- 5 JAN 2005 SPECI FI CATI ON PROCESS FOR PREPARI NG

1, 3- DI ALKYL- 2-1 M DAZCOLI DI NONES Technical Field This invention relates to a
process for preparing 1, 3-dialkyl-2-imdazolidinones. JAN 2005
1, 3-Di al kyl -2-im dazol i di nones have been w dely used as an aprotic polar
solvent. For exanple, they are useful as a solvent for a resin such as

pol yam des, polyesters, polyvinyl chlorides and phenol resins; a solvent
for a variety of organic synthetic reactions; or an extraction solvent for
extracting an aromatic hydrocarbon froma m xture of hydrocarbons. Among
t hose, 1, 3-di nethyl -2-im dazoli ereinafter, sonmetines referred to
as "DM") is ,payticularly useghﬁggfég§£QQN exhlblts particularly higher
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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starting material 1 - 5 JAN 2005 have been proposed for preparing

Technical Field

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

l1,3-Dialkyl-2-imidazolidinones have been
widely used as an aprotic polar solvent. For example,
they are useful as a solvent for a resin such as
polyamides, polyesters, polyvinyl chlorides and phencl
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"™) is
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-dial kyl-2-imdazolidinones; for exanple, reacting
‘N, N -di net hyl et hyl enedi amine with trichloronethyl chloroformate (JP-A
53-73561); reacting N,N -dinethylethyl enediam ne with carbon dioxjgng%P-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 -dial kylethylenediamine 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 net hyl et hyl enedi am ne descri bed above is based on ethylene
di chl or i 48 VEndP $BRoMt PR PERIhef A5 BERPRBEANTin JP- A 57-120570. The
process, however, produces a |arge anmount of salt contam nated with
organi ¢ toRpslindiskYds & bigdrmed 1 dii @ h evey TOIUSE 3RIL 6 | EBRC & kBge of
di sposal . J. Oganonetallic Chem , 407, 97 (1991) has described a process
wher e ethyNend §rocdiy 1 et hydead 1gim hn fomdnel hirdm hboremekehglesence of a
honbgeneous cat al yst conprising rut_heni um and tri phenyl phosphi ne.
Recover yCRARGEEGEM&@ 1 AJRorfbgeAadus® hdblie @St i@t al yst is, however,
industriallx_%gfficult. Therefore, ) , .
apr ocesstisFngd Nredibal k§F Birdyg e dicdid Be Whsh L arhed i omdid? i (P18 not
i deal fo rqg?[' 1, 3-di al kyl - 2-i.m dazol i di none. 2 - ~ JAN, 2005
é?El %89; react%n N,N'—g?methylethylenediamine
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
onethylene dichloride 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 (199%1) 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 homogeneocus noble metal
catalyst is, however, industrially difficult.
Therefore, aprocessusingN,N'-dialkylethylenediamine

as a starting material is not ideal for preparing

l,3-dialkyl-2-imidazolidinone.



In addition, there have been proposed reduction of 2-imdazolidinone and
formal dehyde in the presence of a hydrogenation catal yst (JP-A 60-243071)
and catal ytic reduction of N, N -hydroxynethylim dazolidinone diatkylyetger
(JP-B 60-3299) . These processes, however, enploy a starting nmateri al
derived from et hyl enedi am ne. which may al so cause the probl em descri bed
above, and are inpractically |onger processes. Alternative processes have
been di sclosed, 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
al kyl carbamate or__1, 3-dij al k Iurga éJP—A 57-98268) ; reacting ethylene
gl ycol , carbon ditéxP JaFIHO%nDﬁ Byt aFEnB e/ AT WP esachd aBapdiatiur
under a i gher_pressure (JP-A 59-155364) : and reacting al kyl ene
car bonat 8@\/\& _hlrprgﬂ(?aﬁ‘?(%g i g gpn 16—%%@%??%@@%?%@%@%8arl@eone-step
processegg and N- al kyl nonoet hanol am ne, _et hyl ene col and an

a

| |
r%oﬂgﬁ§%&e§9 P Rg et et Yalts cdRBe §@adARf 7 bi egardd from an

al kyl ene
al kylen | e, .These praocesses are, therefore, noteworthy. These
processegaﬁg%gyglﬁ?oﬁ?g CtotOPr &ducti on of N-al kyl di et hanol ami nes as

by odchs 946408 SLSRREHID, S0 AL kY oprost e iTue Trom, st yLene

one- pot %%a—(bti Qg)f.ron&'ﬁtegyel Le)r}:eocesses, however, employ a starting
material derived from ethylenediamine. which may also
causetheproblemdescribedabove,andareimpractically
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);reactingethyleneglycol,carbondioxideand
monomethylamine at an elevated temperature under a
higherpressure(JP—A59—155364);andreactingalkylene
carbonatewithmonocalkylamine (JP-A10-502917). These
processes are one-step processes, and an
N-alkylmonoethanolamine, ethylene glycol and an
alkylene carbonate as startingmaterials 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-A10-330366hasdisclosedaprocess

for preparing DMI by a one-pot reaction from ethylene



JAN 2005 oxi de, which has a problens of a lower yield. In these processes,
a nonoal kylam ne as a starting material is disproportionated during a

reaction to give disproportionation byproducts, i.e., ampnia, a_¢
di al kyl am ne and/or a trial kylam ne. JP-B 1-15503 has di scl osed a‘-'p%lc@g%
where ethylene glycol is used as a starting material and unreacted

materials containing a nonoal kylamne is circulated and recycled in a
reactor. In this process, amonia as a byproduct 1is also circulated so
that repeated circulation may increase anmonia, |eading to increase of -
byproducts.such s 1-a] kyl -2-im dazol i di nones_and reduction in an yield
of desi redifey dVRAGH - BaSidak 5PEdi§BRes L Thudowahi ¥igrlidtess has not been
i ndustrially av 'Iagle. Di scl osure of the Invention An objective of this
invention is to plovilS8 PrRetESerfor dr&edrdgky lanigealagl a-2 -
I m dazol iﬁi ngnes using an .ndustrially readjly avail able al kyl ene oxi de as
a startThg et efi D2 TFA3dn I hpPdviRit §Peid Whkak «hndBe 1 rgi Babl y
practicable in an %ndustrig{ scale . Another, objective of this invention
is to provPdd ¥°Prbledd % %ﬁ@ﬁPﬁ%?é@ﬂ%@%ﬂ?@ﬁm%@ctsr i.e.,
1, 3-di al kyl -2-im dazglidi.nones .by effectivel .Separating or processing
bypr oduct ¥"§dtH as® ‘i&ﬁﬂ@ﬂ?@ﬂﬁfm&%ﬁﬁés? gﬁﬂ[ﬁ‘rﬁolééf’?d‘i%%wam%%'s? 4
1-15503 has disclosed a process where ethylene glycol
is used as a starting material and unreacted materials
containing a monocalkylamine is circulated and recycled
in a reactor. In this process, ammonia as a byproduct
is also circulated so that repeated circulation may
increase ammonia, leading to increase of byproducts such
as l-alkyl-2-imidazolidinones and reduction inanyield

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

this process has not been industrially available.

Pisclosure of the Invention

An objective of this inventionis toprovide 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,



- 5 JAN 2005 trial kyl am nes, 1-.alkyl-2--im dazolidinones and

1, 3-di al kylureas. The inventors have conducted intense investigation for
sol ving the above problens and have found that these probl ens Qgpﬁ@FZWB
solved by a process for preparing 1, 3-dialkyl-2-im dazolidi none U
heating a first conponent consisting of an al kyl ene oxide and a second
conponent consisting of at |east one of (A) carbon dioxide and a
nonoal kyl am ne, (B) a carbon di oxi de conpound of a nonoal kyl am ne and (C)
a 1,3-dia|ky|urea at 50 C or higher, mherein the second conponent is

char ged tal; o af , the _char

nnnoglky gﬁ?ﬁ%ﬁ %ﬂ% cghpghe%%ﬁggy 251 %fo&ﬂﬁth? 5¥3§h8n%0noalkylanine
part in %h n di oxi de conpound of nonoal kyl am ne, conponent
(B), andi Eggggég%gf‘ggégﬁnlar amount of the charged 1, 3-dial kylurea,

conponent (C) , is at least three folds of a nolar anDunt of the charged
al kyl ene oxide, achieving this invention. This invention provides a

process for prep’f‘é'egglrfveﬁ’t%zd blé)@e C%D {)éddl ﬁgnby usi ng an al kyl ene
y fo

oxi de represente rnula as a conpone - 5 JAN 2005 (1)

wherein § §tdhee { gamul @ () gof@PEES%WESJwgggg@}oblems and have

found that these problems can be solved by a process
for preparing 1,3-dialkyl-2-imidazolidincones by
heatinga first 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 suchthat thetotal of amolar amount
of the charged monoalkylamine in the component (&), a
molar amount of the moncalkylamine part in the charged
carbon dioxide compound of monoalkylamine, component
(B), and the double of a molar amount of the charged
1,3-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 alkyl 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 dioxide and a nonoalkylagim&imS
represented by formula (2): R2ZNH2 (2) wherein in the formula (2) , RZ
represents al kyl group having 1 to 6 carbon atons; conmponent (B): a carbon
di oxi de conpound of the nonoal kylam ne represented by formula (2) ; and
conponent (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 component with gaid 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 - 5 JAN 2005 R1 F R2--' Nif N 111-~ R2 (4) O wherein in
the formula (4), d R2 are as defined W

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 (&), (B) and {(C) as a second
component:

component (A): carbon dioxide and a monocalkylamine

represented by formula (2):

R%NH, {2)

whereinjjlthefOrmula(2),R?representsalkylgroup
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 components at 50 °C or higher to

give 1, 3-dialkyl-2-imidazolidinone represented by formula

(4):



R RIS

above, characterized in that the total nolar anount of a nolar feed anmount
of the nonoal kylam ne included in the conponent (A), a nolar feed anount

of the nonoal kyl am ne part of the carbon di oxi de conmpound of -5 AN 2005
nonoal kyl am ne, said conpound bei ng conponent (B), and the double %H é
nol ar feed anount of the 1, 3-dialkylurea, said 1,3-dialkylurea being
conponent (C), is at least three folds of a nolar feed anmount of said

al kyl ene oxi de. The reaction is preferably conducted under a pressure of 4
MPa or higher. It is also preferable that the total nolar anmobunt of a
nol ar feed anount of the carbgn dioxide included in the conponent (A , a
nol ar feed anpbunt of the carhon dioxide part of the carbon dioxide
conmpound of nonoal kyl am ne, /Said conpound bei ng the conponent (B), and a
nol ar feed anount of the -di al kylurea, said 1, 3-dialkylurea being the
conmponent (C), is at | ne and half folds of a nolar feed anount of
said al kyl ene oxide, N[ -5JAN2005 It is also preferable tlaat R is hydrogen

atom R2 represepts net ; andhx he 1, 3-di al kyl - 2-i m dazol i di none prepared
is 1,3-dinmethyl-2-imdazplidinone. In this process, it is also preferable
t hat

O

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 monocalkylamine 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
thedoubleofanm&arfeedamountofthe1,3—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 isalso preferable 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
l,3-dialkylurea being the component (C), is at least
one and half folds of amolar feed amount of saidalkylene

oxide.



et hyl ene oxide is used as said first conponent and at |east one sel ected
fromthe group consisting of the follow ng conponents (D), (E) and"ﬁﬁhubﬁﬁ
used as said second conponent: conponent (D): carbon dioxi de and Cean
nononet hyl am ne; conponent (E): a carbon di oxi de conpound of
nononet hyl am ne; and conponent (F): 1,3-dinethylurea, the process
conprises: (1) a 1, 3--dinethyl--2-imdazolidinone preparation step of
preparing 1, 3-dinmethyl-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 1f 3i fiyPrefisg gl itdidtorR™ prepay diricge st@pomit o a
first frggtion cont ai ni ng monornet hyl am ne, carbon di oxi de and a carbon

di oxi de CompdtRESEE N IdnBRréth T anidfed a&hgai n conponents, and al so

cont ai ni g ‘éﬁtﬁ{; ang a second fraction containing

1, 3- di ety =21 Prikdar o rd&%ﬂé@d&%igﬁ%mrﬁ@a%apmds with a higher
boi l'i ng ﬁohﬂg t han thft of, 1,3-dinethyl-2-imdazolidinone as main
conponent'g, fgmethyl-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:

(l) a 1,3~dimethyl-2-imidazolidinone
preparation step of preparing
1l,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

a first fraction containing monomethylamine,

carbon dioxide and a carbon dioxide compound of

monomethylamine as main components, and also containing



al so containing water; (3) a second separation step of separating at |east
part of the second fraction in the first separation step into a f'rSIH’ANin
fraction containing water and |owboiling amnes with a boiling point

hi gher than that of water and | ower than that of

1, 3-di net hyl - 2-i m dazol i di none as nai n 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 containing

1, 3-di met hyl - 2-i m dazol i di none as a main conponent; and a second fraction
conta|n|H S&Fd R -boiling conpounds as main conponents; and (5) a
fourth separation step of separating the first fraction in the first
separation step Pnt opfr frachdbncesttiming anmmoni a, 9 di met hyl ani ne,
trlnethyla n a carpon di oxi de conpound of ammonia, a carbon di oxi de
conpound Gf ﬁiﬁ@ﬂﬂﬁ%ﬂ?négmaaéQﬁ&%éﬁQﬂ%x@ﬂé(hm@bumﬁbilnmwrmthw;nnne

as nain co onents, and al so containing_ water; and
pounds with a higher bolling 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 aboiling point higher than that
of water and lower than that of
l,3~dimethyl—2-imidazolidinoneasmaincomponents;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
1,3-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,



a second fraction containing nononet hyl am ne and a carbon di oxi de conpound
of nononet hyl am ne as nain conponents, and al so contai ning water, where at
| east part of the second fraction in the fourth separation step is
supplied in the 1,3-dinethyl-2-imdazolidinone preparation step. -5 JAN
Furthernore, the above 1, 3-dinethyl-2-imdazolidinone preparation step &Q@
be carried out by: (6) a first reaction step of heating ethylene oxide
and at | east one selected fromthe group consisting of the conmponents (D)
, (E) and (F) at 50 C or higher to prepare N nethyldiethanol am ne and
2-(nethy|anino%ethanpl; and (7) a second reaction step of heating

N- et hyl 8@ haRslaR heeand P1pgdthyl amine et hana rbpnephr@dide the first
reaction step with at | east one selected fromthe group consisting of the
conmponenf®MRPRNd (H ameqF 2at a00aCbom hijheride® poegesend of

1, 3-di net hyl - 2-i m dazol i di none, and the second fraction in the fourth

separ at i ATt ebyidmegyepa rsdippl icedkhansaiidb $idst ceapbivord sbép and/ or sai d
second reaction step. In the fourth separation step, at |east part of the
first frh&dWht Ry idtel Reras Bapar soimgrosess smyaHE a keont @onéd Wt L hgcar bon

di oxi de, heated at 50 'C or higher,
water; and

asecond fractioncontainingmonomethylamine and
@ 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.

Furthermore, the ahove
1,3—dimethyl—2—imidazolidinonepreparationstepmaybe
carried out by:

(6) a first reaction step of heating ethylene
oxideandatleastoneselectedfromthegroupconsisting
of the components (D), (E} and (F) at 50 °C or higher
to prepare N-methyldiethanoclamine 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 fractioninthe fourth separationstep

10



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 liquid phase. Brief
Description of Drawings Fig. 1 is a block di agram show ng an enbodi mertd dAN 2000
a preparation process according to this invention. Fig. 2 is a block

di agram showi ng anot her enbodi nent of a preparation process according to
this invention. Fig. 3 is a block diagram showi ng anot her enbodi nent of a
preparation process according to this invention. Fig. 4 is a block diagram
show ng anot her enbodi.nent. of a preparation process according to this

i nvent i oft2Y P& IRLRP Fé“fﬂd&ﬁ ‘ﬁb%}gsFeﬁﬁégéh&ophétﬁmI&Wﬁhgg:saixithe

1, 3-di met hyl - 2-i m dazol.i di none preparation step; 2: the first separation
st ep; 3:sf%ﬁaggcéﬁﬁa%Eﬁ&?ht?Bﬁpbtep; 4: the third separation step; 5: the
fourth separatiog s% p; . 6: the first reaction step; 7: the second reaction
step; 8: a seventh 2‘&)5’%‘??’5@ SEHF L JL L@ Thyrlr®PysPp$ deap3t Wargnof

absor pti step; 11; a fifth separation step; 12: a 11 - 5 JAN 2005

rectifi Cgﬁ%f@f@é; TI3cQleniR $dfarfki ®h SEOR I BESOMSdee P ORaBabeyi ng out

this jnvention will be described in detail. This

et o e B et R d I e e e e d % ST S i p e
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:
1: 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:;
©: the first reaction step; 7: the second reaction step; 8:
a seventh separation step; 9: a hydrolysis step; 10: an

absorption step; 1l: a fifth separation step; 12: a

11



1, 3-di al kyl - 2-i m dazol i di none. According to the process of this invention,
the 1,3-dialkyl-2-imdazolidinone is prepared by reacting the first
conponent consisting of an al kyl ene oxide represented by the fornygqﬂ&%ms;
and the second conponent consisting of at |east one selected fron1thé
group consisting of: conponent (A) : carbon dioxide and a nonoal kyl am ne
represented by the formula (2); conponent (B) : a carbon dioxi de conpound
of the nonoal kyl am ne represented by the fornula (2); conponent (C) : a
1, 3-dialkylurea represented by the formula (3) , by heating those
conponents at 50 C or higher. An alkylene oxide used as a starting

mat er i al LeChifi€afiesstepit Bids ianvadittilorns¢ésaaatabkylsarep oxi de in which a
straight or circular alkyl group represented by Rl has 1 to 6 carbon
atons, including, for exanple, ethylene oxide, propylene oxide,

et hyl oxi rQpyl oxirane 1-net hy| et hyl ) oxirane, 12 - 5 JAN 2005

cyc?lopro%gl%gcxir?% % fﬂ?l%%%ﬁ?lget%‘#)%ﬁer aﬂeyemt-bapw oxi r ane,

(2- met hyl propyl ) oxi rane, (1-nethyl propyl ) oxirane, _

(1-met hyl cycl opridpyk)orifitane, ti{ils 2idirerthphpmddyl )iexi daseribed in

n-pentylngraqe, (2-met hyl butyl ) oxirane, (1-ethylpropyl)oxirane,
etall.

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
moncalkylamine 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



(3-net hyl butyl ) oxi rane, (1-nethyl butyl)oxirane,

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

(3, 3-di net hyl butyl ) oxi rane,

(1, 1-di met hyl butyl ) oxi rane, (I - met hyl penpyl ) oxi rane, n-hexyl oxirane i

cycl opent yl met hyl oxi rane and cycl ohexyl oxirane. Among these, et hyl g 005

oxi de or propylene oxide is preferable and ethylene oxide is nore

pref erabl e because a 1, 3-di al kyl -2--1i m dazol i di none or

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

monoal kyl am ne represented by the formula (2), which is one of the second

conponen€ Yl PRirS AV erHtdlivane i s( I, hoddai&yhadieteh i/ )whi Thaaest rai ght or

circular alkyl _group represented by R2 has 1 to 6 carbon atons, including,

for exanpl &UkBASHEL hgham né2 - mephbed bylcamy he o sonatie- pr opy! ) ani ne,

nnno(iso-propyléanine, mono( n-butyl)am ne, nono(sec-butyl)amn ne,

nmono( i so-{ButE § anilier opadno? xértatheit yl ) ani ne, nono(n-anyl )anine, 13 - 5 JAN

2005 nono(l - et hyl butyl)am ne, nono(2-net hyl butyl)am ne,

nono(i so{dmt§ YA Y fdRdEePyldra4 ) aaiee, nono(neo- pentyl ) ani ne,

mono( 1, 2- di met hyl propyl ) am ne, nono(l -ethyl propyl)am ne, nono(n-hexyl)am ne

and nonddycd ofe DA i A& L IPBAY hieSen enoroneemtd whpre mane,
(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. BAmong these, ethylene oxide or
propylene oxide is preferable and ethylene oxide ismore
preferable because a 1,3-dialkyl-2-imidazolidinone or
l,3-dialkylpropyleneurea as a product has a variety of

applications.

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

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

13



nonoet hyl am ne is preferable and nononethylamne is nore preferable
because 1, 3-di net hyl -2-i m dazol i di nones or 1, 3-di ethyl-2-im dazolidi nones
have a variety of applications. A carbon di oxide compound of
nonoal kyl ami ne, wch is one of the second conponent in the process ofl )
this invention, includes, for exanple, carbonates, hydrogencarbona§é§4éﬁﬂ,
al kyl carbamates of nonoal kyl am ne. The carbon di oxi de conpound of
nonoal kyl am ne my be used as a solid or a solution such as an agueous
solution. Alternatively, conponents which generate the carbon di oxide
conpound in the reaction systemcan be used in conbination.
1, 3- Di al R§her b Pepheskhudy byamiad or moln (3} me thy Thuitsy Dpemafnd he second
conponent in the process of this invention, is 1,3-dialkylurea in which an
al kyl 140005 (JApP260% bi e0p nepr asemt ¢temt k2mpay dmine§ carbon at ons,
including, for exanple, 1,3-dinmethylurea, 1,3-diethylurea,
1,3-di(ﬁn%ﬂémwﬁ§9réﬁ$TQYl3éﬂ¢lQE@O-propyl) urea, 1, 3-di (n-butyl) urea,
1,3-di(sec-buty|%urea, 1, 3-di(iso-butyl)urea, 1, 3-di (tert-butyl) urea,
1, 3-di Tanamd)2oddanethyd i ¢pyrietdmibetyl ) urea,

mono(l—ethylpropyl)am#ne, mono (n-hexyl)amine and

monocyclohexylamine. ‘Amongthese,monomethylamineor

monoethylamine is preferable and monomethylamine is

more preferable because

l,3-dimethyl-2-imidazolidinones or

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

applications.

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

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

be used in combination.

l1,3-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



1 di (2-nmet hyl butyl)urea, 1,3-di|(iso-anyl)urea, 1,3-di(tert-anyl)urea,
1 di (neo-pentyl)urea, 1, 3-di(1,|2-dinethyl propyl)urea,

1, 3-di (1-ethyl propyl )urea, 1,3-di(n-hexyl)urea and 1, 3-dicycl ohexyl urea.
Anmong these, 1,3-dinethylurea or| 1,3-diethylurea is preferable and .
1,3-dimethylurea is nore preferable because a =3 JAN 2605
1, 3-di al kyl - 2-i m dazol i di none 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
commercially available or as a salution such as an aqueous sol ution.

Al ternatively, conponents which igenerate the 1, 3-dialkylurea in the
reacti ond§P&tent ARy ¢ Hengset P Sontiaat lork.o Thecanbumt eft de, second
conponent suypplied for the reaction in the process of this invention is
detemﬁnéﬁcéﬁhﬂﬁﬁatﬁ%é ot 3P ksl-arl agodhitmet hiyde118a,5JAN2005 fol | owi ng
i) toiil)_included in the second conponent recovered and recycled and in
the secohd3céhipdhBatl wedRy LuppHiledhtprapehtusreds preferably at | east

t hree foidg, nmore preferably 3 go 40 folds both inclusive of the nolar
amount of » A& Al k§rerir oRivde: U gatvhel nBahi Gmobmtt ¥ ) tlie avonoal kyl ani ne;

ii) the ar anount of the nonoal kyl am ne part
) frokary T v, § T Peobutyl) urea,

, 3-
13-

i1(sec~-butyl)urea,
1,3—di(tert—butyl)ured, l,3-di(n-amyl}urea,
1,3—di(l—methylbutyl)urea,
1,3—di(2—methylbutyl)&rea, l,3-di(iso-amyl)urea,
1,3-di(tert-amyl)urea4 1,3-di(neo-pentyl)urea,
1,3—di(l,2—dimethylprqpyl)urea,
1,3-di{l-ethylpropyl)urea, 1,3~di(n-hexyl)urea and
l,3-dicyclochexylurea. ' Among these, l,3-dimethylurea
or 1,3-diethylurea is preferable and l1,3-dimethylurea
is more preferable because a
1,3-dialkyl-2~-imidazolidinone or
l,3-dialkylpropyleneurea as a product has a variety of
applications.

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

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
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[ n di oxi de conpound of the nonoal kylam ne and iii) the double
BP Eﬂg ﬁg{g? anount of 2?3-dialky|urea. The reaction can be conducted
under the conditions departing fromthe above range, but the total qp ar
amount of less than three folds may lead to reduction in an yield-pfjihes
1, 3-di al kyl - 2-i m dazol i di none. The total nolar ampunt of nore than 40

fol ds may be di sadvantageous because of reduction in a volunetric
efficiency of a reactor, and increase in a cost for recovery of the

unr eact ed nonoal kyl anmi ne, carbon di oxi de conmpound of the nonoal kyl am ne. t
and 1, 3- (}i I kyl urea., Wthouyt  recovering and recycling, it is suffici eg_t o]
consi der o(a)]hféwtlﬁ'ég sktoh@ ddrpbnbh€ Livde g dnpphiceds ¢ obad heompeaetor . Since
DM as a ngduct Q§s a variety of 16 applications as a solvent, it is nost
pref er abl'€ 1" G8E 9 MMy F&feY Shiedeand an bhRys ene nokidep omaameh byl1am ne bas
a nonoal k)(ll am ne, carbon di oxide conpound of nononet hyl am ne as a carbon
di oxi de 80:%?211?18%?0 HOTRAF kPFakf et e fea alb Bydi rdterys tretar ae folds,
1,3-dialﬁ%% rea, eaction in the process of this invention, a

reaction sys grﬁec%%r%é’r]r%ﬁ 5Ced0cf cplashotilvédalivhive of the molar

amount of the alkylene oxide:

i} the molar amount of the monocalkylamine;

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

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

The reaction can be conducted under the
conditionsdepartingfromtheaboverange,butthetotal
molar amount of less than three folds may lead to
reduction in an yield of the
1,3-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 diocxide compound of
the moncalkylamine and l,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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a gas. In terns 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 may be di sadvant ageous because of tﬁ?g@ﬁ@ﬁ'
to reduction in a production efficiency of a 1, 3-dial kyl-2-im dazoli i
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

g;sgoug nggﬁﬁ%gksgP?%1%€%§E%g%g§| |c§?g3§$ﬂ%%g %9§eg%%ﬁﬁg%83§ggP§%ide The
fhe totaf e arr amsint S P LB ALIPATIE G605 or ParepiSE bR e
Componeri r Goauancd it Aot ed dhite PR oK Tl Baasta sah%@ﬁf%c ¢

100t of deC TS ee R BE € R RPRLine 10 (SenERe @Enﬁffﬁif"i}'ey 4o

suppl i edyonWa 10 10 A5 c2MOHNG ?ﬂéiﬁPBQéHth?%e as a
l1,3-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

l1,3-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
l,3-dialkyl-2-imidazolidinone. Carbondioxide may be

used as gaseous, liquid, solid or supercritical carbon

|



v) the nolar amunt of carbon dioxide part in the carbon dioxide conmpound
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 disadvantageous because of
tendency to reduction in a production efficiency for the -5 JAN 2005
1, 3-di al kyl - 2-i m dazol i di none, while the total nolar anmount of nore than
100 folds may be di sadvantageous 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 .
wer. t han 50 be di sadvant ageous because

of 1 gﬁh\éﬁéﬁe“t%&%gﬁﬁe&ﬁﬁ BrodactiYh dgfqr’r?gﬁ@néypr%i?ﬁleimsthi%w 2005
Oy b BLeant Satb e AR Ee S bt R sy 1 § AArBage ¥ YRR aduct s »
tnd a rodct o e Emi SR 4 PR P L rEtr 500 ho GBI 6ds, more pref or abl y
otk BRIy BT B LB S B
of in the 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 l,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
1,3-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
both inclusive. A temperature of lower than 50 °C may
be disadvantageous because of tendency to reduction in

a production efficiency for the
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tendency to reduction in an yield of a 1, 3-dialkyl-2-imdazolidinone,
while a tinme of nore than 200 hours may be di sadvant ageous because of
tendency to reduction in a volunetric reaction efficiency. A reaﬂthgqmyw
the process of this invention may be conducted neat or sonetines using a
solvent. Any solvent which is inert to reaction substrates under the
reaction condition may be used; preferably, water, hydrocarbons, ethers,
am des, circular ureas and supercritical carbon dioxide. Anong these,
water or a 1, 3-dialkyl-2-imdazolidinone which is identical to the :
product s Jmre_preferabl.e because it can elinmnate an additional step of
recoveri %g %a ijo?@é(r%l'bgéé&leg?goilséhnpgﬁm i"Oht pRoAUEE NP EHERRUES 9ént s nay
nore. Dependi ng

be used al.qne or_in cophi.nation 19 - 5 JAN 2U05 of two or

on a sol sé%eu]gea?latrhe%peagt 5 nB§ BE 23ATAA RRATER U e Cirghag eodyst em of
two or }Ehgggseii The sol vent ,may, be sujtably used in an anount

suffici ent £0 dr €sHVet BCF&S3SBf 14 RPBRIC UGS the starting material s

used. The anount is preferably 100 parts by weight or |less, nore
preferably 50 parts by weight or less to one part by weight of an al kyl ene

oxide as a starji terial .. An ampunt. of nore than 100 _parts by wei ght
i's disadvantaged%sgggggﬁ%%noFlfgﬁégﬁgﬁnds 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
than200hoursmaybedisadvantageousbecauseoftendency

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 solventsmaybeusedaloneorincombination
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to reduction in a vofetric efficiency. 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 thi$ . IAN 2005
i nvention may be made of an appropriate known material, and a reactor
whose inner wall is at least partly nade of the followng material (1) is
preferable because it may provide a 1, 3-dial kyl-2-imdazolidinone wth a
hi gher yield: (1) a netal and/or its oxide containing at |east one
sel ected fromthe group consisting of titaniumand zirconium Exanples of
such a reactor include those totally 20 - 5 | AN 2005 nmade of a netal
cont ai ni 8§ tivancommerei.r cdependimge onvhmsecilnnentwaldedls athd east
partly coated with a metal or its oxide containing titaniumor zirconium
Exanpl esref ct hetatagobaceinu ¢k eahiiumaomuditr cphiawe syet gdecifndust ri al
pure titaniumin JIS Goups 1 to 4; anticorrosion titaniumalloys such as
Ti -0. 15Pdr TieBbFaphawieFi.- 0. 3Mo-0.8Ni; a-type titanium alloys such as
Ti-2.5Sn, Ti-5A1-2.5Sn, Ti-5A-2.5Sn(ELI), Ti-2.5Cu, Ti-20-1N5Fe,
Ti -5Ni - 0. 5Ru, TiTbhbeSRd>1l8€ntamk yThe 5BAtad 58nus3d -1MNbad. 3o On3Si; near
a-type titaniumalloys such as Ti-8Al-1Mo-1V,

sufficient to dissolve a part of at least one of the

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 1,3-dialkyl-2-imidazolidincne
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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Ti--2.25A1- 11Sn- 5Zr - 1Mb- 0. 2Si, Ti-6Al1-2Sn-4Zr-2M,

Ti - -5Al -5Sn- 2Zr - 2Mp- 0. 25Sn, Ti - 6Al - 2Nb- 1Ta- 0. 8Mp,  Ti - 6Al- 5Zr - 0. 5Me50)ARSIN05
and Ti-4.5A1-3V- 2Fe-2Mb; a+(3-type titaniumalloys such as Ti-5Al-2Cr - 1Fe,
Ti - 5Al -5Sn-5Zr - 2Cr - 1Fe, Ti-4Al-4NWn, Ti-3Al1-2.5V, Ti-6Al -4V,

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

Ti - 5Al- 2Zr-4Mo-4Cr, Ti- 6Al--1 . 7Fe-O 1Si, Ti-6. 4Al-1.2Fe,

Ti - 15Zr - 4Nb- 2Ta- - 2Pd, Ti-6A1l-7Nb and Ti-8Wnh; R-type titanium alloys such
as Ti-13V-11Cr-3A1, Ti-15Mo-5Zr, Ti-15Nb 0. 2Pd, Ti-15V-3Cr-3Sn-3A1,

Ti - 20V- 4A1- § Ti--22V-4A1 and -16V-4Sn- 3A1- 3Nb; . near (3-type titanium
al 1l oys sulf 3§ of-aRebed. %Q\Tta?‘rﬂd‘lfm Higgml BR B Al repidghn ant APSEys such
as 21 - 5 JAN 2005 zircal zircaloy-4, Zr-2.5Nb and ozenite. Anong

t hese net 1’87 5Fi ?3&%"&%ﬁ¥a¥ﬁl ir@taéltspér%tlhr‘é%lt@lﬂ & Japl @ s edi al
pure titanium or an. .anticorrosi on titaniumalloy is nore preferable. In
the proceSs oft 3 R¥- FRVENE FBA D 1T 414y BAEM 8% darardiammonoal kyl ani ne are
reacted to give a 1, 3-dialkyl-2-imdazolidinone via correspondi ng

N-al kyl nonoet hanol am ne and N-al kyl di et hanol arri ne as internediates.
According _to th Proc ss of this invention,

1, 3-di al k{A az‘“Pﬁn ot | aﬁoﬁletal?ﬁ@@efto%anwérpamédzmr%mwm an

include industrial pure titanium in JIS Groups 1 to 4;
anticorrosiontitaniumalloys suchas Ti-0.15Pd, Ti-5Ta
and Ti-0.3Mo-0.8Ni; a-type titanium alloys such as
Ti-2.58n, Ti-5A1-2.58n, Ti-5A1-2.5Sn(ELI), Ti-2.5Cu,
Ti-20-1N-5Fe, Ti-5Ni-0.5Ru, Ti-0.5Pd-3Co and
Ti-5.5A1-3.55n-3Z2r-1Nb-0.3Mo-0.35i; near a-type
titanium alloys such as Ti-8Al-1Mo-1V,
Ti-2.25A1-118n-5Zr-1Mo-0.251, Ti-6A1-2Sn-4Zr-2Mo,
Ti-5A1-58Sn-2Zr-2Mo-0.258n, Ti-6Al1-2Nb-1Ta-0.8Mo,
Ti-6A1-5Z2r-0.5M0~0.2S81i and Ti-4.5A1-3V-2Fe-2Mo;
a+Pf-type titanium alloys such as Ti-5Al-2Cr-1Fe,
Ti-5Al1-58Sn~52r-2Cr-1Fe, Ti-4Al-4Mn, Ti-3A1-2.5V,
Ti-6Al-4V, Ti-6A1-4V(ELI), Ti-6A1l-6V-28n,
Ti-6Al-28Sn-4Zr-6Mo, Ti-7RA1-4Mo, Ti~-5Al-2Zr~-4Mo-4Cr,
Ti-6Al-1.7Fe-0.1Si, Ti-6.4A1-1.2Fe,
Ti-15Zr-4Nb-2Ta-2Pd, Ti~6Al—7Nb and Ti-8Mn; PB-type
titanium alloys such as Ti~-13V-11Cr-3Al1l, Ti-1i5Mo-5Zr,
Ti-15Mo-0.2Pd, Ti-15V-3Cr-3Sn-3Al, Ti-20V-4A1-1Sn,
T1i-22V-4A1 and Ti-16V-43n-3A1-3Nb; near P-type
titanium alloys such as Ti-10V-~2Fe-~3A1 and

Ti-9.5V-2.5M0o-3A1; zirconium alloys such as
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N al kyl nonoet hanol am ne and N-al kyl di et hanol am ne at 50 C or higher and
then reacting these products at a further higher tenperature. In such a
case, the 1, 3-dialkyl-2-imdazolidinone nay be formed not only f%ﬁﬂ]&p?
N- al kyl nonoet hanol am ne but also fromthe N-alkyl di et hanol am ne. é,-'®5
IS not necessary to separate these. Any style of the process of this

I nvention may be enployed as long as starting materials used can be
effectively m xed and contacted with other material. Any of batch,
sem - batch and continuous flow systens may be enpl oyed; for exanple, ,
charging all nmaterials together in a reactor, continuous or intermttent
22 . AN 21605 te¥diZrg ira@lenst ofe nat &fikalandt o zehei beher Amaherial s,
or continuously or intermttently feeding all materials. Alternatively,
after mxPRG e hBetiaks, &dpoménmanentagaringf ndteadecanme conponent, then
the mxture may be fed into a reactor. In such a case, a reaction may
proceed Phed $68B1S N daid Hias thia kybrareoet harol Buine mnadhor an

N-al kyl di et hanol am ne may be forned in the line. In the process of this
invaﬂioﬁ?t&ﬁﬁ66@éﬂo%o¥GMQﬁﬂﬁﬁyaﬁ#owfhﬁm59$ﬁypremﬁﬂ£ulasquah for
exanple, by distillation or crystallization to provide a desired

1, 3-di al kyl - 2-i m dazol i di none.

In the process of this invention, an alkylene
oxide and a monoalkylamine are reacted to give a
l,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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When a 1, 3-di al kyl - 2-i m 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 enbodi ments in F'955I§N2®9d 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 - 5 J
AN 2005 conponent (D) and carbon dioxi de as anot her conmpound of the
conponent. (D). are fed to the 1,3-dinethyl-2-imdazolidinone preparation
sth Vi a%elgl%JeggLf’,feL?taHrFi%,t roéh%e@lait\ﬁeqyalTﬁéﬂé@nﬁ@rﬂan‘?til(eE) and/hor (F)
may be used in,place of or in addition to the conponent (D). In such a
ca>s/e, a E‘é&tﬁ)ﬁl il RY E8MFotME s hpneredmi erfAd tan t Ay o‘m@@miemt (E)2 i s
fed tot 1, 3-di net.hyl - 2-im dazol i di none preparation step via line 52,
mhile:Lgaﬁimﬁm?F& as frd ebRpdniche 1 Y(Fp fitee F emiviia g itee 581 rBithy| ene
oxi de, nononethyl am ne, carbon di oxi de, the carbon dioxide conpounds of
nononet h§P§m‘ﬁ’ée\éﬁd N B iRt hyPhr & reie CHRY 6RO RERIthg Hrehetibte two of

[ N for intrqducing to the preparation ste 1) or b
g??:gtignyxeﬁ%g %%ﬁ’ﬁ% %ed %nto g reacto?. pIn such alﬁésé, a Y

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
1,3-dimethyl-2~-imidazolidinone preparation step (1},

ethylene oxide, monomethylamine as one compound of the
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i ntroducing into a reactor without line L5. Wien enploying mxing 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 conmpound of nononet hyl am ne;  gapghPMJ
represents 1, 3-dinmethylurea. In the 1,3-dinethyl-2-imdazolidinone
preparation step, the anmount of the second conponent supplied to the
reaction is determned such that the 24 - 5 JAN 2005 total of the follow ng
') toiii") is preferably at |east three folds, nore preferably 3 to 40
folds both inclusive of the nolar ampunt of ethylene oxide supplied. This
nol ar ratPBP&N¢REs ((hWana BAf ¢1amkb aay deo Wi dadviemt ageduse becargeovhdt endency
to reduction.in an vyield of 1, 3-dinethyl-2-imdazolidinone, while that of
mor e t hatt 46 ¥ asmpRN 8B tdi 6Rdvantsageeds tisechhee of increase in a cost
for recoyering unreacted nononethyl am ne, the carbon di oxi de conpound of
mononet Kyt ATt @R8 YiL 32 dil et by P @rlded I Ron & et epeala b onhes treparv iaount  of
monomnet hyl am ne recovered and recycled and the nolar anount of
mononet Wyt BfiSn& lned ¥y aidpt Pedrepipgct hEetlst al  diha IRompbare rawUhE ) of
nnnonetolggine ngt in the carbon_ di oxi de conpound of

nd/or may be used in place of or in addition to

the component (D). 1In such a case, a carbon dioxide

compound of monomethylamine as the component (E) is fed

tothel,3—dimethyl—2-imidazolidinonepreparationstep

via line 52, while l,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 LS 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
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nmonomnet 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 amoun of
PHpe

1, 3-di net hyl urea recovered and recycled and the double of the nb unt

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 nmay be used as gaseous,
liquid, solid or supercritical carbon 25 - 5 JAN 2005 di oxi de. Carbon

di oxi de di scharged fromlines L20 and L22 may be recovered for recycling.
The amount of the second conponent supplied for this reaction is

det er ni ne@tsukhofhathe heoddiawing tihe) tol lidvwi hy e prebewidhlisat
preferably at | east one and half folds, nore preferably 4 to 100 fol ds
bot h i nclggiste tbreehd obfar aruat Poe fhgbdne Joxtided Sufpllicsl. bhibs  nol ar
ratio of |ess than one and half folds is disadvantageous because of

t endencylf& eghve of tilne 1o bz sduee Rof @f kitdi phey o oritdesupplied.
1,3-dialka-Z-inidazoIidLnone, while the nolar ratio of nore than 100

fol ds mayDBe& dreaddfant a§ésuscbed@is® then ehdéndyd 3 omeadueeion in a

volumetric efficiency of the reactor: iv') the total of the nolar anount
of carboflsadvantadeous because of tendency to reduction in an

yieldof 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:

1') 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

1ii') 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
l,3-dimethyl-2-imidazolidinone preparation stepmaybe

used as gaseous, liquid, solid or supercritical carbon
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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
di oxi de conpound of nononethylam ne newy supplied; v') the total-gfjalhels
nol ar anmount of 1, 3-dinmethylurea recovered and recycl ed and the nol ar
anount of 1,3-dinmethylurea newy supplied; and vi') the total of the nolar
anount of carbon dioxide recovered and recycl ed and the nol ar anount of
carbon di oxide newy supplied. 26 - 5 J AN K 05 The reaction in the
1, 3-di met hyl - 2-i m dazol i di none preparation step is conducted at 50 ' C or
hi gher, preferably 50 to 300 'C both inclusive. A tenperature of | ower
than 50 EXC&Ee -t o GREhen 84 9ni depd bardia vaces fireieddnesrl D angd
tenperatﬂég of higher t han 300 C may be di sadvant ageous because of
t endency iBRY eRSe TREBYHOUACES T A BEYSSHFBIdepends on factors such as a
t enperature and iéartinqlnaterials; preferably 4 MPa to 30 MPa both
i nclusi ve. A pres86r8MgunbsRithBR 2 awmd R9MBe 'k REdTHRPAgeddst because of
t endency ho reducti,on i.n a production efficiency for
1, 3- di netRyIS 2947 HA2A it imeE b1 @das Brds Sitat of henbed ahanf 30hfPa may
be disadgaaaﬁggous because of ., jincrease in a groduction cost of a reactor.
e} ing 1v to vi') 1s 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 total of the molar amount of carbon

dioxide recovered and recycled and the molar amcount of

carbon dioxide newly supplied.
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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 Eo 5%q
hours both inclusive. Atinme of |ess than 0.01 hours may be JAN 205
di sadvant ageous because of tendency to reduction in an yield of

1, 3-di net hyl - 2-i m dazol i dinone, while a tine of nore than 2.00 hours may
be di sadvant ageous because of tendency 27 JA's 2005 to reduction in a
volunetric reaction efficiency. In the 1,3-dinethyl-2-imdazolidinone
preparation step, the reaction my be conducted in the presence of water,
which is introdu@@& Vi @2 Fitdean Linatdhe 5. The anount of water supplied to
t he reac % determ ned such that the anount of water recovered and
recycl edta d'ciﬁalf‘élt%l’ v ~dubbf pE® 1 kd hpeme aBFy PEODA pacs SbgpPwei ght or

| ess, nore %égger |y gg parts by melght or | ess to one part by melght of
et hyl eneCBRIAHC EBApEted® 0 The C&nduhd N & ok Befram by é&rttso byO0Rei’§ht is
dlsadvanb?% ous hecause of reductlon inavolunetric efficiency of the

react or D& FRVIRA - 281 P BREGI 3 HRAGne Jp%’ﬁdfr éthlad’h5§t ep Imgdee
as shown in Fig afirst reaction step

carried out b t eps,
(8) for CBr GRATRE BT hebnih dRF RO haRG! Sdiciendy’ for
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
1,3-dimethyl-2-imidazolidinone, while a time of more

than 200 hoursmaybedisadvantagecus becauseof tendency
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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) . In this case, to the first reaction steEHare f ed

et hyl ene oxide via |lines L43, nononet hyl am ne as one conpound in- &N 2006
component (D) via line L40 and carbon di oxi de as another conpound in the
conponent (D) via 28 - 51 &N 2063 line L41. Alternatively, the conponent
(E) and/or (F) nmay be used in place of or in addition to the conponent
(D). In such a case, the carbon di oxi de conpound of nononethyl am ne as .the
conponent (E) is fed via line L54 to the first reaction step while 1,
3- di et hfPureadugg itdve donponentl (Rt s of ede wca ilomeelfd5 c Eehylyene  oxi de,
nononet hyl am ne, carbon di oxi de, the carbon dioxide conpound of
nononet hyl ami ne and 1, 3-di nethylurea may be fed by m xing at | east two of
these in line L44 before introducing to the first reaction step or by
directly introduénnghet d,3 re@anedhy i hduideme Liddi ntien enpl oyi ng
mxing in line L44, |line L44 may be heated for pronoting a reaction in the
line. InPERPFTastareacie¢bn $hep react menhylagnibm)cendancdednin the
N- met hyl di et hanol am ne are prepared by conducting the reaction at 50 C or
hi gher. Presence of water, which is introduced via lines L4 and
L5. The amount of water supplied 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
orlesstxaonepartknrweightofethyleneoxidesupplied.
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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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. Acpﬁﬁﬁgﬁge
in the first reaction step depends on factors such as a tenperature
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 -5JAN2005 A reaction m xture
contai ning 2-(methyl am no)ethanol and N nethyl di et hanol ami ne prepared in
the first reaction step and unreacted nononethylam ne can be directly fed
via lines L45, L47 and L49 to the second reaction step. The reaction
m xture éamed dlkd télithersedoide Lyactihen cstrepoakiner (Heiargifed (@)l i ne L5
and being prenm xed with other naterials such as nonomethyl am ne, carbon
di oxi de, M@lye becarsspd dnorilde ecanfpmmdi nfaddidniet hyt ant he, colnds gle et hyl ur ea
and/ or wat er sugpl led via L2, and so on. In the process of this invention,
the amouhPlof £hesseziond caponehhssupptben tdibhe dé redtmpeantdonfstep is
determ ned such that the total nolar anount of the following i") to iii")
i s pref efPaBIgnet hydamingr ¢ tbhedsompesepref éEabllys f¢d 40 & ol lsebot h
inclusive_of the nolar anmount of ethylene oxide supplied. This nolar

L34 to the first reaction step while l,3-dimethylurea

as the component (F) is fed via line L55. Ethylene

oxide, monomethylamine, carbon dioxide, the carbon

dioxide compound of monomethylamine and

1l,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)ethanolandNFmethyldiethan§lamineare
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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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 maybe di sadvant ageous because of reduction in a vol tri“(jq
efficiency of a reactor, and increase in a cost for recovery of th A

unr eact ed nnnonethylanine and the carbon dioxi de conpound of
nononet hyl am ne: 30 - 5 JAN 2005 i") the total of the nolar anount of
nononet hyl am ne recovered and recycled and the nolar anount of
nononet hyl am ne newly supplied; ii") the total of the nolar amount of
nmonomnet hyl am ne part in the carbon di oxi de conpound of nononethyl ami ne
recovered and recycled and the nolar anount of nononet hyl am ne newy
supplied in the carbon dioxide conpound of nononethylamne; and iii") the

total of the doupl %e@cﬁﬁ%rﬁ%ﬁkt%@é‘”&oncﬁa}n? %IITE'[ hyl urea recovered and
recycled and the double of the nmolar anount o 3-di nethyl urea newy

suppl | edy -Gaidony Ui 48 ) exlahB 1t hen b RSl AGHIPIe PhaR o 1B 1, USed as

gaseous, liquid, “solid or supercritical car anount of the
second corRYERéd SUPPEhed £prkhe xféééhroqﬁcgbc% S&ﬁfa lu% 1 grgped such
t hat the total nolar anount of the followng iv IS preferably

100 fol dgodlont€6EyAfah DReMelad] ™ ectly fed via lines L45, L47

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,
l,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 iii") 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 foldsmaybe disadvantageous because
of tendency to reduction in an yield of
l,3-dimethyl-2-imidazoclidinone, 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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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 cggbgﬁ ;
di oxide part in the carbon di oxi de conpound of nononethylam ne rec v @@
and recycled and the nolar anount of carbon dioxide part in the carbon
di oxide 31 -- 5 JAN 2005 conpound of nononet hyl am ne newly supplied; v")
the total of the nolar anmount of carbon dioxide recovered and recycl ed and
the nol ar amount of carbon di oxide newy supplied; and vi") the total of
the nolar amount of 1,3-dinethylurea recovered and recycled and the nolar
anount of 1, 3-dihBdhydhueesotewl yofuppdte edollawr t hecfinst oifeacti on step, the
reaction may be conducted in the presence of water, which is introduced
via |inentapmerheydreguhn eofr avat ee reuppd ndd ries pe bber dilg th@Onpat &s by
wei ght or less, nore preferably 50 parts by weight or less to one part by
wei ght oimetuimtl ené oo nlemeduippl fed.nhereantounsupfpInbed;t han 100 parts by
wei ght is disadvantageous because of reduction in a volunetric
ef ficiency. The pt8desshef tidtiali mierthenmralya coaprdisetaoc fsevent h
separation step (8). In such a case, a part or all of the reaction m xture
prepar edipomret hydggmine part in the carbon dioxide compound of

monomethylamine recovered and recycled and the molar

amount of monomethylamine newly supplied in the carbon

dioxide compound of monomethylamine; and

1ii") the total of the double of themolar 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 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 1less of the molar amount
of ethylene oxide supplied. This molar ratioc of more
thanl00 foldsmaybedisadvantageous becauseof 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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reaction step may be fed to the seventh separation step via lines L45 and
L46. In the seventh separation step, a first fraction containing unreacted
nononet hyl ami ne as a nain conponent and a second fraction ContanUFQZWS

2- (met hyl am no) et hanol and N-net hyl di et hanol am ne as rmai n conmponefits 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
toline L5 and premxing it wth other materials such as nononet hyl am ne,
carbon abmride dndfomavacme thyhamfiore exampl e, shippel 1@d;Here, "a first
fraction containing X as a main conponent and a second fraction containing
Y as a main congbnehheareoseparaf et hfer one Z'a meams urtat o fhe afivsh and
second fractions are separated fromZ so that the first fraction contains
more X thooxtle ssontdemettdng, rangcled sndohd o maxrl & onawontreti nsf nore Y
than the first fraction.”™ To the second reaction step can be fed the
reacti orcdfRour ed bpradidrednimw lithestippsti e dactdronh step via lines L47 and L49
and/ or the second fraction in the seventh separation step via |lines L48
and L49, to feed i} (#dtshytakiado)efhid® mad aF nemkyrd eeflanol ani ne
produced in the first reaction step to the second

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
vialinelL42. Theamountofwater suppliedispreferably
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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reaction step. Wien feeding at | east one of unreacted conponents (D)
and (F) to the second reaction step, the second reaction step may be
conducted as such. Further, to the second reaction step may be supplied
nmononet hyl am ne via line L2, carbon dioxide via line L3, the carboh AN 2005
di oxi de conpound of nononethylamne via |ine L52 and/or 1, 3-dinethylurea
via |line L53Thdofihet Sezondtonemeyibd stepubaybe supphé¢efiithe reaction

, (B)

m xture in the first reaction step, the second fraction in th sevent h
separation sEepctHBRGHAYEAM e ngr bohPe A ETERE L8R bbA 2di oxi de
compound of . JONOIMELAYLAM D fo-LffPl IY11UGA BAY/H1q WALET ahter 33 mixing
at | east two of ém "f'n the secon eaction step, the reaction is

conducted at s409nE ©F M Yheima ohef es@ahldy + 8Q0s &cévd IR ctG daptsheipncl usi ve,
preferably with a residence tinme of | to 24 hours both inclusive. A

reaction tenpétarufeediofg Itédes firthghi000t € liig ed LS ativamredeictisr hecause of
tendency to reduction in a ﬁroduction efficien

! y .for,
1, 3- di met hyl ¥3EpnPHRSHI TYF Hbhel i 12" £33 SPPErs e 25F "SroFE *PREn 300 C i s

di sadvant ageqys.bacausg, 8f L8RdeNe¥ont OsEedughhgNe| N1 @ReYLeLd Of _
1, 3-di met hyl - 2-1 m dazol 1 dinone. A residence tine of |ess than 1 hour is

di sadvant ageous because of t_endengy to reduction in a production
efficiency for 1,83¢8fmelRyIfi35Enitd25EPI AEGRE2IATTE & P&si‘delcd time

component and a second fraction containing Y as a main
component are separated from Z" means that the first and
second fractions are separated from Z'so that the first
fraction contains more X than the second fraction, and
the second fractiomn contains more Y than the first

fraction.”

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 dicxide via line
L3, the carbon dioxide compound of monomethylamine via
line L52 and/or 1,3-dimethylurea via line L53. To the
secondreactionstepmaybesuppliedtheﬁeactionmixture
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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of nore than 24 hour is disadvantageous because of tendency to reduction
in a volunetric efficiency of a reactor. A pressure depends on factors ,
such as a tenperature and the anounts of starting materials; preferably 4
MPa to 30 MPa both inclusive. A pressure 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 is di sadvant ageous because of increase in a production cost of
a reactor. 34 - 5 JAN 205 In the process of this invention, the anount of
t he second conponent supplied to the second reaction step is determ ned
such thatikhag ddal l1elar ameundfothdde following i" ' ) to iii"" ) is
preferably at least two folds, nore preferably 2 to 39 folds both
i nclusive of the nolar anpbunt of ethyl ene oxide supplied to the first
reaction step. The nolar ratio of |less than two folds may be
di sadvant ageous Irmetauses ®f ohehdeaay tticon eductp pnthre ane yicelidbwf is
1, 3-di met hyl - 2-i m dazol i di none, while that of nore than 39 fol ds maybe
di sadvariagdaus deécatusk00f °Ceduchiiahetrp predaeabily affd Ciknoy 1d0a
reactor, and increase in a cost for recovering unreacted nononethyl am ne,
t he car’l@oib odiloxi de laspoend pafe Tenaipdt hyw Atrhine aerd ild 8adiemetimyd ur £a:
1 to 24 hours both inclusive. A reaction temperature
of lessthanl00° isdisadvantagecus becauseof tendency
to reduction in a production efficiency fdr
1,3-dimethyl-2-imidazolidinone while a temperature of
more than 300 °C is disadvantageous because of tendency
to reduction in an yield of
1,3-dimethyl-2-imidazolidinone. A residence time of
less than 1 hour is disadvantageous because of tendency
to reduction in a production efficiency for
1,3-dimethyl-2-imidazolidinone while a residence time
of more than 24 hour is disadvantagecus 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
1,3-dimethyl-2-imidazeclidinone while a pressure of

more than 30 MPa is disadvantageous because of increase

in a production cost of a reactor.

34



I"') the total of the nolar amount of nononmethylamne fed fromthe first
reaction step to the second reaction step, the nolar anount of
nononet hyl am ne recovered and recycled and the nolar anount
mononet hyl amine newly supplied; ii"') the total of the molar anound J&N 2005
nononet hyl am ne part in the carbon di oxi de conpound of nononethyl am ne fed
fromthe first reaction step to the second reaction step, the nolar anount
of nononet hyl ami ne part in the carbon di oxi de conpound of 36
nonomnet hyl am ne recovered and recycled and the nolar anount of
nmononet hyl am ne in the carbon di oxi de conpound of nononethyl am ne newy
supplied; and iii"In)thaerteocssvfof Hehdsubhy eoftihe ,miller amount: odf
1,3-dimethylurea fed fromthe first reaction step to the second reaction
step, the HHBDEE GINEhe oFdi @R eninsurRp bl et Fali bbehyWareadr ecwet ¢dmand
recycled and the double of the nolar amount of 1, 3-dinmethylurea newy
suppl i ed. 9%ePheéSpAedessmdnerchisy ¢viemaitonh ecdrdonl dhotiade ausedti p ft he
second reaction step may be used as gaseous, liquid, solid or
supercrititch® EalBey imexi dé) tThelidnvuntl oo nébesedong conpoaent tswppl i ed
to the second reaction step is determ ned such that the total nolar

anount of Epddpel MeFsgpreferatnlyi2’ foi 8 prisfkdabbpthatinehesives fol ds,
nore preferably 4 to 100 fol ds both

of the meclar amount of ethylene oxide supplied to the

first reaction step. The molar

ratio of less than two folds may be disadvantageous
because of tendency to reduction in an yield of
l,3-dimethyl-2-imidazolidinone, while that of more
than39foldsmaybedisadvantageoﬁsbecauseofreduction
in a volmetric efficiency of a reactor, and increase
inzacosﬁforIecoveringunreactedmonomethylamine,the
carbon dioxide compound of monomethylamine and
1,3-dimethylurea:

i"") the total of the molar amount of
meonomethylamine 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;

ii1"') 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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i nclusive of the nolar anpbunt of ethylene oxide supplied. This nolar ratio
of less than 1.5 folds is disadvantageous because of tendency to reduction
in an vyield of 1,3-dinethyl-2-imdazolidinone, while the nolar ratio of
nore than 100 fol ds nmay be di sadvant ageous because of tendency to
reduction in a volunetric efficiency of the reactor: iv"') the total of
the nol ar anbunt of carbon dioxide fed fromthe first reaction step to the
second 36 - 5 JAN 2005 reaction step, the nolar anount of carbon dioxide
recovered and recycled and the nol ar amount of carbon dioxide newy :
supplied; v"') the total of the nolar anmount of carbon dioxide part in the
car bon dheRrpde thypearid of r ersriotreeldy |amd neefcatt T edmatrte £ hestmalkacti on
step to the second reaction step, the nolar anount of carbon dioxide part
in the cirUM P ExNed oosipoYAE ol N avifo fbtehglbant wwe d e dver edmgmumndcycl ed
and the nol ar anmount of carbon dioxide part in the carbon dioxi de conpound
of nonoret PnematheWpisgpeedy adppiliedt handtal of the nolar anount
of 1,3-dinethylurea fed fromthe first reaction step to the second
reaction step, thelfidlathgnrbeha lof f1the-dpwstle/lodfr hervodvaar edhanntr ecycl ed
and the nolar anmount of 1, 3-dinethylurea nemﬂy suppl i ed.

of 1,3-dimethylurea fed from the first reaction step

to the second reaction step, the double of the molar

amount of 1,3-dimethylurea recovered and recycled and

the double of themolar 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,
liguid, 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 themolaramount of ethyleneoxide supplied.
This molar ratio of less than 1.5 folds is
disadvantageous because of tendency to reduction in an
yield of 1,3-dimethyl-2-imidazolidinone, while the
molarratioofmore thanl1l00 foldsmaybe disadvantageous
because ¢f 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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In the second reaction step, water may be introduced via line L4. The
anmount of water supplied is determ ned such that the total of water fed
fromthe first reaction step, water recovered and recycled in the @@ﬁﬂ?
reaction step and water newy supplied is preferably 100 parts by weig

or less, nore preferably 50 parts by weight or less to one part by weight
of ethylene oxide supplied to the first reaction step. 37 5 JAN ?005 In
the 1, 3-di net hyl - 2-i mi dazol i di none preparation step or the second reaction
step, DM is produced. The reaction mxture obtained in the 1, :
3-di net hyl - 2-i m dazol i di none preparation step or the second reaction step
cont ai nst RAEEL O oRLISH | | A SarPéa T wHhek ndr 0 Bincred davidigeaibei | i ng poi nt
hi gher than that of water and | ower than that of DM such as

2- (et hyf afPi® et fafsld reqydilwst Mnai pheaRicfea aindmount of carbon

N, N - di net hyl et hyl enedi am ne;_ hi gh-boiling conpounds which are conpounds
havi ng #HbBREYR) PEWRY h?gﬁé’rl%ﬁgﬁ that of DM such as 1, 3-di net hyl urea,
1- net hyl - 2-i mi dazol i di none and _ N-nret hyl di et hanol am ne; anmonia and its
carbon di oxi de Etonmpolitd, tRGFokePRy|tdie nBo 1di rreaipiuant nef qarherhyl ani ne,

and cargfn di,oxi de conpounds of these am nes; and carbon di oxide, as
bypr oducd 5981 dfr Badtted " kit | @RS P Fk afpPesi B¢ &SI ®BA I DKi de conpound
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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ammoni a or an am ne include carbamates, carbonates and hydrogencarbonates.
The reaction mxture in the 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 - 5 JAN 200&N 2005
m xture obtained in the 1, 3-dinethyl-2-imdazolidinone preparation step
or the second reaction step is separated into the first fraction
cont ai ni ng nmononet hyl am ne, carbon di oxi de and the carbon di oxi de conpound
of nononet hyl am ne as nmain conponents, and al so containing water; and.the
second fraction containing DM and the above high-boiling conpounds as
mai n conponent s, Iandhel $o 3cohi mehingl wat-emidheofliidt nbmact i on may be fed
to the fourth separation step (5) via lines L7, L14, L16 and L19, while
the secondetraaca fowmeytbp fead the tshecsrdomd separcat ionept,e®NB)igi a |ines
L8, L10 and L13. Separation in the first separation step is preferably
conduct eédr aducpdessufrel gwaact ham thaktiure thbtained in the
|, 3-di met hyl - 2-i m dazol i di none preparation step or the second reaction
step. Sukh3adnet hirlkes8uiaingdgzofldcd | hoateepvapor T 2 dtliconsafed ow bbel i ng
conponents such as nononet hyl am ne and a part of water, which are fed

second reaction step contains water; low-boiling amines

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-imidazeclidinone and

N-methyldiethanolamine; 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
l,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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to the fourth separation step. The process of this invention may conprise
an absorption step (10) between the first separation step and the fourth
separation step. In such a case, the first fraction in the first | 0
separation step is fed to the absorption step via lines L7, L14 and ﬁﬁg
39 - 5 JAN 2005 In the absorption step, the first fraction in the first
separation step is contacted with and absorbed in a solvent fed via line
L17. The first fraction in the first separation step may be introduced to
the absorption step as, for exanple, a gas, a quuid a solution such -as
an aquequs qut| n e t hese. sol.vent can be used as
Iongqas Tt% é“ﬁ%é’% a{'Bel‘%h&q}(}B %Mgsfillgﬂee%hyl]l %elmldaZOlldlnone
1,3-dineth I-2 I m dazol i di ng aration s ep the first reaction step
and ¢ he RESBAT 1 LAEH 6 e&%ﬁ”ﬂeh%;f?& fefagt SVERERSES GRAEAATY | nol e

water, h gﬁf%ir et h am des ang circul ar ureas, nmong t hese,

wat er anldl¥ 6}? grlé?seFa Iréacathﬁo\ll?/atce‘?n 8105 ¢ B‘roer’lfcérPﬁﬁll"é/ RBLEL 'anﬂ DM
f le b th t [t t t

e B merhoPeh %i%”%ﬁcf?dﬁﬁﬁdnatﬁsiaiara PBn ”oiﬁ?ébeatm‘?r oBthao fenct i on

- step, e'rﬁ&hBﬂlté{‘rg i‘%nﬁdﬁéte{[é’?n 1nre${§¥§5)é ste The e gocln\%/lg{gtezﬁt”ﬁ%be used

al one or ¥ A& on WO Oor
water; and the second fraction contalnlng 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,
L16 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 preparationstepor
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, Ll14 and L1S5.
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the absorption may be conducted in a multiphase (two or nore phase)

system A part of carbon dioxide which is not absorbed in a solvent in the
absorption step nay be discharged outside of the systemvia line L20. The
absorption solution in the absorption step is supplied to the fourh/AN 2005
separation step (5) via lines 40 - 5 JAN 2005 L18 and L19. In the fourth
separation step, ammonia, dinethylamne, trinmethylamne, the carbon

di oxi de conpound of ammoni a, the carbon di oxi de conmpound of

di et hyl am ne, and the carbon di oxi de conmpound of trinethylam ne produced
as byproducts in the 1, 3-dinethyl-2-imdazolidinone preparation step or

the second react{jonsd egbgroernﬁ@g?\giidsd%élléo livne k22 as fpgctfiijélzgi raction.

Mononet hyl ami ne and 1ts carbo bnpound” are recovere he

second faetE9Rsd iy éPStQQ{]ﬁ%@ itd18 o ewwi\éyheen%ﬁép%wﬁed

absorption step, a part of the solvent in the absorption ep 1s recovered

as_the segond fJ kLN £ Jhey $8cante f1 @61 Onp)§ EGGYLL efl Lo i

1, 3-di met hyl - 2-i m dazol i di none preparation step via ines L %nénLS, or

to the fipst #eaet %ﬁé%!%@f‘gﬁozft\,%}%‘lergéﬁﬁ%g £ SACEL Q0 cHLPe oARHS Of the

second fraction nmay be discarde e remai ning may be recycled
absorption step as, for example, a gas, a ligquid, a

solution such as an agueous 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
l1,3-dimethyl-2-imidazolidinone preparationstepor the
second reaction step, eliminating an additional
recovery step. These solvents may be used alone or in
combinaticonof twoormore. Dependingonasolventused,
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
coutside of the system via line L20.

The absorption-solution in the absorption step

is supplied to the fourth separation step (5) via lines
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to the 1, 3-dinmethyl-2-imdazolidinone preparation step or to the first
reaction step and/or the second reaction step. The first fraction may be
di scarded or undergo a disproportionation reaction to provide .
nononet hyl am ne and then recycled to the 1,3-dinethyl-2-inidazorhd$%bwg
preparation step or the first reaction step and/or the second reaction
step. 41 -- " I AN 2005 The fourth separation step is preferably conducted
in the presence of carbon dioxide for inproving a separation/recovery
efficiency for nononethylamne and/or its carbon dioxide conpound. Carbon
di oxi de may be used as any of gaseous, liquid, solid or supercritical
carbon didd dendBddalise, the reaction is conducted in the presence of
carbon dioxide in the 1,3-dinethyl-2-imdazolidinone preparation step or
the second reaction step, the separation in the fourth separation step
can be conducted w thout feeding additional carbon dioxide. Aternatively,

the first fractfontimetfeurtht seqearatiien sé€ppyr dMAocRLSHOr ption
solution fed fromthe absorption step can be contacted wth carbon dioxide

suppl i eddfipEfihyheniixie, The foathly sepanat,i obhst e PBYnbei CORMUE ed as  a
mul tistage process or conbined with a distillation process. Such a
mul ti st ageMprveegs off 2wmMsinida | ot h t bard oti st i blxaitdOn cRGSEs 8 dMays | Mpr ove
a recovery efficiency
dimethylamine, and the carbon dioxide compound of
trimethylamine produced as byproducts in the
1,3—dimethyl-2—imidazolidinonepreparationsteporthe
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
l,3-dimethyl-2-imidazolidinone preparation step via
lines L23 and L5, or to the first reaction step and/or
the second reaction step. Apartof the second fraction
may be discarded while the remaining may be recycled
tothe1,3—dimethyl—2—imidazolidinonepreparationstep
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
1,3—dimethyl-2—imidazolidinonepreparationsteporthe

first reaction step and/or the second reaction step.
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for nononet hyl am ne. When the fourth separation step is conducted as a
mul tistage process, the first fraction in the first separation step nay be
absorbed in water before being fed to a subsequent stage. The seggng
fraction containing DM and the above 42 - 5 JAN 2005 high-boiling~-~I N 2005
conpounds as main conponents and also containing water in the first
separation step is generally fed to the second separation step (3) via
lines LB, L10 and L13. The process of this invention rmay conprise a
hydrol ysis step (9) between the first separation step and the second
separation step. In such a case, 1, 3-dinmethylurea can be hydrol yzed by
feeding the second fraction in the first separation step to the hydrolysis
step via lines LB and L9, in which step the fraction is heated at 50 C or
hi gher. The hydrbRfsikavaidt i vppamiatier iss eppasatede Fetraial §irst fraction
containing, as. mai n conponents, nononet hyl am ne, carbon di oxide, and the
carbon dfBRIGHS t8Rpolkd ©P ihereehyf ae mzonpt eparetk by rimpaelytsi sgand al so
containing water; and a second fraction containing DM and the above
hi gh- boi #i A§PEMPbLRASY BECRHST K ofrfdrient enaiyd £ somocontet hiydgmater . The
first fraction iis fed to the fourth separation step via lines L11, L14,
L16 and $868/0r its carbon dioxide compound. Carbondioxide may

beusedasanyofgaseous,liquid,solidorsupercritical

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. Suchamultistage process or combinationwith

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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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 mi xture containing water and
DM fed to the 43 5 AN 2605 second separation step via line L13 isg jaN 2005
separated into the first fraction containing water and | ow boiling am nes
as main conponents and the second fraction containing DM and the above

hi gh-boi | i ng conpounds as main conmponents . The second fraction is fed to
the third separation step (4) via line L24. The first fraction may be

di scarded, or recycled to the 1,3-dinethyl-2-imdazolidinone preparation

step or BAghskeddd ngacomposhels via hianas t3hmpdbntls3®@gdalis Wwhen the
content of 2-(nethylam no)ethanol is low. Wen the content of _
2- (et hyFag@itril eihanovater signithiecafi rsat $epalr Paibnofstdg figst fraction
may be recycled to the 1,3-dimethyl-2-imdazolidinone preparation step or
the secofifinegzal Lonf stepo ke Iseesndleep alc26: 1 630 888 L5) A sarnativel v,
the fifth separation step (11) nay be added for heighten the content of
2- (et hykBmi de) @t RarbI L1d.the circulating liquid. To the fifth separation
step is fed.the first fraction in the second separation step via lines L25

The process of this invention nay comprise a
hydrolysis step (9) between the first separation step
and the second separation step. In such a case,
1,3—dimethylureacanbehydrolyzedbyfeedingthesecond
fractionjxlthefirstseparationsteptx>thehydrolysis
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.
Thesecondfractionis:ﬁﬂitothesecondseparationstep

via lines L12 and L13.

The mixture containing water and DMI fed to the
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and L27. The fifth separation step separates the fraction into the first
fraction containing water as a nain conponent and the second fraction
cont ai ning 2-(methyl am no)ethanol as a nmain conponent. The second
fraction is recycled to the 44 1, 3-dinmethyl-2-im dazolidinone prepa? dbH o
step or the second reaction step via lines L29, L30 and L5. In the fifth
separation step, 2-(nethylam no)ethanol nmay be separated for effectively
recycling 2- (methylam no) ethanol contained in the first fraction in the
second separation step to the 1, 3-dinethyl-2-imdazolidi none preparation
step or the second reaction step. The first fraction in the fifth

separ at i 9acsirep smp b ti scarstest; ot aal ilreast 1paits Gfeps bgtfddctiep my be
recycled to the 1, 3-dinethyl-2-imdazolidinone preparation step or the
second rehet ifonr steff r Jhe imnt abe teoihh ahri nga D¥lr andldt Newabe¥e1ing

hi gh-boi Il i ng conpounds fed to the third separation step (4) via line L24
i s separamédesmtasanfa ist clammgdhemt coahal nilng BMc&sda Fmd At ¢epponent and
a second fraction containing the above hi gh-boiling conmpounds as main

conponentsnitm tthenghDMI sephrtté anbsveph i -Bs id 1iegi ¢ 68 pRrslist a ks

obtained as the first fraction in the third separation step. A

rectifi omaiorcompeméns .muyThe selded d Hr aprtove diing fOM ¢ witthe & H uF gher
separation step (4) via line L24,. The first fraction
may be discarded, or recycled to the
1,3-dimethyl-2-imidazolidinone preparationstepor the
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, LZ26, L30 and LS. Alternatively, the fifth
separation step (11l) may be added for heighten the
content of 2-(methylamino)ethanol in the circulating

ligquid.

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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i nproved purity. In such a case, the first fraction in the third
;gBaratiog ste% is fed to the rectification step via line L32 and

rectified in the rectification step to provide DM with a high purtygwAﬁ?WS
~ JAN 2005 - 5 At least part of the second fraction in the third .
separation step may be recycled to the 1, 3-dinethyl-2-im dazolidinone 4
preparation step or the second reaction step via lines L31, L33, L34 an

L5. Circulation of the second fraction allows unreacted

N-net hyl di et hanol amine to be recycled. Furthernore, 1,3-dinethylurea as a
byproduct in the 1, 3-dinethyl-2-imdazolidinone preparation step or the

second rdacti dhmsttapy ey -hiem ¢ idmead Bi 6d nidh &l 1y éra?t'fj&g‘(}[tj{'%ﬂt;:)br;e% Ho be

reacted with water in the reaction system and deconpos

. . L : ) o ¢
mononet hylearend, r earctinino nds oxipde iand itrhes cap bony digoxide ;&onpoynd _
nnnonethilanine. It can, therefore, reduce the anmounts of nnnon%ﬁﬁ?lan1ne

e , . . T { di none
nd car b&d fdi loxé e aneant y o rs upipk bed 2t-0( h &€ hls sk ARHWE R 21id lid .
Sreparation step or the second reaction stéb. The process ggqﬁéﬁs i'nventi on

\ : . . second
??gcf?gﬁsff@tﬁgefﬁ;ﬁ?geﬁgfiagﬁmsﬁi%e?s(%%l%glg?hzugihx?hca:gioaﬁ gtei on step
Via|irmg~Ump@mylEﬁﬁnbnd&masbﬂbontainedjjlthefirst.fraction
in the second separation step to the
1,3—dimethyl—2—imidazolidinonepreparationsteporthe
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-imidazolidinonepreparationsteporthe

second reaction step.

The mixture containing DMI and the above
high—boilingcompoundsfedtx)thethirdseparationstep
{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 sStep.

DMI as a desired product is obtained as the first
fractioninthethirdseparationstep. 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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separation step, the fraction is separated into a first fraction
cont ai ni ng N-met hyl di et hanol am ne and 1, 3-di nethyl urea as main conponents
and a second fraction containing conpounds with a higher b0|I|ng_§§m@ﬂgﬁN
2005 point than that of 1,3-dinethylurea such as _
1- met hyl - 2-im dazol i di none as main conponents. At |east part of the first
fraction may be circulated into the 1, 3-dinethyl-2-imdazolidinone
preparation step or the second reaction step via lines L39, L34 and L5.
The second fraction may be discarded. Alternatively, this fraction nay
undergo nmethylation to provide DM and then fed to the third separation
step. The sixth separation step can allow N nethyldiethanol am ne and/ or
1,3-dinmethylurea to be effectively circulated into the 1, _
3-di net hyl - 2-i ni 8&zbkiedi theéer preehartet isomc shepfea dheo nSEE0NEer€/¢LION St ep.
In the process of this invention, a reactor for the _
1, 3-di mefRP_ADAL Aicdazot e Mong preepae ayicdne gt ¢p, thse first reaction step
and the second reaction step nmay be made of an appropriate known material,
and a rbactotiRRédey I nheri miadik ziosl bdl i hearst ppae 4y atden @ft @p oFetale and/ or
Its oxide containing at | east one selected fromthe group consisting of
titani unf8FPArE6RIAUN B Sirep evalel el itusisng. 3UchLa ¥ earBar avey akl.ow DM s
to be prepared with a hi%her yi el d. Exanple§ of such a reactor
Circulation of the second fraction allows unreacted

N-methyldiethanolamine to be recycled. Furthermore,
1,3-dimethylurea as a byproduct in the
1,3—dimethyl—2-imidazolidinonepreparationsteporthe
second reaction step may be circulated to allow
1,3—dimethylureatobereactedwithwaterinthereaction
system and decomposed into monomethylamine, carbon
dioxide and the carbon dioxide compound of
monomethylamine. It can, therefore, reduce fhe
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
fractionjJ1thethirdseparationstepisfkd1u)thesixth
separation step via lines L31 and L37. In the sixth
separation step, the fraction is separated into a first
fraction containing N-methyldiethanolamine and
l,3-dimethylurea as main components and a second

fraction containing compounds with a higher boiling
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include those totally nade of a nmetal containing titanium or zirconium
and those whose inner wall is at least partly coated with a metal or its
oxi de containing titaniumor zirconium Exanples of a netal contalngn@mélzgn5
titaniumor zirconiuminclude industrial pure titanium in JI'S Goups It

4; anticorrosion titaniumalloys such as Ti-0.15Pd, Ti-5Ta and
Ti-0.3Mb-0.8Ni; a-type titaniumalloys such as Ti-2.5Sn, Ti-5Al1-2.5Sn,

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 - 1Nb- 0. 3Mb-0. 3Si; near a-type titaniumalloys such as
Ti-M-1M-I1V, Ti-2.25A1-11Sn-5Zr-1Mo-0.2Si, Ti-6Al-2Sn-4Zr-2Mo,

Ti - 5A1- 5BA1ZA - piver0. PBsf, of - 6AR-2NbmeTh 0l 8Mea FuecBALSZr- 0. 5M- 0. 2Si

and Ti-4.5A1-3V-2Fe-2M; a+{i-type titaniumalloys such as Ti-5Al-2Cr- 1Fe,
Ti - 5Al - 5bnsArh pEr 2rFemitia A\l idimorme - 341-Ra5Y, cdmpbAbrds. At

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

Ti - 5A1- 2¥PasbPAEt offitBAl firaefoast i ofi mayAle kPFeplated into

Ti - 15Zr - 4Nb- 2Ta- 2Pd, Ti-6Al1-7Nb and Ti-8M; (3-type titaniumalloys such
as Ti- 13V0F| by 33ALmathysvb2 52mi d o 15vbi Do2Rdp rEipalSy/t 36 3BeB34E,

Ti - 20V-4A1-1Sn, Ti-22V-4A1 and Ti-16V-4Sn- 3A1-3Nb; near n-type titanium
al | oys stR &gcPnde2FEinm sgmp viia d 5veg. BM9-3D84 andcbhi.umBhkoys such

as second fraction may 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

1,3-dimethyl-2-imidazolidinone preparationstepor 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
include those totallymadeof ametal containingtitanium
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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zircal oy-2, zircaloy-4, Zr-2.5Nb and ozenite. Anong these netals,
titaniumcontaining netals are preferable and industrial pure titanium or
an anticorrosion titaniumalloy is nore preferable. 48 -5 J" J ?P,05 In
the process of this invention, a separator in the first separation step
maybe made of an appropriate known material. In a preferable separator,
the inner wall is at least partly nade of (1) a netal and/or its oxide
containing at | east one selected fromthe group consisting of titanium and
zirconiumor (llI) an inorganic glass. Use of such a separator is

advant ageous because it may prevent solid formation and |ine clogging.
Exanpl est bt 30 L2Ba? &t B Iickdl LR R6daidmtindny tidel gpure Méttad n font ai ni ng
titani um or fgrconiun] those whose inner wall is at least partially coated
with a mebal > BhPART dgtei f am bkisoBrpedmumidraniamrildeyy shoseh

entirely made oé inor%ani c glass; and those whose inner wall is coated
c 5. LEX

n
with an #forddn ?éﬁ At ed N6t BImdt-alMeoft-& Mt ng it wpeum or
zirconiunlgaékbe as described in the 1,3-dinethyl-2-imdazolidinone
pr epar at ¥ bh 3 dpm 2 St Fek@h ngsal Bl - & -5 %mni dhcohl aizni Tgnmet al i s

pr ef erah%e_gg&aigdgst rg al _pure titaniumor an_ anticorrosion titaniumalloy
is nore pte bf e SAht Fhdr gant &~gl-adsbi n Tt 20 APent F8n neans an

Ti-5Ni-0.5Ru, Ti-0.5Pd-3Co and
Ti-5.5A1-3.5Sn-3Zr-1Nb-0.3M0o~0.3Si; near a-type
titanium alloys such as Ti-8Al-1Mo-1V,
Ti-2.25A1-115n~52r-1Mo-0.2Si, Ti-6A1-2Sn-4Zr-2Mo,
Ti-5A1-5Sn-22r-2Mo-0.258%n, Ti-6A1l-2Nb-1Ta-0.8Mo,
Ti-6Al-5Zr~0.5M0-0.28i and Ti-4.5A1-3V-2Fe-2Mo;
a+P-type titanium alloys such as Ti-5Al1-2Cr-1Fe,
Ti-5A1-5Sn-52r-2Cr-1Fe, Ti-4Al-4Mn, Ti-3Al1-2.5V,
Ti-6A1-4V, Ti-6A1-4V(ELI), Ti-6A1-6V-2Sn,
Ti-6A1-2Sn-4Zr-6Mo, Ti-7A1-4Mo, Ti-5A1-2Zr-4Mo-4Cr,
Ti-6A1-1.7Fe~0.1S1i, Ti-6.4A1-1.2Fe,
Ti-15Zr-4Nb-2Ta-2Pd, Ti-6Al-7Nb and Ti-8Mn; P-type
titanium alloys such as Ti-13V-11Cr-3Aal, Ti-15Mo-~-5Zr,
Ti-15Mo-0.2Pd, Ti-15V-3Cr-3Sn-3Al, Ti-20V-4Al1-1Sn,
Ti-22V-4Al and Ti-16V-43n-3A1-3Nb; near B-type
titanium alloys such as Ti-10V-2Fe-3A1 and
Ti-9.5V-2.5Mo-3A1; 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.
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inorganic material in a glass state, including elenment gl asses,
hydr ogen- bondi ng gl asses, oxide gl asses, fluoride glasses, chloride
gl asses, sulfide glasses, 49 -5JAN2005 carbonate gl asses, nitrate gl asses
and sulfate glasses. Anpng these, preferable glasses are oxide gl aSse8N 7005
such as silicate glasses, phosphate gl asses and borate gl asses. Mre
preferable glasses are silicate glasses such as quartz gl ass;
al kali-silicate glasses such as water glass; soda-linme glasses such as
sheet glass and crown gl ass; potash-linme gl asses such as Bohem an gl ass
and crystal glass; |ead glasses such as flint glass; barium glasses such
as bariumflint glass; and silicate gl asses such as borosilicate gl ass.
Further preferabl e glasses include silicate glass, soda-linme glass and
soda-line glass déht@ifi RE O &R RUIM thdgndsi vendr er) chumd pasaas r
nodi fi cation igns. In the process of this invention, a hydrolysis reactor
in the hydrbifst i TsSitepepRr dbipadeter nay hpmapeiaf @rkapwr ot ewital .
Pr ef erab is used a hydrolysis reactor, whose inner wall is at | east
partly BINEEL Ll dretal Hhd Grrefe b e semaratog att heashneane
sel ected frqg11he%group consi sting of titaniumand zirconiumor (Il) an
i nor gani #3dihssS ¥elsP S At I drdlgsPE rdactdmétaddeand Ageots shecause
it ma . o
Y oxide 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,

fluoride glasses, chloride glasses, sulfide glasses,
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prevent solid formation and |ine clogging. Exanples of such a hydrolysis
reactor include those entirely made of a netal containing titanium or

zirconium those whose 50 inner wall is at |least partially coated with a
metal containing titaniumor zirconiumor its oxide;, those entirely |yadgy
of an inorganic glass; and those whose inner wall is coated wth an

I norgani ¢ gl ass. Exanples of a netal containing titaniumor zirconium nmay
be as described in the 1,3-dinmethyl-2-imdazolidinone preparation step.
Anong these netals, a titaniumcontaining netal is preferable and
industrial pure titaniumor an anticorrosion titaniumalloy is nore
pref erabF@rDMBRA§END & 2l S e Whirelt engyl does esezindreu 4§ a tegdrd dedsf.or the
separator. Anong these, greferable gl asses are oxi de gl asses such as
silicate gl asseshmogiibsphetse gl pssdfse natt soral e sgiassase Mox £dpr ef er abl e
gl asses are silicate glasses such as quartz glass; alkali-silicate gl asses
such as 9aB&rs gbasyechsadas e a tyt apbes ssuch pdso shbett glgdsss and shawn
gl ass; potash-linme gl asses such as Bohem an gl ass and crystal glass; |ead
gl asses BO&R R glpasap assMane innedleassete glels sssbareumiflimatel ass;
and silicate glasses such as borosilicate glass. Further preferable
gl asses ILAGIRIE SPIChcase qlassZz ddws bime llabi-and sodael igim s gkass
cont ai ni ng al um num nagnesi um or cal ci umi ons

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) a metal 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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as nodification ions. 51 - 5 JAN 2005 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 QI5HRN§%5
i nvention 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
foll owi ng exanples, 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
separati bnnstepwvaldndidt he labsetppiaont 1 aquiyvd/¢betakbsorpthor shepa'l Exanpl e
1 In an autoclave with an inner volunme of 400 cc whose lid, stirring rod
and stircong dl ade gwer et emdeim ob ri rdust vhdlurpus e fittsand windef; M o Geoup 2
and whose body was lined with industrial pure titaniumof JIS Goup 2
were chaegéd rdlydmpadé ot layl abmoe geet byl gdrdespt and 10BO seMBYNose32. 4 ¢

of ion-exchange water (1800 mml) . The gases phase was replaced with
ni trogenianext heall3.2s godtethyliane axi dend 360 miwl ylangks 33. 0 g of
car bon di oxi de
Examples of a metal containing titanium or
zirconium may be as described in the
l,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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52 - 5 JAN 2005 (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'%Qﬁ@%Nﬁ
and the m xture was reacted at the sane tenperature for 7 hours, duri
whi ch 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
chromat ography. An vyield of DM based on ethyl ene oxide was 46 % Exanple
2 (I,3-dinethyl-2-imdazolidinone preparation step (1st tinme) ] In the
aut ocl ave descri Bedtiyl &xalffpke uh iver epehartgednt e atat e6i al s eascdeseri bed in
Exanple 1. The autoclave was externally heated with stirring and the
m xture aasl segrd ed tdtomni i ntlee nat otenpercaf wtei of i A2@ n G bar mé yhber,s,
during which the pressure was 11.0 MPa. The autocl ave was cooled to an
anbi ent berperat ut émdnce dpened at & athehat sesphebbe g essuee nttoi ngbve 158. 3
of the reaction m xture. The collected reaction m xture was anal yzed by
gas chroswtsdadgemphy and Karl Fi scher nethod. An yield of DM based on
et hyl ene oxi de was 57 % The reaction
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 abscrption 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 lid, stirring rod and stirring blade were made
0f industrial pure titanium of JIS Group 2 and whose
body was linedwith industrial puretitaniumof 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 withnitrogen and then 13.2

gofethyleneoxide (300mmol) and33.0gof carbondioxide
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53 - 5 JAN 2005 m xture contai ned 0.44 g of ammoni a and ammonia part in

I ts carbon di oxi de conpound (hereinafter, collectively referred to as

"amoni a conmponent™); 36.8 g of nononet hyl am ne and nononet hyl anin Q t

inits carbon dioxide conpound (hereinafter, collectively refer e@”t@ﬁas

"nmononet hyl am ne conponent”); 1.12 g of dinethylam ne and di net hyl am ne

part of its carbon dioxide conmpound (hereinafter, collectively referred

to as "di nmet hyl am ne conponent”); 0.11 g of trinethylam ne and

trinmethylamne part in its carbon dioxide conpound (hereinafter,

collectively referred to as "trimethylam ne conponent”); 19.4 g of

1, 3-di met Apl0- &wniod dazet edchanrege . 20 Th ®fa u Re et hy |vears noX eelranol Land

2- (et hyl am no) et hanol part in its carbon dioxide conpound (hereinafter,

col | ectiNekytadf eirdd $biax I'2¢( fetthytamat)eghamed méatponent™) ;a®. 41 g of

1, 3-di net hyl pi perazine; 0.20 g of N, N -di nethyl et hyl enedi am ne and

N, N - di netilyd =t &yl eredbamarterpard £fi A 0G S ardon3 dicaxd sle Tampounthe

(hereinafter, collectively referred to as "N, N -di net hyl et hyl enedi am ne

conponent hifend44 tgmpfe iy tudiemetisyt efilsaican? A€, A .a0bd glof mixture

1- et hyl - 2-i m dazol i di none; 2.57 g of N-nethyldiethanolam ne; 22.5 g of

1, 3-di nevhyl ueess ted3a® ghef swatet,empdr2Z. wr ¢ HOrcarton rdi ,oxiwei ngar bon
which the maximum pressure was 2.2 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 preparationstep (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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di oxi de part of carbon dioxide conpound of ammonia and 54 - 5 JAS! 2005
carbon di oxi de part of carbon dioxide conpound of the above am nes
(nmononet hyl am ne, di nethyl am ne, trimethylam ne, 2-(nethy|an1no)e§@gngm5
and N, N -di net hyl et hyl enedi am ne) (hereinafter, collectively referre o]
as "carbon dioxide conponent”). Conparative Exanple 1 In the autoclave
described in Exanple 1 were charged 88. 6g of nethyl am ne net hyl carbamat e
(835mml) 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 mml) and
2.2 g of carbon dioxide (52 nmml). The autoclave was externally heated
with  stRipitngrand drieaiiedir@. dds g eaft edrain ha amieraamortieapghatur e of
100 C for 3 hours. The m xture was further heated to an internal
t enper at 4ne iof s 22@ ryonand gradeed anpbhm Galrh erenpeadtty e, for 4 hours,
during which the pressure was 3.3 MPa. The reaction mxture was collected
and anal 92dd 9ytgdas thromfieagraphyo as "daseonbed cdanfsaeplie’ 1; RMs.wiel d of
DM based on ethylene oxide was 16 % Exanple 3 [The first separation
step] To9aotthmeen packely berdsi¢i satdke ngpasscfilagkawiitrte part in its

carbon dioxide compound (hereinafter, collectively

referred to as "monomethylamine component™); 1.12 gof

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

1,3-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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55 - 5 .LAN 2005 an inner volume of 500 cc was placed 157.5 g of the
reaction mxture collected in the 1,3-dinethyl-2-imdazolidinone
preparation step (1st tine) in Exanple 2. Under an atnospheric pﬁﬁy@pﬂ@5
it was purified by sinple distillation at an internal tenperature of

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 Fi scher

nmet hod. The mi xture contained 0.42 g of the ammoni a conponent, 34.9 g of
t he nononet hyl am ne conponent, 1.1 g of the dinethyl am ne conponent, 0.05
g of theCREBRR hE8M ke cBAESneNE , Cagbery b o Khe & 41 Q1RO Udi dx¢ et benponent
and 17.6 of water. The residue after sinple distillation (the second
fracti on?PRY § i #Bddepar AMGHCBEERY Wad 1afal yeéae Wyy §ag iohe ot ogr aphy and
Karl Fi scher nethod. The residue contained 18.8 g of

1, 3- mrmFmee@hV%QR&BEVmgmh@eﬂﬁybaghﬂo)th&ﬂQ&tﬁﬂQ”ea 25.3 g of
wat er, 0.20 of 2-(nethyl am no)ethanol and 1.03 g of

1- met hyl NpNj m@ihﬁl@l%yheﬁ Y] TRE Slea®iha edepbir atiedm 8 €8]t ;The second
fraction/the first separatlon step was distilled under a reduced pressure
at 64 toCB86legogvely referred to as "carbon dioxide

component™) .

Comparative Example 1

In the autoclave described in Example 1 were
chargedg8.6gofmethylaminemethylcarbamate (835 mmol)
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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56 - 5 JAN 2005 torr (31 kPa) to collect 27.0 g of a fraction containing
water (the first fraction/the second separation step) . The fraCLj@WAM@ﬁS
anal yzed by gas chromat ography and contained 0.27 g of 1, T
3-di net hyl pi perazine, 0.19 g of N, N -dinethyl et hyl enedi am ne, 0.38 g of
N, N- di met hyl am noet hanol and 0.19 g of 2-(nethyl am no)ethanol. The residue
(the second fraction/the second separation step) was 43.8 g, containing
18.3 g of 1, 3-dinethyl-2-imdazolidinone, 21.5 g of 1, 3-dinethylurea and
2.5 g of N-nethyldiethanolamne. [The third separation step] The residue
collected fromthe flask in the second separation step (the second
fracti omRhdseednd o bepar &tff oh08t ep) was dibacklded bidér @ pregdige at 105
to 109 ¢/19.5 torr (2.5 kPa) to collect 16.8 g of a fraction containing
1, 3-di mneX ARICtA ¢ i dazot ndienchel leictted porittlyeof 99 % [The fourth
separation step (stage 1)] The fraction collected in the first separation
step (therBidsimetastlodrtiimd daeotl iskpapatd grapepktwasn pltaged(1ata
three-necked flask with an inner volume of 200 nL. The flask was
ext er nal t ¥m&dolied Exanpe ewhi-l e UBOeg oM drymd sphwasi sl puky sadded intil the
system was 57 o
was purified by simple distillation at an internal
temperature of 80 to 117 °C to obtain 73.0 g of 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-imidazclidinone.

[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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- 5 JAN 2005 saturated with carbon dioxide. Then, the top of the
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 flasg ma3
imersed in an oil bath at 120 C. The m xture was refluxed by heal déN bl
1 hour during which the maxi numinternal 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 chromatography and Karl Fischer nethod. The
solution contained 26.3 g of the nononethyl am ne conponent, 0.0082 g of
the ammbaka déenpéFent t®.czel jeeoft £fe Miometthyl Amams tonponantaiifBng g of
t he carbon di oxi de conponent and 11.3 g of water without a detectable
| evel ofwahker titihetthiyt afi e aconbondrithe [Stheohsustlpaeppadati et epep (st age
2)] Ina 50 nL three-necked flask was placed the first fraction/the fourth
separ at i bhestfepa ¢stiage Wi scaHtedyeddihyt k2 sr ap mons diogmap Iy8 apadf t he
nononet hyl ami ne conponent, 0.39 g of the amoni a conponent, 0.76 g of the
di et hyl aghite covagobedt’ ahde . DS ol bfiethe I p i pettayt anene CcobPogeat. Wil e
externally cooling the flask with ice, 20 g of dry ice was slowy added 58
N,N'-dimethylethylenediamine, 0.38 g of
N,N-dimethylaminoethancl 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]
Theresiduecollectedfromthe 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 éollect 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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- 5JP 1 206 until the systemwas saturated with carbon dioxide. Then,
the m xture was refluxed by heating for 1 hour using the apparatus as
described for the fourth separation step (stage 1), during whi ch- bHé&N 2000
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 ography and Karl Fischer nethod. The solution contained 6. 1g of
t hemononet hyl am ne conponent, 0.0058 g of the ammonia conponent, 0.19 g of
t he di net hyl am ne conponent, 3.3 g of the carbon di oxi de conponent and
4.1 g of sasteratetheutth detwroabld devék.of Then,t i@t bylars het genponent .
[ 1, 3-dinethyl-2-imdazolidinone preparation step (2nd tinme)] In the
aut ocl avehasatesecikisatl fhatshe wd s3ediumephypld 2¢i thdazald Wil aare prepar ati on
step (1st tinme) was charged 63.8 g of the aqueous solution (31.5 g of the
monomret gyl &mare vérponkats MBuBeg ofahbe tdee bowapdi wasde colpanent and 14.8
g of water) containing nononethylam ne (the second fraction/the fourth
separ at i baestwpt ¢st.age 1) and the second fraction/the fourth separation
step (stage 2) ) collected inthe fourth separation step (stage 1) and the
fourth separati dhhst gfhiB9e-necked flask was immersed in an oil

bath at 120 °C. The mixture was refluxed by heating

for 1 hour during which the maximum internal temperature

of the flask was 93 °C. After cooling to room

temperature, 52.1 g of an aqueous 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 sclution contained 26.3

g 0of 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)]

Ina50mlL three-necked flaskwas placedthe 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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- 5 JAN 2005 (stage 2) respectively, and then charged 17.6 g of
i on-exchange water and 57.6 g of nethylamne nethylcarbamate. After
repl aci ng the gaseous phase wth nitrogen, 13.2 g of ethylene oxide ﬁ 00

mmol) and 38.7 g of carbon dioxide were charged. That is, the -ﬁdﬂ&ﬂ_ S
were charged such that the total of the molar anount of nononethyl am ne
and the nolar anount of the nononethylam ne part in the carbon dioxide
conpound of rnononet hyl ami ne, the total of the nolar anobunt of carbon

di oxi de and the nolar anount of the carbon dioxide part 1in the carbon
di oxi de conmpound of nononet hyl am ne, and the nolar anount of water was

equal touhhdse chaegegs tiem theslsatwi gethy | w 2tihni dazplidi 4pRg iRfepar ati on
step (1st tine) respectively. The m xture was reacted at an internal

tenper atThengf 226 @ifotudehotds as rdasgeibbed, ﬁ@ét@ﬁ?_for 1 hour .
1, 3-di met hyl - 2-i m dazol i di none preparation step (1st tine). The reaction

m xture wasinepltket ebpadaansd yaed desceesdd bed f ofhbkh&oyrth ,
1, 3-di met hyl - 2-i m dazol i di none preparation step (1st tinme) . An yield of

DM basesleparzat hphenet opi des vage58%, THa reagt We FhXtweL £t Yd 1.1 ¢

of 1-nethyl-2-imdazolidinone and 0.45 g of the ammonia conponent.

Conpar atinecExeapl € enp arthaide 34iai meidylf12r s k mvdaz oh 3diengne HHr o 1
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 aqueous solution (31.5
g of the monomethylamine component, 16.7 g of the carbon
dicoxide 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

separationstep(stagel)andthefourthseparationstep
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- 5 "JAN 2005 preparation step (2nd tine)
first fraction/the first separation step (34.4 g of the
conponent, 0.41 g of the amoni a conponent, 1.05 g of the dimathylwgm'[ﬁm]5
conponent, 18.3 g of the carbon di oxi de conponent and 17.4 g of tlé )

was charged in place of the second fraction/the fourth
(stage 1) and the second fraction/the .
Furthernore, materials were charged so that the amounts of nonomethyl am ne
conponent, the carbon dioxide conponent, water and et hyl ene oxi de were

to those charged in the 1,3-dinethyl-2-imdazolidinone
step (2ndstiagm £n Exaspee td vEegGt i Ddarth e @Nahwst $cweney condueted as

1, 3-di net hyl - 2-i m dazol i di none preparation’step (2nd
tine) ini&xamptehdngdn yheldd 0dnBMs5 baged anf ehbyepeam@tgle was 50 % The
of 1-methyl-2-imdazolidinone and 0.86 ¢
heglakoveg FIONELERYAM Ngheald ect ed
recycling to prevent

equal

descri bed for the

reaction m xture contained 2.1 g

of the anenhisl cgompenent.. A feseri
in the fourth separation step may be circul ated for

| ncr easew ot hbyydrogltiges ,and peoyi € ePMy WehB 8 xhil gbe[ 3gioeheho IExasphe 4 [ The
reaction step (1st tine)] 61

first

38.7 g of carbon dioxide were 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 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-imidazolidinone preparationstep
(1st time) respectively. The mixXture was feacted at
an internal temperature of 220 °C for 4 hours as described
for the 1,3-dimethyl-2-imidazolidinone preparation
step (1lst 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
ethyleneoxidewas 56 %. Thereactionmixture 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

60

in Exanple 3, 72.0 g of the
nononet hyl am ne

separation step
fourth separation step (stage 2).

preparation



- 5 JAN 2005 In the autoclave as described in Exanple 1 was charged 37.8 g
of ion-exchange water (2100 mmol) . After replacing the gaseous phase with
nitrogen, 93.2 g of nononethyl am ne (3000nmol) and 23.8g of carbon di oxide
(540 mmol ) were charged. The autocl ave was externally heated t &R 2605
internal tenperature of 100 Cwith 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 C for 1
hour. [The seventh separation step] The autoclave in the first reaction.
step (1st tine) was cooled to 70 C, and was gradually opened to the
at nosphepire g egsdren vihit ¢p iBmastimyd Ani neEwamp ol 3 oct 2d 0f gomtt bRegaseous
phase into a pressure bottle wth an inner volume of 200 cc cooled to -78
C (the fimsit fiimectomthehsefemst seae akitan stepept 03gr.ovigdef ¥Re7 g of
nononet hyl am ne. [ The second reaction step (1st time)] Gas chromat ography
for the mesiduat hydarmioe gempomerntn,t e Alt geleavet he tdmemsavent h
separation step (the second fraction/the seventh separation step)
i ndi cat edomranao tet Hyl Emeg axf deh exd sined rantlatmhiate ydahdsnefror, 28 . 3
(et hyl am no) et hanol and N-nethyl di et hanol ami ne 62 - 5 JAN 7005

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 l-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)]

61



based on et hyl ene oxide were 85 % and 15 % respectively. The reaction

m xture contained 19.2 of the 2-(nethylam no)ethanol conponent, 2.68 g of
the N-rnethyl di et hanol am ne conponent, 41.8 g of the nononethylggin%?ﬂ%
component, 37.8 g of water and 23.8 g of the carbon di oxi de conponént®.
Then, 16.4 g of ion-exchange water (913 mml), 14.3 g of nononet hyl am ne
(461 mml) and 55. 6 g of carbon dioxide (1263 mmol) were charged in the
autoclave containing the reaction mxture (the second fraction/the
seventh separation step) conprising 19.0 g of the 2--(nethyl am no)ethanol
conponent, 2.67ﬁ of the N-nethyldi ethanol amne, 41.6 g of the

mononet hyl am ne ¥dnpbge@Ut 28le e of st He scar b addiigkiEeampdrepdnens sand 37. 6
g of water. The mixture was reacted at an internal tenperature of 200 C
for 5 hotlR3rIff Brig 8 @he EH ehe emph amerpr @S sur é2Ud) 8r® IWPa.  Affitee rcool i ng
t he autoclave to roomtenperature, it was opened to the atnospheric
pressur £ €BLlEG I et thEray 25§ Bfs thBassact L bh miXt upgenthedBedctd omf mi xt ure
was anal yzed by gas chromat ography and Karl Fischer nethod, indicating
that af9Pers Fioy L amiaened BY0-pnpdildazs ?&i-fomeo fiesa 760w dhaseidden

et hyl ene oxide. The reaction m xture contained 0.35 g of the anmmoni a
conponent 24 82mRod Jofie kB st hyl Akihe Worpdasit W s gx geonalhky 63

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 seventﬁ 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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- 5 .1 AN 2005 di net hyl am ne conmponent, 0.11 g of the trinethyl am ne
conponent, 26.0 g of 1, 3-dinethyl-2-imdazolidinone, 0.64 g of ~thaN 2005
2- (et hyl am no) et hanol conponent, 0.77 g of 1, 3-dinethyl pi perazine, 0.69 g
of the N, N -di net hyl et hyl 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- et hyl di et hanol am ne, 20.3 g of 1,3-dinethylurea, 67 . 1 g of water and
24 .3 g of the carbon dioxide conponent. [The first separation step and an
absorption step] In a borosilicate glass three-necked flask wth an inner
vol unme of 500 cc was placed 174.4 g of the reaction mxture collected in
the secoP@SEShEN Bhhstlpneaxide vexre 8Fne anctlh & maespepty vaikyil | ed
under an__anbient pressure at an internal tenperature of 80 to 117 'C
while a TRECHHGRCEROH al RSt Y ¢ af & xbNatn Was2 edntbeed with and
absorbed_in 10 g of ion-exchange water in a flask with an inner volunme of
200 cc to~éBEdihY 36ming) st hari aduEsuRP 88IEMS on2e &t ad nibdg tihe fracti on.
The aqueous sol ution (absorption solution/ absorption step) was analyzed
by gas chiBRétbgt dpRyr BRbOkaT 1 KR s @RIMP CpetiHod. 4Lt &ont aifnedh® .34 g of the
ammoni a conponent, - 31,5 g of the nononet hyl am ne conponent, O0.86 of the
di et hy|%?rPﬁ€‘ec€%éﬁé‘H{1€o?PIﬂI§°BPntthe i fehyAfan¥ At e conpbiledt3 - 6. 7 g of
t he carbon %io&%de co onegt and 64
g oI the carbon dioxide component.
Then, 16.4 g of ion-exchange water (913 mmol),
14.3 gof 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
chromatographyandKarlFischermethod,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

63



-5 JAN 2005 36.9 g of water. The residue after the sinple distillation (the
second fraction/the first separation step) was also analyzed by gas
chromat ography and Karl Fischer nethod. The residue contained 25.2 g of

1, 3-di met hyl - 2-i mi dazol i di none, 19.9 g of 1,3-dinethylurea, 38.8 g5ofN 0
water, 0.63 g of 2-(methylam no)ethanol and 0.42 g of

1-met hyl - 2-i m dazol i di none. [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 fraction was analyzed by
gas chrdﬁéﬂ&ﬁb&ﬂ??%?ﬁi%appﬁfe?ﬁatOrﬁlxﬂn%ﬁn%Beopgﬂf%ﬁhYlamlne
1, 3-di met hyl pi per azi ne .66 _g.of N, N -dinethyl ethyl enedjam ne, 0.36 g of
N, N- di ne?ﬂﬁpé%#%évh;n%i afldod. 81 4 SR MR ka1 HATL AR hARHN O TRe
distillafi | eft 46,2 f a.residye (the second fraction/the second
separ at i n%qst%p?fcﬁﬁtea%ﬂ ﬁ@eﬂ% fﬁm&f’w)l?iﬁh@i%?h?ﬂ@??ﬁ&é’zolqdﬁone,

19599 ok 3 dbTeiipnea and Lol ghof W BLhy! dipthgnol amne. [The third
N,N'-dimethylethylenediamine component, 0.42 g of
N,N-dimethylethanolamine, 0.42 g of
l-methyl-2-imidazolidinone, 1.34 g of
N-methyldiethanclamine, 20.3 g of 1,3-dimethylurea,

67.1lgofwaterand24.3gofthecarbondioxide component.

[The first separation step and an absocrption 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
(st 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 absorbedin10gof ion-exchange water
in a flask with an inner volume of 200 cc to obtain 86.4
g ¢f an agueous scolution containing the fraction. The
agqueous solution (absorptionsolution/absorptionstep)
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 collected fromthe flask in the second separation step (the
second fraction/the second separation step) was distilled in vacuo at 105
to 109 C/19.5 torr (2.5 kPa) to collect 22.6 g of o
1, 3-di met hyl - 2-i mi dazol i di none with a purity of 99 % asadistillabelil i
(thefirst fraction/the third separation step). [The fourth separation step
(stage 1)] In a three-necked flask with an inner volunme of 200 nL was
pl aced t he aqueous solution containing the fraction collected in the first
separation step (absorption solution/absorption step). Wiile externally
cooling the flask with ice, 30 g of dry ice was slowy added until the
system was . fataurafedratieh. carbon di oxi de. Then, the top of the
t hree- neckedfl ask was equi pped with a trap containing 10 g of ion-exchange
wat er via a gl asBheubesiahdet&é tterap wass cogled distiidelsvatiem (Rhee
t hree-necked flask was imrersed in an oil bath at 120 C, and the m xture
was reflaxednsy heatritngonfahel hdus tdus & pg naht thnt et @pxi mas i atlercnal
tenperature of the flask was 93 C. After cooling to roomtenperature, 54.3
g of an amadéyurse ddlyitdaon dhr ¢he tid@saphit e d&aand Ffirssch eanhelid ddur t h
separation step (stage 1)) was collected and anal yzed by gas
chr omat dijn aphne $6dues coMmmaioosd 25.2 g of '
l,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
of a residue (the second fraction/the second separation
step) containing 24.5 g of
l,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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and Karl Fischer nmethod. The solution contained 23.7 g of the
nononet hyl am ne conponent, 0.0068 g of the ammonia conponent, 0.20 g of

t he di net hyl am ne conponent, 12.5 g of the carbon di oxi de conponent and
17.3 g of water without a detectable |level of the trinethylam ne-5 jAN 205
conponent. [The fourth separation step (stage 2)] In a 200 niL 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 nononethyl am ne conponent, 0.32 g of the ammoni a conponent,
0.63 g of the dinethylam ne conmponent and 0.072 g of the trimethylam ne

conponent . Wi | &lextreramad iy cobliertt e tilfer hatke Gillds kGen tBQ ge@forfy i ce
was slowy added wuntil the systemwas saturated wi th carbon dioxide.

Then, teepaxtdriconas tregf | (x&ed hye beatd nfriert lohgthe userdide apparat us
as described for the fourth separation step (stage 1), during which the
maxi mums & mia eartal oh egperpat wasi ditdtei flask iwasv®3uG AftE05 €eolligw to room
tenperature, 21.8 g of a solution in the flask (the second fraction/the
fourth S€pdrat bortostep2(.s3 ageald) )t wascdol ¢ ect @ agdgansf yzed by gas
chromat ography and Karl Fischer nethod. The solution contained 5. 6 g of
t he nondnel hyliark theyderfpoimnta 001 DA4T GTe- wi tHANa 2PQTr ity of 99 %
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-neckedflask
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 during which 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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g of the ammoni a conponent, 0.16 g of the dinmethylam ne conponent, 3.0 g
of the carbon di oxi de conponent and 12.9 g of water w thout a detectable

| evel of the trimethylam ne conponent. An aqueous solution containing 74.0
g of rnononet hyl am ne (the second fraction/the fourth separation-ét&ﬁbZth
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 tine) was charged 69. 5 g of the aqueous

sol ution contai ni ng nononet hyl am ne (the second fraction/the fourth

separ at i apdsKep) 1 (Rb6s8hg nfme hb o dwnofibehyplcan hé ocomponeat neldt. 23 g7of t he
carbon di oxi de conponent and 27.5 g of water) collected in the fourth
separ at i @nogt eph ¢ sageon tddl @ hé nfeous ohpsapanati dh. 8068 svdgei® |, and
then 10. 3 g of ion-exchange water. After replacing the gaseous phase with
ni t roger@maRrbl g cfompheehitr,st0f 2&ctd onft K sedemdat sgpamathen step
collected in the seventh separation step, 23.8 g of nononethyl am ne and 9.
5 g of capBe®rkdki-dd Awebedchir ok cahhrn liokédeatcrnpbs et eantar ged
such that the total of the nolar anmount of nononethyl am ne and the nol ar
amount of 7t RBe grondmetdlye aniviet pantt i dRé eoul bbad edi b ed 68L- tHeJAN 2005

trimethylamine component.

[The fourth separation step (stage 2)]

In 2 200 mL three-necked flask was placed the
agqueous 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 and analyzed by gas
chromatography and Karl Fischer method. The solution

contained 5.6 gof themonomethylamine component, 0.0049
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conpound of nononet hyl ami ne, the total of the nolar anount of carbon

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

di oxi de conpound of nononet hyl am ne, and the nolar anmount of water was
equal to those charged in the first reaction step (1st time) . W;L_,&QGOE'
stirring, the autoclave was externally heated to an internal tenap Eure
of 100 C. After the internal tenperature reached 100 C, 13.2 g of ethylene
oxide (0.3 nol) was added and heating was continued at an internal
tenperature of 100 C for 1 hour. The reaction mxture was collected and
.anal yzed b¥ gas chromat ography as described in the second reaction step
(1st tin®)9fihldpcanmen i aaconp cgomnbénrsPoed & gt bd tofe etihye ehe lamileewas 100
% and yi el ds of 2-(nethyl am no)ethanol and N nethyl di et hanol ami ne were 85
% and 15C9MPEEpBEL vl Y, dbadedt ba et ene dixdxedenewnyp ohargedand t he
first reaction step (2nd tinme). [The second reaction step (2nd tine)] To
the react?e i xelireateer iwitheudutacHarectabtllee Ievstl refictihen step (2nd
tinme) containing 18.9 g of the 2-(nethyl am no)ethanol conponent, 2.65 g of
N- et hy| ©F éfestnloy dgiten e 4T omposfe tthe nonomet hyl ami ne  conponent, 23.8 g of
t he carbon di oxi de conponent and 37.8 g of water were added 4.5 g of the
69 -5 JAN 2005 nbRoRSIUHEP RS e tuftiaimi agndqubnisgsol 4t Doy of

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 (1st time) was charged 69.5gof the agqueous
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), and then 10.3 gof ion-exchange water. 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
monomethylamine and 9.5gof carbondioxidewerecharged.
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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conprising 1. 75 g of the nononethyl am ne conponent, 0.93 g of the carbon
di oxi de conponent and 1.80 g of water (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 contai.rj ng 2005
17.8 g of 1,3-dinmethylurea in the third separation step (the second
fraction/the third separation step); and then 18. 3g of ion-exchange
water. After replacing the gaseous phase with nitrogen, 45.8 g of carbon
di oxi de was charged. That is, the followwng a) to c) were charged in an
equal amount to that in the second reaction step (1st tinme), respectively:
a) the tefalpwinthe hohancanptuhty lafminenomdidykaiak, otfhe: nel aw lanpunt  of
the nononethyl am ne part in the carbon dioxi de conpound of
nmononet hymawimte afd adweb dould o vl dichea mabl h ecanmowbé rofamdyuBtdiotet bigkur ea, b)
the total of the nolar anobunt of carbon dioxide, the nolar anmpbunt of the
car bon dfaxitden pdi o x lide t per¢aribort e oxadd cqonpbund dé comeraimyl afi ne, t he
nol ar anount of the carbon dioxide part in the carbon dioxide conmpound of
2- (et hyhamiofd ehiydreghined ahd thelrap lanoanto wit b Bwditnet wd sirsspuaand c) a
di fference between the nolar anmount of water and the nolar anmount of
1, 3-di et Ayt hipee clrrgsdl ioNt280F irst reaction step (lst time).

With stirring, the autoclave was externally heated tc

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 chromatographyasdescribedinthe 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, basedon 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 m xture was reacted at an internal tenperature of 200 'C for 5 hours
as described in the second reaction step (1st tine). The reaction m xture
was col l ected and anal yzed as described in the second reaction step (1st
time), indicating that an yield of 1,3-dinethyl-2-inidazolidinone wagh 6%
based on ethylene oxide newly charged in the first reaction step (2nd
tinme). Industrial Applicability As descri bed above, the process of this
invention is suitable for industrially preparing a 1,

3-di al kyl - 2-i m dazol i di nones using an industrially readily available

al kyl ene oxide as a starting material. In particular, in a process for

pr epar i NONP®e BhyekHy i N2 G0 Wh2dIN B foR&lue QU s3-s hetHydn 2- i ni dazol i di none
can be prepared with a_ higher efficiency while effectively separating and
processi A§MRDE BdRE & - el 5 th-BORA e B hiydon Arienee mpgmenta, 0 . 93

di net hyl am ne, trinethylamne, 1-nethyl-2-im dazolidinone and

1, 3- di ne¥h@ifurtdse 7arbomnnd 2065 < AFVBPP @ Br 8dsksl 8P gr efariagea

1, 3-di al kyl - 2-i mi dazol i di none by using an al kyl ene oxide represented by
fornmeié p%$sgcgq%tf§§@&#@ﬁgthe ourth 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-dimethylurea in the
third separation step (the second fraction/the third
separation step); and then 18.3 gof ion-exchange water.
After replacing the gaseous phase with nitrogen, 45.8
gof carbondioxide was charged. That is, the following
a) to ¢) 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 ceompound 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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R1 wherein in the fornula (1), Rl represents hydrogen or alkyl group
having 1 to 6 carbon atons, using at |east one selected fromthe group
consisting of the foll ow ng conponents (A), (B) and (C) as a seconng
conponent: conponent (A) : carbon di oxi de and a nonoal kyl am ne 'ﬁbbﬁ g@%ted
by formula (2): RZNH2 (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 conponent (C): an
1, 3-dial kylurea represented by fornula (3): RZNHCONHR2 (3) wherein in the
formula (3), R2 is as defined above, and reacting said first conponent
with said secondllre misKQuKe2008S c&FForeRE WML heat ildyt ¢ ib8d conponents at
50 C or higher and under a pressure of 4 MPa or higher to give 1, 3-

di al kyl -pelpied bl g ohe P Epresdmied byotdrma s dapcrbadRAMNtifeNR2 0

second reaction step (lst time}.

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-imidazolidinone was 76 % based on
ethylene oxide newly charged in the first reaction step

(2nd time).

Industrial Applicability

As described above, the processof this invention
is suitable for industrially preparing a
l1,3-dialkyl-2-imidazolidinones using an industrially
readilyavailable alkyleneoxideasastartingmaterial.
In particular, in a process for preparing
1,3~-dimethyl-2-imidazolidincne,
1,3—dimethyl—2—imidazolidinone can be prepared with a
higher efficiency while effectively separating and
processing byproducts such as N-methyldiethanolamine,
ammonia, dimethylamine, trimethylamine,

l-methyl-2-imidazolidinone and 1,3-dimethylurea.
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(4) wherein in the formula (4), RL and R2 are as defined above,
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 anount ag 5@2
nonoal kyl am ne part of the carbon di oxi de conpound of nnnoalkylan? N id
conpound bei ng conponent (B), and the double of a nolar feed anmpbunt of the
1, 3-dialkylurea, said 1,3-dialkylurea being conponent (C), is at |east
three folds of a nolar feed anmount of said al kyl ene oxide. 2. The process
as claimed in Caiml/ characterized in that the total nolar anmpbunt of a
nol ar feed anount of the carbon di©xkpd®s ncluded in the conponent (A) , a
nol ar feed anpbunt of the carbon dioxide part of the carbon dioxide
conmpound of nonoal kyl am ne, said conpound bei ng the conponent (B) , and a
nolar feed 73 5 JAN 200 armount of the 1, 3-dial kylurea, said 1, 3-di al kyl urea

bei ng thejconponent, £} essi $oit fﬁ?§ and half folds of a nmolar feed
anount of said alk ?ene oxi de. g he process as claimed in daim1l or 2,

character1;gddha1m§qL28gdfﬁgggﬁg@§HoggOHPSB% %PQﬁ? y?y%ggghéazo nd the

1, 3-dial kyl-2-im dazolidinone prepared di et 1 di none.

4. The prpggsssaate@ipiPddmdai M 3, §h§r§9E%%'%%%ponent
Rl

(D
0

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

usingatleastoneselectedfrmnthegroupconsisting
of the following components (A), (B} and (C) as a second
component:

component (A): carbon dioxide and a monoalkylamine

represented by formula (2):

R2NH, (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):

R:NHCONHR? (3)

wherein in the formula (3), R? is as defined above,

and reacting said first component with said second
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in that ethylene oxide is used as said first conponent and at |east one
sel ected fromthe group consisting of the follow ng conponents (D), (E)
and (F) is used as said second conponent: conponent (D): carbon d{%?m ?[)%5
and nononet hyl am ne; conponent (E): a carbon di oxi de conpound of”
nononet hyl am ne; and conponent (F): 1,3-dinmethylurea, the process
conprises: (1) a 1,3-dinethyl-2-im dazol i di none preparation step of
preparing 1, 3-dinmethyl-2-imdazolidinone by heating said first conponent
and said second conponent at 50 C or higher, and the process further

' f t actiqn mxture
ot B hed oty Y, %’ﬁyﬁézE?HOSte%Sf’“P&?’%%ﬁr: Ao Forﬁes';) e o 7 -
"i JAN 20 am ne, _car oxi de
ahd a car%%ﬁpdé%ég%eggﬁﬁéoun ng@k@%onﬁ?ﬁ ? ﬁ?L |r9cd%pgneﬁ% s, and
al so Cont@!@ﬂ%%lJ@ﬂfﬁldéﬁaifafﬂaﬁ%nQE &@Q@hﬂ%d9%§t% Qﬁ@g

1, 3-di met hyl - 2-i m dazol i di none and hi I'i ng corrpoun&s W t h a hi gher
boi | i ng poi nt than t hat of

(4)

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
thedoubleofeamolarfeedamountofthe1,3—dialkylurea,
said 1,3~dialkylurea being component (C), is at least

three foldsof amolar feedamount cf saidalkylene oxide.

2. The process as claimed in Claim 1,
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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1, 3-dinethyl-2-imdazolidinone as main 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 fract|<m3JAN2mﬁ
containing water and |lowboiling amnes with a boiling point higher than
that of water and |ower than that of 1, 3-dinethyl-2-imdazolidinone as
mai n conponents; and a second fraction containing

1, 3-di met hyl - 2-i m dazol i di none and said high-boiling conpounds as main
conmponents; (4) a third separation step of separating the second fraction

in the secogshsepasating step- Hqtaqkﬁaﬁlrr% f£8qty o, §°8itiaajfi<§3udf??action

1, 3-di et hyl - 2- i mi dazol i di'none as a I N conponeént ; a se

containi n®Szhg BhaNcBAIYdAEN CAIOUNLS AS 1B Pt COHRODEN fra A% JPoLD) @

fourth separation step of separating t rst fractron i
separ at i o 5t £pmiot O s bie'b! a hibHd 09 CenLAl ngm%@rg@@' B g g met hyl am ne,

trinmethylam ne, a carbon di oxi de conpoun ni'a, a carbon dioxide

conpound of. di metrind g §eeand A car boned Y dey gogppund of  trimethyl am ne

as mai n conmponents, and al so contalnlng
characterized in that R!' is hydrogen atom; Rzrepresents

methyl;andthe1,3-dialkyl—2—imidazolidinoneprepared
is 1,3-dimethyl-2-imidazolidinone.

4. The process as claimed in Claim 3, 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
1,3-dimethyl-2-imidazdlidinone 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

1l,3-dimethyl-2-imidazolidinone preparation step into
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wat er; and a second fraction contai ni ngnononet hyl ami ne and a carbon

di oxi de conpound of nononet hyl am ne as main conponents, and al so
containing water, where at |east part of the second fraction in bJAR%&ﬁth
separation step is supplied in the 1,3-dinethyl-2-imdazolidinone’
preparation step. 5. The process as clalned in daimd4, characterized in
that the 1, 3-dimethyl-2-imdazolidinone preparation step is carried out

by: (6) a first reaction step of heating ethylene oxide and at |east one
selected fromthe group consisting of the conponents (D) , (E) and (F) at

50 C hi gher t di et hanol am ne_an

2- (me'ﬂ]yl 1'121 no) etﬁagol gl}l-( ;; ggls]eggondér (lagéﬂ%nmgfléjﬁn%F h(léj(é?ﬂr[‘?gerf t

N- et hyl digtlpanel d t hyl than prepared in e firs
reggtlgn g?ep mnt%qg?grggsfggﬁg§ Eélec ﬁfﬁ%%?ﬁeczﬁﬁgﬁ 86%s?§t|ng of the

E or er to prepare
(iogpglnﬁgt ﬁ;ﬁ%zm?%hggzuonlg?gﬁ%\gafﬁ) &ﬁg ée)é]otﬁtld' T]ar actalcio "?E@lfno]tﬁ

separati onasteap; hagsupplied in said first reaction step and/or said
second reaction step. 6. The process as clainmed in Claim4 or 5,

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
leastpartofthesecondfractioninthefirstseparation
step into

a first fraction containing water and
low—boilingamineswithakxﬁlingpointhigherthanthat
of water and lower than that of
1,3—dimethyl-2—imidazolidinoneasmaincomponents;and

a4 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
1,3-dimethyl-2-imidazolidinone as a main component;
and

a second fraction containing said high-beoiling

compounds as main components: and
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characterized in that in the fourth separation step, at |least part of the

first fraction in the first separation step is contacted with ca__rbon,,m]5
di oxi de, heated at 50 C or higher, and separated by vapor-liquleANi _
separation to renove the first fraction in the fourth separation step into
t he gaseous phase and obtain the second fraction in the fourth separation
step fromthe 1liquid phase. 77

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

a first fraction containing ammonia,
dimethylamine, trimethylamine, a carbon dioxide
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
1,3-dimethyl-2-imidazolidinone preparation step.

5. The process as claimed in Claim 4, characterized
inthat thel,3-dimethyl-2-imidazolidinone preparation
step is carried out by:

(6) a first reaction step of heating ethylene
oxideandatleastoneselectedfromthegroupconsisting
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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(D), (E) and {(F) at 100 °C or higher to prepare
1,3-dimethyl-2-imidazolidinone, and

the second fraction in the fourth separation step
is supplied in said first reaction step and/or said
second reaction step.
6. The process as claimed in Claim 4 or 5,
characterized in that in the fourth separation step,
at least part of the first fraction in the first
separationstep is contactedwithcarbondioxide, heated
at 50 °C or higher, and separated by vapor-ligquid
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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