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Technical Field This invention relates to a process for

‘1, 3-di al kyl - 2-i mi dazol i di nones. 1, 3-Di al kyl - |n1dazol|dm@@ @ww EME“been
wi dely used as an aprotic polar solvent. For exanple as a

solvent for a resin such as polyam des, polyesters,_polyvi my¥#5¢hl ori des
and phenol resins; a solvent for a variety of organic synthetic

reactions; or an extraction solvent for extracting an ar car bon
froma m xture of hydrocarbons. Anong those, Imwm“mmm m lm

1, 3-di met hyl - 2-i m dazol i di none ggheferpaiin sonetinmes re to as
"DM") is particularly useful because it exhibits partlcular hlgher
resistance to a strong alkali and thus is little deconposed even when
heated with an al kali-netal hydroxide solution. It is, therefore, also
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Background Art Various processes using N, N -di nethyl et hyl enedi am ne as a
starting material 1 have been proposed for preparing

Technical Field

This invention relates to a process for preparing
1,3-dialkyl-2-imidazolidinones.

1,3-Dialkyl-2-imidazolidinones have been
widely used as an aprotic polar solvent. For example,
they are useful as a solvent for a resih such as
polyamides, polyesters, polyvinyl chlorides and phenol
resins; a solvent for a variety of organic synthetic
reactions; or an extraction solvent for extracting an
aromatic hydrocarbon from a mixture of hydrocarbons.
Among those, 1,3-dimethyl-2-imidazolidinone
(hereinafter, sometimes referred to as "DMI") 1is
particularly useful because it exhibits particularly
higher resistance to a strong alkali and thus is little
decomposed even when heated with an alkali-metal
hydroxide solution. It is, therefore, also preferred
as a solvent for dehalogenation of an aromatic

organohalide.

Background Art

Various processes using

N,N'-dimethylethylenediamine as a starting material



1, 3-djal kyl -2-im dazolidinones; for exanple, reacting

N, N - di net hyl et hyl enedi amine with trichloromethyl chloroformate (JP-A
'53-73561); reacting N, N -dinethylethyl enedi ani newi t hcarbon di oxi de (JP-A
57-175170); reacting N, N -di nmet hyl et hyl enedi am ne wth phosgene in the
presence of water and a dehydrochlorinating agent (JP-A 61-109772 and JP-A
61-172862); and reacting N, N -di al kyl ethyl enediamne wth urea in a polar
solvent (JP-A 7-252230) . A known process for preparing

N, N -di al kyl et hyl enedi am nes as a starting material such as

N, N -di hyl hyl i i d i bed _aho: i b d t hyl
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kyl et hyl enediam ne as a starting material is not ideal for preparing

1, 3-di al kyl-27  7dgzol réianoneng2 N, N'-dimethylethylenediamine
with phosgene in the presence of water and a
dehydrochlorinating agent (JP-A 61-109772 and JP-A
61-172862); and reacting N,N'-dialkylethylenediamine
with urea in a polar solvent (JP-A 7-252230). A known
process for preparing N,N'~-dialkylethylenediamines as
a starting material such as
N,N'-dimethylethylenediamine described above is based
onethylenedichloride and monomethylamine as described
in JP-A 57-120570. The process, however, produces a
large amount of salt contaminatedwithorganic compounds
as a byproduct, which may cause a difficult issue of
disposal. J. Organometallic Chem., 407, 97 (1991) has
described a process where ethylene glycol is reacted
with monomethylamine in the presence of a homogeneous
catalyst comprising ruthenium and triphenylphosphine.
Recovery and recycle of a homogeneous noble metal
catalyst is, however, industrially difficult.
Therefore, aprocessusingN,N'-dialkylethylenediamine
.és a starting material is not ideal for preparing

1,3-dialkyl-2-imidazolidinone.



In addjtion, there have been proposed reduction of 2-imdazolidinone and
formal dehyde in the presence of a hydrogenation catalyst (JP-A 60-243071)
‘and catal ytic reduction of N, N -hydroxynmethyl im dazolidinone dialkyl ether
(JP-B 60-3299) . These processes, however, enploy a starting nmaterial
derived fromethyl enediam ne. which may al so cause the probl em described
‘above, and are inpractically |onger processes. Alternative processes have
been disclosed, including reacting an N-al kyl nronoet hanol am ne and an

al kyl am ne such as nononet hyl am ne with carbon di oxi de, an al kyl am ne
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gl ycol, carbon dioxlde and rornome am ne - at
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al kyl ene carbonate as starting naterials can be readi epared from an

al kyl ene cexi dey t Thesee BLIRRESSRS & €, therefore, noteworthy. These
processes have a problem of production of N-al kyl di et hanol am nes as

bypr oducts N Yuhiyiig @% gpardhgl an iNad kY iminoehkagebam ye 4198y efbylgene

oxi de. JP-A 10-330366 has disclosed a process for preparing DM by a

one-pot wdaci2 BN )f.r onThelyd pnocesses, however, employ a starting
material derived from ethylenediamine. which may also
cause the problemdescribed above, and are impractically
longer processes.

Alternative processes have been disclosed,
including reacting an N-alkylmonoethanolamine and an
alkylamine such as monomethylamine with carbon dioxide,
an alkylamine alkylcarbamate or 1,3-dialkylurea (JP-A
57—98268);reactingeth?leneglycol,carbondioxideand
monomethylamine at an elevated temperature under a
higher pressure (JP-A 59-155364); and reactingalkylene
carbonatewithmonoalkylamine (JP-A10-502917). These
processes are one-step processes, and an
N-alkylmonoethanolamine, ethylene glycol and an
alkylene carbonate as starting materials can be readily
prepared from an alkylene oxide. These processes are,
therefore, noteworthy. These processes have a problem
of production of N-alkyldiethanolamines as byproducts
during preparing an N-alkylmonoethanolamine from
ethylene oxide. JP-A10-330366 hasdisclosed aprocess

for preparing DMI by a one-pot reaction from ethylene



oxi de,, which has a problens of a lower yield. In these processes, a
nonoal kylamne as a starting material is disproportionated during a

‘reaction to give disproportionation byproducts, i . e. anmonia, a
di al kyl am ne and/or a trial kylamne. JP-B 1-15503 has di scl osed a process
where ethylene glycol is used as a starting material and unreacted

‘materials containing a nonoal kylanmine is circulated and recycled in a
reactor. In this process, amonia as a byproduct 1is also circulated so
t hat repeated circulation nay increase ammoni a, | eading to increase of
byproduct s ;S ch nones and reduction in an yield
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as a starting ndteria an |npr can Sui tably

practicablked; ap 't%dﬁsit\fé acll P@' gmﬁe%f}ﬁatlem sg&ae’@defcttéﬁ,' sjigvention is
to provide a process for hig ffectively preparing

1, 3-di al Kythro?n i &, dazalllachlafmambye&éﬁéczblrv%l X r SEPRRA{MYnar, propessi ng
byproducts such as N-al kyl di et hanol am nes, ammoni a, di al kyl am nes,
1-15503 has disclosed a process where ethylene glycol
is used as a starting material and unreacted materials
containing a monoalkylamine is circulated and recycled
in a reactor. 1In this process, ammonia as a byproduct
is also circulated so that repeated circulation may
increase ammonia, leadingto increase of byproducts such
as l-alkyl-2-imidazolidinones and reductioninanyield

of desired 1,3-dialkyl-2-imidazolidinones. Thus,

this process has not been industrially available.

Disclosure of the Invention

An objective of this invention is to provide a process
for preparing 1,3-dialkyl-2-imidazolidinones using an
industrially readily available alkylene oxide as a
starting material with an improved yield which can be
suitably practicable in an industrial scale. Another
objective of this invention is to provide a process for
highly effectively preparing
1,3-dialkyl-2-imidazolidinones by effectively
separating or processing byproducts such as

N-alkyldiethanolamines, ammonia, dialkylamines,




4 trial kylam nes, 1-.al kyl-2-im dazolidinones and 1, 3-di al kyl ureas. The

i nventors have conducted intense investigation for solving the above
‘probl ens and have found that these problens can be solved by a process
for preparing 1, 3-dial kyl-2-im dazolidinones by heating a first conponent
consi sting of anal kyl ene oxi de and a second conponent consisting of at

I east one of (A) carbon dioxi de and a nonoal kyl ani ne, (B) a carbon

di oxi de conpound of a nonoal kylam ne and (C) a 1, 3-dialkylurea at 50 C or
hi gher, wherein the second conponent is charged such that the total of a

i ar ampynlay oF1Lhe: ehar 0ol IROAl Iyl agling, L 10 semRAnen(A) . a ol ar

anmount af e par |n t e ‘charge oxi de conpound
of nonoakk K cogpenent (B), and the double of a nolar anount of the
char ged ix%ag}gﬁk ureaIa conponent (C), is at least three folds of a
nol ar anmount of the charged al kyl ene oxide, achieving this invention. This
invention provides a process for preparing a 1,3-dialkyl-2-imdazolidinone
by using an al kyrere oxidetdepr asend edomfOreul addénas a first conponent

5 (1) whereinin the formula (1), Rl represents hydrogen
investigation for solving the above problems and have
found that these problems can be solved by a process
for preparing 1,3-dialkyl-2-imidazolidinones by
heatingafirst component consistingofanalkyleneoxide
and a second component consisting of at least one of
(A) carbon dioxide and a monoalkylamine, (B) a carbon
dioxide compound of a monoalkylamine and (C) a
1,3-dialkylurea at 50 °C or higher, wherein the second
component is charged such that thetotal of amolar amount
of the charged monocalkylamine in the component (A), a
molar amount of the monoalkylamine part in the charged
carbon dioxide compound of monocalkylamine, component
(B), and the double of a molar amount of the charged
l1,3-dialkylurea, component (C), is at least three folds
of a molar amount of the charged alkylene oxide,

achieving this invention.

This invention provides a process for preparing a
1,3-dialkyl-2-imidazolidinone by using an alkylene oxide

represented by formula (1) as a first component



or al kyl group having 1 to 6 carbon atons, using at |east one selected from
the group consisting of the follow ng conponents (A), (B) and (C) as a
'second conponent: conponent (A): carbon'di oxi de and a nonoal kyl am ne
represented by fornmula (2): RRNH2 (2) wherein in the fornula (2), R2
represents al kyl group having 1 to 6 carbon atons; conponent (B): a carbon
"di oxi de conpound of the nonoal kyl am ne represented by fornmula (2) ; and
conmponent (C): an 1, 3-dial kylurea represented by formula (3): R2NHCONHR2
(3) wherein in the formula (3), R2 is as defined above, and reacting said
first conponent with ghid second conponent by heating those conponents at
50 C or higher to giye 1, 3-dial kyl-2-im dazolidinone represented by
formula (4) : -6 RL / NN\ R2 0 (4) wherein in the formula (4), Rl and
R2 are as defi ned\abogve, (1)

O

wherein in the formula (1), R! represents hydrogen
or alkyl group having 1 to 6 carbon atoms,

using at least one selected from the group consisting
of the following components (A), (B) and (C) as a second
component:

component (A): carbon dioxide and a monoalkylamine
represented by formula (2):

R*NH; (2)

wherein in the formula (2), R?

represents alkyl group
having 1 to 6 carbon atoms;
component (B): a carbon dioxide compound of the
monoalkylamine represented by formula (2) ; and
component (C): an 1,3-dialkylurea represented by

formula (3):

RZNHCONHR? (3)

wherein in the formula (3), R? is as defined above,
and reacting said first component with said second
component by heating those componenfs at 50 °C or higher to
give 1, 3-dialkyl-2-imidazolidinone represented by formula

(4) :



characterized in that the total nolar anount of a nolar feed anount of the
nonoal kyl am ne included in the conponent (A), a nolar feed anmobunt of the
‘nonoal kyl am ne part of the carbon di oxi de conpound of nonoal kyl am ne, said
conpound bei ng conponent (B), and the double of a nolar feed anobunt of the
1, 3-dialkylurea, said 1,3-dialkylurea being conponent (C), is at |east
three folds of a nolar feed anobunt of said al kyl ene oxide. The reaction is
preferably conducted under a pressure of 4 MPa or higher. It is also
preferable that the total nolar amount of a nolar feed anmount of the
carbon di oxide included in the conponent (A , a nolar feed anount of the
carbon dioxide part of the rbon di oxi de conpound of nonoal kyl am ne, said
conpound bei ng the conponent/ (B), and a nolar feed anmount of the

1, 3-di al kylurea, said i al kyl urea being the conponent (C), is at |east
one and half folds of feed anmount of said alkylene oxide. 7 It is
al so preferabl e that is pMdrogen atom R2 represents (ethyl; and the

1, 3-di al kyl - 2-i m@azol i d\pbne p}%bared is 1,3-dinmethyl-2-imdazolidinone.
In this process, it is allfo preferable that ethylene oxide is used as said
first conponent and at

wherein in the formula (4), R! and R? are as defined
above,

characterized in that the total molar amount of
a molar feed amount of the monoalkylamine included in
the component (A), a molar feed amount of the
monoalkylamine part of the carbon dioxide compound of
monocalkylamine, said compound being component (B), and
the double of amolar feed amount of the 1,3~-dialkylurea,
said 1,3-dialkylurea being component (C), is at least
three folds of amolar feed amount of saidalkylene oxide.

The reaction is preferably conducted under a
pressure of 4 MPa or higher.

It isalsopreferable that the total molar amount
of a molar feed amount of the carbon dioxide included
in the component (A), a molar feed amount of the carbon
dioxide part of the carbon dioxide compound of
monoalkylamine, said compound being the component (B),
and a molar feed amount of the 1,3-dialkylurea, said
1,3-dialkylurea being the component (C), is at least
one and half folds of amolar feed amount of said alkylene

oxide.



| east one selected fromthe group consisting of the follow ng
conponents(D), (E) and (F) is used as said second ¢ m t o ponen :
‘conponent (D) : carbon dioxide and th | i 'nonome y am (E):a carbon dioxide
conpound of ne;

It is also preferable that R' is hydrogen atom;
R? represents methyl; and the
l,3-dialkyl-2-imidazolidinone prepared is
1,3-dimethyl-2-imidazolidinone.

In this process, it is also preferable that
ethylene oxide is used as said first component and at
least one selected from the group consisting of the
following components (D), (E) and (F) is used as said
second component:

component (D): carbon dioxide and
monomethylamine;

component (E): a carbon dioxide compound of
monomethylamine; and

component (F): 1,3-dimethylurea,
the process comprises:

(1) a 1,3-dimethyl-2-imidazolidinone
preparation step of preparing
l1,3-dimethyl-2-imidazolidinone by heating said first
component and said second component at 50 °C or higher,
and the process further comprises:

(2) a first separation step of separating the
reaction mixture obtained in the
l1,3-dimethyl-2-imidazolidinone preparation step into

a first fraction containing monomethylamine,
carbon dioxide and a carbon dioxide compound of

monomethylamine as main components, and also containing



conponent nononet hyl am ne; and 1, 3-di net hyl urea, conponent(F): the process
conprises: (1) a 1, 3-dinethyl-2-imdazolidinone preparation step of
‘preparing 1, 3-dinethyl-2-imdazolidinone by heating said first conponent
and said second conponent at 50 C or higher, and the process further
conprises: (2) a first separation step of separating the reaction mxture
obtained in the 1,3-dinethyl-2-imdazolidinone preparation step into a
first fraction containing nononet hylam ne, carbon di oxide and a carbon

di oxi de conpound of nononet hyl am ne as mai n conponents, and al so
containlwﬁq% and a second fraction containing _ _

1, 3-di met hy zolldlnone and hi gh-boiling conmpounds with a higher

boi | i ng poi nt thgn JdatnQf £4a 83 q)lr{naégx 2-4 jdazol i di none as main

conponents, and also containing water; %§5 a second separation step of

separ ati g Atq i heasty PAnt i9fi 458 3e£@0fl HACk hen H 1y hhe J1 1 shgSeparati on
compounds with a higher boiling point than that of
l,3-dimethyl-2-imidazolidinone asmain components, and
also containing water;

(3) a second separation step of separating at
least part of the second fractioninthe first separation
step into

a first fraction containing water and
low-boiling amines with a boiling point higher than that
of water and lower than that of
l,3-dimethyl-2-imidazolidinone asmain components; and

a second fraction containing
l,3-dimethyl-2-imidazolidinone and said high-boiling
compounds as main components;

(4) a third separation step of separating the
second fraction in the second separation step into

a first fraction containing
l1,3-dimethyl-2-imidazolidinone as a main component;
and

a second fraction containing said high—boiling
compounds as main components; and

(5) a fourth separation step of separating the
first fraction in the first separation step into

a first fraction containing ammonia,



step into a first fraction containing water and |lowboiling amnes with a
boiling point higher than that of water and | ower than that of 1,

"3-'di net hyl - 2-i mi dazol i di none as mai h conponents; and a second fraction
containing 1, 3-dinethyl-2-imdazolidinone and said high-boiling conpounds
as main conponents; (4) a third separation step of separating the second
fraction in the second separation step into a first fraction contai ning

1, 3-di met hyl - 2-i m dazol i dinone as a main conponent; and a second fraction
containing said high-boiling conpounds as nmain conponents; and (5) a

fourth SERHSLhON M PROT SEPRLIH Mahfifie LS IBELT oy f0 e 1St
e
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separation steplinto a first fraction contaifi ng amonia 8|nethylan1ne,

trimet YR Peund G DAl X hdle » COMPRUMI OF AMILI Borfh GAHROM, £ OxI de

conmpound of © di methyl am ne and a carl oxi de ‘conpou tri‘met hyl am ne
as main gaPOPRRtSmARE AS® SORLAINLAY d Bk Slie ANGM o%ﬁp@ngffract' on

cont ai ni ng nonofret hyl am ne and a carbon di oxi de conpound o
nmononet hylaih8endsl dMiAe as main components, and also containing
water; and
asecondfractioncontainingmonomethylamine and
a carbon dioxide compound of monomethylamine as main
components, and also containing water,

where at least part of the second fraction in
the fourth separation step is supplied in the
1,3-dimethyl-2-imidazolidinone preparation step.

Furthermore, the above
l,3-dimethyl-2-imidazolidinone preparationstepmaybe
carried out by:

(6) a first reaction step of heating ethylene
oxide and at least one selected fromthe group consisting
of the components (D), (E) and (F) at 50 °C or higher
to prepare N-methyldiethanolamine and
2- (methylamino)ethanol; and

(7) a second reaction step of heating
N-methyldiethanolamine and 2-(methylamino)ethanol
prepared in the first reaction step with at least one
selected from the group consisting of the components
(D), (E) and (F) at 100 °C or higher to prepare
l,3~-dimethyl-2-imidazolidinone, and

the second fractionin the fourth separationstep

10



conponents, and al so containing water, where at |east part of the second
fraction in the fourth separation step is supplied in the

"1, 3-di net hyl - 2-i mi dazol i di none preparati on step. Furthernore, the above 1,
3-di nmet hyl - 2-i mi dazol i di none preparation step may be carried out by: (6) a
first reaction step of heating ethylene oxide and at |east one selected f
Tom the group consisting of the conponents (D) , (E) and (F) at 50 'C or
hi gher to prepare N nethyl di et hanol am ne and 2- (net hyl am no) et hanol ; and
(7) a second reaction step of heating N nethyl di ethanol am ne and

2- (met hylanj gﬁg gmgkedo&%fa% iﬁ[m@ L%gﬁtISEngggnggeaD/(énga?B ! cast

one sel ecte € group consistrng o e conp

(F) at 18 Q35qodYghehrf Ospeppare 1, 3-dimethyl - 2-im dazol i di none, and
the second fraction in the fourth separation step 10 may be supplied in

said first reactirentier ANALOr ssH draseeanNd ¢ £aCt hen19LP: pArthgfourth
separation step, at least part of the first fraction in the first

separ at i @hestepr 8By £hec £oohached i thi £aebge gl Oxtden head gdnal, B@ *C or
hi gher, and separated by vapor-liquid separation to renove the
contactedwith carbon dioxide, heated at 50 °C or higher,
and separated by vapor-liquid separation to remove the
first fraction in the fourth separation step into the

gaseous phase and obtain the second fraction in the

fourth separation step from the liquid phase.

Brief Description of Drawings

Fig. 1 is a block diagram showing an embodiment of
a preparation process according to this invention.

Fig. 2 is a block diagram showing another embodiment
of a preparation process according to this invention.

Fig. 3 is a block diagram showing another embodiment
of a preparation process according to this invention.

Fig. 4 is a block diagram showing another embodiment
of a preparation process according to this invention.

In these drawings, symbols represent the followings:
l: the 1,3-dimethyl-2-imidazolidinone preparation step; 2:
the first separation step; 3: the second separation step;
4: the third separation step; 5: the fourth separation step;
6: the first reaction step; 7: the second reaction step; 8:
a seventh separation step; 9: a hydrolysis step; 10: an

absorption step; 11: a fifth separation step; 12: a

11



first fraction in the fourth separation step into the gaseous phase and
obtain the second fraction in the fourth separation step fromthe liquid
‘phase. Brief Description of Drawings Fig. 1 is a bl ock diagram show ng an
enbodi mrent of a preparation process according to this invention. Fig. 2 is
a bl ock di agram showi ng anot her enbodi ment of a preparation process
according to this invention. Fig. 3 is a block diagram show ng anot her
enbodi ment of a preparation process according to this invention. Fig. 4 is
a bl ock di agram showi ng anot her enbodi nent of a preparation process

accordin T S 4 ntign.. L.t : i ol present the

fol | ow nggfd%llﬁﬁ%f%ﬁ&ggi@%ét hl3r/3I - Eﬁels%}gga@\g%?g?ﬁgﬁé%%r esi)ca'er ation step;.2:
the first separation step; 3: the second separation step; 4: the third
separation step; 5. the fourth separation step; 6: the first reaction
step; 7: Biawt sHootel feactdanrgtiey 8ut & lsevénttersepamati on step; 9: a
hydrol ysis step; 10: an absorption step; 11.: a fifth separation step; 12:

a 11 rectificati g, 3t rddr, acgh ¥t BnseRandd QM 51 &Pe §8§f:|r'¥g%% o))

Carrying out the Invention Heréinaffer, this invention w described in
detail. Haitgiinvention provides a process for preparing a
1, 3-di al kyl - 2-i m dazol i di none.

This invention provides a process for preparing a
1,3-dialkyl-2-imidazolidinone.

According to the process of this invention, the
1,3-dialkyl-2-imidazolidinone is prepared by reacting the
first component consisting of an alkylene oxide represented
by the formula (1); and.the second component consisting of
at least one selected from the group consisting of:

component (A) : carbondioxide and amonoalkylamine
represented by the formula (2);

component (B): a carbon dioxide compound of the
monoalkylamine represented by the formula (2);

component (C): al,3-dialkylurea represented by
the formula (3), by heating those components at 50 °C or

higher.

An alkylene oxide used as a starting material
in the process of this invention is an alkylene oxide
in which a straight or circular alkyl group represented
by R has 1 to 6 carbon atoms, including, for example,
ethylene oxide, propylene oxide, ethyloxirane,

propyloxirane, (l-methylethyl)oxirane,

12



According to the process of this invention, the

1, 3-di al kyl -2-im dazolidinone is prepared by reacting the first conponent
‘consi sting of an al kyl ene oxide represented by the formula (1); and the
second conmponent consisting of at |east one selected fromthe group

consi sting of: conponent (A) : carbon dioxide and a nonoal kyl am ne
Tepresented by the formula (2); conponent (B): a carbon dioxi de conpound of
the nonoal kyl am ne represented by the forrmula (2); conponent (C : a 1,
3-di al kylurea represented by the fornula (3) , by heating those conponents

at 50 C g %ﬁﬁggﬁhyngQQSane()dpgdgﬁ§tﬁgégﬁﬁ§%%%%%égégrim in the

process o ention 1I's an al'’kKyl ene ox rai ght or

circuIarna&hy&%?Bgﬁpréggnes§@1§%5g9¥%§%c@ﬁfﬁgo&qjﬁiﬁgrbon atons, including,

for exanpl e, hyl ene oxi de, et oxi rane, propyl oxirane,

(1- et hyliathyd 4 axinsp vi3 sy ckapropyl oxi rane, (1, 1-di nethyl et hyl)oxirane,
n- but yl oxi r ane, 2-netﬁy|propy|)oxirane, (1- met hyl propyl ) oxi r ane,

(1- met hyl(qyah @Phed ) €X ofpanep vy 1( b2t #hawt,hyl propyl ) oxi rane,

n- pentyl oxi rane, (2-nmethyl butyl)oxirane, (1-ethylpropyl)oxirane,

( 3- met hyl(hyty+ d oxiawine 1 prlowel hyoiut yhpgXinapentyloxirane,
(2-methylbutyl)oxirane, (l-ethylpropyl)oxirane,
(3-methylbutyl)oxirane, (l-methylbutyl)oxirane,
(2,2-dimethylpropyl)oxirane, cyclopentyloxirane,
(3,3-dimethylbutyl)oxirane,
(1,1-dimethylbutyl)oxirane, (l-methylpentyl)oxirane,
n-hexyloxirane, cyclopentylmethyloxirane and
cyclohexyloxirane. Among these, ethylene oxide or
propylene oxide is preferable and ethylene oxide is more
preferable because a 1,3-dialkyl-2-imidazolidinone or
l1,3-dialkylpropyleneurea as a product has a variety of

applications.

Amonoalkylamine represented by the formula (2),
which is one of the second component in this invention,
is amonoalkylamine inwhichastraight orcircular alkyl
group represented by R? has 1 to 6 carbon atoms,
‘including, for example, monomethylamine,
monoethylamine, mono(n-propyl)amine,
mono (iso-propyl)amine, mono(n-butyl)amine,
mono (sec~butyl)amine, mono(iso-butyl)amine,

mono (tert-butyl)amine, mono(n-amyl)amine,

13



(2, 2-di met hyl propyl ) oxi rane, cycl opentyl oxirane,

(3, 3-di net hyl but yl ) oxi r ane,

-(1, 1-di met hyl but yl ) oxi rane, (1- net hyl pentyl ) oxi rane, n-hexyl oxirane,
cycl opentyl met hyl oxi rane and cycl ohexyl oxirane. Anong these, ethylene
oxi de or propylene oxide is preferable and ethyl ene oxide is nore
pref erabl e because a 1, 3-di al kyl -2-im dazolidi none or 1,

3-di al kyl propyl eneurea as a product has a variety of applications. A
nonoal kyl am nerepresented representedb(2), which is one of the second

: i . Co P . . . ¢ aiaht
ci roul ar it T Bty PR RS £ T P L e O
o florliPfs EXATFL ) KAOTES PRI 12 e - (ORI ATRAS, |
nono( n- propyl )am ne, -~ nono(1 so- propyl ) am ne, nd(n-butyl ) am ne,

nono( sec 1 (459Ut yl )am ne, nono(tert-butyl)am ne,
nnno(n-aﬂ%??%%%%gfgﬁangggg{¥?%ggﬁylbutyl)anine, nono( 2- met hyl but yl ) am ne,

nono(i somamd ) BMbRey i MBRA B Fodl ) iR, nono(neo-pentyl)am ne,
nono( 1, 2- di net hyl propyl ) am ne, nono(l -ethyl propyl)am ne,

mono( n- hexylg e 8e ManTlp regnery ahahexy| asine (n Ameigy 1 haga.n soaaret hyl ani neor
nonoet hyl am ne i s preferable and nononet hylam ne is
monocyclohexylamine. Among these, monomethylamine or
monoethylamine is preferable and monomethylamine is
more preferable because
1,3-dimethyl-2-imidazolidinones or

1l,3-diethyl-2-imidazolidinones have a variety of

applications.

A carbon dioxide compound of monoalkylamine,
wich is one of the second component in the process of
this invention, includes, for example, carbonates,
hydrogencarbonates and alkyl carbamates of
monoalkylamine.

The carbon dioxide compound of monoalkylamine
may be used as a solid or a solution such as an aqueous
solution. Alternatively, components which generate
the carbon dioxide compound in the reaction system can

be used in combination.

1,3-Dialkylurea represented by the formula (3),
which is one of the second component in the process of

this invention, is 1,3-dialkylurea in which an alkyl

14



nore preferable because 1, 3-di nmet hyl -2-i m dazol i di nones or

1, 3-di ethyl -2-imdazol i di nones have a variety of applications. A carbon
‘di‘'oxi de conpound of nonoal kyl ami ne, w ch is one of the second conponent in
the process of this invention, includes, for exanple, carbonates,

hydr ogencar bonat es and al kyl carbamates of nonoal kyl am ne. The carbon

‘di oxi de conmpound of nonoal kylam ne nmay be used as a solid or a solution
such as an aqueous solution. Alternatively, conponents which generate the
carbon di oxi de conpound in the reaction systemcan be used in conbination.

1, 3-D al §¥|OLH’ ar ggreegggtt%fdd b%?ﬂt Se fhoa[guha t( 3)6 \gggkgg%: %ﬁoo{}?%m' the second

conponen rocess o I nvention, a in which an

al kyl 14lgr diﬁ%renggeqng%mgqépas%yPhgggng?kgqgl€g3 i ncl udi ng, for

exanpl e, - di net’Hyl ur ea i‘et ﬁropyl)urea

1, 3- m(|§ogm&@¥knyf@re513g|?ud%JyL%@’ 1) hr¥s4i (sec-butyl)urea,
1, 3-di (i s6-butyl)urea 1,’3-di (tert-bu ea 1,3 di (n-amyl ) urea,

1,3-di (1ipet-hyl butd Jprepyl lud=d (21 m@ubvll PHLWY BRurea,

1, 3- d|(|so anyl ) urea,
1,3-di(sec~-butyl)urea, 1,3-di(iso-butyl)urea,
1,3-di(tert-butyl)urea, 1,3~di(n-amyl)urea,
1,3-di(l-methylbutyl)urea,
1,3-di(2-methylbutyl)urea, 1,3~-di(iso-amyl)urea,
1,3-di(tert-amyl)urea, 1,3-di(neo-pentyl)urea,
1,3-di(l,2-dimethylpropyl)urea,
1,3-di(l-ethylpropyl)urea, 1,3-di(n-hexyl)urea and
1,3-dicyclohexylurea. Among these, 1,3-dimethylurea
or 1,3-diethylurea is preferable and 1,3-dimethylurea
is more preferable because a
1,3-dialkyl-2-imidazolidinone or
1,3-dialkylpropyleneurea as a product has a variety of
applications.

The 1,3-dialkylurea may be used as 1is
commercially available or as a solution such as an
aqueous solution. Alternatively, components which
generate the 1, 3-dialkylurea in the reaction system may

be used in combination.

The amount of the second component supplied for
the reaction in the process of this invention is

determined such that the total molar amount of the

15



1,3-di(tert-anyl)urea, 1, 3-di(neo-pentyl)urea,

1,3-di (1, 2-di net hyl propyl )urea, 1, 3-di(1-ethyl propyl)urea,

"1,3-di (n-hexyl)urea and 1, 3-dicycl ohexylurea. Anpbng these,

1,3-dimethylurea or 1,3-diethylurea is preferable and 1,3-dinmethylurea is
nore preferable because a 1, 3-dialkyl-2-im dazolidinone or

1, 3-di al kyl propyl eneurea as a product has a variety of applications. The

1, 3-dial kylurea may be used as is conmercially available or as a solution
such as an aqueous solution. Alternatively, conponents which generate the

L 3-di al kyhuiggs g Yhe J@actgn Syst GRLIRY » bepused Jakq compinatign. The

anount of fhe sec conponen suppl1 e e reac |on I'n € process of

this invepliffeigq %ﬁpﬁ%g‘ﬁg‘iﬁl?ﬁq}h&ﬁ% el Sl Sh o 00 A HEWE, O 1 L Re 15

following i) to 1il e second conponent “recovered a

recycl edsapg i Ne liheo %egea%tc@moglg&te f\@%)blﬁla&pib%ﬁ ehd 4 £3 Phs), S
preferably at |east three folds, nore preferably 3 to 40 folds bot h

I ncl usi veoefe E&es @k ab 1 arotat4 of£ & Da sabkyheng caxi €iev el 3 £ tee b 2R ramount
of the nonoal kylamine; 1i) the nolar anount of the nonoal kyl am ne part in
the carbanodiroxi d€& aompoundck pf ehike s@ndaal:kyl am ne

i) the moiar amount of the monoalkylamine;

ii) the molar amount of the monoalkylamine part
in the carbon dioxide compound of the monoalkylamine
; and

iii) the double of the molar amount of
l,3-dialkylurea.

The reaction can be conducted under the
conditions departing from the above range, but the total
molar amount of less than three folds may lead to
reduction in an yield of the
l,3-dialkyl-2-imidazolidinone. The total molar
amount of more than 40 folds may be disadvantageous
because of reduction in a volumetric efficiency of a
reactor, and increase in a cost for recovery of the
unreacted monoalkylamine, carbon dioxide compound of
the monoalkylamine and 1,3-dialkylurea. Without
recovering and recycling, it is sufficient to consider
only the second component newly supplied into the

reactor.

Since DMI as a product has a variety of
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and iij) the double of the nolar anobunt of 1, 3-dialkylurea. The reaction
can be conducted under the <conditions departing fromthe above range, but
‘the total nolar amount of less than thrée folds may lead to reduction in
an yield of the 1,3-dialkyl-2-imdazolidinone. The total nolar anmount of
nore than 40 folds may be di sadvant ageous because of reduction in a
‘volunetric efficiency of a reactor, and increase in a cost for recovery of
the wunreacted nonoal kyl am ne, carbon di oxi de conpound of the
nmonoal kyl am ne and 1, 3-di al kylurea. Wthout recovering and recycling, it

s SUff'QFgﬂt ésé’tﬁ%’}ﬁﬂ%eé %’Hi’v%ﬁ% 594914 %%?9’?9&;@%46’18“98' gd into

the reac I nce as a product’ has ™a vari ety o appl|c rons as a

sol Vent’ethr%lseﬂgsbxﬁr@éeééb{(a 101 92 ¢ FE NYANFL OXHBE fAve B Al Re oxi de,

nmononet hyl a as nonoal anln a carbon di oxi e conpoun
nonomet hykani neo A% 24 €A1 B 1 0Xixde; £PRRGUNG: Bk 1 JBNe8hipd @ine,r and

1,3-dinethylurea as a " 1, 3- |afky lurea. In a reaction in the process of
this inv@Bhicie t hg Ir8RChieOn SYSst &M €8N I €RL et OhpRras$Ubirzed with
monoalkylamine, and 1,3-dimethylurea as a

1,3-dialkylurea.

In a reaction in the process of this invention,
a reaction system can be replaced or pressurized with

a gas.

In terms of a pressure, a pressure at a reaction
temperature is preferably 4 MPa or higher. Although
the reaction may be conducted at a pressure of less than
4 MPa, it may be disadvantageous because of tendency
to reduction in a production efficiency of a

1,3-dialkyl-2-imidazolidinone.

As a gas for replacement or pressurization as
described above, carbon dioxide is preferable because
it can be also used as the second component, but another
gas including an.inert gas such as nitrogen and argon
can be appropriately used. Using carbon dioxide
results in improvement in an yield of a
1,3fdialkyl—2-imidazolidinone. Carbon dioxide may be

used as gaseous, liquid, solid or supercritical carbon
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a gas.. In terms of a pressure, a pressure at a reaction tenperature is
preferably 4 MPa or higher. Although the reaction nmay be conducted at a
‘pressure of less than 4 MPa, it nay be disadvantageous because of tendency
to reduction in a production efficiency of a 1,3-dialkyl-2-in dazolidinone.
As a gas for replacenent or pressurization as described above, carbon
dioxide is preferable because it can be also used as the second conponent,
but another gas including an inert gas such as nitrogen and argon can be
appropriately used. Using carbon dioxide results in inprovenent in an yield

o AL O by P ORI B KRS,

gaseous, liquid, solid or supercrific

carbon dr@xicie: suPpbi #€eihriihsa 5634 kon i & et ahaehosuah tha the total

nol ar anount of carbon di oxi de us or di splacenent or "pressurization and

the fol |l oW RehiNbnt UVbXilel wgded #rt e Secopd fogpopent recovered and
recycled and in the second conponent newly supplied is preferably at

| east onpramndsbalfz &ftol g8, ammr etl@éeffj%rlapbwi‘hc_{ 01 $90tfolds)  batdy jgehusi ve of
the nol ar amount of the al kyl ene oxide supplied: iv) the nolar anount of
carbon dioxitdes second component recovered and recycled and in

the second component newly supplied is preferably at

least one and half folds, more preferably 4 to 100 folds

both inclusive of the molar amount of the alkylene oxide

supplied:

iv) the molar amount of carbon dioxide;

v) the molar amount of carbon dioxide part in
the carbon dioxide compound of alkylamine; and

vi) the molar amount of 1,3-dialkylurea.

The total molar amount of less than one and half
folds is disadvantageous because of tendency to
reduction in a production efficiency for the
l,3-dialkyl-2-imidazolidinone, while the total molar
amount of more than 100 folds may be disadvantageous
because of tendency to reduction in a volumetric

efficiency of the reactor.

A reaction in the process of this invention is
conducted at 50 °C or higher, preferably 50 to 300 °C
bgth inclusive. A temperature of lower than 50 °C may
be disadvantageous because of tendency to reduction in

a production efficiency for the

18



v) the nolar amount of carbon dioxide part in the carbon di oxi de conpound
of al kyl am ne; and vi) the nolar anmount of 1, 3-dialkylurea. The total nolar
‘anount of |ess than one and half folds is di sadvantageous because of
tendency to reduction in a production efficiency for the

1, 3-di al kyl -2-i m dazol i di none, while the total nolar anount of nore than
100 folds may be di sadvant ageous because of tendency to reduction in a
volunetric efficiency of the reactor. A reaction in the process of this
invention is conducted at 50 C or higher, preferably 50 to 300 C both

| ncl usi vg., A QeARQIAL UKS 1ofs 42WRN 82N L C YY1 P8 PLAGWANLAGROYS Pecause

of tendency to re tion in a production I Cl ency

3 di al kybrizgh 8t dazols dboonec whi bepe [PIRSAIE Eagl o Il BRI 4080 340 OC may

be di sadvant ageous because of tendency to increase I n bypro

reacti ontldi@elepends ondochges IHCBydrdf8ctapunts of starting materials
and a reaction tenperature; preferably 200 hours or less, nore preferably

0.01 to 100 hours both inclusive, further preferably 0.1 to 50 hours both
inclusive. Atime of I|ess than 0.01 hours may be di sadvant ageous because
of tendency to Redwccvbonn tamyi ée@herida on factors such as the

amounts of starting materials and a reaction
temperature; preferably 200 hours or less, more
preferably 0.01 to 100 hours both inclusive, further
preferably 0.1 to 50 hours both inclusive. A time of
less than 0.01 hours may be disadvantageous because of
tendency to reduction in an yield of a
l,3-dialkyl-2-imidazolidinone, while a time of more
than 200 hoursmaybe disadvantageousbecauseof tendency

to reduction in a volumetric reaction efficiency.

A reaction in the proéess of this invention may
be conducted neat or sometimes using a solvent. Any
solvent which is inert to reaction substrates under the
reaction condition may be used; preferably, water,
hydrocarbons, ethers, amides, circular ureas and
supercritical carbon dioxide. Among these, water or
al,3-dialkyl-2-imidazolidinone which is identical to
the product is more preferable because it can eliminate
an additional step of recovering a solvent because it
is a reaction product.

These solventsmaybeusedaloneor incombination
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1, 3-di al kyl -2-i m dazol i di none, while a tinme of nore than 200 hours may be
di sadvant ageous because of tendency to reduction in a volunetric reaction
~efficiency. A reaction in the process of this invention my be conducted
neat or sonetinmes using a solvent. Any solvent which is inert to reaction
substrates under the reaction condition may be used; preferably, water,
"hydr ocar bons, ethers, am des, circular ureas and supercritical carbon

di oxi de. Anobng these, water or a 1, 3 -dial kyl-2 -imdazolidinone which
is identical to the product is nore preferable because it can elinm nate

an addi tpgnaly 5! el ofBCOVAISPArR moLvRl PegRitfont Jsed, ! gHA! On

product. These solvents nmay be use one or In conblnation’1 two or

more. Dependi Ngo8Nma ySBlevertn disefded h% of RRAAM OPHERE %%scegﬂusts_eéwbn a
mul ti phase system of 'two or nore phases. The sol vent y be suitably used

in an anmpwntmo sEf fjird €8k .t 0 dissolve a part of at |east one of the
starting materials used. The anount is preferably 100 parts by weight or

| ess, nore preferakl s S0vpart snby beeighiteblesasted ong Bar tadbyuwei ght  of
an al kyl ene oxide as a starting nmaterial. An anount of nore than 100

parts byswdifhties i sadddrdssagtoes bgranse cof dendercyt bae egficthen in a
vol metric efficiency.
starting materials used. The amount is preferably 100
parts by weight or less, more preferably 50 parts by
weight or less to one part by weight of an alkylene oxide
as a starting material. An amount of more than 100

parts by weight is disadvantageous because of tendency

to reduction in a volmetric efficiency.

In the process of this invention, a catalyst or
additive may be used for further improving an yield or

reaction rate.

A reactor used for a reaction in the process of
this invention may be made of an appropriate known
material, and a reactor whose inner wall is at least
partly made of the following material (I) is preferable
because it may provide a 1l,3-dialkyl-2-imidazolidinone
with a higher yield:

(I) ametal and/or its oxide containing at least
one selected from the group consisting of titanium and
zirconium. |

Examples of such a reactor include those totally
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In the process of this invention, a catalyst or additive nmay be used for
further inproving an yield or reaction rate. A reactor used for a reaction
‘in the process of this invention may be made of an appropriate known
material, and a reactor whose inner wall is at least partly nmade of the
followng material (1) is preferable because it may provide a 1,

‘3-di al kyl -2-im dazolidinone wth a higher yield: (I) a netal and/or its
oxi de containing at | east one selected fromthe group consisting of
titaniumand zirconium Exanples of such a reactor include those totally

vel 11 SpReZd AmptAl carea i £ Heean TE Y B ngPRd i arsg
| nor gant Ehage PRIkt £ 0P AdER B RRA Ty n ek O Bre A Eal
P e e R e e S T Rt e
T W e

Ti-5. 5Algg. 1 84" d N\os Om 8V 10. 3Shit NG nd- iPCaniiuk@d #MyaldQysiguch as

Ti -8Al -1 Mb-1
include industrial pure titanium in JIS Groups 1 to 4;
anticorrosiontitaniumalloyssuchasTi—O.lSPd,Ti—STa
and Ti-0.3Mo-0.8Ni; a-type titanium alloys such as
Ti-2.5Sn, Ti-5A1-2.5Sn, Ti-5A1-2.58Sn(ELI), Ti-2.5Cu,
Ti-20-1N-5Fe, Ti-5Ni-0.5Ru, Ti-0.5Pd-3Co and
Ti-5.5A1-3.58n-3Zr-1Nb-0.3Mo-0.3Si; near a-type
titanium alloys such as Ti-8Al-1Mo-1V,
Ti-2.25A1-118n-5%2r-1Mo~-0.281i, Ti-6Al-2Sn-4Zr-2Mo,
Ti-5A1-58Sn-2Zr-2Mo-0.258n, Ti-6Al1-2Nb-1Ta-0.8Mo,
Ti-6A1-5Zr-0.5Mo-0.251 and Ti-4.5A1-3V~-2Fe-2Mo;
a+P-type titanium alloys such as Ti-5A1-2Cr-1Fe,
Ti-5A1-58Sn~5Zr~-2Cr-1Fe, Ti-4A1-4Mn, Ti-3Al-2.,5V,
Ti-6Al1-4V, Ti-6A1-4V(ELI), Ti-6Al-6V-2Sn,
Ti-6Al-28Sn-4Z2r-6Mo, Ti-7Al-4Mo, Ti-5Al1-2Zr-4Mo-4Cr,
Ti-6Al-1.7Fe-0.18i, Ti-6.4Al1-1.2Fe,
Ti-15Z2r-4Nb-2Ta-2Pd, Ti-6Al-7Nb and Ti-8Mn; PB-type
titanium alloys such as Ti-13v-11Cr-3A1, Ti-15Mo-52Zr,
Ti-15Mo-0.2Pd, Ti-15V-3Cr-3Sn-3Al, Ti-20V-4A1-1Sn,
Ti-22V-4A1 and Ti-16V-4Sn-3A1-3Nb; near PB-type
titanium alloys such as Ti-10V-2Fe-3Al and

Ti-9.5V-2.5Mo-3A1l; zirconium alloys such as
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Ti-2. 25A1-11 Sn-5Zr -1 Mo-0. 2Si, Ti-6Al-2Sn-4Zr - 2N,

Ti - 5A1- 5Sn- 2Zr - 2Mb- 0. 25Sn, Ti - 6A1- 2Nb-1 Ta- 0. 8Mb, Ti - 6Al-5Zr- 0. 5Mb- 0. 2Si
-and Ti - 4. 5A1- 3V-2Fe-2Mp; a+P-type titanium alloys such as Ti-5Al1-2Cr- 1Fe,
Ti -5Al -5Sn-5Zr-2Cr-1 Fe, Ti-4Al -4Wn, Ti-3Al1-2.5V, Ti-6Al-4V,

Ti - 6Al -4V(ELI), Ti-6Al-6V-2Sn, Ti-6Al-2Sn-4Zr-6M, Ti-7Al-4M,

Ti -5A1-2Zr-4Mb-4Cr, Ti-6Al-1.7Fe-0O 1Si, Ti-6.4A1-1. 2Fe,

Ti - 15Zr - 4Nb- 2Ta- 2Pd, Ti-6Al -7Nb and Ti-8M; (3-type titaniumalloys such
as Ti-13V-11Cr-3A1, Ti-15Mo-5Zr, Ti-15M>-0.2M Ti-15V-3Cr-3Sn-3Al,

Ti - 20V- 4A%- Tis 22V i -16V-4Sn-3A1-3Nb; near R-type titanium
a: | oys ;%(J:lhrlcggl?iy-_ll%_)‘\/- gﬁg%gggﬁgl’ |]5§.§5$-@? 51.§-513Rf;61}3r?;80ni Lf%"glnlgoys such
as 21 21 teal QY- fro 2 168! Wiy nfhind o0R (AN, PREN S o MIDNG, oL hesE MLl S,
titaniumcontaining nefal's are” preferable and i ndustrial pure titanium or

an anti eoid sk ap i1d AU ALLRY | £a IOBGAL eLeIAM Pun! b L Ngppr ocess of 't hi's
a nonoal ky

i nvention, an al kylene oxide an amne are reacted to give a

1, 3- di al kylt2c bHirdazobhditiongnYivd COLEeSPONgi iG r &N a&@ﬂéfp&ﬁqtélanol am ne
and N-al kyl di et hanol am ne as internediates. According to the process of

this invention, a 1, 3-dial kyl-2-im dazolidinone can be, therefore,
prepared by form ng an
In the process of this invention, an alkylene

oxide and a monoalkylamine are reacted to give a
1,3-dialkyl-2-imidazolidinone via corresponding
N~-alkylmonoethanolamine and N-alkyldiethanolamine as
intermediates. According to the process of this
invention, a 1,3-dialkyl-2-imidazolidinone can be,
therefore, prepared by forming an
N-alkylmonoethanolamine and N-alkyldiethanolamine at
50 °C or higher and then reacting these products at a
further higher temperature. In such a case, the
1,3-dialkyl-2-imidazolidinone may be formed not only
from the N-alkylmonoethanolamine but also from the

N~-alkyldiethanolamine. Thus, it is not necessary to

separate these.

Any style of the process of this invention may
be employed as long as starting materials used can be
effectively mixed and contacted with other material.
Any of batch, semi-batch and continuous flow systems
may be employed; for example, charging all materials

together in a reactor, continuous or intermittent
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N al kyl nonoet hanol am ne and N-al kyl di et hanol am ne at 50 OC or hi gher and
then reacting these products at a further higher tenperature. In such a
‘case, the 1, 3-dialkyl-2-imdazolidinone may be formed not only fromthe
N- al kyl nonoet hanol ami ne but also fromthe N-alkyl di ethanol am ne. Thus, it
IS not necessary to separate these. Any style of the process of this
Tinvention may be enployed as long as starting materials used can be
effectively m xed and contacted with other material. Any of batch,

sem - bat ch. and continuous fl ow systens may be enpl oyed; for exanple,
charglngfall conti

S
22 feedlng ? e[ggs?toAJQ%%Fef”%$ ﬁﬁgggf%% OfﬂEEO ﬁgfgf?g Interr]tte:t
I ) t
o g CHE SR L 'lrgdﬁir%%tnéﬁ?lt%%%ﬁ§%%al?§ of LRI e e bRy alter
m xture %{Sg ar!Ltgf’ ar Eﬂkacc% Pﬁat gl a% tccagg rn:(;ﬁq:tﬂgnf pRy, or oceed

in a fee I|ne nnnoe m ne an

N-al kyl dizgfrf}38 HE%@ raemggﬁy Jp§rft05'fe‘EHé" é{@oh'dn%-od;{,}om%tpm& cRen phd his

i nvention, a product tion may be necessar treated as usual, for
exanpl e, nhy € $i blAf 1198 06 Tyt 8l hi 2ati @010 Proyi §8cra fesibed o
1, 3-di al kyl -2-i m dazol i di none.
reaction may proceed in a feed line, and an
N-alkylmonoethanolamine and/or an

N-alkyldiethanolamine may be formed in the line.

In the process of this invention, a product
solution may be, if necessary, treated as usual, for
example, by distillation or crystallization to provide

a desired 1,3-dialkyl-2-imidazolidinone.

When a 1,3-dialkyl-2-imidazolidinone prepared
by the process of this invention is DMI, it is preferably
prepared according to a process flow shown in Fig. 1
or 2. Figs. 3 and 4 show the embodiments in Figs. 1
and 2 with additional steps for further improving a
production efficiency or purity for DMI.

This invention will be described with reference

to Figs. 3 and 4.

As shown in Fig. 3, in
l,3-dimethyl-2-imidazolidinone preparation step (1),

ethylene oxide, monomethylamine as one compound of the
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When a 1, 3-di al kyl -2-im dazol i di none prepared by the process of this
invention is DM, it is preferably prepared according to a process flow
shown in Fig. 1 or 2. Figs. 3 and 4 show the enbodinments in Figs. 1 and 2
with additional steps for further inproving a production efficiency or
purity for DM. This invention will be described with reference to Figs. 3
‘and 4. As shown in Fig. 3, in 1,3-dinethyl-2-imdazolidinone preparation
step (1), ethylene oxide, nononethyl am ne as one conpound of the 23
conponent (D) and carbon di oxi de as anot her conpound of the conponent (D)

are fed Egn‘t?goenepi,t&( ')rregrq%ll. -%}éﬁo%az(jo{é}gi%g%?%grggartahti on_step_ Vi i nes

L1, L2 an respectively 1€ conponen anﬁ?orefFfo YD%E used in

pl ace of jer ‘cjl{‘eag@g@ﬂé)ﬂeh% t{]g?aa%(}rg)ogggt P £pln such a case, a carbon

di oxi de conpoun nonomne m ne as the conponent (E) is fed to the 1,

3-di met hyl 32-4 daz@) i dbaqne RLSRArAGE AR Y ePr Wi 4 98 P 2% + W A 4
sth ( % VP§% && Et

1,3-dinethylurea a e conponent is fed I ne yl ene oxi de,

mononet hyligrd 918,71 car poin di £3i, dee dhec aRRONy, di OXirle - SABRMWE SO k)
nononet hyl am ne and 1, 3-di nethylurea nay be fed by mxing at |east two of

é _heset: Nahidyeo £5 (pef aigy bRt nosleai ng tw1 hbe Rreparatirprnagher i(dn eo by

e ythe component (D). In such a case, a carbon dioxide
compound of monomethylamine as the component (E) is fed
tothel,3-dimethyl-2-imidazolidinone preparationstep
via line 52, while 1,3-dimethylurea as the component
(F) is fed wvia line 53. Ethylene oxide,
monomethylamine, carbon dioxide, the carbon dioxide
compounds of monomethylamine and 1, 3-dimethylurea may
be fed by mixing at least two of these in line L5 before
introducing to the preparation step (1) or by directly
introducing into a reactor without line L5. When
employing mixing in line L5, line L5 may be heated for

promoting a reaction in the line.

In these figures, EO represents ethylene oxide;
mMA represents monomethylamine; mMA-CO2 represents a
carbon dioxide compound of monomethylamine; and DMU

represents 1,3-dimethylurea,

In the 1,3-dimethyl-2-imidazolidinone
preparation step, ‘the amount of the second component

supplied to the reaction is determined such that the

24



introducing into a reactor without line L5. Wien enploying mixing in line
L5, line L5 nay be heated for pronoting a reaction in the line. In these
figures, EO represents ethyl ene oxide; mVA represents nononet hyl am ne;
mVA- CO2 represents a carbon di oxi de conpound of nononet hyl am ne; and DVUJ
represents 1,3-dinethylurea. In the 1, 3-di net hyl -2-im dazol i di none
preparation step, the anount of the second conponent supplied to the
reaction is determ ned such that the 24 total of the following i') to iii'")
is preferably at least three folds, nore preferably 3 to 40 folds both

I f I d I [
7 U5V LB ST BB, ohget] cng 0 e EE%poer?zﬁaeaﬂ%\l? (6t r:‘“ ’
I I t
more 1 LQI%&?SFB?%% Phois BER ROEAE RBLTIE of PPnErallt ‘?ﬂ‘ti‘am&

for recomralnlgsw ca¢tiatle MY tmééﬁltn&g ttﬂgyﬁér exg@%g%mfmau”d of

nmononet hyl am ne and 1, 3-di net hyl ur ea: t ot anount of
mononet hylhand ngoneGovesed Andsr acyes ednantl $he Jmh & namyat of

nmonomnet hyl ami ne newWy supplied; 1i') the total of the nolar anount of

nmononet hyliad d¢apddgébulh® Lad hee diroxiedt €£QBROHBIr@fduction in an
yield of 1,3-dimethyl-2-imidazolidinone, while that of
more than 40 folds may be disadvantageous because of
increase in a cost for recovering unreacted
monomethylamine, the carbon dioxide compound of
monomethylamine and 1,3-dimethylurea:

i') the total of the molar amount of
monomethylamine recovered and recycled and the molar
amount of monomethylamine newly supplied:;

ii') the total of the molar amount of
monomethylamine part in the carbon dioxide compound of
monomethylamine recovered and recycled and the molar
amount of monomethylamine part in the carbon dioxide
compound of monomethylamine newly supplied; and

iii') the total of the double of the molar amount
of 1,3-dimethylurea recovered and recycled and the
double of the molar amount of 1,3-dimethylurea newly

supplied.

Carbon dioxide used in the
1,3-dimethyl-2-imidazolidinone preparationstepmaybe

used as gaseous, liquid, solid or supercritical carbon
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nmononet hyl am ne recovered and recycled and the nolar anount of
nononet hyl am ne part in the carbon di oxi de conpound of nononet hyl am ne
newy supplied; and iii' ) the total of the double of the nolar amount of
1, 3-di net hyl urea recovered and recycled and the double of the nolar anount
of 1,3-dinmethylurea newly supplied. Carbon dioxide used in the 1,

3-di net hyl - 2-i m dazol i di none preparation step maybe used as gaseous,
liquid, solid or supercritical carbon 25 dioxide. Carbon di oxide discharged
fromlines L20 and L22 may be recovered for recycling. The amount of the

fﬁfSFdo?@ﬁ’?ﬁWﬁi‘%rf(‘i%pan'k?gofgr ot 4% A58REYard, BEPF TR dtE0 AN hal
folds, npse Q{ eggbhy 8%1%%9 Eg&d &%1Jﬂ9 usive of the nolar anount

of ethylene 0X e supp ol &y ~rati o | ess than one and hal f
o 1 o sadiaangos consd ol L i s 1pR an drEet
of more thas ek deids TRy he disadiad! ageaus hacause ¢of dendencye
reduction in a volunmetric efficiency of the reactor: 1v') the total of t he
ol ar anpyni Afi68r R ) to vi') is preferably at least one and

half folds, more preferably 4 to 100 folds both inclusive

of the molar amount of ethylene oxide supplied. This

molar ratio of less than one and half folds is

disadvantageous because of tendency to reduction in a

production efficiency for the

1,3-dialkyl-2-imidazolidinone, while the molar ratio

of more than 100 folds may be disadvantageous because

of tendency to reduction in a volumetric efficiency of

the reactor:

iv') the total of the molar amount of carbon
dioxide part in the carbon dioxide compound of
monomethylamine recovered and recycled and the molar
amount of carbon dioxide part in the carbon dioxide
compound of monomethylamine nery supplied;

v') the total of the molar amount of
l,3-dimethylurea recovered and recycled and the molar
amount of 1,3-dimethylurea newly supplied; and

vi') the ﬁotal of the molar amount of carbon
dioxide recovered and recycled and the molar amount of

carbon dioxide newly supplied.
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di oxide part in the carbon dioxide conpound of nononethyl am ne recovered
and recycled and the nolar anount of carbon dioxide part in the carbon
conpound of nononet hyl ami ne newly supplied; v') the total of the
1, 3-di net hyl urea recovered and recycl ed and the nol ar
anount of 1, 3-dinethylurea newy supplied; and vi') the total
anmount of carbon

'di oxi de

nol ar anount of

carbon di oxi de newy supplied. 26 The reaction in the

1, 3-di met hyl - 2-i m dazol i di none preparation step is

hi gher,

tendency to increase

0TE ron in a production efficiency for DM. A

i n byproducts. pressu

temper at ur e o sWeahey  Unaly 400 £ ey sbe b saduanl pgsas, Becquseof

t enper at Weh @l tHfrd £ ng oheicerd 2l ﬁigﬂre%fﬁerﬁ?lek S Q/ngdtéjo 30,MBg Paich

i nclusive. A pressure of |ess than

a may be di

t endency W hriggeithisany é N a gpeagiyd 198 uefd lbd eB6¥e £ ¥han 50 °C 1eads

1, 3-di met hyl - 2-i m dazol i di none, while a pressure of nore than 30 MPa may
be di sadwant agaeaus: besause f pridiease i Ne & rArOMMIFEIONE §eshvpf . @ peact or .

temperature of higher than 300 °C may be disadvantageous

because of tendency to increase in byproducts.

A pressure depends on factors such as a
temperature and starting materials; preferably 4 MPa
to 30 MPa both inclusive. A pressure of less than 4
MPa may be disadvantageous because of tendency to
reduction in a production efficiency for
l,3-dimethyl-2-imidazolidinone, while a pressure of
more than 30 MPa may be disadvantageous because of

increase in a production cost of a reactor.

A reaction time depends on factors such as the
amounts of starting materials and a reaction
temperature; preferably 200 hours or less, more
preferably 0.01 to 100 hours both inclusive, more
preferably 0.1 to 50 hours botﬁ inclusive. A time of
less than 0.01 hours may be disadvantageous because of
tendency to reduction in an yield of
l,3-dimethyl-2-imidazolidinone, while a time of more

than 200 hoursmaybedisadvantageousbecause of tendency

27

of the nol ar
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cttors“such as
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vant ageous because of



A reaction tinme depends on factors such as the anounts of starting
materials and a reaction tenperature; preferably 200 hours or |ess, nore
preferably 0.01 to 100 hours both inclusive, nore preferably 0.1 to 50
hours both inclusive. Atinme of |ess than 0.01 hours may be

di sadvant ageous because of tendency to reduction in an yield of

"1, 3-di net hyl -2-im dazolidinone, while a time of nore than 200 hours maybe
di sadvant ageous because of tendency 27 to reduction in a volunetric
reaction efficiency. In the 1,3-dinethyl-2-imndazolidinone preparation

tep, th b duct ed th f t whi ch
i Foductl A PRAST 4 ind 181U Bhbuke BF Catore CEAISAYS the

reaction is determ ned such that the anmount of water recovered and
recycled and water newy supplied is preferably 100 parts by weight or

| ess, nore prefefgbk¥1501p$rg§lggt 19&4%%5% f%BPHSnQQrt by wei ght of

-ethylene oxi de supplled he™ anoun of nor e parts by weight is

o sadvang agenkss bECAHSE: of " EHUCHONLE o el WITRS Td snatlchl el ey b the

react or I'mdaz di none “preparation step nay be

carried B!r.”es@’n&lé’%?tﬁa%e_@s wﬁbewnlbnlﬁtt&oéucteoev,laalfIﬂég T.gaghigon step
(6) for "~ preparing 2-(nethylam no)ethanol

L5. The amount of water supplled to the reaction is
determined such that the amount of water recovered and
recycledandwaternewly suppliedispreferably 100 parts
by weight or less, more preferably 50 parts by weight
or less to one part by weight of ethylene oxide supplied.
The amount of more than 100 parts by weight is

disadvantageous because of reduction in a volumetric

efficiency of the reactor.

The 1,3~-dimethyl~2-imidazolidinone
preparation step may be carried out by two steps, as
shown in Fig. 4, i.e., a first reaction step (6) for
preparing 2-(methylamino)ethanol and
N-methyldiethanolamine; and a second reaction step (7)
for preparing DMI from 2-(methylamino)ethanol and
N-methyldiethanolamine prepared in the first reaction
step (6).

In this case, to the first reaction step are fed
ethylene oxide via lines L43, monomethylamine as one
compound in the component (D) via line L40 and carbon

dioxide as another compound in the component (D) via
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N- et hyl di et hanol am ne; and a second reaction step (7) for preparing DM
from 2- (net hyl am no) et hanol and N nethyl di et hanol am ne prepared in the
first reaction step (6) . Inthis case, to the first reaction step are fed
et hyl ene oxide via lines L43, nononet hyl am ne as one conpound in the
conponent (D) via line L40 and carbon dioxide as another conpound in the
conponent (D) via 28 line L41. Alternatively, the conponent (E) and/or (F)
may be used in place of or in addition to the conponent (D). In such a
case, the carbon dioxide conpound of nononethylam ne as the conmponent (E)

the. ompandht TE +1's Ao ORa § 1 HE10a0 N A BRBRSqyd dd) HRAGEy Fam ne,
15 ar el i TR BB PAA 15 B X R BT ST addL ot 81 PECET R PP Lad
berore | Nupprucin dechng 1fek, REACTIgn.steby ot 1 segt Ly hat ucing.
e TR eyLSRLghy Simna b [EORLOLAL, 189, IAneed Loy LSt
preparedpfsyy qondugki 79 Ade £ 0nakted G180 9N¥-gimethylurea
as the component (F) is fed via line L55. Ethylene
oxide, monomethylamine, carbon dioxide, the carbon
dioxide compound of monomethylamine and
l,3-dimethylurea may be fed by mixing at least two of
these in line L44 before introducing to the first
reaction step or by directly introducing into a reactor
without line L44. When employing mixing in line L44,
line L44 may be heated for promoting a reaction in the

line.

In the first reaction step,
2-(methylamino)ethanol and N-methyldiethanolamine are
prepared by conducting the reaction at 50 °C or higher.
A temperature of lower than 50 °C is disadvantageous
because of tendency to reduction in a production
efficiency for 2-(methylamino)ethanol.

A pressure in the first reaction step depends
on factors such as a temperature and startingmaterials;
preferably 0.4 MPa or more. A pressure of less than
0.4 MPa may be disadvantageous because of tendency to

reduction in a consumption rate for ethylene oxide.
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A tenperature of lower than 50 C is di sadvant ageous because of tendency to
reduction in a production efficiency for 2-(nethylam no)ethanol. A pressure
-in the first reaction step depends on factors such as a tenperature and
starting materials; preferably 0.4 MPa or nore. A pressure of |ess than
0.4 MPa may be di sadvant ageous because of tendency to reduction in a
‘consunption rate for ethylene oxide. 29 A reaction m xture containing

2- (et hyl ami no) ethanol and N-rnethyl di et hanol amine prepared in the first
reaction step and unreacted nononethylanm ne can be directly fed via |ines
L45, L47 and L49 to the second reaction step. The reaction mxture can be
fed to the second reaction step after being fed to line L5 and being

prem xed with Oﬁbegeaﬁﬂgféhah§i§9§2-ascgﬁ@%ﬁﬁifé am ne, carbon dioxide, the
y , =

car bon di oxi de conpound of nonone am ne, di met hyl urea and/ or water

suppl | Edzyi(ﬂlé-@h%ﬂ?ﬂ%isr?o?@:tﬂdé‘nwe aq{cg’cﬁs—%@éhgﬁidﬁéﬁﬂﬁﬁgl%éhfée amount  of

the second conponent supplied to the first reaction step 1s determ ned
such that Lhe toali L RE anOMOL Qfeé@@iofrpléewpn%a)ufn%a&kd s

preferably at |least three folds, nore preferably 3 to 40 folds both

i ncl usi vigodlomd B8y nameumt bef detiwtens @dder sapphhed LUY s mophar
and L49 to the second reaction step. The reaction
mixture can be fed to the second reaction step after
being fed to line L5 and being premixed with other
materials such as monomethylamine, carbon dioxide, the
carbon dioxide compound of monomethylamine,

1,3~-dimethylurea and/or water supplied via L2, and so

on.

In the process of this invention, the amount of
the second component supplied to the first reaction step
is determined such that the total molar amount of the
following i") to 1ii") is preferably at least three
folds, more preferably 3 to 40 folds both inélusive of
themolar amount of ethylene oxide supplied. Thismolar
ratioof less than 3 foldsmay be disadvantageous because
of tendency to reduction in an yield of
1,3Fdimethyl—2—imidazolidinone, while that of more
than 40 foldsmaybedisadvantageous becauseof reduction
in a volmetric efficiency of a reactor, and increase
in a cost for recovery of the unreacted monomethylamine

and the carbon dioxide compound of monomethylamine:
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ratio.of less than 3 folds may be di sadvant ageous because of tendency to
reduction in an yield of 1,3-dinethyl-2-imdazolidinone, while that of nore
than 40 fol ds nay be di sadvant ageous because of reduction in a volnetric
efficiency of a reactor, and increase in a cost for recovery of the

unr eact ed nononet hyl ami ne and the carbon di oxi de conpound of

mononet hylamne: 30 i") the total of the nolar anpbunt of nononethyl am ne
recovered and recycled and the nolar anount of nononet hyl am ne newly
supplied; ii") the total of the nolar anmount of nononethylam ne part in

i oXi hyl aqni d | ed d
the ool o amount 3t TBEoRS %ﬁa%“ﬂggﬁéwﬁoa?agﬁlafrﬁog%ﬁrfd b| Lﬁﬁyfﬂ?oxf‘ﬁe
f h i X iddn t he e 0 e nol ar
amoont | B SREE R IR & ¢ 880 e ahd” AL EFa At ehe PGB e Tor ¢ ne
mol ar amaupd, OF L 8- L ARHWL HE8a NENLY n §1PP! e £aLBon di oxi de used in
5 bR

the first reaction step may be used as gaseous rquid, solid or

supercritical = caibon ghaxidsy aThe, AL 081 bhe SipGeAd copponent  suppl i ed
| _ | t

to the first reaction step is determ ned suc t hat e total nolar anount
of the feldryhBghHWI dmtide Wantisn Hebesablinbd Q0 §2hde ol Ssane oifne ol ar

amount monomethylamine recovered and recycled and the molar
amount of monomethylamine newly supplied in the carbon
dioxide compound of monomethylamine; and
iii") the total of the double of the molar amount
of 1,3-dimethylurea recovered and recycled aﬁd the

double of the molar amount of 1,3-dimethylurea newly

supplied.

Carbon dioxide used in the first reaction step
may be used as gaseous, liquid, solid or supercritical
carbon dioxide. The amount of the second component
supplied to the first reaction step is determined such
that the total molar amount of the following iv") to
vi") is preferably 100 folds or less of the molar amount
of ethylene oxide supplied. This molar ratio of more
than 100 foldsmaybedisadvantageousbecause of tendency
to reduction in a volumetric efficiency of the reactor:

iv") the total of the molar amount of carbon
dioxide part in the carbon dioxide compound of
monomethylamine recovered and recycled and the molar

amount of carbon dioxide part in the carbon dioxide
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of ethyl ene oxide supplied. This nolar ratio of nore than 100 fol ds maybe
di sadvant ageous because of tendency to reduction in a volunetric
efficiency of the reactor: iv") the total of the nolar anount of carbon

di oxi de part in the carbon di oxi de conpound of nononethyl am ne recovered
and recycled and the nolar anount of carbon dioxide part in the carbon

di oxi de 31 conpound of nononet hyl am ne newly supplied; v") the total of the
nmol ar anount of carbon dioxide recovered and recycled and the nol ar anount
of carbon dioxide newly supplied; and vi") the total of the nolar anount

f 1,3-di |l ed and the polar. anount of

2,3-di rretglr?y u(?églé:]gﬁ;ﬁggl\éogﬁ?ggﬂdanfiﬁécfr}e?g g’.r esa%?ng?fefciég, t he r.eac]t! on
b duct eg wi t [ nt r via line

(23 "The amount of vetoe B redd o Blcilo LER Shodn sl d L BE %R tne or

| ess, noyg i £hEr 2Blob vOrBY bhd e ¥6EING Unbeshel oA RARL LY Wei ght of
g 1 8 y weight i

ri
et hyl ene oxi de supplied. The anmount” of nore than parts S

di sadvantagesss becwisgeofndgdyctd phphn &y yobynpetric efficiency. The
process of this invention may Conprise a seventh separation step (8). In

such a case, a paft") othal lt &f atlhe f eggll Qflo ThXt Wgoghepased in the first

l1,3-dimethylurea recovered and recycled and the molar

amount of 1,3-dimethylurea newly supplied.

In the first reaction step, the reaction may be
conducted in the presence of water, which is introduced
vialineL42. Theamountofwatersuppliedispreferably
100 parts by weight or less, more préferably 50 parts
by weight or less to one part by weight of ethylene oxide
supplied. The amount of more than 100 parts by weight

is disadvantageous because of reduction in a volumetric

efficiency.

The process of this invention may comprise a
seventh separation step (8). In such a case, a part
or all of the reaction mixture prepared in the first
reaction step may be fed to the seventh separation step
via lines L45 and L46. 1In the seventh separation step,
a first fraction containing unreacted monomethylamine
as a main component and a second fraction containing
2-{(methylamino)ethanol and N-methyldiethanolamine as

main components are separated fromthe reactionmixture.
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reacti.on step may be fed to the seventh separation step via lines L45 and
L46. In the seventh separation step, a first fraction containing unreacted
“monomnet hyl am ne as a main conponent and a second fraction containing

2- (met hyl am no) et hanol and N-nethyl di et hanol am ne as main conponents are
separated fromthe reaction mxture. 32 The first fraction may be
‘circulated to the first reaction step via |ine L50. The second fraction is
fed to the second reaction step via lines L48 and L49. The second
fraction may be fed to the second reaction step after feeding the fraction

(9, Lore iRee A PEET20REsbn 4D RS S LeLn 8T R MERORRl Ty amine

carbon di'oxide and/or for ~exanp e second

reaction,g g&% Xope Qf?kggi%%inree%%td on g“ll-fogr ‘éh‘i’c&%aifi?g%éfo{thsfféét

reaction s Vi a and 49 an e second fraction in the

sevent h §8p@ﬁ@t58%oﬁ{c§&%£@tliicﬂ?ssé-é #nd 149 d a [0 o2 4 8L Nyt RET NO)

et hanol and N-net hyl di et hanol am ne roduced 1n the first reaction step to

the secogdcdrfcti 9B tStAP-m¥Pepef eedi RG athd east oone A a HRMRACtSHep
conponents (D) , (E) and (F) " to the second reaction step, the second

reacti ona stepr e 8eneordietBeaas idieht o Funtehess ard theemacointlgr eacti on
step may be supplied nononethylamne via line L2, carbon dioxide via |line
L3, the wathorothexi datcorpalk ©f choamretbyloas kyliaamine, carbon

dioxide and/or water from, for example, line L2.

To the second reaction step can be fed the
reaction mixture obtained in the first reaction step
via lines L47 and L49 and/or the second fraction in the
seventh separation step via lines L48 and L49, to feed
2- (methylamino)ethanol and N-methyldiethanolamine
produced in the first reaction step to the second
reaction step. When feeding at least one of unreacted
components (D), (E) and (F) to the second reaction step,
the second reaction step may be conducted as such.
Further, to the second reaction steb may be supplied
monomethylamine via line L2, carbon dioxide via line
L3, the carbon dioxide compound of monomethylamine via
line L52 and/or 1,3~-dimethylurea via line L53. To the
secondreactionstepmaybe suppliedthe reactionmixture
in the first reaction step, the second fraction in the
seventh separation step, monomethylamine, carbon
dioxide, the carbon dioxide compound of

monomethylamine, 1,3-dimethylurea and/or water after
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| ine L52 and/or 1,3-dinmethylurea via line L53. To the second reaction step
may be supplied the reaction mxture in the first reaction step, the
second fraction in the seventh separation step, nononethyl am ne, carbon

di oxi de, the carbon di oxi de conpound of nononethyl am ne, 1, 3-dinmethylurea
and/or water after 33 mxing at least two of them In the second reaction
step, the reaction is conducted at 100 C or higher, preferably 100 Cto
300 C both inclusive, preferably with a residence tinme of 1 to 24 hours
both inclusive. A reaction tenperature of less than 100 Cis

di sadvant ageous because qof tendency ,to reduction in a production
efficien&fk%ﬁgl, - dt fef It$9iﬁ$§éE%FFHinone while a tenperature of nore

than 300 C is di sadvant ageous because of tendency to reduction in an yield
of 1,3-dinmethyl-2-imdazolidinone. A residence tine of |ess than 1 hour is

ci 1l oncy 1 o 105 ai et e S Ren st Rahore ok 1 he AR e of

efficiency for azo noneé ile aresid

h h ' i t b dyety i
ore t an%At?lleH.’éd %@'JTS@GO'IV%‘ @Q%Péh%%g,?gzgﬁ?fgr%%gﬂgf% ?a’(&:‘é 4elg on in a

volunetric efficiency o react or: S on tors such as

a tenperat yoe ranth & NG sAMINt Sy Bk X AP LNG M &f 1L S5 adH &L ef ahley 0% MPa to

30 MPa both inclusive. A pressure
1 to 24 hours both inclusive. A reaction temperature
of lessthanl1l00°Cisdisadvantageousbecauseof tendency
to reduction in a production efficiency fdr
l,3-dimethyl-2-imidazolidinone while a temperature of
more than 300 °C is disadvantageous because of tendency
to reduction in an yield of
l,3-dimethyl-2~-imidazolidinone. A residence time of
less than].hoﬁris disadvantageous because of tendency
to reduction in a production efficiency for
l,3-dimethyl-2-imidazolidinone while a residence time
of more than 24 hour is disadvantageous because of
tendency to reduction in a volumetric efficiency of a
reactor. A pressure depends on factors such as a
temperature and the amounts of starting materials;
preferably 4 MPa to 30 MPa both inclusive. A pressure
of less than 4 MPa is disadvantageous because of tendency
to reduction in a production efficiency for
l,3-dimethyl-2-imidazolidinone while a pressure of
more than 30 MPa is disadvantageous because of increase

in a production cost of a reactor.
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of less than 4 MPa is di sadvant ageous because of tendency to reduction in
a production efficiency for 1,3-dinethyl-2-imdazolidinone while a
-pressure of nore than 30 MPa i's di sadvant ageous because of increase in a
production cost of a reactor. 34 In the process of this invention, the
anount of the second conponent supplied to the second reaction step is
‘determ ned such that the total nolar anpbunt of the followng i"" ) to
iii"" ) is preferably at least two folds of the nolar anmount of ethyl ene
oxide supplied to the first reaction step. Mdire preferably, the amount of
nmononet hyl am ne | s deternlned suc? at the above no|ar ratlo S % to 39
folds both incl usPvERSTREGRTSP OfafPd Dt TREL Sifth ¢ efémﬁy

di d f d
S St R B afEs S har “SREP fo s Uy P s 8’ 35690%350%%

di sadvang ageous, hecausg i0fc & SGHEH #had Nt RevOLERIY inf, PRI Cheney

reactor, Increase 1n a fOor reéecoveri ng unreact ed "nonomnet %yl am ne,

the carpga ghax de:ggmpound of pnomst b byl B 201 Jad didwsbytypear 17

the tota the no ron1 e frrst

reacti oneshen. 19et Bho SEGOAY IAAGLRAN 5 CBL HI AB! Bl APUILHY1 i e
a

nnnonethy am ne recovered and recycle nd t
tothe first reactionstep. Morepreferably,theamount

of monomethylamine is determined such that the above
molar ratio is 2 to 39 folds both inclusive. The molar
ratio of less than two folds may be disadvantageous
because of tendency to reduction in an yield of
1,3~dimethyl-2-imidazolidinone, while that of more
than 39 foldsmaybedisadvantageousbecause of reduction
in a volmetric efficiency of a reactor, and increase
in a cost for recovering unreacted monomethylamine, the
carbon dioxide compound of monomethylamine and
1,3-dimethylurea:

i"') the total of the molar amount of
monomethylamine fed from the first reaction step to the
second reaction step, the molar amount of
monomethylamine recovered and recycled and the molar
amount of monomethylamine newly supplied;

ii"') the total of the molar amount of
monomethylamine part in the carbon dioxide compound of
monomethylamine fed from the first reaction step to the
second reaction step, the molar amount of

monomethylamine part in the carbon dioxide compound of
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anount of nononet hylam ne newWy supplied; ii"") the total of the nolar
anmount of nononet hyl am ne part in the carbon di oxi de conpound of
-monomet hyl am ne fed fromthe first reaction step to the second reaction
step, the nolar anmount of nononet hyl am ne part in the carbon dioxide
conpound of 35 nononet hyl am ne recovered and recycled and the nolar anount
-of nononet hyl am ne in the carbon di oxi de conpound of nononethylam ne newy
supplied; and iii" I ) the total of the double of the nolar anmount of
1,3-dinmethylurea fed fromthe first reaction step to the second reaction

tep, the doubl e, of f 1 | d and
recycl eﬁaﬁﬁ?ﬂ%ﬁa9&mfag8ﬁ{%9%'ﬁ§ Shouke Sof 1593t At A hewl v

3uPp! ey 18 RGRSE OF NIrE: hBVEIONG SAL BT, £ Y lec sesdihg he

second r ased seous, quid;

supercrlékcggnggﬁggql igﬁﬁQﬁE_JggépangHEgﬁ_ of e sefond conponent supplied

to the secon reaction step (S erm sUch that the total nolar

amount of the fol§owing e th Pl e thd aoﬁrh?lfé’roaf)lt}‘le b1 £88mdunc! of ds,
ol oth

nore preferably 4 to 100 inclusive of the nolar anmount of
et hyl enesexijdes syppidiedly 1 W8 FBLarE F@thi @nef 4 e85t haadt 8 Jipl dleeps

dlsadvantageous because of tendency to reduction in an
to the second reaction step, the double of the molar
amount of 1,3-dimethylurea recovered and recycled and

the double of the molar amount of 1,3-dimethylurea newly

supplied.

In the process of this invention, carbon dioxide
used in the second reaction step may be used as gaseous,
liquid, solid or supercritical carbon dioxide. The
amount of the second component supplied to the second
reaction step is determined such that the total molar
amount of the following iv"') to vi"') is preferably
at least 1.5 folds, more preferably 4 to 100 folds both
inclusiveof themolar amount of ethylene oxide supplied.
This molar ratio of less than 1.5 folds 1is
disadvantageous because of tendency to reduction in an
yield of 1,3-dimethyl-2-imidazolidinone, while the
molar ratioof more than 100 folds may be disadvantageous
because of tendency to reduction in a volumetric
efficiency of the reactor:

iv"') the total of the molar amount of carbon

dioxide fed from the first reaction step to the second
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yield.of 1,3-dinethyl-2-imdazolidinone, while the nolar ratio of nore
than 100 f olds may be di sadvant ageous because of tendency to reduction in
a volumetric efficiency of the reactor: iv"') the total of the nolar
anount of carbon dioxide fed fromthe first reaction step to the second 36
reaction step, the nolar amount of carbon dioxide recovered and recycled
and the nolar anmount of carbon dioxide newy supplied; v'') the total of

t he nol ar anmount of carbon dioxide part in the carbon dioxi de conpound of
nmononet hyl ami ne fed fromthe first reaction step to the second reaction

SLeb, e LA oL o! R R oXLd 00T bl 14D e bon, o de

conpound of nononet ifi ne “recovere ¥ amount of

O PO B GE R (o, LBERAT DA AOfE OB U O, B PYLRM N

new y supplied; and vi ranoun

1,3-di reyhiyd wige frdyiyomdhs1fialpt reaction step to the second reaction
step, the nolar anount of 1, 3-dinmethylurea recovered and recycled and the

mol ar  amount of vk, 3 di ARt hyd hea JeW KeSWPL hedanduble secand yeaction
step, water nmay be introduced via line L4. The ampunt of water supplied
i s deteraiinedigechpdhat itthechet Jabonaldrok edef r@OsmpBRind of
monomethylamine fed from the first reaction step to the
second reaction step, themolar amount of carbon dioxide
part in the carbon dioxide compound of monomethylamine
recovered and recycled and the molar amount of carbon
dioxide part in the carbon dioxide compound of
monomethylamine newly supplied; and
vi"') the total of the molar amount of
l,3-dimethylurea fed from the first reaction step to
the second reaction step, the molar amount of

l,3-dimethylurea recovered and recycled and the molar

amount of 1,3-dimethylurea newly supplied.

In the second reaction step, water may be
introduced via line L4. The amount of water supplied
is determined such that the total of water fed from the
first reaction step, water recovered and recycled in
the second reaction step and water newly supplied is
preferably 100 parts by weight or less, more preferably
50 parts by weight or less to one part by weight of

ethylene oxide supplied to the first reaction step.
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first.reaction step, water recovered and recycled in the second reaction
step and water newly supplied is preferably 100 parts by weight or |ess,
more preferably 50 parts by weight or less to one part by wei ght of

et hyl ene oxide supplied to the first reaction step. 37 In the

1, 3-di met hyl - 2-i m dazol i di none preparation step or the second reaction
step, DM is produced. The reaction m xture obtained in the 1,

3-di met hyl - 2-i m dazol i di none preparation step or the second reaction step
contains water; lowboiling am nes which are am nes having a boiling point

5. Ciret iy ai oy eMiansie 173 G B Bt par o At A T a1 3e 2
N, N -di dz i e, ..hi.gh: boi Li i a c ounds
v ng. achory EE St EORISERE o Ml B LR SRTREE TSN MU SR ee

1-met hyl y2-d gldazp) | diraener @pd ¢ N Ryl eEhaRal ahpey agmepja and its

carbon di oxi de conpounds, nononet hyl am ne, dinmethylamne, trinethylam ne,

and car ban 3 @xinde: KONPRUNDE1 afa AESE 1 rAh 89% e BAY 20 HAM U4 B3 H@h AS
byproducts or unreacted materials. Exanples of a carbon di oxi de conpound

of amMmDRricc ondaneaitnicoh R aife: et A @3t £2F DAL 8D iANfng amines

hydr ogencar bonates. The reaction mxture in the
which are amines having a boiling point higher than that
of water and lower than that of DMI such as
2- (methylamino)ethanol, 1,3-dimethylpiperazine and
N,N'-dimethylethylenediamine; high~boiling compounds
which are compounds having a boiling point higher than
that of DMI such as 1,3-dimethylurea,
l-methyl-2-imidazolidinone and
N-methyldiethanoclamine; ammonia and its carbon dioxide
compounds, monomethylamine, dimethylamine,
trimethylamine, and carbon dioxide compounds of these
amines; and carbon dioxide, as byproducts or unreacted
materials. Examples of a carbon dioxide compound of
ammonia or an amine include carbamates, carbonates and

hydrogencarbonates.

The reaction mixture in the
l1,3~-dimethyl-~2-imidazolidinone preparationstepor the
second reaction step is fed to the first separation step

(2) wvia line L6.

In the first separation step, the reaction
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1, 3-dinethyl-2-imdazolidinone preparation step or the second reaction
step is fed to the first separation step (2) via line L6. In the first
-separation step, the reaction 38 m xture obtained in the 1,

3-di nmet hyl - 2-i m dazol i di none preparation step or the second reaction step
is separated into the first fraction containing nononet hyl am ne, carbon
"di oxi de and the carbon di oxi de conpound of nononethyl am ne as main
conponents, and al so containing water; and the second fraction containing
DM and the above hi gh-boiling conpounds as main conponents, and al so

t ai ni . fi f tai d, to t ti
ctop (5T oY b S hpgi (AR - TRh SR B0 Lin i DB A ML AR T e
fed t ti i ' ,

Separ ot IDRCFR he Py SF “Ceparalt oy <Tha § o krShr i e cTatarar of a

pressure; hewery i bam {tat iR adfgoh @tsxq't%tr!%g%iowcglﬁlégw | HR8% e,

preparation step or the second reaction step.” Suc I pressure may

faci | itatgryaforizatdidie O nldW Rei |d 418 6 AMREINERE 8 &S Usbmpda f@NgRet hyl am ne
and a part of water, which are fed to the fourth separation step. The

process ménidiiest hpieniing AR LI dBEoaR n ttds HPd iz0Ns 6t@Pn £ 4Q)n begween t he
first separation step

water; and the second fraction containing DMI and the

above high-boiling compounds as main components, and

also containing water. The first fraction may be fed

to the fourth separation step (5) via lines L7, L14,

Ll16 and L19, while the second fraction may be fed to

the second separation step (3) via lines L8, L10 and

L13.

Separation in the first separation step is
preferably conducted at a pressure lower than that in
thel,3-dimethyl-2-imidazolidinone preparation step or
the second reaction step. Such a lower pressure may
facilitate vaporization of low-boiling components such
as monomethylamine and a part of water, which are fed

to the fourth separation step.

The process of this invention may comprise an
absorption step (10) between the first separation step
and the fourth separation step. In such a case, the
first fraction in the first separation step is fed to

the absorption step via lines L7, L14 and L15.
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and the fourth separation step. In such a case, the first fraction in the
first separation step is fed to the absorption step via lines L7, L14 and
"L15. 39 In the absorption step, the first fraction in the first separation
step is contacted with and absorbed in a solvent fed via |ine L17. The
first fraction in the first separation step may be introduced to the
‘absorption step. as, for exanple, a gas, a liquid, a solution such as an
aqueous solution or any mxture of these. Any solvent can be used as |ong
as it isinert to reaction substrates in the

1,3-mrﬁﬂhyl-Zifhdqygigbggyiﬁggﬁgﬁﬁégp %H%Lfiggtfféggggﬁi}%g1step

and the second reaction step. a solvent used g i ncl ude

vater, pydreeardorsp £EHEN SN %?ét?si @egnctia{gjclle?irw':'ﬂ?:gﬁggldeg‘g%z%rﬁggse’

water and DM are preferable and water is nore prefera er and DM

are pref enabl @ Jeeanse rddieyiare i Stal hi.ng 1wRE exijalsor s preducyi put he 1,
3-di net hyl - 2-i m dazol i di none preparation step or the second reaction step,

el i mi natthe afi agdi tg@palratrﬁ@@vgraéritﬁag_ Hesensol yeite dreyobeised al one
or in conbination of two or nore. pendi ng on a solvent used, the

absor pti absrayp beocorsiuepedis n &otul é x phases (w0 g8, NBr & phase), system A

part of carbon di oxi de which is not absorbed '
solution such as an aqueous solution or any mixture of
these. Any solvent can be used as long as it is inert
to reaction substrates in the
l,3-dimethyl-2-imidazolidinone preparation step, the
first reaction step and the second reaction step.
Examples of a solvent used generally include water,
hydrocarbons, ethers, amides and circular ureas.
Among these, water and DMI are preferable'and water is
more preferable. Water and DMI are preferable because
they are a starting material or product in the
l,3-dimethyl-2-imidazolidinone preparation stepor the
second reaction step, eliminating an additional
recovery step. These solvents may be used alone or in
combinationof twoormore. Dependingonasolvent used,
the absorption may be conducted in a multiphase (two
or more phase) system.

A part of carbon dioxide which is not absorbed
in a solvent in the absorption step may be discharged
outside of the system via line L20.

The absorption-solution in fhe absorption step

is supplied to the fourth separation step (5) via lines
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in a solvent in the absorption step may be discharged outside of the
systemvia |line L20. The absorption solution in the absorption step is
-supplied to the fourth separation step (5) via lines 40 L18 and L19. In the
fourth separation step, amonia, dinethylam ne, trinethylam ne, the carbon
di oxi de conpound of anmmoni a, the carbon di oxi de conmpound of

~di et hyl am ne, and the carbon di oxi de conpound of trimnmethylam ne produced
as byproducts in the 1, 3-dinethyl-2-imdazolidinone preparation step or
the second reaction step are renoved into |ine L22 as the first fraction.
anonethgigngqﬁjapggits carbon di oxi de conmpound are recovered as the
second fraction Fom the bottom of the separator. Wen using the
absorption step, a part of the solvent in the absorption step is recovered
as the second fraction. The second fraction is recycled to the

1, 3-di met hyl - 2-iyy dazQl i €090, PEEPAA £ PBnStEPe ¥, @ ahhHBY 4,23 and L5, or
to the first reaction step and/or "the second reaction step. Apart of the

second f4aflkitaly 1 AAM rhe, desGaised ywhih enkhe tiegrickingo Ay inex i geycl ed to
the 1, 3-dinethyl-2-imdazolidinone preparation step or to the first

reacti oncshepwand/ off tdremsecond teéactd¢apbost epiokheldi csmdsantli @f may be

di scarded or undergo
dimethylamine, and the carbon dioxide compound of
trimethylamine produced as byproducts in the
l,3-dimethyl-2-imidazolidinone preparation stepor the
second reaction step are removed into line L22 as the
first fraction. Monomethylamine and its carbon
dioxide compound are recovered as the second fraction
from the bottom of the separator. When using'the
absorption step, a part of the solvent in the absorption
step is recovered as the second fraction. The second
fraction is recycled to the
1,3-dimethyl-2-imidazolidinone preparation step via
lines L23 and L5, or to the first reaction step and/or
the second reaction step. A partof the second fraction
may be discarded while the remaining may be recycled
tothe l,3-dimethyl-2-imidazolidinone preparationstep
or to the first reaction step and/or the second reaction
step. The first fraction may be discarded or undergo
a disproportionation reaction to provide
monomethylamine and then recycled to the
l,3-dimethyl-2-imidazolidinone preparationstepor the

first reaction step and/or the second reaction step.
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a di sproportionation reaction to provide nononethylanine and then recycled
to the 1, 3-dinethyl-2-imdazolidinone preparation step or the first
‘reaction step and/or the second reaction step. 41 The fourth separation
step is preferably conducted in the presence of carbon dioxide for _
inproving a separation/recovery efficiency for nononethylamne and/or its
‘car bon di oxi de compound. Carbon di oxide nmay be used as any of gaseous,
liquid, solid or supercritical carbon dioxide. Because, the reaction is
conducted in the presence of carbon dioxide in the 1, _

3-di met hyl - 2-i m dazol i di none preparation step or the second reaction step,
the separation in the fourth separation step can be conducted w t hout

feeding additional arspeerdioubdealiersatdyeky, dhgetivzaly  fraction in

the first separation step or the absorption uti-on t he

emsomﬁloamﬁwﬁtéwhbﬁﬁéﬁkﬁéeﬂcé%fQé%%@%HQbQ&&Ef%%%% @%Jiﬁgli”e
L21. The fourth separation step may be conducted as a nultistage process

or conbi aedepidiatidirsirébatidny PEFERSSe ndYLC ¥ Gr Mbhichi P98 yATQEESS OF
conmbination with a distillation process may inprove a recovery efficiency

for nmonoaetid arditne c aWieontditokdurd kb osgpanati.on shepdrs dandugtafags a
mul tistage process, the first fraction in the first

beusedasanyofgaseous,llquld,solldorsupercritical
carbon dioxide. Because, the reaction is conducted in
the presence of carbon dioxide in the
1,3—dimethyl—2-imidazolidinonepreparationsteporthe
second reaction step, the separation in the fourth
separation step can be conducted without feeding
additional carbon dioxide. Alternatively, the first
fraction in the first separation step or the absorption
solution fed from the absorption step can be contacted
with carbon dioxide supplied from line L21.

The fourth separation step may be conducted as
a multistage process or combined with a distillation
process. Such amultistage process or combination with
adistillationprocessmayimproVearecoveryefficiency
for monomethylamine.

When the fourth separation step is conducted as
a multistage process, the first fraction in the first
separation step may be absorbed in water before being

fed to a subsequent stage.

The second fraction containing DMI and the above
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separation step may be absorbed in water before being fed to a subsequent
stage. The second fraction containing DM and the above 42 hi gh-boiling
~conpounds as nmin conponents and also containing water in the first
separation step is generally fed to the second separation step (3) via
lines L8, L10 and L13. The process of this invention may conprise a
“hydrol ysis step (9) between the first separation step and the second
separation step. In such a case, 1, 3-dinethylurea can be hydrol yzed by
feeding the second fraction in the first separation step to the hydrol ysis

step Vil ppes, |8 and Lot mhisch &t epathe d5aptian, ¢ Ls heated af 50 C or
g hy ro} g %

hi gher . ysSis-reaction mxture is separated rnto a first fraction

cont ai ni fgn ¢ A%, RGN LOIBANANN St nEONOEL RY I B84 CREROR cApxi de, and the
car bon di oxi de conpound of nononet hyl am ne prepared by hydrolysis and al so

cont ai ni @_Qn\é@taeilyaf@d o $9r0RE I RQtd OPa saH Bb AidWe PM 3 RRAL 4 he rpbgve
hi gh-boi I'i ng conpounds as mai n conponents and al so containing water. The

first fragtiamosahed to3the fourth separation step via lines L11, L14,
L16 and L19. \When using an absorption step, the first fractionis fed to
the absorption step via lines L11, L14 and L15. The second fraction is fed
to the second separation step _
The process of this invention may comprise a
hydrolysis step (9) between the first separation step
and the second separation step. In such a case,
1l,3-dimethylurea canbe hydrolyzedby feeding the second
fraction in the first separation step to the hydrolysis
step via lines L8 and L9, in which step the fraction
is heated at 50 °C or higher. The hydrolysis~reaction
mixture is separated into a first fraction containing,
as main components, monomethylamine, carbon dioxide,
and the carbon dioxide compound of monomethylamine
prepared by hydrolysis and also containing water; and
a second fraction containing DMI and the above
high-boiling compounds as main components and also
containing water. The first fraction is fed to the
fourth separation step via lines L11, L14, L16 and L19.
When using an absorption step, the first fraction is
fed to the absorption step via lines L11, L14 and L15.

The second fraction is fed to the second separation step

via lines L12 and L13.

The mixture containing water and DMI fed to the
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via lines L12 and L13. The mi xture containing water and DM fed to the 43
second separation step via line L13 is separated into the first fraction
containing water and | ow boiling amnes as main conponents and the second
fraction containing DM and the above high-boiling conpounds as nain
conponents . The second fraction is fed to the third separation step (4)
via line L24. The first fraction may be discarded, or recycled to the 1,
3-dimet hyl - 2-im dazol i di none preparation step or the second reaction step
via lines L25, L26, L30 and L5, when the content of 2- (nethy}anlno)etPanol
i h f I n anol is i |cant a

i's |ow & §e gE‘ 091 gtég‘e{l % mL g)gclged_s[ds?% ragc

| east part of the first fraction be rec

d o] he second .r.eacti on
itipd'vF?F"?@ne%ik%‘zﬁsa“g*ﬁ%%“*'l[%egnﬁ“‘f%%% CrnatRE by RS TBRR T 880 ati on

step (1lamiye Headdesi horc dph8RlGT: § N8 n £OPRENTs OF o Ay @Qéfk%g;r{'o) et hanol

inthe circulating liquid. To the fifth separatlon step s he first
fracti oncioh t 918n3@ePMM 5eDad at haNa BbeR W ﬂu'—%%slff» Ag égﬁ%ﬁ-&l gofifth
separation step separates the fraction | o the t ction contalnlng

wat er asmad mebmponparent andd 88 cR@R ddaEbnoNs GUW /ICERE thirg
separation step (4) via line L24. The first fraction
may be discarded, or recycled to the
1,3-dimethyl—2-imidazolidinonepreparationsteporthe
second reaction step via lines L25, L26, L30 and L5,
when the content of 2~ (methylamino)ethanol is low.
When the content of 2-(methylamino)ethanol is
significant, at least part of the first fraction may
be recycled to the 1,3-dimethyl-2-imidazolidinone
preparation step or the second reaction step via lines
L25, L26, L30 and LS. Alternatively, the fifth
separation step (11) may be added for heighten the

content of 2-(methylamino)ethanol in the circulating

liquid.

To the fifth separation step is fed.the first
fraction in the second separation step via lines L25
and L27. The fifth separation step separates the
fraction into the first fraction containing water as
a main component and the second fraction containing
2- (methylamino)ethanol as a main component. The

second fraction is recycled to the
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2- (met hyl am no) et hanol as a main conponent. The second fraction is
recycled to the 44 1, 3-dinethyl-2-im dazolidi none preparation step or the
-second reaction step via lines L29, L30 and L5. In the fifth separation
step, 2-(methylam no)ethanol may be separated for effectively recycling 2-
(et hyl am no) ethanol contained in the first fraction in the second
-separation step to the 1, 3-dinethyl-2-imdazolidinone preparation step or
the second reaction step. The first fraction in the fifth separation step
may be discarded, or at |east part of the fraction nmay be recycled to the

L S-dinpthylydal Z-Oéi—%’l"%8%%3?:‘{%'}1%3%%%%0%%@%& sE8 08d {ygaction

st ep. The’n1§%ure cont al ni ng he a conpounds fed

to the tOLEA RERALLLINPIARp (1 oVl 2nbidgadd i o separated I G fefirst

fraction ~containing mal n conponent and a second fraction

cont ai ni pgriche ADIYS N PHnPAId NI SOMRRUIES 13 IRb ) e tAPIRENCRSy I Het he
third separatigﬁggteg. DM as épgesired prgducf'iswgbtained aéﬁ%heefirst

fractionskpater &R 1 sep@raidonvetiep. rdcgdifhgation step (12) may be
added for providing DM with a further inproved purity. In such a case,
the firsp-fimacihghaniimébhetHundiseparatiwadsierchs fedstofthetion

rectification
in the second separation step to the
1,3-dimethyl-2-imidazolidinone preparationstepor the
second reaction step. The first fraction in the fifth
separation step may be discarded, or at least part of
the fraction may be recycled to the

1,3-dimethyl-2-imidazolidinone preparationstepor the

second reaction step.

The mixture containing DMI and the above
high-boiling compounds fed to the third separation step
(4) via line L24 is separated into a first fraction
containing DMI as a main component and a second fraction
containing the above high~boiling compounds as main
components in the third separation step.

DMI as a desired product is obtained as the first
fractioninthe third separationstep. Arectification
step (12) may be added for providing DMI with a further
improved purity. In such a case, the first fraction
in the third separation step is fed to the rectification
step via line L32 and rectified in the rectification

step to provide DMI with a high purity.
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step via line L32 and rectified in the rectification step to provide DM
with a high purity. 45 At |east part of the second fraction in the third
-separation step may be recycled to the 1, 3-dinethyl-2-imdazolidi none
preparation step or the second reaction step via lines L31, L33, L34 and
L5. Circulation of the second fraction allows unreacted

"N- net hyl di et hanol am ne to be recycled. Furthernore, 1,3-dinethylurea as a
byproduct in the 1, 3-dinethyl-2-imdazolidinone preparation step or the
second reaction step may be circulated to allow 1, 3-dinmethylurea to be
reacted with water in the reaction system and deconposed into
nononet hyl am ne, carbon di oxide and the carbon di oxi de conpound of

nononet hyl am ne.p{t | am ne
y AtlLgase PARNERAr €n d Sl Alter a8 b %50k HORIPLBY

and carbon di oxi de ne supplied to the 1,3-dine i none

prepar at s gp a3t£Pi 8h t@@eﬁew peagtd @pcateap. t fhe qy ocess of this invention
may conprise the sixth séeparation step (13) . In such a case, the second

fractionljg-tdienébihnd sepamndtdopodtiepi henfeef riep d hetsioH Bt egepareheon step
via lines L31 and L37. In the sixth separation step, the fraction is
separ at eslecrirod ar €arctt i ohir adtd pnvaantlai mésg IN- et hl3di et hanaham ne . and
1, 3-di net hyl urea as nmain conponents and a second
Circulation of the second fraction allows unreacted
N-methyldiethanolamine to be recycled. Furthermore,
l,3-dimethylurea as a byproduct in the
1,3-dimethyl-2-imidazolidinone preparationstepor the
second reaction step may be circulated to allow
l,3-dimethylureatobereactedwithwaterinthereaction
system and decomposed into monomethylamine, carbon
dioxide and the carbon dioxide compound of
monomethylamine. It can, therefore, reduce the
amounts of monomethylamine and carbon dioxide newly

supplied to the 1,3-dimethyl-2-imidazolidinone

preparation step or the second reaction step.

The process of this invention may comprise the
sixth separation step (13). In such a case, the second
fraction in the third separation step is fed to the sixth
separation'step via lines L31 and L37. In the sixth
separation step, the fraction is separated into a first
fraction containing N-methyldiethanolamine and
1,3-dimethylurea as main components and a second

fraction containing compounds with a higher boiling
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fractjion containing conpounds with a higher boiling 46 point than that of
1, 3-di net hyl urea such as 1-nethyl-2-im dazolidinone as nmain conponents. At
‘'east part of the first fraction nay be circulated into the 1, _

3-di nmet hyl - 2-i mi dazol i di none preparation step or the second reaction step
via lines L39, L34 and L5. The second fraction may be di scarded.
‘Alternatively, this fraction may undergo nethylat ion to provide DML and
then fed to the third separation step. The sixth separation step can
al l ow N-net hyl di et hanol ami ne and/or 1,3-dinethylurea to be effectively

circul at g%dllrpg Otbﬁ% ,&Lpa?&- dgfﬁe?hg_-gi' reﬁtq]a%?{_ljtr%ago?nﬁsgre aration step or

the sec reacti on step. e process nt %n, a reactor for

e L SR 2 1320l 61 BN GREPRIA T AT 51 Emp oLl {11 o1 Agact on

step and the reaction step nma € of “anappr %nown

material ] gk %af@%ﬁ?oﬁh‘éh@%.er.é-@@fa?ﬁ”gliloﬂ S kB?aéfrgﬂrltalé'e fe@f @

nmetal and/or i1t's oxide containing at ast one selecte fromthe group

consi sti 8eeof , Bitcih HRPAND- 2LHGONH HBG1Si d Phefd E%epa}%it&%ég%ﬁ‘o&ea“ or
may allow DMs to be prepared with a higher yield.” Exanpl es of "such a

reactor thrckedonifoseatetiadh)s th@gey Ph Bi AelAl 30Nt A Ny st ani gy or

zirconium and those whose inner wall is at |least partly coated with a

met al or sietcoodi fhea caritch Mg be discarded. Alternatively, this
fractionmay undergomethylation to provide DMI and then
fed to the third separation step. The sixth separation
step can allow N-methyldiethanolamine and/or
l,3-dimethylurea to be effectively circulated into the
l,3-dimethyl-2-imidazolidinone preparationstep or the

second reaction step.

In the process of this invention, a reactor for
the 1,3-dimethyl-2-imidazolidinone preparation step,
the first reaction step and the second reaction step
may be made of an appropriate known material, and a
reactor whose inner wall is at least partly made of a
metal and/or its oxide containing at least one selected
from the group consisting of titanium and zirconium is
preferable. Using such a reactor may allow DMIs to be
preparedwithahigheryield. Examples of suchareactor
includethosetotallymadeofan@talcontainingtitanium
or zirconium; and those whose inner wall is at least
partly coated with a metal or its oxide containing

titanium or zirconium. Examples of a metal containing
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titaniumor zirconium Exanples of a nmetal containing 47 titanium or
zirconiuminclude industrial pure titanium in JIS Goups 1 to 4;
-anticorrosion titaniumalloys such as Ti-0.15M Ti-5Ta and Ti-0.3M-0.8N
a-type titaniumalloys such as Ti-2.5Sn, Ti-5A1-2.5Sn, Ti-5A-2.5Sn(ELI),
Ti-2.5Cu, Ti-20-1N-5Fe, Ti-5Ni-0.5Ru, Ti-0.5Pd-3Co and

Ti -5. 5A1- 3.5Sn-3Zr- | Nb-0. 3Mb-0. 3Si; near a-type titaniumalloys such as
Ti-8Al -1 Mb-1V, Ti-2.25A1-11Sn-5Zr-1 M-0.2Si, Ti-6Al-2Sn-4Zr-2M,

Ti - 5A1- 5Sn- 2Zr - 2Mo- 0. 25Sn, Ti - 6Al- 2Nb-| Ta- 0. 8Mb, Ti - 6Al-5Zr-0. 5Mb- 0. 2S

I e R A e RS MR VAL L
Ti - 6Al - AVREET ), GIbu%'lGVoZ@‘ anti s d3N-Af JﬁNin-ﬁ' Zﬁjﬂ. M such

Ti - 5A1- 27r - 4Nb- 4Cr, -~ Ti-6A1-(.7Fe 0. 181, Ti-6.4A -1

Ti-152Zr- AmbﬁlTaoZE¢pJ;-@&L§M andy T 1 8Mh; 3[@0L)0p58Ni't%[US§Tb%| | oys such as
Ti-13V-11Cr-3A1, Ti-15Mo-5Zr, Ti-15Mo-0.2Pd, Ti-15V-3Cr-3 3A1,

Ti - 20V- 4A1+ B9 umTia PRYy4AIs el Fis 1BV-4Sr5SA\, - 3Nb; 588ar regipe titani um
al l oys such as Ti-10V-2Fe-3Al and Ti-9.5V-2.5M-3Al; zirconium alloys such
as zircaieypR] -2i.r5cah 0¥14,) ZrT2-2PNo5and azenkve.lMwbFRg, t hese netal s,
titaniumcontaining netals are
Ti-5Ni-0.5Ru, Ti-0.5Pd-3Co and
Ti-5.5A1-3.58n-3Zr~1Nb~-0.3Mo-0.381i; near o-type
titanium alloys such as Ti-8Al-1Mo-1V,
Ti-2.25A1-11Sn-5Z2r-1Mo-0.28i, Ti-6Al1l-2Sn-4Zr-2Mo,
Ti-5A1-55Sn-2Z2r~-2Mo-0.258Sn, Ti-6Al1-2Nb-1Ta-0.8Mo,
Ti-6A1-5Zr-0.5Mo-0.251 and Ti-4.5A1-3V-2Fe-2Mo;
o+B-type titanium alloys such as Ti-5A1-2Cr-1Fe,
Ti-5A1-58n-5Zr-2Cr-1Fe, Ti-4A1-4Mn, Ti-3Al1-2.5V,
Ti-6Al1-4V, Ti-6A1-4V(ELI), Ti-6Al1-6V-2Sn,
Ti-6A1l-2Sn-4Zr-6Mo, Ti-7A1-4Mo, Ti-5A1-2Zr-4Mo-4Cr,
Ti-6A1-1.7Fe-0.15i, Ti-6.4Al-1.2Fe,
Ti-15Zr-4Nb-2Ta-2Pd, Ti-6A1l-7Nb and Ti-8Mn; B-type
titanium alloys such as Ti-13V-11Cr-3Al, Ti-15Mo-5Z7r,
Ti-15Mo~-0.2Pd, Ti-15V-3Cr-3Sn-3Al1, Ti-20V-4A1-1Sn,
Ti-22V-4Al1l and Ti-16V-4Sn-3A1-3Nb; near PB-type
titanium alloys such as Ti-10V-2Fe-3A1l and
Ti-9.5V-2.5Mo-3A1l; zirconium alloys such as
zircaloy-2, zircaloy-4, Zr-2.5Nb and ozenite. Among
these metals, titanium-containing metals are

preferable and industrial pure titanium or an

anticorrosion titanium alloy is more preferable.

48



preferable and industrial pure titaniumor an anticorrosion titaniumalloy
is nore preferable. 48 In the process of this invention, a separator in
the first separation step nmay be nmade of an appropriate known nmaterial. In
a preferable separator, the inner wall is at least partly nmade of (1) a
nmetal and/or its oxide containing at |east one selected fromthe group
consisting of titaniumand zirconiumor (l1) an inorganic glass. Use of
such a separator is advantageous because it may prevent solid formation
and line clogging. Exanples of a separator include those entirely made of
a metal containing titaniumor zirconium those whose inner wall is at

| east partially coated wwth a netal containing titanium or zirconium or

its oxide, thoseInegtH;lﬁge ¥orgaéj§so[jfa_ncﬂfg;g2m@glri%§§;s %pggtpkrgfgr‘mose

inner wall is coate th an 1norganic g

contai ni ng £ hbaf A0S o &l LONLUM FBY R vASe JESEL I ED 1 DLERe Ui ate
atlg nong P esé)né?gls, a

1, 3-di net hyl - 2-i m dazol r di none prepa n step.

titani umkeeiminhbe Rl |9y i ¢feEabheand badustiial pyne tifaniumor an
anticorrosion titaniumalloy is nore preferable. An 1norganic glass in this

i nventi owaEaniss et leerggap£riateniadel 8ra (d)ass vt ahe. ainke) &di ng el enent

gl asses, hydrogen-bondi ng gl asses, oxide gl asses,
oXxide containing at least one selected from the group
consistingoftitaniumandzirconiumor(II)aninorganic
glass. Use of such a separator is advantageous because
it may prevent solid formation and line clogging.
Examples of a separator include those entirely made of
a metal containing titanium or zirconium; those whose
inner wall is at least partially coated with a metal
containing titanium or zirconium or its oxide; those
entirely made of an inorganic glass; and those whose
inner wall is coated with an inorganic glass.

Examples of a metal containing titanium or

zirconium may be as described in the
l1,3-dimethyl-2-imidazolidinone preparation step.
Among these metals, a titanium-containing metal is
preferable and industrial pure titanium or an

anticorrosion titanium alloy is more preferable.

An inorganic glass in this invention means an
inorganic material in a glass state, including element
glasses, hydrogen-bonding glasses, oxide glasses,

flucoride glasses, chloride glasses, sulfide glasses,
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fluoride gl asses, chloride glasses, sulfide glasses, 49 carbonate gl asses,
nitrate glasses and sul fate gl asses. Anong these, preferable gl asses are
-oxi de gl asses such as silicate gl asses, phosphate glasses and borate

gl asses. More preferable glasses are silicate glasses such as quartz

gl ass; alkali-silicate glasses such as water glass; soda-line glasses such
-as sheet glass and crown gl ass; potash-linme glasses such as Bohem an

gl ass and crystal glass; |ead glasses such as flint glass; barium gl asses
such as bariun1f|int glass; and silicate glasses such as borosilicate

gl ass. %EB%rgﬁPESf IQQ's%sg' %Slste:??'t’éclﬁhfﬂ%ééé acr?‘é%&ifé%e i%%%éé”e gl ass

and soda- ass” contal nesi um or I um1ons as

nodi fi cation gg g}lpgsgr Of£§§f%fr$lg'i§: é;lrgggle%n a h)éqgjt_)agm S reactor

in the hydronS|s 8t de of an opriate known mnateria

Pref er abémg'es%oé@%d%@h A‘é’ds’f?i Y8hs d @A 95 e SWNB$S 4 PRSE SMghla %ée @tahaast

partly a metal and/or “its oxi de“containing-at 1east one

sel ect ed, frQmd hflél%@'éos CONgipstd ftﬂr@fetﬂatkﬂ‘éu&ﬁ%%e5'59@“5&@1%%{&' ) an
i norgani c glass.” Use of such a hydrolysis reactor is advantageous because

it my @revedssolicth ey Taid pRzagd 4499 ehaedi NYs iExadRtesglefs sgsh a

hydrol ysis reactor include those entirely nade
such as water glass; soda-lime glasses such as sheet
glass and crown glass; potash-lime glasses such as
Bohemian glass and crystal glass; lead glasses such as
flint glass; barium glasses such as barium flint glass;
and silicate glasses such as borosilicate glass.
Further preferable glasses include silicate glass,
soda-lime glass and soda-lime glass containing

aluminum, magnesium or calcium ions as modification

ions.

In the process of this invention, a hydrolysis
reactor in the hydrolysis step may be made of an
appropriate known material. Preferably is used a
hydrolysis reactor, whose inner wall is at least partly
made of (I) ametal and/or its oxide containing at least
one selected from the group consisting of titanium and
zirconium or (II) an inorganic glass. Use of such a
hydrolysis.reactor is advantageous because it may
prevent solid formation and line clogging. Examples
of such a hydrolysis reactor include those entirely made

of ametal containing titaniumor zirconium; those whose
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of a nmetal containing titaniumor zirconium those whose 50 inner wall is
at least partially coated with a netal containing titaniumor zirconium or
its oxide; those entirely made of an inorganic glass; and those whose
inner wall is coated with an inorganic glass. Exanples of a netal
containing titaniumor zirconiummy be as described in the

1, 3-di net hyl - 2-i m dazol i di none preparation step. Anong these netals, a
titaniumcontaining netal is preferable and industrial pure titaniumor an
anticorrosion titaniumalloy is nore preferable. Inorganic glasses which

my be used) e aa degcribg dﬁggg ggeréfgaﬁéf 0L o 2 %Da“qﬂig%;a{ &égfg rabl e

gI asses are oxi asses Suc I cCa asses ses and

borate 9h%§ﬁ§§1n&@{ i eberabhes ngﬁ§§88anﬁnsbk' ?k%%ﬁfs éHgg as

quartz glass; alkali-silicate glasses such as wafter ass; 'soda-

gl asses swah A8 1§heRiq gl ags aaﬂdlﬁeg\@w&esmaggta%md Efgo.%'@sv?ﬁas%uch as

Bohem an gl ass and crystal glass; lead glasses such as flint glass; barium

gl asses isurd asabar i UB idddw eal a8t h ang Sirhb(f@ta%ﬂ&a%@ﬁass§90h as
borosilicate glass. Further preferable glasses™ include silicate gl ass,

soda-line gl ass BmdnmgpUas| i aghassa Toalodi tha DG idldINt DEAN MBANSH um or
calciumions as nodification ions.
zirconium may be as described in the
l1,3-dimethyl-2-imidazolidinone preparation step.
Among these metals, a titanium-containing metal is

preferable and industrial pure titanium or an

anticorrosion titanium alloy is more preferable.

Inorganic glasses which may be used are as
described for the separator. Among these, preferable
glasses are oxide glasses such as silicate glasses,
phosphate glasses and borate glasses. More preferable
glasses are silicate glasses suéh as quartz glass;
alkali-silicate glasses such as water glass; soda-lime
glasses such as sheet glass and crown glass;
potash-lime glasses such as Bohemian glass and crystal
glass; lead glasses such as flint glass; barium glasses
such as barium flint glass; and silicate glasses such
as borosilicate glass. Further preferable glasses
include silicate glass, soda-lime glass and soda-lime
glass containing aluminum, magnesium or calcium ions

as modification ions.
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51 A style'of a unit operation such as a reaction and separation in the
process of this invention may be, but not limted to, a batch, sem -batch
-or continuous system The process of this invention allows byproducts to
be effectively processed and DM to be prepared with a higher efficiency.
This invention will be specifically described wth reference to, but not
limted to, exanples. In the follow ng exanples, a fraction in a
separation step or an absorption liquid in an absorption step are

i ndi cated, for instance, as follows: "the first fraction/the first

separation step's tthe secpng \Gractignlths (hrshcaenarall g atepey, and

"the absorption’|qgdi e absorp Step. n-an autocl ave

with an 1 pgy %e}bﬁédﬁgiéi%f 490 t%? g¥esedd %f\]l%%i%iir&gvgﬂgnig&q rﬁégrf)%“g bl ade

e
were nmade 0 rial "pure titanrumo oup whos b6dy was

i ned w [ t1ial e bitagni Of JLe G oyp e s 1.4 g of
nethylan%ﬁg Egﬁﬁy %gﬁggﬁgte '(%O%%%%nnf) ,Héigﬁ SC%}W$%ﬁ3§§§ﬁgﬁg%&%ater
(1800 ”"Ebkixﬁﬂ? gases phase was replaced with nitrogen and then 13.2 g of

et hyl ene oxide (300 mmol) and 33. 0 g of carbon dioxide 52
The process of this invention allows byproducts

to be effectively processed and DMI to be prepared with

a higher efficiency.

This invention will be specifically described
with reference to, but not limited to, examples. In
the following examples, a fraction in a separation step
or an absorption liquid in an absorption step are
indicated, for instance, as follows: "the first
fraction/the first separation step", "the second
fraction/the first separation step", and "the

absorption liquid/the absorption step."

Example 1

In an autoclave with an inner volume of 400 cc
whose 1lid, stirring rod and stirring blade were made
of industrial pure titanium of JIS Group 2 and whose
bodywas linedwith industrial pure titaniumof JIS Group
2 were charged 111.4 g of methylamine methylcarbamate
(1050 mmol), 32.4 g of ion-exchange water (1800 mmol).
The gases phase was replaced with nitrogen and then 13.2

gofethyleneoxide (300mmol) and33.0gof carbondioxide
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(750 nmol) were charged. The autocl ave was externally heated with stirring
for reacting the mxture at an internal tenperature of 100 C for 3 hours.
-Then, the internal tenperature was raised to 200 C and the mi xture was
reacted at the same tenperature for 7 hours, during which the maxi num
pressure was 9.2 MPa. After cooling the autoclave to an anbi ent
‘tenperature, the reaction m xture was opened to the atnospheric pressure.
The reaction m xture was collected for analyzing by gas chronmatography. An
yield of DM based on ethyl ene oxide was 46 % Exanple 2 [ 1,

3- di met hg% gé_slg\ﬁqgg)é%é Qlﬁggﬂg[r%rei&)ar Al on a%‘gcgaﬁlaﬁ}e W4 g@x%e'r@la?fg

aut ocl av N anp Wwer € " thar fhe Materiar§tas gedcri bed

in Examplg ted h‘g%&%gt&ffk%vrqt%gsf% %ng'tyixgagg%z%iﬂéﬁ%ér'avag And the

m xture was reac t anin nal 't enperat ur hour s,

duri ng m@hg@g,{wglpg%z‘%ggameﬂo@ MBay ocThe, AUt OgLaves Wegnedp) edhko an

anbi ent tenperature opened to the atnospheric pressure to give 158.3
of the regeld 00, Med Hpe r e 60k L 8Ct £6 iR PO oM XL E tWas manal yzed by

gas chromat ography and Karl Fischer nethod. An yield of DM based on
et hyl eney QX% de Ase§7a o tiBesharClicipb&8Bature for 7 hours, during
which the maximum pressure was 9.2 MPa.
After cooling the autoclave to an ambient
temperature, the reaction mixture was opened to the
atmospheric pressure. The reaction mixture was

collected for analyzing by gas chromatography. An

yield of DMI based on ethylene oxide was 46 %.

Example 2
[1,3-dimethyl-2~imidazolidinone preparation step (1lst
time) ]

In the autoclave described in Example 1 were
charged the materials as described in Example 1. The
autoclave was externally heated with stirring and the
mixture was reacted at an internal temperature of 220
°C for 4 hours, during which the pressure was 11.0 MPa.

The autoclave was cooled to an ambient
temperature and opened to the atmospheric pressure to
give 158.3 of the reaction mixture.

The collected reaction mixture was analyzed by
gas chromatography and Karl Fischer method. An yield

of DMI based on ethylene oxide was 57 $. The reaction
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m xture contai ned 0.44 g of ammonia and ammonia part in its carbon dioxide
compound (hereinafter, collectively referred to as "ammonia conponent”);
"36.8 g of nononethylam ne and nononet hyl amine part in its carbon dioxide
compound (hereinafter, collectively referred to as "nononethyl an ne
conmponent™); 1.12 g of dimethylam ne and di nethylanine part of its carbon
"di oxi de conpound (hereinafter, collectively referred to as "dinmethyl am ne
conponent™); 0.11 g of trinethylam ne and trimethylamne part inits
carbon di oxi de conmpound (hereinafter, collectively referred to as

carbon _ di oxi ectively referred toas
0.20 g ol B ROPA RAPk: Whraf 8nd % PR HE) ATHRRBR & BF Eoin | (s
: { AXi; RGN i haf I Lyel. d to as

"3 (mot iyl aim o) StRane Coonobaentne iR PARE R A E LB O Dol ez ne,

0.20 g gbiNdte divmatinylet bylenedicatina 4o n NaNoodidieh Byliat fivl gpegi ani ne

part in its carbon I oxi de conmpound (herei na ectively referred

to as "NyNordina¥ bikeiyl spadianing GIMORERNY) i aRi4d b oin i
N,N—ding%hylethanolanfﬂ%; 1.05 g of 1-nethyl}£-?n%dazo ?glngﬁé;15§57 g of

N- et hyl daetitanod arixiede 22.como @hdl, hdireatdyrveed; <4312 & oh et er; and

27.4 g of carbon dioxide, carbon dioxide part of carbon di oxi de "conpound

of amonrafandred to as "monomethylamine component"); 1.12 g of
dimethylamine and dimethylamine part of its carbon
dioxide compound (hereinafter, collectively referred
to as "dimethylamine component™); 0.11 g of
trimethylamine and trimethylamine part in its carbon
dioxide compound (hereinafter, collectively referred
to as "trimethylamine component"); 19.4 g of
l1,3-dimethyl-2~imidazolidinone; 0.20 g of
2- (methylamino)ethanol and 2- (methylamino)ethanol
part in its carbon dioxide compound (hereinafter,
collectively referred to as "2-(methylamino)ethanol
component"); 0.41 g of 1,3~dimethylpiperazine; 0.20 g
of N,N'-dimethylethylenediamine and
N,N'-dimethylethylenediamine part in its carbon
dioxide compound (hereinafter, collectively referred
to as "N,N'-dimethylethylenediamine component"); 0.44
g of N,N-dimethylethanolamine; 1.05 g of
l-methyl-2-imidazolidinone; 2.57 g of
N-methyldiethanolamine; 22.5 g of 1,3-dimethylurea;
43.9 g of water; and 27.4 g of carbon dioxide, carbon

dioxide part of carbon dioxide compound of ammonia and
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54 carbon dioxide part of carbon dioxide conpound of the above am nes
(mononet hyl am ne, dinethylamne, trimethylamne, 2-(nethylam no)ethanol
and N, N -di net hyl et hyl enedi ami ne) (hereinafter, collectively referred to
as "carbon dioxide conponent”). Conparative Exanple 1 In the autoclave
described in Exanple 1 were charged88. 6gof nethyl am nenet hylcarbanate
(835mml ) and 52.2 g of ion-exchange water (2896 nmol). After the gaseous
phase was replaced with nitrogen, 26.4 g of ethylene oxide (600 mml) and
2. 2 g of carbon dioxide (52 nmol). The autocl ave was externally heated

with stiddipgnand dheqll plaur€ Yasch r‘?ddﬁgﬁcg.ark%%géﬁég%un&e erg?)teur e of

100 'C for 3 hours. The m xture was urt her an T At 8Fn

. % it S r for 4 hours,
t enper at Wb 9é 330 i £s (wnbﬁ%%rgyk/gglrﬁ, a%é@ggﬁa%yﬁs

during which the pressure was 3. e reacti nlxtrré was cpllgctfd
and anal yzeiin Y hgelsa g hh@Tat DY @aEWh 23 antiass) ERehn 9106wl e 1. An yield o
DM baseg on et%?iene gg?de was 16§@6 Exanple 3 (The first separation
step] ToNg N hrdenretcked ehdi psiehicdt gmalass {haske vh k25,

collectively referred to as "carbon dioxide

component").

Comparative Example 1

In the autoclave described in Example 1 were
charged88.6gofnwthylaminemethylcarbamate(835mmol)
and 52.2 g of ion-exchange water (2896 mmol). After
the gaseous phase was replaced with nitrogen, 26.4 g
of ethylene oxide (600 mmol) and 2.2 g of carbon dioxide
(52 mmol). The autoclave was externally heated with
stirring and the mixture was reacted at an internal
temperature of 100 °C for 3 hours. The mixture was
further heated to an internal temperature of 220 °c,
and reacted at the same temperature for 4 hours, during
which the pressure was 3.3 MPa. The reaction mixture
was collected and analyzed by gas chromatography as
described in Example 1. An yield of DMI based on

ethylene oxide was 16 %.

Example 3
[The first separation step]

To a three-necked borosilicate glass flask with
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an inner volune of 500 cc was placed 157.5 g of the reaction m xture
collected in the 1,3-dinethyl-2-imdazolidinone preparation step (1st
-time) in Exanple 2. Under an atnospheric pressure, it was purified by
sinple distillation at an internal tenperature of 80 to 117 Cto obtain
73.0 g of a fraction (the first fraction/the first separation step) froma
distillation colum. The first fraction/the first separation step was

anal yzed by gas chromat ography and Karl Fischer nmethod. The m xture
contained 0.42 g of the amonia conponent 34.9 g of the nononet hyl am ne

conmponen ineth m of t

trimet hy%amjirﬂlah%‘grrﬁ’(?nlen g fSéGgg%ofC(fhe caer Cé&f g?&é%ccﬁmgﬁerﬁheand 17.6
g of watep, e hess u@%tq&) % §glg ion (the secondfraction/the
first separation step) was ana yze y gas C ronatography and Karl Fischer

met hod. The- dfﬁb%@,po@taw&a%%lﬁdgnefnel;%:éipg%tahyi?ﬁ s¥edazp] kdi none,
22.0 g of 1, 3-dinethylurea, 25 wat er )

2- (et hyt afieno)ied anohpard 21, 03Uﬁd%fr a1 Ethy b %éﬂé‘aﬁPE's(yd‘f)@e ikThe

second separation stepf The second fractlon/the first separation step was

distilledawndeirarietlicBy EepUke Bl sb4 1116608 230 88 internal
temperature of 80 to 117 °C to obtain 73.0 gof a fraction
(the first fraction/the first separation step) from a
distillation column. The first fraction/the first
separation step was analyzed by gas chromatography and
Karl Fischer method. The mixture contained 0.42 g of
the ammonia component, 34.9 g of the monomethylamine
component, 1.1 g of the dimethylamine component, 0.05
g of the trimethylamine component, 18.6 g of the carbon
dioxide component and 17.6 g of water.

The residue after simple distillation (the
second fraction/the first separation step) was analyzed
by gas chromatography and Karl Fischer method. The
residue contained 18.8 g of
l,3-dimethyl-2-imidazolidinone, 22.0 g of
l,3-dimethylurea, 25.3 g of water, 0.20 g of
2-(methylamino)ethanol and 1.03 g of

l-methyl-2-imidazolidinone.

[The second separation step]
The second fraction/the first separation step

was distilled under a reduced pressure at 64 to 66 °C/230
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torr (31 kPa) to collect 27.0 g of a fraction containing water (the first
fraction/the second separation step). The fraction was anal yzed by gas
-chromat ography and contained 0.27 g of 1, 3-dinethyl pi perazine, 0.19 g of

N, N - di net hyl et hyl enedi am ne, 0.38 g of N, N-di net hyl am noet hanol and 0.19 g
of 2-(met hyl am no)ethanol. The residue (the second fraction/the second
-separation step) was 43.8 g, containing 18.3 g of

1, 3-di met hyl - 2-i m dazol i dinone, 21.5 g of 1,3-dinmethylurea and 2.5 g of

N- et hyl di et hanol ami ne. [The third separation step] The residue collected

from t he flaskin,bhs secand | sgpasation skep 4L second fragt]angt he
BloliP&Ve )’ Pred Bt ERRY!

second %par was di st a pressure at 109

¢19.5 t %EF&Z RHED1 £ 91 CRLLRA 1 3B/8 1 Yol nhrgggao%ﬁ%a L) |

1, 3-dinme 2-i"m dazt inone W a puril ourt

separ atl@ﬁgﬁfgfa@&%gﬁ wak Heaiadd 0py C@A@C&ﬁqd:ﬁ\aw%rfarsﬁy sgparation

step (the raction/the first separatlon step) was ™ placed in a
three-neckgd f1pely wi.ty ap 4 pner 3\LQ;{MH€t<P1f 189BeHaz The,f loasko vwgso £

externally cooled by ice while 30 g of dry ice was sIomAy added until the

syst em vwas N5 7 Sahekatyele whivl €aebanmi asi deo . Ibery, dhe top of the
N,N-dimethylaminoethanol and 0.19 g of
2-(methylamino)ethanol. The residue (the second
fraction/the second separation step) was 43.8 g,
containing 18.3 g of 1,3-dimethyl-2-imidazolidinone,

21.5 g of 1,3-dimethylurea and 2.5 g of

N-methyldiethanolamine.

[The third separation step]

The residuecollectedfromthe flaskinthe second
separation step (the second fraction/the second
separation step) was distilled under a pressure at 105
to 109 °C/19.5 torr (2.5 kPa) to collect 16.8 g of a
fraction containing 1,3~-dimethyl-2-imidazolidinone

with a purity of 99 %.

[The fourth separation step (stage 1)]

The fraction collected in the first separation
step (the first fraction/the first separation step) was
placed in a three-necked flask with an inner volume of
200 mL. The flask was externally cooled by ice while

30 g of dry ice was slowly added until the system was
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t hree- necked fl ask was equi pped with a condenser and a trap via glass
tubes, and the trap was cooled by ice-water. The three-necked flask was
imrersed in an oil bath at 120 C. The mixture was refluxed by heating for
1 hour during which the maxi muminternal tenperature of the flask was 93
C. After cooling to roomtenperature, 52.1 g of an aqueous solution in the
flask (the second fraction/the fourth separation step (stage 1)) was
col |l ected and anal yzed by gas chromat ography and Karl Fischer nmethod. The
solution contained 26.3 g of the nononethyl am ne conponent, 0.0082 g of

the amgnicy, £9FRNGR 1025 Bofl i} SLEt ViAmLIe component, 13,9 g of

t he carbon di oxi de conponent an g of water 'w

I | of LR | &{ C 0 : th s i S (stage
2] In a0 e P el 1 Aok el PR FRER PR AR F oot

separatian tsi€p (lagglds£othseled ah® theet kap Fophal @&81%6187%3,3“ ihe

nononet hyl am ne conponent, 0.39 g of the ammonia conponent, f the
di met hyl amienew&orpanent and 0.005 g of the trinethylam ne conponent. Wile
externally cooling the flask with ice, 20 g of dry ice was slowy added 58
until the systenThas tsat aeatreslc Weldh £haban wh Oxifldersed in an oil

bath at 120 °C. The mixture was refluxed by heating
for].hourduringwhichthenmximuminternaltemperature
of the flask was 93 °C. After cooling to room
temperature, 52.1 g of an agqueous solution in the flask
(the second fraction/the fourth separation step (stage
1)) was collected and analyzed by gas chromatography
and Karl Fischer method. The solution contained 26.3
g of the monomethylamine component, 0.0082 g of the
ammonia component, 0.25 g of the dimethylamine
component, 13.9 g of the carbon dioxide component and
11.3 g of water without a detectable level of the

trimethylamine component.

[The fourth separation step (stage 2)]

Inab50mL three-necked flaskwas placed the first
fraction/the fourth separationstep (stagel) collected
in the trap containing 7.8 g of the monomethylamine
component, 0.39 g of the ammonia component, 0.76 g of
the dimethylamine component and 0.005 g of the
trimethylamine component. While externally cooling

the flask with ice, 20 g of dry ice was slowly added
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Then, .the m xture was refluxed by heating for 1 hour using the apparatus
as described for the fourth separation step (stage 1), during which the
~maxi mum internal tenperature in the flask was 93 C. After cooling to room
tenperature, 13.7 g of a solution in the flask (the second fraction/the
fourth separation step (stage 2)) was collected and anal yzed by gas
-chromat ogr aphy and Karl Fischer nethod. The solution contained 6. 1 g of

t he nononet hyl am ne conponent, 0. 0058 g of the anmmonia conponent, 0.19 g
of the dimethylam ne conponent, 3.3 g of the carbon di oxi de conponent- and -

R e

azo none preparation step I'n the

aut ocl aven g, 49301 A% { B bhGiad. Fe ¢RIy o MR daald dfaen? RIGRAration
was e a 3

step (1st tine charged 63.8 g of t ueous solution 1.5 g of the

monomet hyk apigne: K@Mk a tifs 7ag @fed B8 1GRIPOR, 1ditaxé de onpRNENt and 14.8
g of water) containing nononethylam ne (the second fraction/the fourth

separ at i 98pstrepx { shager dp q_@té?@ secondufrriacd i am/itdie theuribxsepaiati on
step (stage 2) ) collected in the fourth separation step (stage 1) and the
fourth stpaeati®h sieefpdlaltiivgeid) viespedid vkl wasan@i3t Ren clrefyged 17.6 g

° cooling to room temperature, 13.7 g of a solution in
the flask (the second fraction/the fourth separation
step (stage 2)) was collected and analyzed by gas
chromatography and Karl Fischer method. The solution
contained 6.1l gof themonomethylamine component, 0.0058
g of the ammonia component, 0.19 g of the dimethylamine
component, 3.3 g of the carbon dioxide component and

4,1 g of water without a detectable level of the

trimethylamine component.

[1,3-dimethyl-2-imidazolidinone preparation step (2nd
time) ]

In the autoclave as described in the
1,3-dimethyl~2-imidazolidinone preparation step (lst
time) was charged 63.8 g of the agueous solution (31.5
g of the monométhylamine component, 16.7 gof the carbon
dioxide component and 14.8 g of water) containing
monomethylamine (the second fraction/the fourth
separation step (stage 1) and the second fraction/the
fourth separationstep (stage2)) collectedinthe fourth

separation step (stage 1) and the fourth separation step
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i on-exchange water and 57.6 g of nethylam ne nethylcarbamte. After
replacing the gaseous phase wth nitrogen, 13.2 g of ethylene oxide (300
nmol) and 38.7 g of carbon dioxide were charged. That is, the materials
were charged such that the total of the molar anount of nononethyl am ne
and the nol ar anmount of the nononethylam ne part in the carbon dioxide
conpound of nononet hyl am ne, the total of the nolar anpunt of carbon

di oxi de and the nolar anount of the carbon dioxide part in the carbon

di oxi de conmpound of nononet hyl am ne, and the nolar anount of mater was

caual o (Lhasge chgeqede ot { Deelys TRt Iyl ag- Ll dasold 4 poge prsparat i on

step (1st ti respec ure nﬁé na

t enper at Elb%-oéxgggrﬁyéOfv&‘]té"lpuéﬁda%ﬁle%cr bs¢ mea{l'igiatmlr%? The reaction

1, 3-di et hyl I m dazol none preparatl Sste

m xture Wet 10P1 Lastiathn 4R anah¥zed. Pégtlo {hp 1§€59E 23S, PRf3Fel d of

1, 3-di net hyl -2-i m dazol i di none prepar

DM basesiath refhybers px1sle2w@so&6%thTy§eh@%up@e (S04 oD abfgd 1.1
of 1-nethyl-2-imdazolidinone and 0.45 g of the annnnla conmponen

Conpar at B8e Exgnple c tiohhel ilo 31 diemaidwyk - 2+id% dazal i dinape 60 pggparation

step (2nd tine) in Exanple 3, 72.0 g of the
materials were charged such that the total of the molar
amount of monomethylamine and the molar amount of the
monomethylamine part in the carbon dioxide compound of
monomethylamine, the total of themolar amount of carbon
dioxide and the molar amount of the carbon dioxide part
in the carbon dioxide compound of monomethylamine, and
the molar amount of water was equal to those chaeged
inthel,3—dimethyl—2-imidazolidinonepreparationstep
(1st time) respectively. The mixture was feacted at
an internal temperature of 220 °C for 4 hours as described
for the 1,3-dimethyl-2-imidazolidinone preparation
step (lst time).

The reaction mixture was collected and analyzed

as described for the 1,3-dimethyl-2-imidazolidinone

preparation step (lst time). An yield of DMI based on
ethylene oxidewas 56 %. The reactionmixture contained

1.1 g of 1-methyl-2-imidazolidinone and 0.45 g of the

ammonia component.

Comparative Example 2

In the 1,3-dimethyl-2-imidazolidinone
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first fraction/the first separation step (34.4 g of the nononethylam ne
conponent, 0.41 g of the ammoni a conponent, 1.05 g of the dinethyl am ne
-conponent, 18.3 g of the carbon di oxi de conmponent and 17.4 g of water)

was charged in place of the second fraction/the fourth separation step
(stage 1) and the second fraction/the fourth separation step (stage 2).
-Furthernore, materials were charged so that the anobunts of nononethyl am ne
conponent, the carbon di oxide conmponent, water and ethyl ene oxi de were
equal to those charged in the 1, 3-di net hyl -2-im dazol i di none preparation

step (Z@r%kﬁ%{éﬁo?%ﬁ%ﬁ]r&ﬁ?g?}d&n 180G xSRBS 135 WeY € Conylpiciied as

descri bed t I m'dazol 1 di nobne preparation step (2nd

tine) ingExanple et fBnyichd £1-BM sk a €1 £} R &pe 3 oxiydg yas R The

reaction mxture contained 2.1 g of I-nmethyl-2-imdazolidinone and 0.86 ¢

of the apFRRINAtEQTRAMENE. RAmpeaentedoaliovey senanes hyhameacol | ect ed
in the fourth separation step may be circulated for recycling to prevent

i ncreasecempyps pdycl s ENdy proviHie d Dk t Wiy ha @i hicgeymys skt FxampBe 4 [ The
first reaction step (1st tine)] 61 In the autoclave as described in Exanple
1 was g of the carbon dioxide component and 17.4 g of water)
was charged in place of the second fraction/the fourth
separation step (stage 1) and the second fraction/the
fourth separation step (stage 2). Furthermore,
materials were charged so that the amounts of
monomethylamine component, the carbon dioxide
component, water and ethylene oxide were equal to those
charged in the 1,3-dimethyl-2-imidazolidinone
preparation step (2nd time) in Example 3. Reaction and
analysis were conducted as described for the
l,3-dimethyl-2-imidazolidinone preparation step (2nd
time) in Example 3. An yield of DMI based on ethylene
oxide was 50 %. The reaction mixture contained 2.1 g
of 1-methyl-2-imidazolidinone and 0.86 g of the ammonia
component.
As described above, monomethylamine collected
in the fourth separation step may be circulated for
recycling to prevent increase of byproducts and provide

DMI with a higher yield.

Example 4

[The first reaction step (lst time) ]
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charged 37.8g of ion-exchange water (2100mml) . After replacing the
gaseous phase with nitrogen, 93.2 g of nononethylam ne (3000 nol ) and 23.
‘8 g of carbon dioxide (540 nmol) were charged. The autocl ave was
externally heated to an internal tenperature of 100 "C with stirring.
After the internal tenperature reached 100 *C, 13.2 g of ethylene oxide
{300 mmol ) was added, and the m xture was heated at an internal
tenperature of 100 OC for 1 hour. [The seventh separation step] The
autoclave in the first reaction step (1st tine) was cooled to 70 'C, and

was gradually Opﬁ'ﬁe‘%ﬂé’ ahe At IDsp gr g:i%?égg%%&b%ﬂ#gawfge&hwa%m ne was

collected fromthe gaseous phase I'n p an i nner

vol ume ok 12D0;68 $9oked oFféiebE?l-zé}&ﬁgrﬁege tﬂiar§érf(;$f6b%é?ﬁiﬁsevﬁm:gdc

separation step) to provi . 7 g of” nonomet hyl am ne. e secon

reacti on y&liePa £1sly 14 HB) b 4@So 6B YTRL 987 aRMh f QY ée§§i , .{ez;ga%té on

m xture in the autoclave™in the séventh separation s cond

fracti onkidieomevrenihasepady aBiowy sintp) ) 4mdicat 8dy Ut and &4yl sRe xi de
exi sted and that yields for 2- (nethylamno) ethanol and

N- et hy| diset hammod Alri we &2 chasegedn etTykene tod Ueveek e s88 x%antaid Yo

respectively. The reaction m xture contained 19.2 of the
heatedtoaninternal temperatureof 100°Cwithstirring.
After the internal temperature reached 100 °C, 13.2 g
of ethylene oxide (300 mmol) was added, and the mixture

was heated at an internal temperature of 100 °C for 1

hour.

[The seventh separation step]

The autoclave in the first reaction step (lst
time) was cooled to 70 °C, and was gradually opened to
the atmospheric pressure while monomethylamine was
collected from the gaseous phase into a pressure bottle
with an inner volume of 200 cc cooled to -78 °C (the
first fraction/the seventh separation step) to provide

42.7 g of monomethylamine.

[The second reaction step (lst time)]

Gas chromatography for the residual reaction
mixture in the autoclave in the seventh separation step
(the second fraction/the seventh separation step)
indicated that no ethylene oxide existed and that yields

for 2-(methylamino)ethanol and N-methyldiethanolamine
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2- (et hyl am no) et hanol conponent, 2.68 g of the N-nethyl diethanol am ne
conponent, 41.8 g of the nononethylam ne conponent, 37.8 g of water and
23.8 g of the carbon di oxi de conponent. Then, 16.4 g of ion-exchange water
(913 nmmol ), 14.3 g of nononet hyl am ne (461 mol) and 55. 6 g of carbon

di oxi de (1263 mmol) were charged in the autoclave containing the reaction
m xture (the second fraction/the seventh separation step) conprising 19.0
g of the 2-(nethylam no)ethanol conponent, 2.67 g of the

N- net hyl di et hanol am ne, 41.6 g of the nononethyl am ne conponent, 23.6g of

the carbegn di @g%tﬁg@g%egki%%%%%r of WAt £€.4 The '\%?:{(r:ev%ﬁ reacted

at an internal tenperature o hour's, ~“dufing ‘maxi num

bressur e pyas Bed MPon Alislt 6081 idnt e A OFbave 49 togm tenperature, it

was opened to the atnospheric pressure to collect g of the reaction
M xtur . 2Then & eAGUIAR1 HoSld Ra WRdl 208hEALL Y , 035, 6 EhGOTBE Oghaphy and Karl
O )

Fi scher net indicating that an yield for

1, 3- di meRle 2hiylidliag Ohiagidoam ivas d6mPorhaged am eghyl eng pxige. The
reaction m xture contained 0.35 g of the ammoni a conpdnent, 32.1 g of the

nmononet hyloan me tegponente oBBoth et} hg 763 diy nethyland fe caipopentg, 0.11 g
of the trinethylam ne
g of the carbon dioxide component.

Then, 16.4 g of ion-exchange water (913 mmol),
14.3 g of monomethylamine (461 mmol) and 55.6 g of carbon
dioxide (1263 mmol) were charged in the autoclave
containing the reaction mixture (the second
fraction/the seventh separation step) comprising 19.0
g of the 2-(methylamino)ethanol component, 2.67 g of
the N-methyldiethanolamine, 41.6 g of the
monomethylamine component, 23.6 g of the carbon dioxide
component and 37.6 g of water. The mixture was reacted
at an internal temperature of 200 °C for 5 hours, during
which the maximum pressure was 8.3 MPa.

After cooling the autoclave to room temperature,
it was opened to the atmospheric pressure to collect
176.2 g of the reaction mixture.

The reaction mixture was analyzed by gas
chromatoéraphyandKarlFischermethod,indicatingthat
an yield for 1,3-dimethyl-2-imidazolidinone was 76 %
based on ethylene oxide. The reaction mixture
contained 0.35 g of the ammonia component, 32.1 g of

the monomethylamine component, 0.88 g of the
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conponent, 26.0 g of 1, 3-dinethyl-2-imdazolidinone, 0.64 g of the

2- (met hyl am no) et hanol conponent, 0.77 g of 1, 3-dinethylpiperazine, 0.69 g
-of the N, Nl -dinethyl ethyl enedi am ne conponent, 0.42 g of

N, N- di et hyl et hanol am ne, 0.42 g of 1-nethyl-2-im dazolidinone, 1.34 g of
N- net hyl di et hanol am nei 20.3 g of 1,3-dinethylurea, 67 .1 g of water
-and24. 3 gof the carbon di oxi de conponent. (The first separation step and
an absorption step] In a borosilicate glass three-necked flask with an

i nner volunme of 500 cc was placed 174.4 g of the reaction mxture

col I ected;ife {06 186H00E EERAG PO ELER , (1S4 5fn€?1el tEQ%QEﬁ&Lira%Y\'EESSi [rgl y

g
distilled under”an "anbi ent pressufe at an’internal ténperature o

L17 OC WhlohthdnhaCt 106, br 9o di 53 Lhlidid ORy G0 MM, 2 GORLAGHSeW h and

m
absorbed in 10 g of ion-exChange water in a f |as an i nner "vol une

of 2 0 00¢&4 qyobtaithed B- (fhetth Pl adil rsIHER WS $OL Ubiop £98Ha i g7the
fraction. The aqueous sol ution (absorption solution/absorption step) was

anal yzedgby fgas, hicnime egraghypanc Kank Ficscher g et hethe It contained 0. 34
g of the ammoni a conponentf 31.5 g of the nononet hyl am ne conponent, O0.86

g of theN,di'med hyplearh neetdiguberedi dniheg dmbbedrt pedhyd angne £ conponent

16.7 g of the carbon dioxide conponent and 64 36.9 g of water.
N,N-dimethylethanolamine, 0.42 g of
l-methyl-2-imidazolidinone, 1.34 g of
N-methyldiethanolamine; 20.3 g of 1,3-dimethylurea,

67.1lgofwaterand24.3gof thecarbondioxide component.

[The first separation step and an absorption step]
In a borosilicate glass three-necked flask with
an inner volume of 500 cc was placed 174.4 g of the
reaction mixture collected in the second reaction step
(l1st time). The mixture was simply distilled under an
ambient pressure at an internal temperature of 80 to
117 °C while a fraction from a distillation column was
contactedwith and absorbed inl1l0gof ion-exchange water
in a flask with an inner volume of 200 cc to obtain 86.4
g of an aqueous solution containing the fraction. The
aqueous solution (absorption solution/absorption step)
was analyzed by gas chromatography and Karl Fischer
method. It contained 0.34 g of the ammonia component,
31.5 g of the monomethylamine component, 0.86 g of the
dimethylamine component, 0.11 g of the trimethylamine

component, 16.7 g of the carbon dioxide component and
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The residue after the sinple distillation (the second fraction/the first
separation step) was also analyzed by gas chromat ography and Karl Fi scher
-met hod. The residue contained 25.2 g of 1,3-di nethyl-2-inidazolidinone,
19.9 g of 1,3-dinmethylurea, 38.8 g of water, 0.63 g of

2- (et hyl am no) et hanol and 0.42 g of 1-nethyl-2-imdazolidinone. [The
-second separation step] The second fraction/the first separation step was
distilled in vacuo at 64 to 66 C/230 torr (31 kPa) to collect 40.5 g of a
wat er-containing fraction (the first fraction/the second separation step).
The fracgigory was §angggg by gas chromat ography, indicating that it
contained 0.” 51 g of 1, 3-di methyl pi perazine, 0. 66 ¢ of

N, N' - di met hyl et hyhenedi s je, a%@rgtﬁte b rgj[gea*ﬂ%'@mfg%tlwottﬁ@d 0.61 g

of 2-(methylam no)ethanol. The distillatio 46. 2 of a residue (the

second fEgaeldwd/ the seceny weparatd Hn s%;pea%‘é%trﬁl @teg 1244259 Ofs o
1, 3-di net hyl - 2-i m dazol i dinone, 19.5 g o 1,3-dinethylurea and 1.3 g of

N- et hyl dh@tlmaﬂehaﬂyr@as[JﬂileOtnfaﬁ@lg&agﬁr@tam Kd £p]F £S5 chler hesi Woa .
collected fromthe flask in the secon separation step (the second
fracti onThlee sesdnidie contained 25.2 g of
1,3-dimethyl-2-imidazolidinone, 19.9 g of
l,3-dimethylurea, 38.8 g of water, 0.63 g of
2- (methylamino)ethanol and 0.42 g of

l-methyl-2~imidazolidinone.

[The second separation step]

The second fraction/the first separation step
was distilled in vacuo at 64 to 66 °C/230 torr (31 kPa)
to collect 40.5 g of a water-containing fraction (the
first fraction/the second separation step). The
fractionwas analyzed by gas chromatography, indicating
that it contained0.51gofl,3~dimethylpiperazine, 0.66
g of N,N'-dimethylethylenediamine, 0.36 g of
N, N-dimethylaminoethanol and 0.61 g of
2-{(methylamino)ethanol. The distillation left 46.2 g
ofzaresidue(thesecondfraction/thesecondseparation
step) containing 24.5 g of
1,3-dimethyl-2-imidazolidinone, 19.5 g of

l,3-dimethylurea and 1.3 g of N-methyldiethanolamine.

[The third separation step]
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separation step) was distilled in vacuo at 105 to 109 C/19.5 torr (2.5
kPa) to collect 22.6 g of 1,3-dinethyl-2-imdazolidinone with a purity of
99 % as a distillate (the first fraction/the third separation step). [The
fourth separation step (stage 1)] In a three-necked flask with an inner

vol une of 200 nL was placed the aqueous solution containing the fraction
col lected in the first separation step (absorption solution/absorption
step). Wiile externally cooling the flask with ice, 30 g of dry ice was
slow y added until the systen1mas sat ur at ed mﬁth carbon di oxi de. Then, the

o o hhe LT eerreked {dagt o 1A3 cawy eg%q% L adieR ot gLB A0 9 Of

i on- exchange water via a e trap was CooO

i ce-wat ek e e, thIge- Qggggd%@%ew@éna 28f1idh APRQl 1se 08LYy At 120 C

and the m xture was re y heatlng hour urlng ich the

maxi num b@tﬁﬁghlt&mféw«%qa@fdig%lflféﬁ ‘!‘L’%S v%%lg? At %ro 90b1 Ag 4t 0 room
t enperat ure, an aqueous solution 1n the as e second

fracti onﬁchqg‘ oyrtbrsjfepmzatsl opp g4 e d SEBAQ e dd ) 21as C ' b%Ct ed and

anal yzed. by gas chromat ography 66 and Karl Fischer hod. The sol ution

cont ai ned ,23-dimg tHy 1 he -mmpaatiyl B8t A ICOMPoReNts ;%9@@3{ & pf 9bhe
asadistillate (the first fraction/thethirdseparation

step) .

[The fourth separation step (stage 1)]

In a three-necked flask with an inner volume of
200 mL was placed the agueous solution containing the
fraction collected in the first separation step
(absorption solution/absorption step). While
externally cooling the flask with ice, 30 g of dry ice
was slowly added until the system was saturated with
carbondioxide. Then, thetopofthethree-necked flask
was equipped with a trap containing 10 g of ion-exchange
water via a glass tube, and the trap was cooled by
ice-water.

The three-necked flask was immersed in an oil
bath at 120 °C, and the mixture was refluxed by heating
for 1 hour duringwhich the maximum internal temperature
of the flask was 93 °C. After cooling to room
temperature, 54.3 g of an agqueous solution in the flask
(the second fraction/the fourth separation step (stage

1)) was collected and analyzed.by gas chromatography
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ammoni-a conponent, 0.20 g of the dinmethyl am ne conponent, 12.5 g of the
carbon di oxi de conponent and 17.3 g of water wi thout a detectable |evel of
-the trinmethylam ne conponent. [The fourth separation step (stage 2)] In a
200 nmL three-necked flask was placed the aqueous solution of the first
fraction/the fourth separation step (stage 1) collected in the trap. This
-sol ution contained 7.1 g. of the nononethylam ne conponent, 0.32 g of the
anmoni a conponent, 0.63 g of the dinethylam ne conponent and 0.072 g of
the trinethylam ne conponent. Wiile externally cooling the flask with

ice, 20 gnqf ggxrﬁ’l i_rﬁ:gs%%hfln?e\“: o3ddedy pun iJlﬁ@?g?my%togﬁ%%esc?téii ayed with

car bon di oxi n, the mXxture was refluxed by heating for hour

using th igg@%ﬁé”&ﬁoﬂé%ﬁ{&PEHi&% éBﬁPfquéﬁE, %ﬁ.ﬁgbgfa;gi‘ skerystage 1),

during e maxi mum ernal tenperature int was 93 C. After

cool i ng 4 APt s Gheng,, 24809 9o sAldt HeRdthylihsfhask (the second
fraction/the fourth separation step (stage 2)) was collected and anal yzed

by gas eBmpymiegiaphy, agdgKakl thiesdherpbort tdox TaR W mbbarkn€oahai neds.
6gof the nonomet hyl am ne conponent, 0.0049 67 g of the ammoni a conponent,

0.16 g of7t.lxe ¢li BEt hyd aairne; i epepAnent ded. d-gabhl & hee ¢anbanf diceyd de
conponent and

trimethylamine component.

[The fourth separation step (stage 2)]

In a 200 mL three-necked flask was placed the
aqueous solution of the first fraction/the fourth
separation step (stage 1) collected in the trap. This
solution contained 7.1 g.of the monomethylamine
component, 0.32 g of the ammonia component, 0.63 g of
the dimethylamine component and 0.072 g of the
trimethylamine component. While externally cooling
the flask with ice, 20 g of dry ice was slowly added
until the system was saturated with carbon dioxide.
Then, the mixture was refluxed by heating for 1 hour
using the apparatus as described for the fourth
separation step (stage 1), during which the maximum
internal temperature in the flask was 93 °C. After
cooling to room temperature, 21.8 g of a solution in
the flask (the second fraction/the fourth separation
step (stage 2)) was collected end analyzed by gas
chromatography and Karl Fischer method. The solution

contained 5.6 gof themonomethylamine component, 0.0049
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12.9 .g of water without a detectable level of the trimethylamnne
conponent. An aqueous solution containing 74.0 g of nononethylam ne (the
second fraction/the fourth separation step) was obtained as the total of
the second fraction/the fourth separation step (stage 2) and the second
fraction/the fourth separation step (stage 1). [The first reaction step
{2nd tinme)] In the autoclave as described in the first reaction step (1st
time) was charged 69.5 g of the aqueous solution containing
nononet hyl ami ne (the second fraction/the fourth separation step) (26.9 g

of e EoBemeHy LHHAL EOmBARN entd. § G oy o AL RofndLY fin, gaPONCNt

and 27.5 g of water) collected in the fourth separation st tage 1) and

the fourthrgepaeatd on3sber Jdstege Darband deR: 4@ Goflp %fnér‘?f' g?gcahange
water. After replacing the gaseous phase with nitrogen,

first fracti®nit ke seyeesth wepaait 08 %{teﬁpecﬁﬁHl%?tféxﬂemtB% St“}i/é“”_th _
separation step, 23.8 g of nononethylamne and 9. 5 g of carbon di oxide

wer e chatgeidne t hiydtaménet heompberdt S were charged such that the total of

t he nol ar anmount. of nononet hyl am ne and the nolar anobunt of the

monomnet hyl am ne par tagqueblwes caobart o nxicten £81 adnmppund .af dgros@net hyl am ne,

the total of the nolar amount of carbon di oxi de and the nol ar anount of

t he monomethylamine (the second fraction/the fourth
separation step) was obtained as the total of the second
fraction/the fourth separation step (stage 2) and the

second fraction/the fourth separation step (stage 1).

[The first reaction step (2nd time)]

In the autoclave as described in the first
reactionstep (lst time) was charged 69.5gof the aqueous
solution containing monomethylamine (the second
fraction/the fourth separation step) (26.9 g of the
monomethylamine component, 14.2 g of the carbon dioxide
component and 27.5 g of water) collected in the fourth
separation step (stage 1) and the fourth separation step
(stage 2), andfhen10.3g;ofion—exchangewater. After
replacing the gaseous phase with nitrogen, 42.5 g of
the first fraction/the seventh separation step
collected in the seventh separation step, 23.8 g of
monomethylamineand9.5gof carbondioxidewere charged.
That is, the materials were charged such that the total
of the molar amount of monomethylamine and the molar

amount of the monomethylamine part in the carbon dioxide
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carbon di oxide part in the carbon dioxide conpound of nononethylanine, and
t he nol ar anbunt of water was equal to those charged in the first reaction
step (1st tinme) . Wth stirring, the autocl ave was externally heated to

an internal tenperature of 100 C. After the internal tenperature reached
100 C, 13.2 g of ethylene oxide (0.3 mol) was added and heating was
continued at an internal tenperature of 100 C for 1 hour. The reaction

m xture was collected and analyzed by gas chromatography as described in
the second reaction step (1st tine), indicating that an conversion ratio

of ety enmpxlide wap 10%JBPA I SR CT 2rETRIWL I D) gLhgRg Jand

N- et hyl anol am ne were respec?

oxi de  naldBacaech Bl éiﬁ%&&@a&ﬁho@iﬁé%ﬁoi%’}df%h BRky:. [Jhe; gecond

reaction step (2nd tinme)] To the reaction mxture le e au oéiave in

the firstamashi aaoszﬁae(gactﬁlﬁf@)tﬁenb%imaﬂ 48c% i ‘?3 tng? d
2- (met hyl am no) et hanol conponent, 2.65 g of N-nethyldi ethano anine 41.7 ¢

of the maiehbyihanl 8 inomBenekhe #31% 8 o the SaMPOPE PXdeqGarponent
and 37.8 g of water were added 4.5 g of the 69 nnnonethylanine cont ai ni ng

aqueous ta whawe chapided Nth Lhed6f gret ke donennstly ani e cogpgnent, 0.
93 g of the carbon di oxi de conmponent and 1.80 g of water
With stirring, the autoclave was externally heated to
an internal temperature of 100 °C. After the internal
temperature reached 100 °C, 13.2 g of ethylene oxide

(0.3 mol) was added and heating was continued at an

internal temperature of 100 °C for 1 hour.

The reaction mixture was collected and analyzed
by gas chromatography asdescribedinthe secondreaction
step (lst time), indicating that an conversion ratio
of ethylene oxide was 100 % and yields of
2-(methylamino)ethanol and N-methyldiethanolamine
were 85 % and 15 %, respectively, based on ethylene oxide

newly charged in the first reaction step (2nd time).

[The second reaction step (2nd time)]

To the reaction mixture left in the autoclave
in the first reaction step (2nd time) containing 18.9
g of the 2-(methylamino)ethanol component, 2.65 g of
N-methyldiethanolamine, 41.7 g of the monomethylamine
component, 23.8 g of the carbon dioxide component and

37.8 g of water were added 4.5 g of the
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(the .second fraction/the fourth separation step) collected in the fourth
separation step (stage 1) and the fourth separation step (stage 2); 21.0 g
-of the residue containing 17.8 g of 1,3-dinethylurea in the third
separation step (the second fraction/the third separation st e p); and
then 18. 3g of ion-exchange water. After replacing the gaseous phase with
nitrogen, 45.8 g of carbon dioxide was charged. That is, the followi ng a)
to c) were charged in an equal anobunt to that in the second reaction step
(1st tine), respectively: a) the total of the nolar anmount of

et fHBRE L i Ea oY GORN ] 0D &0 (RAAIE W] BRI, POTE L0 10

? n
car bon di oxi de comnpou nononet e an odﬁ?e of the nol ar

amount 0t ormdp 31 diiHRS BV §% £ Dhd he 4 Hhak n lérﬁ?n@ééfnpad’@ﬁﬂtt of , 6ar bon

di oxi de, the nol ar anount “of the carbon dioxide part in the darbon dioxide

conpoundgolo M WEeE BT NQ i ofied e MBbAp ABHRAL a0fd thegearpyr dj 9xige part
in the carbon dioxide conpound of 2-(nethylam no)ethanol” and the nol ar

anount of(the- dereiny| grea:t 888 /Qh& doohferienge gaet yeern 4 herayljar anount of
water and the nolar anount of 1,3-dinethylurea. 70 The m xture was reacted
at an i nterlnbé ctieehmiar at heefofu 200 ©€pfaara biboausx & desergded) i Antdhe
the fourth separation step (stage 2); 21.0 g of the
residue containing 17.8 g of 1,3-dimethylurea in the
third separation step (the second fraction/the third
separation step); andthen 18.3 gof ion-exchange water.
After replacing the gaseous phase with nitrogen, 45.8
g of carbon dioxide was charged. That is, the following
a) to c) were charged in an equal amount to that in the
second reaction step (lst time), respectively:

a) the total of the molar amount of
monomethylamine, the molar amount of the
monomethylamine part in the carbon dioxide compound of
monomethylamine and the double of the molar amount of
1,3-dimethylurea,

b) the total of the molar amount of carbon
dioxide, the molar amount of the carbon dioxide part
in the carbon dioxide compound of monomethylamine, the
molar amount of the carbon dioxide part in the carbon
dioxide compound of 2-(methylamino)ethanol and the
molar amount of 1,3-dimethylurea, and

c) adifference between themolar amount of water

and the molar amount of 1,3-dimethylurea.
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second reaction step (1st time). The reaction mxture was collected and
anal yzed as described in the second reaction step (1st tine), indicating
that an yield of 1,3-dinethyl-2-imdazolidinone was 76 % based on ethylene
oxi de newly charged in the first reaction step (2nd tine). Industrial
Applicability As described above, the process of this invention is

suitable for industrially preparing a 1, 3 -dial kyl-2 - imdazolidinones
using an industrially readily available alkylene oxide as a starting
material In particular in a process for preparing

1, 3-di met hyl - |@qﬁl Z:ﬁ’lk@' Cyas ]f/\% ﬁ C#hglc %n lga%%gjt’dipone can be

prepared wth a gher ef crency fectively'se i ng and

processi R yPraduct s a!eclzoacﬁ d‘ér@wyedw&‘f@ogazo cﬂ 'fn the

di et hyl am ne, trinmethylan ne, met hyl -2-1m drnone and

1, 3-di ”Eblé)ééhﬁéare@c@@dv%@egc Maee%ani@r preparing a

1,3-dia|kyI-2-inidazoIidinone using an al kyl ene oxi de represented by
formula (1) as a first conmponent : Rl (1)

The reaction mixture was collected and analyzed
as described in the second reaction step (lst time),
indicating that an yield of
l,3-dimethyl-2-imidazoclidinone was 76 % based on
ethylene oxide newly charged in the first reaction step

(2nd time).

Industrial Applicability

As described above, the process of this invention
is suitable for industrially preparing a
1,3-dialkyl-2-imidazolidinones using an industrially
readily availablealkyleneoxideasastartingmaterial.
In particular, in a process for preparing
l,3-dimethyl-2-imidazolidinone,
1,3—dimethylf2—imidazolidinone can be prepared with a
higher efficiency while effeétively separating and
processing byproducts such as N-methyldiethanolamine,
ammonia, dimethylamine, trimethylamine,

l-methyl-2-imidazolidinone and 1,3-dimethylurea.
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wherein in the formula (1), Rl represents hydrogen or alkyl group having 1
to 6 carbon atons, using at | east one selected fromthe group consisting

of the follow ng conponents (A), (B) and (C) as a second conponent:
conponent (A): carbon dioxide and a nonoal kyl am ne represented by formul a
(2): RRNH2 (2) wherein in the formula (2), R2 represents al kyl group
having 1 to 6 carbon atons; conponent (B): a carbon di oxi de conpound of the
nonoal kyl am ne represented by fornula (2) ; and conponent (C): an

1, 3-dial kylurea represented by fornula (3): RZNHCONHR2 (3) wherein in the
formula (3), R2 is as defined aboverasmd reacting said first conmponent
with said second conponent by heating those conponents at 50 C or higher to
72 give 1, 3-dialkyl-2-imdazolidinone represented by fornula (4) : Rl R2/
N NR2 (4) wherein in the formula (4), Rl and R2 are as defined above,

1. A process for preparing a
1,3-dialkyl-2-imidazolidinone by using an alkylene oxide
represented by formula (1) as a first component
R!
(1
O
wherein in the formula (1), R! represents hydrogen
or alkyl group having 1 to 6 carbon atoms,
using at least one selected from the group consisting
of the following components (A), (B) and (C) as a second
component:
component (A): carbon dioxide and a monoalkylamine
represented by formula (2):
R?NH, - (2)
wherein in the formula (2), R? represents alkyl group
having 1 to 6 carbon atoms;
component (B): a carbon dioxide compound of the
monoalkylamine represented by formula (2) ; and
| component (C): an 1,3-dialkylurea represented by

formula (3):

R2NHCONHR? : (3)

wherein in the formula (3), R? is as defined above,
and reacting said first component with said second

component by heating those components at 50 °C or higher to
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characterized in that the total nolar anount of a nolar feed anount of the
nonoal kyl am ne included in the conponent (A), a nolar feed anmobunt of the
nonoal kyl ami ne part of the carbon dioxide conpound of nonoal kyl ami ne, said
conpound bei ng conponent (B), and the double of a nolar feed anobunt of the
1, 3-dialkylurea, said 1,3-dialkylurea being conponent (C), is at |east
three folds of a nolar feed anobunt of said al kyl ene oxide. 2. The process
as claimed in Caiml, characterized in that the reaction is conducted
under a pressure of 4 MPa or higher 3. The process as claimed in Claim1l
2, chergzgd i - l.ar f d anount
of t he cgrqrt‘)%n&dl %x? lrp{rYt]] ude |d£9%ﬂdgglr?%§ Qgplf%k)e%tead %3{ gprfne:l%l anount
of the caghan dioxide part of the carbon dioxide conmpound of
nnnoalkylanlne sai d conpound being the conponent (B) , and a nolar feed
73 amount of the 1, 3-dial kyl upea, said 1, 3-dial kylurea being the conponent
(© , is at least one and halyt folds of a nolar feed anount of said
al kyl ene oxide. 4. The ss as clained in any of Clainms 1 to 3,
characterized in that Rl is\iwydrogen atom R2 represents nethyl; and the
1, 3-dialkyl-2-imdazg{idi nohe prepared is 1,3-dinethyl-g-inidazolidinone.
5. The process asRQLai d i aim4, characterized 4)

(0]

wherein in the formula (4), R! and R? are as defined
above,

characterized in that the total molar amount of
a molar feed amount of the monoalkylamine included in
the component (A), a molar feed amount of the
monoalkylamine part of the carbon dioxide compound of
monoalkylamine, said compound being component (B), and
the double of amolar feed amount of the 1,3-dialkylurea,
said 1,3-dialkylurea being component (C), is at least
three foldsof amolar feed amount of saidalkylene oxide.
2. The process as claimed in Claim 1, characterized
in that the reaction is conducted under a pressure of
4 MPa or higher.
3. The process as claimed in Claim 1 or 2,
characterized in that the total molar amount of a molar
feed amount of the carbon dioxide included in the
component (A), amolar feed amount of the carbon dioxide
part of the carbon dioxide compound of monoalkylamine,

said compound being the component (B), and a molar feed
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in that ethylene oxide is used as said first conponent and at |east one
selected fromthe group consisting of the follow ng conponents (D), (E) and
(F) is used as said second conponent: conponent(D):carbon di oxi de and
nononet hyl am ne; (E):a carbon di oxi de conpound of conponent _
nononet hyl ami ne; and 1, 3-di methyl urea, conponent(F): the process conprises:
{1) a 1, 3-dinethyl-2-imdazolidinone preparation step of preparing .

1, 3-di met hyl - 2-i mi dazol i di none by heating said first conponent and said
second conponent at 50 C or higher and the process further conprises: (2)

a first seRaigtier s{fR qf, $EAILA pgsufr%ea '8aq'd op ALY e 0hhALpgd 1N the

1, 3-di met hyl - 2-i m dazo i'none preparation step 1 n raction

cont ai ni pg i TFP?O@T% hybaFdieen tCREHON 0 Q4 des 9?@ 8neabbe i pxi Pé;la%”po”“d

of nmpnonet hyl am ne as nai n conponents and al so contai ni ng
of a molar feed amount of said alkylene oxide.

4. The process as claimed in any of Claims 1 to 3,
characterized in that R' is hydrogen atom; R? represents
methyl; andthe l,3-dialkyl-2-imidazolidinone prepared
is 1,3-dimethyl~-2-imidazolidinone.

5. The process as claimed in Claim 4, characterized
in that ethylene oxide is used as said first component
and at least one selected from the group consisting of
the following components (D), (E) and (F) is used as
said second component:

component (D): carbon dioxide and
monomethylamine;

component (E): a carbon dioxide compound of
monomethylamine; and

component (F): 1,3-dimethylurea,
the process comprises:

(1) a 1,3-dimethyl-2-imidazolidinone
preparation step of preparing\
i,3—dimethyl—2—imidazolidinone by heating said first
component and said second component at 50 °C or higher,
and the process further.comprises:

(2) a first separation step of separating the
reaction mixture obtained in the

l,3-dimethyl-2-imidazolidinone preparation step into
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a second fraction containing 1, 3-dinethyl-2-imdazolidinone and

hi gh-boiling conpounds with a higher boiling point than that of 1,

3-di nmet hyl - 2-i m dazol i di none as nain conponents, and also containing
water; (3) a second separation step of separating at |east part of the
second fraction in the first separation step into a first fraction
containing water and lowboiling amnes with a boiling point higher than
that of water and | ower than that of 1, 3-dinethyl-2-imdazolidi noneasmain
conmponents; and a second fraction containing

1, 3 di met hyl - 2+ gi gazpl dignane: aad s@ el bai Lidigo nGRIRPYLAS a5 mai n

conponents; (4) a third séparation step of sepdrating th raction

in the S%%Q{l?%ﬁ_eair i@.@ she® LNt rBok r&fom%fetiteem%}ﬁ&%@

1, 3-di met hyl - 2-i m dazol'i di none as a mai n conponen a second fraction
cont ai ni fg Rt Ry ROLld B9 n&QAPOYR %@énﬂ%‘,naﬁ@ni’?@%n&éhtaaﬂﬂn;ﬁlg( 5) a
tion in the first

fourth separation"step of separating the first frac
separati QRtdep P a first fraction containing anmoni a,

a second fraction containing
1,3-dimethyl-2-imidazolidinone and high-boiling
compounds with a higher boiling point than that of
1,3-dimethyl—2—imidazolidinoneasmaincomponents;and
also containing water;

(3) a second separation step of separating at
least part of the second fractioninthe first separation
step into

a first fraction containing water and
low-boiling amines with a boiling point higher than that
of water and lower than that of
l,3-dimethyl-2-imidazolidinone asmain components; and

a second fraction containing
l,3-dimethyl-2-imidazolidinone and said high-boiling
compounds as main components;

(4) a third separation step of separating the
second fraction in the second separation step into

a first fraction containing
l,3-dimethyl-2-imidazolidinone as a main component;
and

a second fraction containing said high-boiling

compounds as main components; and
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di nret hyl am ne, trinmethylam ne, a carbon di oxide conpound of ammonia, a
carbon di oxi de conpound of dinethylam ne and a carbon di oxi de conpound of
trimethyl am ne as mai n conponents, and al so containing water; and a second
fraction contai ning nononet hyl am ne and a carbon di oxi de conmpound of
nononet hyl ami ne as main conponents, and al so containing water, where at

{1 east part of the second fraction in the fourth separation step is
supplied in the 1,3-dinethyl-2-imdazolidinone preparation step. 6. The
process as claimed in Claimb5, characterized in that the 1,

3-dinethyl - 2-im dgzol,j i S\PRE P ! y?gitqrbnséggpi %f:%é#gga%%n Yiphb) a

first reaction step of heating e ene oxide“an east ‘one Selected

fromthergnoip €2RH1S1bHA0 1 Pf1Be £PAREN D: 3 oKE at 50 | C or
hi gher to preparg N—neth;1diet%anolgﬁgngﬂ%%a %bi%%éhéfgﬂ?nggéf%anol; and

(7) a second reagtifan: st el rf cheahl Ngon Mt hyhdisihangl,ani ne and
2- (met hyl am no) et hanol prepared in the first reaction step wth at | east

one sel agted i yorintee gr aupi R ST 408 n@f, t Be GOMPOReRtiSH {PqeD) . (E) and

(F) at 100 "C or higher to prepare 1, 3-dinethyl-2-imdazolidinone, and
compound of ammonia, a carbon dioxide compound of
dimethylamine and a carbon dioxide compound of
trimethylamine as main components, and also containing
water; and

a second fractioncontainingmonomethylamine and
a carbon dioxide compound of monomethylamine as main
components, and also containing water,

where at least part of the second fraction in
the fourth separation step is supplied in the
l,3~dimethyl-2-imidazolidinone preparation step.

6. The process as claimed in Claim 5, characterized
inthat thel,3-dimethyl-2-imidazolidinone preparation
step is carried out by:

(6) a first reaction step of heating ethylene
oxide and at least one selected fromthe group consisting
of.the components (D), (E) and (F) at 50 °C or higher
to prepare N-methyldiethanolamine and
2- (methylamino)ethanol; and

(7) a second reaction step of heating
N-methyldiethanolamine and 2-(methylamino)ethanol

prepared in the first reaction step with at least one

selected from the group consisting of the components
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the second fraction in the fourth separation step is supplied in said
first reaction step and/or said second reaction step. 7. The process as
«claimed in Daim5 or 6, characterized in that in the fourth separation
step, at least part of the first fraction in the first separation step is
contacted with carbon dioxide, heated at 50 *C or higher, and separated by
vapor-liquid separation to renove the first fraction in the fourth
separation step into the gaseous phase and obtain the second fraction in
the fourth separation step fromthe |iquid phase. 77

(D), (E) and (F) at 100 °C or higher to prepare
l1,3-dimethyl-2-imidazolidinone, and

the second fractioninthe fourth separation step
is supplied in said first reacfion step and/or said
second reaction step.
7. The process as claimed in Claim 5 or 6,
characterized in that in the fourth separation step,
at least part of the first fraction in the first
separationstep iscontactedwithcarbondioxide, heated
at 50 °C or higher, and separated by vapor-liquid
separation to remove the first fraction in the fourth
separation step into the gaseous phase and obtain the
second fraction in the fourth separation step from the

liquid phase.
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