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TI TLE OF THE | NVENTI ON PRECESS FCR PRODUCI NG AN ALK ERE &4 ™
GLYCOL BACKGROUND OF THE I'NVENTION 5 FIELD OF THgppf
| NVENTI ON The present invention relates to a process for
prodUC|ng-aﬂ-aLk%#ene_gLyaﬁl from an a}kylenedOX|de Nb;Fkylene ol yeol
articul 4rTHIS SHEETHAS BEEN ¢ a process for produci ng an
anth esp@cfgllgEPLAﬂEnefflc ency. 10 DI SEUSSFON OF BACKGROUND An
al kyl ene grycots—partiecutat |y ethyl ene glycol, is used, for exanple,
as a raw material for synthetic fibers or OuesRes,. :0MCa%48n (99023)
anti-freezing liquid, and is an I ndustrially, |nportant conmpound. 15
As a way for producing an al kylded.by QR GIHE AL NAFENTEK of hydrol yzing an
al kyl ene carbonate, is well known. %%gﬂ%;g reactlon is usually carried

out in the presence ofPROCESS, ROR{ ARRRUG PHEEGRNE drGaL has been
proposed to use a catalyst for h dr Si s such as an alkali netal 20
carbonate (U. S. Patent 4, 117225657204 ; 5

(JP- B~.55- 49&%%%@ ag igﬁgiﬁﬁg Egﬁgound (JP—B—55 154928) in order to
i ncrease the By the use of these catglysts f?r -
hydrol ysis, the Si: .be accelerated, but the degree o

agceleyatlon has. RoE gégﬁgg eéﬁgéggl?? Fﬁgakﬁﬁc%Poﬁ pgocess &gkt ed out at

a higher tenpera&yéengo ﬁCQPEPiéEQ HMyeo1 ffggugﬁréfky¥eggtgig gtory

reaction rate, there has been
More particularly, it relates to a process for producing

an alkylene glycol with especially high efficiency.
10 DISCUSSION OF BACKGROUND
An alkylene glycol, particularly ethylene glycol, is
used, for example, as a raw material for synthetic fibers
or resins, or as an anti-freezing liquid, and is an
industrially important cbmpound.
15 As a way for producing an alkylene glycol, a process
of hydrolyzing an alkylene carbonate, is well known.
Such a reaction is usually carried out in the presence of
a catalyst for hydrolysis, and it has been proposed to
use a catalyst for hydrolysis such as an alkali metal
20 carbonate (U.S. Patent 4,117,250), a molybdenum compound
(JP-B-55-154927) or a tungsten compound (JP-B-55-154928)
in order to increase the reaction rate.
By the use of these catalysts for hydrolysis, the
hydrolysis can be accelerdted, but the degree of
25 acceleration has not been adequate. If the reaction is
carried out at a higher temperature to accomplish an

industrially satisfactory reaction rate, there has been a
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2o problen1that'the quality of the ¢roduct tends to

eriorate. On the other hand, if the reaction is carried out at a
Fg&er tenperature to secure the quality ~ of the product, the reaction
rate will be | ow, -and an 5 excessive capacity of the reactor is required
to attain the predeterm ned productivity, or an unreacted al kyl ene
carbonate tends to remain in the product” 2 - Whereas, if ethylene
carbonate'renain% after the hydrol ysis in the course of production of
ethyl ene gl ycBFoPi6™ (RrEnths Hﬁé&éﬁyiQﬁlyhrnpr?dnaﬁgfgﬁgs b f?Lg?ran

: ic mxture.together with ethylene glycol, . ' _
2232&2?P0n oréﬁE?FFPEgF?on Q2 elie tFRr hand culf .the reactidmrisier, in the

[ f al kyl epe_car bonat e, it is coomon to enploy a nolar
fati o of wat o oPBiaR OB aE Ry PONE  SPBBREREUFR ERoscHAFgetnet dnel ALy

' L4 hi f f about 1.3:1.to about 5.0:1. If
?ﬁgeﬁéfgf rat?gm#égigggdﬁﬁggeFﬁ?srfgﬂbé?ntﬁ%F% Wi 38 hOZrt32@&2?2$n1that
' d | consuned, , an €
SiniﬂﬁtiS?féhgﬁf?%gﬁiﬁr%%%%?5@%0**m%%?259a?sarréacr¢gﬁzia@§taﬁef@3?@s, 50
[ k k : action, an e _
o L eo forie PTEaREeERLROTTL E00, L OB EOCt o P Tan Rirer S e 80y Pamer i s

[ o6n ' i t in
harged in a ¢&F6naFBURERBSYOHdrdihh Sy T BROE, yeger will be presen
fhe gysten1in an anount %5 substantia??y exc %%?ng t he ambunt consuned

for the Whereas, if ethylene carbonate remains after the
| hydrolysis in the course of production of ethylene glycol
10 which is industrially most important, it forms an
' azeotropic mixture together with ethylene glycol, whereby
their separation or purification tends to be difficult.
Further, in the hydrolysis of an alkylene carbonate,
it is common to employ a molar ratio of water to an

15 alkylene carbonate in the charged starting materials
within a range of from about 1.3:1 to about 5.0:1. If
the molar ratio is less than this range, there will be a
problem that as the reaction proceeds, water will be
consumed, and the water concentration will decrease,

20 whereby the reaction rate decreases, so that it takes
time to complete the reaction, and the amount of
impurities formed, tends to increase. On the other hand,
if water is charged in a large amount beyond this range,
water will be present in the system in an amount

25 substantially exceeding the amount consumed for the
reaction, whereby there will be a problem that a large

quantity of heat will be required for heating the



reaction, whereby there will be a probkem that a |arge ©quantity of
heat will be required for heating the

- 3- reaction solution and separating water in the purification
system ' Further, the alkylene carbonate to be used as the _
starting material, can be obtained by reacting an 5 alkyl ene oxide with
carbon di oxide gas in the presence of a carbonating catal yst.
However, in a_case .where_this step and the hydrolyzing step are
carried out TSCTISR SUNGSIOR and sreacatsasaweigrcatalthet is used by
recycling, th %agbon t.ing catal yst activities will 10 gradually decrease.
Accordingly, Tt l&@%ﬁf@dsy§tem' devel op a process whereby the catal yst

i viti i SUMMVARY COF THE
FVET O ' Furepild, %I)%ai}g'rle&@ CREDONEEEN(Eoi Meemisiegh aiso tiieovi de 15
' Lkyl ene glycol, .which is free fromthe
Sbove descri bed by SAPorE teEatt 1 fed Py oﬁgaaged ¢ gestjas spt the present
[ [ ' :Qce r t he ener consunp
Suppr essed i e Y 1EReToRABEORTC car PR Atxi AR SR8 B, EfdapEhrynsy of
recycling 20a mhkbaﬁhtﬁﬁgeeaeéi§geﬂ<ﬁo&£$%{¥“iﬁﬂé'é?%gW@$?§$ £ase

where an al kyl ene carbonate obtained by reacting an enE-dxi de

wi th carbon déﬁébdangaﬁhénh§'8§09§§§ﬁ§g§t8fy are C%pg%gargggati ng catal yst,

is used, and the hydrol ysis can e conplete rcrently at a | ow

t enperat ure i@omtshootisly, if the carbonating catalyst is used by
recycling, the carbonating catalyst activities will
10 gradually decrease. Accordingly, it is desired to
develop a process whereby the catalyst activities will
not decrease.
SUMMARY QF THE INVENTION
It is an object of the present invention to provide
15 a process for producing an alkylene glycol, which is free
from the above described problems. Specifically, it is
an object of the present invention to provide a process
whereby the energy consumption is suppressed, the
carbonating catalyst can be used repeatedly by recycling
20 without deterioration of the activities even in a case
where an alkylene carbonate obtained by reacting an
alkyléne oxide with carbon dioxide gas in the presence of
the carbonating catalyst, is used, and the hydrolysis can
be completed efficiently at a low temperature in a short
25 period of time.
The present inventors have conducted extensive

studies to solve the above problems and, as a result,



25 period of tine. The present inventors have conducted extensiv
studies to solve the above problens and, as a result, : .
-4- have found it possible to suppress the energy consunption

and to maintain the reaction rate at a high | evel by mai nt ai ni ng t he
wat er concentration in the reaction . .systemwithin a certain range in
a certain range of 5 conversion of the &l kyl ene carbonate. The present
i nvention has been_acconplished on the basis of this di scovery.

That is, the BByecfoundi ht peeséhlei hueatippnesanthe energyaecenBmbshed by a
process for progucing an al kylene 10 glycol, which is a continuous
process for pPBHuEPnBaaRtain thg| kghehdogl yabe abnarhsghgléehelf byl owi ng
steps (1) to é4g, ._.__Wherein the hydrolysis step (2) is divided into a
plurality of SR4GERINLRY thRe WeHewl gengentratieneinothesveactiont hat the
wat er concentéat%on intthe reactiop stage 15 wherein the conversion of
the al kyl ene SAFboRaYetPilat COrtajR xangeoinia ¢eHRRLS range of%

i ot do gae. RoRRe pERa e TR alBefBRd e driate. ot preasnt orm s
nydrol ysi 5 st 65 o romrit Aredl aEComBl{Yacd ok T Kafin obitried i n step
(1) while re!&gg@ggbﬁﬁybon di oxi de gas, to form an aqueous al kyl ene
gl ycol solution

That is, the object of the pPresent invention can be
accomplished by a process for producing an alkylene

10 glycol, which is a continuous process for producing an
alkylene glycol comprising the following steps (1) to (4),
wherein the hydrolysis step (2) is divided into a
plurality of stages, and the hydrolysis is carried out so
that the water concentration in the reaction stage

15 wherein the conversion of the alkylene carbonate is at
least 60%, is from 15 to 30 wt%:

(1) a carbonating step of reacting an alkylene oxide
with carbon dioxide gas in the presence of a carbonating
catalyst to form a reaction solution containing an

20 alkylene carbonate,

(2) a hydrolysis step of hydrolyzing the reaction
solution obtained in step (1) while releasing carbon
dioxide gas, to form an aqueous alkylene glycol solution,

(3) a distillation step of distilling the aqueous

25 alkylene glycol solution to obtain at least a dehydrated

alkylene glycol and a solution containing the carbonating

catalyst, and



(3) adistillation step of distilling the aqueous ‘25 al kyl ene gl ycol
solution to obtain at | east a dehydrated ~al kyl ene glycol and a

sol ution containing the carbonating catal yst, and

- 5- - (4) a recycling step of supplying the solution :

contai ning the carbonating catalyst to the carbonating step (1).

DETAI LED DESCRI PTION OF THE INVENTION 5 5 - Now, the present invention
will be described in detail. In the present invention,
firstly, an al kyl éf¢ 8xr@svclingi stepaofedupplifringr bhe dioowitdengas in the
presence of a catalyst to forma reaction solution containing an 10
al kyl ene car b%?l%'f%lnlme%l]é?a%@lybo%tmskW@helmstdEm she carbeastedgwith

car bon di oxi de_gas d water to forma reaction solution containing an
al kyl ene car boR (gﬂd an al kyl ene glycol. This reaction can be
carried out in mnth a knomn nmet hod. 15 The catalyst to
be enpl oyed, nmay, CaTpT-es - , Drpetl JEHeN de or i odi de,

an al kal i ge eart hgnet a{ de or odlde an annonlun1hallde such as
trlbutylnethylannnn|Un1|%d?ﬂ%seQﬁ %P¥ﬁﬁ&bﬂ%nWh%¥hﬁﬁl@@SCIlbe@uth as
tributyl met hydphpsphoni um i odide. Among them a 20 quaternary phosphoni um
halide is particularly preferred, and usual ly one represented by the

foll owi ng forml ard Sthe present invention, firstly, an alkylene oxide

is reacted with carbon dioxide gas in the presence of a
catalyst to form a reaction solution containing an

10 alkylene carbonate. Preferably, an alkylene oxide is
reacted with carbon dioxide gas and water to form a
reaction solution containing an alkylene ‘carbonate and an
alkylene glycol. This reaction can be carried out in
accordance with a known method.

15 The catalyst to be employed, may, for example, be an
alkali metal bromide or iodide, an alkaline earth metal
bromide or iodide, an ammonium halide such as

_ tributylmethylammonium iodide, or a phosphonium halide
such as tributylmethylphosphonium iodide. Among them, a
20 quaternary phosphonium halide is particularly preferred,

and usually one represented by the following formula is

employéd.
%1
(R4 -F—RZ )]+ X-
R3
25 In the above formula, each of Rl to R4 which are

independent of one another, represents a group such as an

alkyl group, an alkenyl group, an aryl group or an



| o R4 whi ch

| oyed. err 25 In the above fornmula, each of Rl to whi ¢
:Fg e LndgpenLent of one another, represents a group such as an al kyl

n-al kenyl group, an aryl group or an _ _ :

gr?up, a ‘aralk§I groug, which may have a substituent inert to the
reaction, bonded. X is chlorine, brom ne or iodine. Specific
exanpl es of such a quaternary phosphonium & - hal i de may be those
di scl osed on pages 2 and 3 of JP-A- 5 58-22448. Anong them _ ]
particul arly gFéf¥legriovpa which weyr aakviey bpbanphaiemchdhiede Waekgion eac
of RlL to R4 whi ch_are independent of one another, is a (ferr] alKkyl
group. The quidféFtaPrR phessiesni uk hal kot snesuatbyine ?? ﬁaﬂ;ﬁéglzﬁgmever

i de the system and t.hen added to the 10 system _ ¢5|re , ,
?ﬁésgosresponéingg%¥?%H§%Fyexampleﬁh@§pﬁM@@ andualtieyinaryl iphesphyriiemadded to

' [ lide is
tion . . System so that ,the quaternary phosphoni um ha
$2$n£§a?nltheh?éééﬁiéﬁysgétEﬁpsﬂsdﬂﬁéléﬁﬁéoﬁatpﬁges 2 andaBaby¥stp-nhe

R G o L S SR
ised in o ESbERaliyEkAIRbRopHUR, 401 SecohYnBla, Sephooti Ranta wl 1
met al CarbOna%ﬁicﬂhéféb%nﬁéﬁgﬁd€8§S#?!ﬁnéoaﬂggﬁgg, %g afgizagigglo a
by- product such as diethylehe gl'yco
group. The quaternary phosphonium halide is usually
synthesized outside the system and then added to the
10 system. If desired, however, the corresponding tertiary
phosphine and alkyl halide may be added to the reaction
system, so that the quaternary phosphonium halide is
formed in the reaction system. As the carbonating
catalyst, the quaternary phosphonium halide may usually
15 be used alone, but if desired, other promoter or
cocatalyst component may be used in combination. For
example, the gquaternary phosphonium halide may be used in
combination with from 0.0l to 1 molar time of an alkali
metal carbonate, whereby it is possible to reduce
20 formation of a by-product such as diethylene glycol in
the carbonating step, and to promote the reaction in the
hydroiytic step.
The reaction of the carbonating step is carried out
usually from 70 to 200°C, preferably from 100 to 170°C,
25 more preferably from 100 to 150°C. If the reaction

temperature is low, the reaction rate tends to be low.

On the other hand, if the reaction temperature is too



t.-he carbonating step, and to pronote the reaction in the hydr ol ytic

. . : ed out

st ep. The reaction of the carbonating step is carrie

usuglly from70 to 200[err]C, preferably from 100 to 170[err]C, 25_n0{e

preferably from 100 to 150[err]C If the reaction tenperature is |ow,

the reaction rate tends to be | ow gn7th ot her hand, if tge reaction
rature is too -7-

L?gﬁe side re 0 i ncrease, and a |loss due to deconposi tion

of the cataly%ﬁiﬁllsﬁ F§§§§loﬁﬁerll incegesieon apdessipesi suesal | y from

to 5.0MPa), preferably from10 to 30
Eg}gn29($92ﬁ1 et posé%lPB ?fOEbPaFataAysﬁh@lﬂéaencgaageessﬂhe becones

' action rate of an alkyl ene oxi de usual ly ipcreases, and
P Io?rr]ratfgﬁ of reﬁ‘y% PBAREESSUER &S &Saﬁéﬁwyﬁéﬁ@ 51 9@050 :{g/cmhﬁgﬁﬂ) :fe ssure
carr out . the _reac r |
??C&fﬁfege reqU|re8 % énBF eﬁﬁb&¥0fg?ﬁeﬁ§|§€ ?@akgéﬁmdhd(6DMErl 08 .
i nstrunents, gBd3tbgM§g§t f QL the red 016 BY ower U|red to cggﬂégss car bon
di oxi de gas wi | i ncrease SrPeeRnes 1 bige

Kk pplied 1ot reaction system is
15" usual Ty ;?eﬁﬁﬁ%°% raBblogkens ariten) §XI8?quH?gf¥nFaFreaseSrafmé s

| arge, the refctn@BiphoeeedspyabtshAELOLLLY 20 3 ?1a%§¥gggcos%¥égil¥hfhls
power to conpress the carbon dioxide gas
mol ar ratio issuasdytfladrdases. However, to carry out the reaction
under a high pressure, it will be required to employ an
10 expensive reactor and other instruﬁents, and the cost for
the power required to compress carbon dioxide gas will
increase.
The molar ratio of carbon dioxide gas to the
alkylene oxide supplied to the reaction system, is
15 usually at most 5, preferably at most 3. If this molar
ratio is large, the reaction proceeds satisfactorily, but
the cost for the power to compress the carbon dioxide gas
will increase. Even if this molar ratio is less than 1,
the reaction will proceed. However, the carbon dioxide
20 gas not only serves as a starting material for the
reaction but also serves to stir the reaction system
thereﬁy to prevent a local increase of the temperature.
Accordingly, the carbon dioxide gas is preferably
supplied in a molar ratio of at least 0.5, more
25 preferably at least 1.0, to ethylene oxide. As mentioned
above, it is preferred to supply water to the reaction

system. The ratio of water to the alkylene oxide is



: ion will proceed. However, the carbon dioxide 20 gas not only
ggsvégagglg startigg material for.the - reaction but also serVﬁs to stir
the reaction system thereby to prevent a local increase of tle
t enper at ur e. Accordi ngly, the carbon dioxide gas is preferab yI t
supplied in a nolar ratio of at least 0.5 nore 25 preferably 3t eas
1.0, to ethylene oxide. As nentioned -laabove, it is preferred to suppdy
water to the reaction system The ratio of water to the al kyl ene oxide
is optional, but usually it is in a t@lar rati@Ptdronadl moyt .
usually it is_in a nolar ratio of at nost 10, preferab[y at nost
It this nol ar Y0at PEeferpilyeat most Bhe Tonthhsrmbler ohtibeisqueeys,
al kyl ene glyc% sol uti on , obtai nabl e via the subsequent hydrolyzing
step, will ged€8P€§§€Fa5ﬁGna°§uEbﬁaﬁgm&busoaﬂkmlbhebglye@ulgaquﬁqbn

' iois less
f water. .On the other hand, even if the nolar ratio is
{ﬁgﬁvil ?.e. 8§5ﬁlﬁﬁghewaﬁérth§ SUppPREgNt hydrodvging smepnoudllof |ess

I nol the al kyl ene oxide, the reaction will proceed.
LQ&EVE??'i ?éeg%8a§8VaﬁPég€oﬁ§bFEQPtﬂﬁé SREGNW14EL het zequipeli €dris | arge

i i reaction
tgn;gpgtﬁﬁgéniemébﬁf BE;@E%%%.?; wf%ﬁgt%gg%%g€%$$éf§%ﬁéhg@;%gtmeI??eigay
reforred to Satoy s baEEl EObBl fme o 978RchBFD v teRats: RepRLkgRene
8xide, t he Caéﬂ@ﬁ ﬂhoéﬁdémount Sﬁsleégetﬁgﬁag¥ﬁgmgﬂgrt g t ge;l%§ eggpplled
to the oxide, the reaction will proceed. However, it is
10 advantageous that the amount of water supplied is large
to some extent, also from the viewpoint of control of the
reaction temperature.
As the reactor, a reactor of any optional type may
be employed so long as it provides good gas-liquid
15 contact. It is preferred to employ a bubble column
reactor, so that the alkylene oxidé, the carbon dioxide
gas, the catalyst and the water are supplied to the
bottom of the reactor, and from the top, the formed
reaction solution and excess carbon dioxide gas are
20 withdrawn. The reaction solution is sent to the
subsequent hydrolyzing step, and the carbon dioxide gas
will Be recycled to the bubble column reactor after being
supplemented to compensate the consumed amount.. The
reaction is a highly exothermic reaction, and it is
25 accordingly preferred to control the reaction temperature

'by an external cooling system such that the reaction

solution is withdrawn from the tower top, cooled by a



bottom of the reactor, and fromthe top, the forned reaction sol ution
and excess carbon dioxide gas are 20 wthdrawn. The reaction solution is
sent to the subsequent hydrol yzing step, and the carbon di oxi de gas
will be recycled to the bubble colum reactor after being suppl enment ed
to conpensate the consuned anmount. The reaction is a highly exothermc
reaction, and it is 25 accordingly prefeyed to control the reaction
t enperature by an external cooling systemsuch that the reaction
sol ution is wheRd swshangen kad dben trerurced ed bhed bottom of the
-9- heat exchanger and then returned to the bottom of the
reactor. reactorhen, the reaction solution containing the al kyl ene
carbonat e, obtained as descri bed above, is hydrolyzed 5 while rel easing
carbon di oxi de gad g f%r@@%@owlutlomlmm@gme sdkytlieares The
hydrol ysi s of thg al kyl e % carbonate is represented by the foll ow ng
formula (1). Pfte' obtained ag,dgsegibes i Rk, r éachiydmodyzieem wher ei n
t he hydr% Xi ; ng eted in one stage or, even in the case of
a multi-stage Faact FoncorhRSr E3¢PPEn S exd8RpPaced tonfprmisn aueotise
charged wat er | L t he concentration, the water
concgntrationagg%?gg%eQQQ%P ggtlon.ma%he hydrolysis of the. alkylene
carbonate is represented by the following formula {(1).

O
o/lko " HO
: / + HQ — OH + (0 -(1)
R

10
[ R: H, Alkyl]

In a conventional reaction system wherein the
hydrolysis is completed in one stage or, even in the case
of a multi-stage reaction, the reaction is completed only

15 with the charged water without controlling the water
concentration, the water concentration decreases with the
progress of the reaction, and the reaction rate gradually
decreases, whereby it takes time to complete the
reaction. If the water concentration in the charged

20 starting material is increased to prevent the decrease in
the reaction rate, there will be a problem that a large
quantity of heat energy will be required for separating
water in a purification system and for heating the
reaction solution, as mentioned above.

25 In the present invention, the hydrolysis step is
divided into a plurality of stages, and the water

concentration in a reaction stage wherein the conversion



progress of the reaction, and the reaction rate gradually decr eases,
whereby it takes tinme to conplete the- reaction. |If the water
concentration in the charged 20 starting material is increased to prevent
the decrease in the reaction rate, there will be a problemthat a

| ar ge quantity of heat energy will be required for separating

water in a purification systemand for Hééﬂ?ﬁg t he reaction sol ution,
as nentioned ahove. % In the present invention, the hydrolysis step
is di vi defl iﬁSS & gV&F&PiF?rBPn§E39é§,a§naeah§ t@ker is ma¢ohaénedati on
In a reaction_stage wherein the conversion .

- 10 - 5¢ g%ewéFE§PeﬂeréﬁgﬁoﬁgtgrP§ &b Fea3df ®0% is maintai ned

to be within a raggg g& frog115 to 30 wt 9%, If this water
concentration becdfes™t§ HaLFEsSORAgRtration)begeyerntehber dgssi shast age

wi th such a psed regn conversjon, the reaction rate tends to
decrease, as 15 ﬁEﬁeg%ig%%draﬁggé?nCﬁ 298 ¥ihRrsWghe? BreRerermingd

i ncreased peyedayaPs X0 Qﬁefy&g@gioénﬁ%ﬁ¥eggﬂésLgoggggFﬁ%aereactron rate

corresponding to the [ ncreased anoun *afd the above

ment i oned encrgcl 6agVivhbve 10 deIHIRAnSHHAPRE! A, 4G/ |Gl L

The method for maintaining the water concentrati‘on T%ithiT t he range

specified by ihersses8MbeyINENHOPes MBYo furthdP'; e, { hod
wherein the progress of t%e hydrol3si%raﬁ%9tﬁ@§%%g%ﬁ%%€i%ﬁ of - wat er

a;e separ at el yeadbionDra t O €6 BYsOIR@IhFERS Sth@NPhd Nea S04 T £3HQR1 g1 fnount
© be obtained, and the above mentioned energy load will

10 increase, such being inefficient.

The method for maintaining the water concentration
within the range specified by the present invention, may,
for example, be é method wherein the progress of the
hydrolysis and the consumption of water are separately

15 monitored by experiments, and the corresponding amount of
water is continuously or intermittently added, or a
method wherein the amount of water in the system is
‘timely checked, and a required amount of water is added
depending upon the checked result.

20 The method for adding water to the system may, for
example, be a method wherein water pressurized by e.g. a
pump,.which is preferably preliminarily heated to
maintain the reaction temperature to be constant, is
supplied into the reactor, or a method wherein steam

25 having a vapor pressure of at least the reaction

pressure, is blown into the reaction system. However,

the method for addition is not particularly limited. For



[ [ [ ' hod wherein the
continuously or intermttently added, or a met \
2ﬁéﬁﬁt'§f wat er in t%e systemis timely checked, and a required anount
of water is added dependi ng upon the checked result. 20 Thﬁ |
met hod for adding water to the system may, for exanpl e, be a netho

' [ by e.g. a , which is preferably
mfg{?h?ng?ff; Eégfzgr{ged y na?ntain thépfggétion tenperature to be
c tant, is upplied into the reactor, or. a nethod wherein steam 25
ﬁons g 'va oFelF§§§8 e O5f ¢ F@&gpdtﬁ@rréééﬁﬁgnwater,pdésiwraﬁwideLaM1
iﬁrgn?hg regckigg system Fbme¥3r, n dﬁ?e met hod for addition is not
particularly IPn1Fe§F Fgr Suitable method fgg gveryn repcthienmstage f or

i Lt s ' . . | ect. a syitable nmethod for every
adding vater, chlihg 2HL! $80h 8. i ng 3ol Select a i In
reaction stage gaklng tHe QOFP%RAHB hes egaggdgL?tLﬁg-reaction by

t he present inventi0 [ i ef,erred.to carr _
diviging t he hydrnggFg fg%eg%téggen%lon'pﬂﬁr§§lF?eéﬁr§ﬁﬁbé§,Q%MTY

' [ ' —_ ch, of the second and subsequent
Fencti on st agest one ReREEESH! By divigtl B8 BRIEPI¥sTE e SorDt hathr Bcodi ng

[ viegedrt e Ctj S of at. 10 | east one
| acti o ot oD e SeagtS? §RATRARNBLATLRE Blalhiof oredied”

Sthge. The reaction o mr T be aceaer o ea e e R ERR e O Thi o
is e bel i keedit tmobe cherrbutebbr ppebberbast thatplbecgangon
reaction stage, provided that the reaction pressure of at
10 least one reaction stage among the second and subsequent
reaction stages, is adjusted to be lower than the
pressure of the preceding reaction stage. The reaction
will be accelerated, such being desirable. This is
believed to be attributable to the fact that the carbon
15 dioxide gas can be efficiently removed out of the system
by lowering the reaction pressure within a range where no
boiling of the system takes place. To adjust the
reaction pressure of the second or subsequent stages to
be lower than the reaction pressure of the preceding
20 stage, it is preferred to adjust the pressure to be from
20 to 90% of the pressure of the preceding stage.

If the pressure of a certain reaction stage is
adjusted to be so low that it is less than 20% of the
pressure of the preceding stage, boiling of the reaction

25 solution is likely to take place. On the other hand, if
it exceeds 90%, the effect of lowering the pressure tends

to be small, and the reaction rate is likely to be low.



15 dioxide gas can be efficiently renoved out of the system by

' ' it hi boiling of the
| owering the reaction pressure within a range where no
systen1?akes pl ace. To adjust the reaction pressure of the second or
subsequent stages to be | ower than the reaction pressure of the

[ [ to be from
recedin 20 stage, it is preferred to ad ust the pressure
20 to QOgbof the pressure of the preceding étage I f the pressure

hat it is |less
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sat ur at ed vapoatpr eesdsetoatieutabsed, f a8 the ESQEEEBEUESating w1t hg
reaction stage and the conposition of the reaction
consumed as heat of vaporization, such being

10 disadvantageous from the viewpoint of energy consumption.
Here, the vapor pressure of the reaction solution is.a
saturated vapor pressure calculated from the temperature
of the reaction stage and the composition of the reaction
solution excluding carbon dioxide gas.

15 The hydrolysis pressure in the present invention is
adjusted usually from 0.1 to 5 MPa, preferably from 0.2
to 3 MPa. If the reaction pressure is less than 0.1 MPa,
boiling of the reaction solution is likely to take place,
as mentioned above. On the other hand, if the reaction

20 pressure is made higher than 5 MPa, the installation cost
will increase to secure pressure resistance, etc., such
being.uneconomical.

In the process of the present invention, the
temperature for the hydrolysis is preferably adjusted

25 within a range of from 50 to 200°C. If the reaction

temperature is lower than 50°C, the reaction rate will be

low, such being not practical. On the other hand, if the



sol ution excludi ng carbon di oxi de gas. 15 The hydrol ysis pressure in

: : . . = MVPa
' ent invention is adj usted usually fromO0.1 to 5 ,

LPZf2;23|y fromaO0.2 to 3 MPa. If the reaction pressure is less than

0.1 MPa boiling of the reaction solution is likely to take pl ace,

i oned above. On the other hand, if e_reactipn 20 pressure is
ﬁzdgeﬂféﬁer than 5 MPa, the installatiop c%gt mAII I ncr ease t? s?ﬁure
pressure resi§1an e, et,c., such bei ng_unecononi cal . n s?s
process of thé preséit FnFErtites oreat a hiskpsenpera tige Eheebﬁdnglyf 5,
Is preferably %%kg§t 25 _-within a range of from50 to 200[err]C | e
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h bei t .practical. .On the other_hand, if the _
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endot hor m ¢ T eactson. aqt Toro BreELzaRly, wichin 2 Eerdy' BE Ekom 108 n
order to proctedl8DOcwith the reaction, it is necessary to heat the system

As a method for such heating, it is common to enploy a
This hydrolysis is an endothermic reaction, and to

maintain the reaction tempeiature in order to proceed

10 with the reaction, it is necessary to heat the system.
As a method for such heating, it is common to employ a
method of indirectly heating via e.g. a jacket or a coil
by a heat source such as high pressure steam or an
electric heater, or a method of directly heating by

15 Dblowing steam having a vapor pressure of at least the
reaction pressure into the reaction system. In a case
where the water concentration is high beyond 30 wt%, it
is preferred to employ an indirect heating method by an
external heat source. Even if steam is blown into a

20 system having a high water content, most of the supplied
water is likely to pass through without being absorbed,
whereﬁy the efficiency will be low.

In a reaction stage where the water concentration in

the system has become at most 30 wt%, it is effective to

25 employ a direct heating method of blowing steam into the
system, as the heating and supply of water can

simultaneously be carried out. Among a plurality of



of indirectly heating via e.g. a j.acket or a coil by a_heat
gghrgg such as highypreSSure steam or an ~electric heater, or a nmethod
of directly heating by 15 blow ng steam having a vapor pressure of at
| east the reaction pressure into the reaction system In a case
where the water concentration is high beyond 30 wt% it Is preferred
to enploy an indirect heating nethod by an14 - external heat source. Ev$n
if steamis blowy into a 20 system having a high water content, nost o
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t he water concentration within the
the water concentration will be subsidiary, whereby the
10 necessity to maintain the water concentration within the
specified range is low, and the effect is also small.

As a reactor which can be employed for the process
of'the bresent invention, a vessel type reactor, a multi
stage tower type reactor or a reaction distillation tower

15 may, for example, be mentioned. In a reactor of any
type, it is necessary to efficiently separate carbon
dioxide gas generated by the hydrolysis, from the
reaction system.

In the process of the present invention, the number

20 of the hydrolysis stages is preferably from 2 to 8
stages. If the number of stages exceeds 8 stages, the
instailation costs will be substantial, and there will be
a problem that control of the reaction process tends to
be complicated. As a method for dividing the reaction

25 step into a plurality of stages, it is common to provide
a plurality of reactors corresponding to the number of

stages. However, it is also possible to employ a single



ified range is low, and the effect is also small. _ As a reactor
3ﬁ?gk can be gnployed for the process of the present invention, a
vessel type reactor, a multi . ‘stage tower type reactor or a reactlo?
distillation tower 15 may, for exanple, be nmentioned. In a reactor o_d
any type, it is necessary to eff|C|en£gy separate carbon di oxi ?
gas generated by the hydrolysis, fromthe ~ reaction system vei n
the process of the present_invention, the nunmber 20 'of t he hydrol ysis
stages is pref&EPAHSF igmded gngo a DPlaraddsy Iof tstwt:mﬂmrbyofme&frmgﬁd
exceeds 8 st ages, the . . installation costs will be substantial, and t
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supplied, as a catal yst sol Uti on, e step™o an al kyl ene
car bonat e solution, to the step of forming an alkylene carbonate
from the alkylene oxide and carbon dioxide gas.

10 From the hydrolytic reactor, carbén dioxide gas
formed by the hydrolysis will be discharged, but it will
be accompanied by water and an alkylene glycol. In the
present invention, this gas is cooled to form a condensed
liquid or washed to obtain a solution containing the

15 alkylene glycol. The cooling for condensation or washing
is carried out so that the alkylene glycol in the gas
will be at most 20 ppm. For the purpose of recovery of
the alkylene glycol, it is economical to carry out this
cooling for condensation or the washing under mild

20 conditions. However, in such a case, even if the
obtained condensed liquid or the washing liquid is
returﬁed to the system, the effects for suppressing the
deterioration of the catalyst activities tend to be
small.

25 The solution containing the alkylene glycol,

obtained by the cooling or washing of the gas, is

supplied to an optional position from the step of forming



from the al kyl ene oxi de and car bon di oxi de gas. 10 From t he

hydrol ytic reactor, carbon dioxi de gas formed by the hydrolysis wll
be discharged, but it wll be acconpani ed by water and an al kyl ene
glycol. In the present invention, this gas is cooled to forma
condensed | i quird or washed to obtain a solution containing the. 15

al kyl ene glycol. The cooling for condensat® on or washi ng Is carried
out so that the ahgééene gl ycol in the gas will be at nost 20 ppm For
the purpose of™r@ Peofarbonatpge f3pry Banelllyenk, okidesaadorarbeal to

carry out thi§% . cooling for condensation or the washing under mld 20
condi ti ons. fBIdr 9RR LQchhs £hsk, oévdhstilihag the shtebnsed condensed
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wherern o The sel Ut or ot e e hoR Rt gl it R e T o < he
aqueous et hylpoes ghleoto siphiass e SUEHeRi YBYridd &Ff the activities
of the carbonating catalyst to be used by recycling.
10 Namely, in the gas discharged from the hydrolytic
reactor, a component for suppressing the deterioration of
the catalyst activities, is contained, and this component
is dissolved and recovered in the solution obtained by
cooling or washing the gas and finally recycled to the
15 zone where ethylene carbonate is formed from ethylene
oxide and carbon dioxide gas, whereby the deterioration
of the catalyst activities is believed to be suppressed.
It is not known what is this component. However, in the
gas discharged from the hydrolytic zone, a halogen which
20 1is believed to be attributable to the catalyst, is
contained, and this halogen will transfer to the liquid
under?the above mentioned cooling or washing conditions,
and accordingly, it is believed that at least a part of
suppressing the deterioration of the catalyst activities,
25 is attributable to the action of this halogen.

As another method for producing an alkylene glycol,

a method is known wherein an alkylene oxide and water are



possi ble to suppress the deterioration of the activities of the
carbonating catalyst to be used by recycling. 10 Nanely, in the gas

di scharged fromthe hydrolytic reactor, a conponent for suppressing
the deterioration of t he catal yst activities is contained, and this
conponent - is dissolved and recovered in the solution obtained by
cooling or washing the gas and finally rec¥éled to the 15 zone where

et hyl ene carbonate is forned from et hyl ene oxi de and carbon di oxi de
gas, whereby fETd&%eriNotds @resenceioft artaaldisxiar.i Vibiegeks bgkieved
to be suppressed. It iis not known what is this conponent. However, in
t he gas &F?Eﬁéﬁﬁb&nWﬁ&maﬁh@ﬂthkwﬂ$MEcczmh@na&ehabog@n which 20 is
believed to be ttrihytable to the catalyst, is contained, and this
hal ogen wi | Imediabe, hang dii ds regamdedr ashenabofe thent i oned cool i ng

or washi ng CO@Q&}IOHS %@taccordin gly, it is believed that at |east a
part of supprég§Pﬁ§ et EFF&P&Fiéﬁvéﬂtﬂhe teot adysistathievivhites, 25

is attribufabl.g, h tion of this _haloge As anot her net hod
for producing gnkgpky égé | §cbpngs of rﬁ@tﬁédtps3ﬁnvﬁﬁ Wwhetbiensaage
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reaction i nvobyegshag at inte diate, and it is
regarded as ong of th géngﬁeﬁ ﬁ%Eggﬁensﬁﬁgﬁhﬁima&H%E%ﬁtliﬂeé%tﬁ%n to adj ust
the vater  &ffestedt vhéhbPedeh@N@hvoheibfMidant P30 WL L N4Lhe, stage

of the remaining alkylene carbonate can efficiently be
10 carried out.

The conversion of the alkylene carbonate in such a
case, is a conversion with respect to the amount of the
alkylene carbonate as calculated as the entire amount of
the alkylene oxide hasg converted to the alkylene

15 carbonate.

As the alkylene carbonate as the starting material
in the process of the present invention, one having an
alkylene group with from 2 to 30 carbon atoms, is
preferred. Among them, industrially important ethvlene

20 carbonate or propylene carbonate is preferred. The
effects of the present invention are particularly good
when épplied to ethylene carbonate having a
characteristic of being azeotropically distilled with
water.

25 Further, it may have one or more alkyl groups having
from 1 to 12 carbon atoms, as substituents on the

alkylene group.



of conpleting the reaction to obtain an al kyl ene gl ycol by this

reaction nmethod. Further, there will be an ~effect of the present
i nvention such that the hydrol ysis ~of the remaining alkylene o
carbonate can efficiently be 10 carried out. ‘The. conversi on ? .
the al kyl ene carbonate in such a case, is a conversion with respect
to the anount of the - alkylene carbonk®e-as calcul ated as the entire
anmount of - t he al kyl ene oxi de has converted to the akkylene 15|
car bonat e. Accerdipg dokHheneroaesenatte the Hhresimyr tingdmbid i a

of the_present invention, one having an al kyl ene group
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groups havd Ngapout ib@%‘l to 12 carbon atons, as substituenti8on t he
al kyl ene group. ’ - -

: i ' the final
According to the £g3S QECBQ 1REEBEN gnv%g%ggg, h, s 0
conversion of the alky?Zne pargongte c%ﬁ b& " ﬁgdéafggﬁgtgﬁggtang{%r
and eSpeCia||anéHEiSHPVEﬁé'HQd?glysis okNend a¥L§T§ng cargonate can
stage can be nmade to be

be facilitated, whereby it is possible to produce an

alkylene glycol efficiently in a reactor of a small

10 capacity or in a shorter period of residence time.
Further, the activities of the carbonating catalyst can

be maintained even when the catalyst is used repeatedly
by recycling.
BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 is an example of a flow sheet for carrying
out the present invention. In Figure 1, reference
numeral 1 indicates a bubble column type carbonating
reactor, numeral 2 a carbon dioxide gas supply pipe,
numeral 3 a supply pipe for e.g. alkylene oxide, numeral
20 4 a heat exchanger, numeral 5 a pipe for recycling the
reaction solution, numeral 6 a discharge pipe, numeral 7
a gas;liquid separator, numeral 8 a hydrolyzing
apparatus, numeral 9 a distillation tower, numeral 10 a
flushing vessel, numeral 11 a pipe for supplying the gas
25 to a cooler, numeral 12 the cooler, and numeral 13 a pipe

for supplying a condensed liquid.



5 about 100% Nanel y, according to the process of the present

' ' the hydrolysis of the al kyl ene carbonate can be
;QZ?P}Lg?éd, mhe?eby ?t i's possible to produce an _ aIEerne glyfgg o
efficiently in a reactor of a small 10 capacity or in a shorter peta[ O
resi dence tine. Further, the activitjes of the carbonat|3? cataly L
can be mai ntai ned even when the cata}%sT IS used repeate 1% y
recycling. BRI EF DESCRI PTI ON OF THE DRAW NGS ] ssent
Figure 1 is aﬁxéygﬁﬁﬁe of a flow sheet for fg[rilP%dicategu; Lung; sent
[ [ [ rence nume ) _
{;ggnggfgbn;?iEégﬁ%%’1FgégégﬁgeﬁﬁnépﬁﬁnﬂiéncHﬁ@énb@idﬁsdei@eﬁ dnppl y pi pe,

[ ide, nuneral 20 4 a heat
oxchanger, nurorsel 885eEl ¥1fn, Eefdreage: he Fxampienct ifwecn |t |
nu ’ ' ' -liquid separator, nunera

ral 6 a d 0L P nuneral. 7 a gas-1liqui . :
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[ ' ' he gas 25 to a
| ushi s 1 pipe for supplying t _
2ooler fnﬁﬁergfa%g ?ﬁ%tﬁgg é??k%n%uﬁ% %$1€%Cag les. for supPIylng a

| | GEXBMPLE 1 _ _ - _
Eigﬁgﬂégd Now, the present invention will be described in

further detail W EbhyeégeesLecto ﬁgénpfgﬁarg€m§¥g&’eLﬁylene oxide,

carbon dioxide gas and water in accordance with the flow
sheet shown in Figure 1.

10 To a bubble column type reactor 1 (inner diameter:
20 cm, effective height: 200 cm), carbon dioxide gas was
continuously supplied from a pipe 2, and ethylene oxide,
water and a circulating catalyst solution were
continuously supplied from a pipe 3. The respective

15 amounts supplied, were 140 kg/hr of carbon dioxide gas,
62 kg/hr of eéhylene oxide, 50 kg/hr of water and about
9.0 kg/hr of the circulating catalyst solution (as
tributylmethylphosphonium iodide: about 4.5 kg/hr, and as
potassium carbonate: 0.18 kg/hr). The reaction was

20 carried out at 110°C under 2.06 MPa, and the reaction
temperature was controlled by circulating a part of the
reaction solution through an external circulation pipe 5
including a heat exchanger 4.

Via a pibe 6, the reaction solution was sent to a

25 gas-liquid separator 7 for gas-liquid separation and then

supplied to a hydrolyzing apparatus 8. The hydrolyzing

apparatus comprised two vessel type reactors connected in



shoul d be understood that the present invention is by no 5 nmeans

I cted to such specific Exanples. EXAMPLE 1 Et hyl ene
gfizgicaas pr epar ed Pronmethylene oxi de, - carbon dioxide gas and water
in accordance with the flow sheet shown in Flgure 1. 10 To a
bubbl e col um type reactor 1 (inner dlaq?ter:_ - 20 cm effec_tlxéef
hei ght: 200 cm, carbon di oxi de gas was continuously supplie {on]a
pi pe 2, and ethyl ene ox er and a circulating catalyst solution
wer e coﬁ?%ﬁﬁﬁus??dsﬁbﬁlF@Bd#Féﬁﬂé §P§eh3dr¢hysnespecthee 15 anounts

[ di d . 62 kg/ hr of ethyl ene
ox. de. 50 kol hPSEPoiaver sEagednuare contgopTrg) me shaghghei Fius snage
u t hyl. phosphoni um i odi de: abou
1L T L L R
d t [ ] 6 e reactio
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an external CtR&UL8LEPDR! PEs O rrleéngugd%¥g?gb%§g§5§§%gm|}aa?de%%%arator

Via a pipe 6, the reaction 301 ULT on wad se

7 for gas-li e 66pPasAt R apd t‘pg@e Sippligd to ZI n
appara?us 8. q%ie hydr ol yzi ng < %r%?%s conpr}%%dl?mﬁ %%

d|t|ons for
reactors connexd editin a range of frorﬁei$ €S0 PHdyLLe con
hydrolysis in the respé%tlve stages were.confrolled so that the first

st age As a result, the conversion of ethylene carbonate
was 93.0% at the outlet of the first stage hydrolytic
10 reactor and about 100% (detection limit by gas
chromatography: less than 10 ppm) at the outlet of the
second stage reactor. The water concentrations at that
time were 18.8% and 19.2% respectively.
The aqueous ethylene glycol solution obtained from
15 the hydrolyzing apparatus, was subjected to distillation
firstly in a distillation tower 9 under a tower top
pressure of 80 mmHg and at the tower bottom temperature
of 140°C to distill water, and the tower bottom eluted
solution was supplied to a flushing vessel 10 maintained
20 under 62 mmHg to evéporate most of ethylene glycol and y
diethylene glycol, and a solution containing
tribuéylmethylphosphonium iodide as the catalyst
remaining without being evaporated, was recovered and
recycled to the reactor 1.
25 Further, the gas discharged from the hydrolyzing
apparatus was supplied to a cooler 12 via a pipe 11 and

cooled to condensate water and ethylene glycol contained



was carried out at 150[err] C under 0.55 MPa, and the second stage was
carried out at 150[err]C under 0.25 MPa. Further, 5 the reaction was
carried out by blowing steaminto each reactor so that the water
concentration in each reactor was within a range of from15 to 30

wt % - As a result, the conversion_ of ethylene carbonate was
93.0% at the outlet of the first stage h?d?%lytic 10 reactor and about

100% (det ect i limt by gas chronat ography: |ess than 10 ppm) at the
out| et of the%%erelnseééﬁda§té@@epéécﬁ@ﬂutIne wenérindnget. 24t b@ns at t hat

time were 18.%%£%gd 19.3%)rgs ectively. . The aqueous et hyl ene
gl ycol sol uti on obtarnddYFPomvass reReVRYyetopfz _ngasppatalis kovas anlbj ect ed

to distillati . _firs i.n a distillation tower 9 under a tower top
pressure of 88ﬂﬁﬁ%6egn5°a%h¥hglfﬁﬁe?tBS?t8§1FBﬁpBVdFQﬂEZing appata6fierr] C
to distill wateg, ;a he,tower bottom el uted solution was supplied to
a flushing vesgélalggﬁ%i§§ain > LYOURN T B L ImRe (9r e Eierhargedst of

et hyl ene of ycelomnéh, pet e l ycol,, _.and sol uti on cont ai ni ng
tribut yl met hyi pﬁosphgnfa?ng%gd{%% 3°Phectd; 5Rcsetnvlene alyfong wit hout

bei ng evaporab@ﬂceM@§aE§§ﬁVﬁggd4a€ . recycled to the reactor 1. 25
Further, the gas discharged fromthe hydrol yzi ng appar at us was

ZﬁgpgiﬁSILﬁeagfgggﬁrggﬁf;?ﬁgg BhRerdédcafdn was Sggkggdtgugogggnggte matef
21 - t hdags n, waatelay lieeossvSHS Ubh 08s COPLR 818906 A% 8f tne
reactor 1 was initially 99.5% and 99.4% even after 90
10 days.
COMPARATIVE EXAMPLE 1
The reaction was carried out in the same manner as
.described above ekcept that in Example 1, the operation
of returning the condensed liquid formed by cooling the
15 gas discharged from the hydrolyzing apparatus, to the
hydrolyzing apparatus, was omitted. The conversion of
ethylene oxide which was initially 99.5%, decreased to

98.1% after 90 days.
COMPARATIVE EXAMPLE 2

20 An experiment for the production of ethylene glycol
was carried out in the same manner as Example 1 except
that control of the water concentration in the later
stage hydrolysis reactor was omitted, and accordingly
without supplying water, heating of the later stage

25 reactor to maintain the reaction temperature of the later
stage, was carried out solely by an electric heater.

The water concentration in the later stage reactor



ethyl ene glycol was recovered at a rate of 27 kg/hr and supplied to
the first stage of the hydrol yzi ng apparatus via a pipe 13. The
tenperature of the gas discharged 5 fromthe cooler was 39[err]C, and

t he et hyl ene gl ycol concentration was 4 ppm : In this way,
the reaction was carried out for 90 g ys, whereby the conversion of
et hyl ene oxide in the reactor 1 was itTially 99.5%and 99. 4% even
after 90 | O ays,. - ARATI VE _EXAMPLE 1 The reaction was
carried out iwaghé%sgﬁb-ﬁﬁﬁh g overall gosvensderaledy etdydepe t hat in
Exanple 1, th i_on of .returning the condensed liquid fornmed by
cooling the ?ﬁﬁﬁgégﬁﬁiggh&bﬁé&“F#&ﬁ]Pﬁetﬁfd%&Fﬁﬁ FrogSpHest as, at deavied
hydrol yzi ng apgaiat 4s, m,t.ted. The conversi on of et hyl ene oxi de
which was initially 359.%&? 3é(‘:l§0t8a§85‘ Pg eg%ﬁ@@?l%#@é@t@oweéys.

COMPARATI VE : 20 [ t.f t t f ethyl
glycol - was eaeered oSt AR SRR e e ad Bralnipen formed

t hat cont rol gblhhgowaggﬁscggggghg tion in the |ater stage hydrol ysis
reactor was omtted, and accordi ngly wi t hout supplying water, heating
of the later stage 25 reactor to maintain the reaction tenperature of the
| at er stage, was carried out solely by an electric heater.

The water concentration in the |ater stage reactor



-- 22 - was 13.7% and the overall conversion of ethylene carbonatf at the
outlet of the later stage was at a level of 99.9% and.13430fppn1?he
et hyl ene carbonate was included in ethylene glycol purifie rom
formed solution thus obtained.

23 VWHAT I S CLAI%?D | S: 1. A proce?s for
i ng an al kyl ene glycol, which is a continuous process
Biggﬂgzng an alkglene gl ycol ___conprising the follow ng steps fl% tof
(4), wherein the 5 hydrolysi dinto a plurality o
st abes 1and A hg-dnelrol ysi ?fo&u%ar ri %?rho% Q. t h%lﬁ}choel W%&[ch e
concentration in a reactlon sta réth [ ey '

al kyl ene Carb@ﬂ@bﬁthﬁu@hsl%@%Eegg%koEngE%IgﬁggoQPdélkyleongng@é{bon

(1) a carbonating step of reacting an

di oxi de gas i eohbeiRiageRER QBlQo%QBBOg%%§%gA c&?bgg; %r%gﬁf%%gl?z) a

reaction solution containi ng an

i din step
hydr ol S|sssthyd@blb;d@ogxébngzghgsrg g&a §038I i on-obt ai ne 2
({)rahYIe rel easi ng carbon g ﬁo f 8r Fr 55 2A4Gdo0E StRgESne

he
the hyd 1§ia9léakﬂé&'8{1 SLEP L digLiLLing
ggﬁggLsSO|Ut|ZFiyleﬁe §|§§o? sol ution 1o obtarn-at trakst 3 YBh§ %rated

al kyl ene gIyCGbnaadtaasmbntLﬁnacggg@tmbﬂgsggsecgﬁgggghlgge %onv%%EQEXSt’

and
of the alkylene carbonate is at least 60%, is from 15 to

30 wt%:

10 (1) a carbonating step of reacting an alkylene oxide
with carbon dioxide gas in the presence of a carbonating
catalyst to form a reaction solution containing an
alkylene carbonate,

(2) a hydrolysis step of hydrolyzing the reaction

15 solution obtained in step (1) while releasing carbon

dioxide gas, to form an aqueous alkylene glycol solution,
(3) a distillation step of distilling the aqueous

alkylene glycol solution to obtain at least a dehydrated

alkylene Qlycol aﬁd a-solution containing the carbonating

20 catalyst, and

(4) a recycling step of supplying the solution
containing the carbonating catalyst to the carbonating
step (1).

2. The process for producing an alkylene glycol

25 according to Claim 1, wherein in the hydrolysis step

divided into a plurality of stages, the reaction pressure

in each of the second and subsequent reaction stages, is

HlIIIIl I||I|I IIIII lIIII ll IIII



(4) a recycling step of supplying the solution cont ai ning the

onating catalyst to the carbonating step (1). 2. The process
?g;bproduc?ng an élkylene~g|ycol 25 according to Claim1l, wherein in the
hydrol ysis step divided into a plurality of stages, the reaction
pressure in each of the second and subsequent reaction stages, is
- 24 - adj usted to be at nost the reattion pressure of the
i on pressure of at | east one

recedi ng reagty age, ..and . the react
PeactiongstaggJd %%ﬁ% %gnF%%a&dpﬁgFeggﬁorSQCtlon PESRENTENQE the pressure

| ' r produci ng an
i S o P R
reaction step anong the second af gub?g ngessur .ofgﬁﬁiFS?efzg?ES’ i's
T L T oy
Bl ural 1y of i vi ded acestsere P8 BR*SINTeh glyzasc”cr fromo. 1

[ I
5 MPa.acdbrabng ThecpaoRess §RE-BERINGT PP ap, glkylene glyco
gfgoﬁging tg %faiﬁ1l?gmherein t he reac%ion tenpe?a?ﬁre°|¥515 l:éﬁch of the

plurality of divided hﬂﬂéOhyp1§r§1ﬁﬂ§50f5stageswﬁFﬂérggeégﬁggo E LEOWISO to
200[err] C. 6. The process for producing an al kylene gl'y
least one reaction step among the second and subsequent
reaction stages, is adjusted to be from 20 to 90% of the

10 pressure of the preceding reaction stage.

4. The process for broducing an alkylene glycol
according to Claim 1, wherein the reaction pressure in
each of the plurality of divided hydrolysis stages is
within a range of from 0.1 MPa to 5 MPa.

15 5. The process for producing an alkylene glycol
according to Claim 1, wherein the reacﬁion temperature in
each of the plurality of divided hydrolysis stages is
within a range of from 50 to 200°C.

6. The process for producing an alkylene glycol

20 according to Claim 1, wherein the alkylene carbonate is
ethylene carbonate or propylene carbonate.

7. The prdcess for producing an alkylene glycol
according to Claim 1, wherein a quaternary phosphonium
hélide is used as the carbonating catalyst.

25 8. The process for producing an alkylene glycol

according to Claim 7, wherein the gas containing carbon

dioxide gas released in each of the plurality of divided

* [ L M s *



20 according to aim1l, wherein the al kyl ene carbonate is et hyl ene
carbonate or propyl ene carbonate. . 7. The process for producing an

al kyl ene gl ycol according to Claim1l, wherein a quaternary phosphoni um
halide is used as the carbonating catalyst. 25 8. The process for
produci ng an al kyl ene gl ycol accordigg to Claim?7, wherein the gas
cont ai ni ng carbon di oxi de gas rel easeéPim each of the plurality of

di vi ded : . - 25 - hydr ol ysi s
stages, is coaVSHOANEi8oREBNS8a dF Fookashaad condgnskda owadki wgshedqui d, so

that the al ky I . he. . as, becopes to be at nost 20 ppm to
obtain a soluk?gﬁ 4 %ggééh aﬁﬁgﬁédfhégaFkﬁFeﬁEegP kKyllenghpdlicpd dopphieed to

any 5 one o t ) . 9, .The process for producing an
&?g S Egi%é £5 BPEFn?t9, PRRer EPnoR&RéR Rssedpplipad to the

al kyl ene gl yco accor g

carbonating stgRcLonkf a ne _carbhonate and, an al kyl ene gl ycol
form 10 10. The Bro%eggeféix ?8 ﬁc?%ﬁca  aRyFRnésgfyeBlied toaamwr di ng
to daim& whgeebn th §okg;i98 QFtaining t he al kyl ene gl ycol, .
obt ai ned by cooling and con enS|nS he gas or by washing the gas with

a washing ligwaid, the proce§§pﬁbkeﬂr58uégﬁ8 gg)a?ky&é%é glycol
according to Claim 7, wherein water is supplied to the
carbonating step to let an alkylene carbonate and an
alkylene glycol form.

10 10. The process for producing an alkylene glycol
according to Claim 8, wherein the solution containing the
alkylene glycol, obtained by cooling and condensing the
gas or by washing the gas with a washing liquid, is

supplied to step (2) or (3).

O



