46, r-.pectively. Usually, tbe azeotrope 
contains ao-9ot by wei9ht of EDA, o-st by wei9ht of PIP and 10-
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20t by weiqht of water. A flow 46 ot hiqh-bolling amines leaves 
the systam of columns c:. In the column D, 1:heiui· high-boilinq . . .. . . 

amines are, by distillation, separated .. into AEEA, which is drawn 
off throUCJh a conduit 51, and a bottom: fraction, which is drawn 

s off throuqh a conduit 52. ·~· azeotrope 41 is, wholly or partly 
and after optiona1·coo1in9 to a suitable reaction temperature in 
a cooler I<, conducted through a conduit 61 to.the ethoxylation 
reactor E. It so d••ired, Jlore water can be added to t:be 

10 

azeotrope throuqh a conduit 64, and more.pipez-azine may be added 
throuqh. a conduit 63. Ethylene oxid4! · ls introduced into the 
reactor E tbrouqh a conduit es, ·suitably in -..veral places. The 
reaction mixture formed in th• ethoxyiation reactor !, which in 
addition to EDA , am water . contains EDA adducts. and/ or PIP 

adducts, is joined with the· ammonia-free amination· product flow 
15 22 for distillation. 

Fi9. 2 shows an alternative arranqament, which enables 
·.the production of more AEEA than ·iii _pc;.sible when usinq the EDA­

water azeotrope only. Like coil1'onent• as in Fi9. 1 are 
identified by like d-i9nations. I'n view of the ethoxylation, 

20 part Of the flow 42, which consist:saf' EDA, is ~onducted, Via a 
conduit 62, to an ethoX,lation. reactor J, wbich contain• an acid 
ion aXc:banpr a• cataly•t:. No vat£ need be added. Since the 
reaction mixture containS z0 .~ an . excas Of . EDA, only EDA 
etlloxylate• are, apart from.BOA, obtained in. the ethoxylation 

2s praduct flow 1i. Tben, tbe etboxylation ~oduct flow 71 is 
·joined witb a flow 32 from the di•:t:tllation column a, which as 
• result is subject:d to l•li load. 

A great m•"V of arr~tll of tb.e di•tillat:ion plant 
·and ii:a intaqration with 1:be .• eth~xylation, react:Or are 

10 concaivabl• within tile scope' of· tM invention. For in•tance, the 
flow 41 in Pi9. 2, i.e. the as~~trope ~f etbyl~ecliaaina and 
water, •ywholly or pllrtly be introduced into the ethoxylation 
ructor J. :tf. •o, the etboxylation product flow should, however, 
be 'joined with the amaonia-fre• aai~tion proctUct flow 22 fro• 

( 
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the column A. 
The invention will now be further illustrated with the 

aid of two Examples. 

- .. 1. 1 
s A flow leavinq a distillation plant according to Fiq. 1 

and containing 72t of EDA, 4t of PIP and 2Jt of water was cooled 
to 4o•c and introduced into an ethoxylation reactor with.a static 
mixer. Ethylene oxide in a molar ratio of EDA to EO of l:0.17 
was then added to the reactor in several steps. In the reaction, 

10 th• t .. perature rose to 90-95•c. Th• ethoxylation product flow 
from the reactor contained 56.5t of EDA, 2.5t of PIP, 19.5% of 
water, 17t of AIEA; 3t of HEP and 1.st of other reaction 
products. All the ethylene oxide had reacted. 95t of the EDA 
spent and 93t of the PIP spent had reacted tq AEEA and HEP. 79t 

1s of the EO supplied had reacted to AEEA, while llt thereof had 
reacted to HEP and 10t thereof had reacted to other products • . 
The rasultinq ethoxylation product flow was joined with the 
amination proc:luct flow ·for distillation. In processinq in 
accordance with Fi9. 1, the additions of both AEEA and HEP were 

20 found in the amounts expected from.the analysis. 
-pl• 2 
An EDA-containiDCJ flow (110re than 99.St by weiqht o'f EDA; 

cooled to so•c) in accordance with Fiq. 2 was introduced into an 
ethoxylation reactor which contained a solid catalyst consisting 

25 ot an ion excbanC)er in sulphonic-acid form. In addition, 0.105 
mole of ethylene oxide per mole o'f EDA was supplied to the 
reactor in several steps, and the reaction was carried out at 
about 75•c. Th• ethoxylation flow leaving the reactor containad 
85t of EDA, 14t of AB& and 1t of other reaction produets •. All 

30 the BO had reacted. ·Kore than 99t .. of the EDA spent had reactacl 
to ABBA.. The re•ultinq etboxylation product flow was joined with 
the amination product flow tor distillation. In procaaainq in 
accordance with Pig. 2, the addition of ABBA was found in the 
aaount expected from th• analysis. 
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CLA%K8 

1. A method f,or producinq ~i~~~hyletbanolamine and/or 
s bydroxyethyl piparazine by·athoxyl~ting ethylenediamine and/or 

10 

_piperazina with etllyla~a oxide-in th• presence of a catalyst, 
abai;aa1:ari•ecl ~--

continuously reacting ~~ylenediamine and/or piperazina 
with o_.os-o.s mole of ethylene oxide, preferably 0.1-0.3 
mole, per mole of ethylenec:liam.ine and/or piperazine, 
introducinqt:he resul,tinqethclxylation product flow into 
a distillation plant c!uignecl for processing_an amination 
product flow obtaine~ by aminatinq monoethanolamine with 
ammonia, and 

cU,stillinq the - ethoxylation product - flow in the 
distillation ·.plant while recovering aJllinoethylethanolamina 
and/or hydroxyetbyl.piperazina. 

2. A method as claiaacl in claiJD 1, allaraaterisad bl' being 
performed in~ prasence Qf water as catalyst at_ a temperature 

20 of 20-9s•c, preferably 40-ao•c. 
3. A method as_claimad in clail!I 1, cllaraaterised b7 being 
performed in-tbe abance.ot·vater bq.t in tbe prqence of a solid 
catalyst, which is not dissolved during ~· r-ction,- and at a 
temperature of 20-1so•c, preferably 40-12o•c. 

25 4. A -tbocl as claiaed in claim ~, 2 or 3 , allaraaterise4 b7 
introducincJ the etboxylation produQt flow into the distillation 
plant before th• first column where, in the distillation of the . . . .. . . . ... ~ . 

alli.nation product flow, a ~ OJ;' mixture is separated which 
contains a compound foraJ,119 part of the atboxylation product 

30 flow. 
-s. A ••i:hod as claimtld in any one of claims 1-4, alaU-acl­

tari•.t !17-joininq ~· athoxylation product fl.ow with the aai­
nation product tlow and jointly distilling tb- in th• 

distillation plant. 

111111111111111111111111111111 
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6. A method as claimed in any one of claims 1-5, cllaraa­

terised by ethoxylating an ethylenediamine fraction which con­

tain• at least 95% by weight of ethylenediamine and which has 
bean obtained from the distillation plant. 

s 7. A aetbod as claimed in any one of claiu 1, 2, 4 and s, 
abaraateri•ed !»!' athoxylating •· product mixture which contains 
55-95:t by weight of ethylenadiamina, prefai-ably 70-90% by 
wei9ht; 1-lOt by weight of water, preferably 10-2ot by weight; 
and o-2o:t by weight of piperazine, preferably o-1o:t by ~eight. 

20 8 • A -thod as claimed in claia 3, 4 or 5, cbaracteris•4 by 

ethoxylatincJ a product mixture which contains 60-lOOt by weight 

ot ethylenediamina, preferably 80-95% by weight; and o-40t by 

weight of piperazine, preferably s-2ot by weight. 

\ \1111111\11\111111 \111111 \Ill 
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