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- 1 PROCESS FOR THE PREPARATI ON OF PROPYLENE GLYCOL
The present invention relafes to a process for the
preparation of propylene glycol from propyl ene oxide

. Background of the invention It is well known to
~contact alkylene oxide with 5 carbon dioxide in the

presence of a‘'suitable catallyst to obtain a cyclic

al kyl ene carbonate.. Such process has been described
for exanple in EP-A-119840. Further, it is known that
the cycli-c al kyl ene carbonate can be converted
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A route for the preparatioﬁ of monoethylene glycol
comprises reacting ethylene oxide with carbon dioxide in
water as described -in US-A-6,080,897 and Us-A-6,187,972.

EP-A-0776890 describes a further process for
producing ethylene glycol from ethylené oxide wherein in
a2 ‘second step ethylene oxide is allowed to react with
carbon dioxide; in a third étep ethylene carbonate is
subjected to hydrolysis and in a fourth step ethylene
'glycol ié recovered. After the carbonate step of ethylene
oxide, almost all amounts of ethylené oxide are consumed.

As mentioned in EP-A-1125%15, the presence of
ethylene oxide during hydrolysis of ethylene carbonate
has the disadvantage that it can lead to ;he formation of
. by-products such as diethylene glycol. |

Summary of the invention

It was found that the presence of a substantial
amount of propylene oxide during the hydrolysis of the
propylene carbonate, did not give substantial amounts of

py-products. This is surprising as the reaction of



It was found that the presence of a substantia

anount. of propylene oxide during the hydrol ysis of

the propyl ene carbonate,- did not give substantial
amounts of Dby-products. This is surprising as the
reaction of - la propylene oxide with water in the
presence of catalyst to ebfiain 1,2-propanediol is
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heat which can be used in the endotherm c conversion

of the propylene carbonate. Therefore, |ess cooling

is needed during the conversion of propyl ene oxide

while | ess ' heating can be carried out during the
conversion of the 10 propyl ene carbonate. A further
advant age of the presence of propylene oxide in the
hydrol ysis of the propylene carbonate is the fact

that it is not required to renove all propylene oxide
fromthe propyl ene carbonate before further
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15 conversion such as by full conversion of the

propyl ene oxide. The present invention relates to a .
process for the preparation of ‘propylene glycol from
propyl ene oxi de, which process conprises (a)
contacting propyl ene oxide 20 with carbon dioxide in
the presence of catalyst in the substantial absence
of water to obtain a first peaction mxture
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fact that it is not reguired to remove all propylene
oxide from the propylene carbonate before further
conversion such as by full conversion of the propylene
oxide. .

The present invention relates to a process for the
preparation of propylene glycol from propylene oxide,
which process comprises ({(a} coﬁtacting propyleae oxide
with carbon dioxide in the presence of catalyst in the
suSstantial absence of water to obtain a first reaction .
mixture containing propylene carbonate, and (b)
contacting at least parf of the first reaction mixture

.with water in the presence of catalyst to obtain a second
reaction mixture containing propylene glycol and carbon
dioxide, in which process a substantial_amount of
propylene oxide is present in step (b) such that the
molar ratio of propylene oxide to propylene carbonate in
step (b) is of from 0.01:1 to 1:1.

Detailed description of the invention

In process step (a) of the present lnventlon, the
propylene oxide is contacted with carbon dioxide in the

presence of catalyst. Several catalysts are known to be



5 catalyst, nore specifically a phosphoni um halide
catalyst. It was found especially advantageous to
enpl oy a tetraal kyl phosphoni um hal i de catalyst, nore
specifically a tributyl-nmethyl phosphoniumi odi de. The
catal yst can be either added as such or can be 10
formed in-situ. The anpbunt of water present in step
(a) is at nost linmted. Gepgrally, less than 1 nole

of water. per nol e, of I I r
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speC|f|caIIy | es than 0.01. The carbon di oxi de can be
ei ther pure carbon dioxide or carbon dioxide

contai ning further conmpounds. Carbon dioxide which is
especially suitable for use in the present invention,
i's carbon dioxide which has been 20 separated off in
subsequent steps of the present process. Carbon

di oxi de can either be separated off directly after

t he propyl ene oxi de has reacted with carbon di oxi de or
at a later stage. Carbon dioxide is produced in the
reaction.of the 25 propylene carbonate with water.
Therefore, it is especially attractive to separate
carbon di oxide and recycle the carbon di oxi de thus
obtained to step (a) either as such or after having
been purified. The extent to which the carbon dioxide
is purified depends on the 30 nature and the anounts
of contam nants present in the carbon d|0X|de These
agai n depend on the exact reaction



conditions and purification steps of the process. 4
The propyl ene oxide is reacted with carbon di oxi de at
operating conditions which are well known to be

sui table. Such process conditions wll generally
conprise a tenperature of from50 to 200 C, nore
specifically of 5 from 100 to 150 C. The pressure
generally will be at least 8 x 105 N n2, nore
specifically the pressure will generally be of from5
to 100 x 105 N nR2, preferably of from8 to 50 x 105
N n2, nore preferably of from10 to 30 x 105 N nR2. 10
The catal yst can be added to the reactor in any form
known to be suitable to soneone skilled in the art.
Generally, the catalyst wll be added as such or as a
solution of the catalyst preferably in a solvent such
as a propyiteireing dvbarates Matfllyeny Wanekmny Gabsphd AR
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limited. Generally, less than 1 mole of water per male of

propylene coxide is present, more specifically less than

0.5, more specifically less than 0.2, more specifically
15 less than 0.1, most specifically les than 0.01.

The carbon dioxide can be elther pure carbon dioxide
or carbon dioxide containing further compounds. Carbon
dioxide which is especially suitable for use in the
present invention, is carbon dioxlide which has been

20 separated off in subseguent steps of the present process.
Carbon dioxide can elther be ssparated off directly after
the propylene oxide has reacted with carbon dioxide or at
a later stage.

Carbon dioxide is produced in the reaction of the

25 propylene carbonate with water. Therefore, it is
especially attractive to separate carbon dioxide and
recycle the carbon dioxide thus obtalned to step (a)
either as such or after having been purified. The extent
to which the carbon dioxide is purified depends on the

30 nature and the amounts of contaminants present in the
carbon dioxide. These again depend on the exact reaction
conditions and purification steps of the process.



i Xxture to ste b). Such purification can _

;nubst antially pr(edZJce the volune of the reaction

m xture to be subjected to step (b). The first
reaction mxture to be subjected to 30 step (b) and
referred to in the present invention, can be either
the first reaction m xture oQtal ned in step (a) which
has not been treated further, or the first reaction

m xture of step (a) which has been treated further in
5 step (b), or a mixture of both the product of step
(a) and the product of step (b). As nentioned

herei nbefore, it is preferred that at |east part of
the first reaction mxture is subjected to step (b)
before sending it to 5 step (b). Process step (a) is
preferably carried out with the help of a hompbgeneous
cat al yst whi [ BI®SlSE)oxide tmmpacsdd wotht caibbh dibeldledep
of a het ePRsgetog pndiaialsy@iich lake RABL kRQANS BLIRG: JrJ?et
especi al | jucaduabésageaustibis Hg JQQQ&QEE?Q,‘S&?%@ ’\C/\?: ﬁoﬁf
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catal yst ¥hBen to be sultable to someone skilled in the art.
Generally, the catalyst will be added as such or as a
solution of the catalyst preferably in a solvent such as
a propylene carbonate or Propylene glycol. The catalyst
15 can be added either to the propylene oxide or to the
carbon dioxide or to the mixture of both. Preferably, the
catalyst solution is added to the reactor containing the
mixture of propylene oxide and carbon dioxide.
The reaction mixture obtained in step (a) can be used
20 without further purification in the manufacture of
propylene glycol. However, some purification of the
reaction mixture can be carried out. A purification which
can be advantageous 1s the removal of at least part of
the carbon dioxide from the reaction mixture obtained in
25 step (a) before subjecting the remainder of the reacticn
mixture to step (b). Such purification can substantially
reduce the volume of the reaction mixture to be subjected
to step (b).
The first reaction mixture to be subjected to
30 step (b) and referred to in the present invention, can be
elther the first reaction mixture obtained in step (a)
which has not been treated further, or the first reactioen
mixture of step (a) which has been treated further in



the reaction mxture to serve its purpose in step (b)
of 20 the present process. A further inprovenent was
" observed if the honbgeneous catal yst was present in
combi nation wth a substantial amount of carbon
di oxi de. Therefore, it is preferred in the present
process to send the first Eaction m xture directly
fromstep (a) to step (b) whPle 25 renoving at nost
part of the carbon dioxide still present. It was
found that such set-up gave |ess by- products such as
di propyl ene glycol. The honpgeneous catalyst which is
preferably present in the crude reaction product of
step (b), can be 30 separated off fromthe second
reaction mxture and recycled for use in step (a).
The catal yst can be recycled in conbination with
further c8polidsoret trieture addedh tthe @roduet MR0step @abe
process aewbrid pgpiier bhatép (B, eﬁﬁﬂ&nt&éh\éﬁnﬁer?ﬁbg
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0.4:1, ntﬂsetqmnﬁﬁtetﬁﬂa|gheoﬁresence of the catalyst for process
step (a} reduces the amount of by-products formed in the
conversion of propylene oxide to propylene glycol in
15 step (b). Removal of a limited amount of the homogeneous
catalyst can occur during distillation or further
processing of reaction mixturs. However, such processes
generally will leave sufficient homogeneous catalyst in
the reaction mixture to serve its purpose in step (b) of
20 the present process. A further improvement was observed
if the homogeneous catalyst was present in combination
with a substantial amount of carben dioxide. Therefore,
it is preferred in the present process to send the first
reaction mixture directly from step (a) to step (b) while
25 removing at most part of the carbon dioxide still
present. It was found that such set-up gave less by-
products such as dipropylene glycol.
The homogeneous catalyst which is preferably present
in the crude reaction product of step (b}, can be
30 separated off from the second reaction mixture and
recycled for use in step (a). The catalyst can be
recycled in combination with further compounds either
added to or formed in the process according to the



from0.04:1 to 0.3:1, nore preferably of fromO0.05:1
to 0.2:1. Mst preferably, the nolar ratio of

propyl ene oxide to propyl ene carbonate is of from
0.08:1 to 0.15:1. 15 The first reaction mxture
obtained in step (a) can contain the desired anount
of propyl ene oxide due to th(se fact that part of the
propyl ene oxi de has not been® converted in step (a)
and/ or propyl ene oxi de can be added in step (b). 20
In a preferred enbodi ment, part of the propylene _
oxide which is present in step (a) is not converted in
step (a) and is present in the feed of step (b). The
exact anount of propyl ene oxide which is not _
converted, can vary widely as further propyl ene oxide
can be added 25 in process step (b). If no further
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t hat of fwmaﬁiﬁqadM%ve_efint mop;egpggdg{bgyg%gcg 1ag@)lrngg,eg,:nt
[ nver .
oo S peeg PR b PNBILSS b i Lo sone
oxi ge pr esé’kt U RS TPRS the 28OSt R PYRYL4ne wdee @nd ed
in Step (HPPYIFTE HesPodatfothink s, prepest ispogi fhicad bicrDf
from 70 teagOthsmolaifatsioprfepebrnde abodh PRy 1has t he
advant agecaabafata 16 0sE Bithi 208 ImoSE LT YRop i DAl o328 [.0act or
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brocese. et e Droalie R et Ehele B 4 1Rle e rsBYioBnawiA do
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and the rRFafembliegtitpmentost Do St.ef, (ke preferably of
- from 0.04:1 to 0.3:1, more preferably of from 0.05:1 to

0.2:1. Most preferably, the molar ratio cf propylene
oxide to propylene carbonate is of from 0.08:1 to 0.15:1,

15 The first reaction mixture obtained in step (a) can
contain the desired amount of propylene oxzide due to the
fact that part of the propylene oxide has not been
converted in step (a) and/or propylene oxide can be added
in step (b).

20 In a preferred embodiment, part of the propylene
oxide which is present in step {(a) 1s not converted in
step (a) and is present in the feed of step (b). The
exact amount of propylene oxide which is not converted,
can vary widely as further propylene oxide can be added

25 in process step (b). If no further propylene oxide is
added in step (b), it is preferred that of from 60 to 99%
of the propylene oxide present in the feed of step (a) is
converted in step (a). More specifically, of from 60 to
95% of the propylene oxide present in the feed of

30 step (a) 1s converted in step (a) in this embodiment,
most specifically of from 70 to 90 %wt. This preferred
embodiment has the advantage over a conventional set-up
that the reactor for step (a) can be smaller than for a



5 The nost preferred enbodi nent of the present

i nvention conprises converting the propyl ene oxide
present in the feed of step (a) substantlallyrfu[Lyxln
step (a), and adding additional propylene oxide in
step (b). The substantially full conversion in step
(a) 10 neans that the mpjority of the propyl ene oxide
is converted in step (a), re specifically at |east
80% of the propyl ene oxide is converted. The addition
of additional propylene oxide can be carried out
before and/or during step (b). This set-up has the
advantage 15 that the propyl ene oxide can be added
during step (b) such that an optinum tenperature
profile is attained over the reactor for step (b). In
such case, it will usually be preferred to add the
addi t i onafengrEpetad rrRroeees s pia tdmpletieOcdnlérshibd Sk
reaction piopylene obﬁfaoa@ssto%pn&b)towemﬂc{ ¥nAQ &yring
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additional propylene oxide can be carried ocut before
and/or during step (b). This set-up has the advantage
15 that the propylene oxide can be added during step (b}
such that an optimum temperature profile is attained over
the reactor for step {(b). In such case, it will usually
be preferred to add the additional propylene oxide partly
to the first reaction mixture befors step (b} and partly
20 during the conversion of the first reaction mixture in
step (b}. In a further preferred embodiment, the
propylene oxide added to step (b} is added at different
stages of conversion of step (b). Such addition makes
that optimum use is made of the heat generated by the
25 hydrolysis of propylene oxide in step (b).

In step (b) of the present invention, the propylene
carbonate is contacted with water. The heterogenecus
catalysts for use in such process, are well known in the
art. Examples of such catalysts comprise solid inorganic

30 compounds such as alumina, silica-alumina, silica-
magnesia, aluminosilicate, gallium silicate, =zeclites,
metal-exchanged zeolites, ammonium-exchanged zeolites,

zinc on a support, lanthanum on a support, a mixture of



net al - exchanged zeolites, ammoni um exchanged zeolites,
zinc on a support, |anthanum on a support, a mxture
of 8 al um nium and magnesi um (hydr) oxi de and

i on-exchange resins. Preferably, the heterogeneous
catal yst enployed in step (b) is chosen fromthe
group consisting of a mxture 5 of alum nium and
magnesi um (hydr) oxi de, zinc Bn a support, |anthanum on
a support and alum na. These catalysts will be

descri bed hereinafter in nore detail. The m xture of
al um ni um and magnesi um (hydr) oxi de preferably has a
magnesiumto alum niumnolar ratio in 10 the range of
from3 to 50, nore preferably of from4 to 20. In the
preparation of the catalyst, generally a so- called

m xed magnesi um al um ni um hydroxide is forned.
However, Pt and naimat un elet) A8k ankg 16088kHahNS

m xed nagnﬂséunialuniniunloxides are present. Qur

f t o e neous d magnesi um
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(hydr) oxi ge{s chel sen r Gres
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preferably o€ & o err ema range
to be of ljrrnﬂ{ Twm%wlé?gh RN 3“6’?3’ oS to
15, nost specnb aﬁ o) i W‘B‘rr?‘s *’t“é!"ilbm Prlaf eabdegin

catal ysts h&r’é"“ﬂ%&‘: rﬁrB‘éé St nterenexefenaly appioeatioon
No. PCT/ E390 21 2i8Y BreparatichSofl @6e’ katalyst, generally a so-

called mixed magnesium/aluminium hydroxide is formed,
However, it might be that under working conditions mixed
magnesium/aluminium oxides are preéént. Our reference to

15 a mixture of aluminium and magnesium {hydr}oxide covers
both mixtures of aluminium and magnesiuvm hydroxide and
mixtgres of aluminium and magnesium oxide and a
combination of both mixtures. These mixtures were found
to give the highest activity at a molar ratic of more

20 that 3, preferably more than 4. A preferred range was
found to be of from 4 to 20, more specifically of from 5
to 15, most specifically of from 5 to 10. Preferred
catalysts are described in International application
No. PCT/EP02/12640 (our TS 1067} .

25 In another preferred embodiment of the present
invention, the ecatalyst comprises a lanthanum compound on
a support. A preferred catalyst comprises at least 7 Swt
of lanthanum supported on a support. The lanthanum
compound preferably is Laz03 or a precursor thereof.

30 Under reaction conditions this lanthanum compound may be
temporarily and/or reversibly converted due to the
reaction conditions into lanthanum hydroxide (La(OH})3),



25 I n anot her preferred enbodi nent of the present

i nvention, the catal yst conprises a | ant hanum conpound
on a support. A preferred catalyst conprises at | east
7 % of |anthanum supported on a support. The

| ant hanum conpound preferably is La203 or a precursor
thereof. 30 Under reaction cgnditions this |anthanum

conpound may be tenporarily and/or reversibly
converted due to the reaction conditions into
| ant hanum hydr oxi de (La(OH)3), 9
| ant hanunoxyhydr oxi de (LaO(OH))and/ or correspondi ng
al cohol ate species such as (La(OR)3 or LaQ(OR)). As a
support for the |anthanum containing catalyst any
sui tabl e support nmay be used. The support preferably
5 is substantially inert under the reaction conditions
and is p1i PYEECRRESRo%de £ (Leg (k) apdYoh amk oaborsi ke ngt h.
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range of o heroritep adublic&f almbiRand)m RASEL, AR, »
biotite, a hydrotalcite and talc. Particularly preferred
are the inorganic supports selected from the group
consisting of Al,03, 5102, Mgo, TiOgz, 2r02, Zn0 and
15 mixtures thereof.
The lanthanum containing catalyst preferably
comprises at least 7 3wt of lanthanum, more specifically
in the range of from 7 to 40 %wt of lanthanum based on
total amcunt of catalyst. The lanthanum contailning
20 catalyst may be produced using any suitable method. 1
praferred msthod comprises impregnating a support with a
lanthanum containing salt, and subsequently drying and
caleining the impregnated support. After impregnation the
impregnated support can be dried and subsequently
25 calcined. Calcination is generally carried out at a
calcination temperaturs from between 120 to 700 °C. The
catalyst activity can be increased even further if the
catalyst is calcined at a temperature in the range of
from 350 to 600 °C. Preferred catalysts are described in
30 PCT patent application No. BCT/EP02/12638 (our TS 1144).
A further catalyst which is especlally suitable for
use in step {b) of the present invention is a zinc
supported catalyst. The support preferably is selected



total amount of catal yst. The | anthanum containing 20
catal yst may be produced using any suitable nethod. A
preferred method conprises inpregnating a support with
a |lanthanum containing salt, and subsequently drying
and calcining the inpregnated support. After

i npregnation the i npregnat support can be dried and
subsequently 25 cal cined. Calcination is generally
carried out at a calcination tenperature from between
120 to 700 C. The catalyst activity can be increased
even further if the catalyst is calcined at a
tenperature in the range of from350 to 600 C
Preferred catal ysts are described in 30 PCT patent
application No. PCT/EPO2/ 12638 (our TS 1144). A
further catalyst which is especially suitable for use
in step (BPmofhet FauR) cenedpting mickizbon Sit, aigei 60,3,
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A further catalyst which ia preferably used is a
catalyst consisting of alumina. Preferably, the alumina
is gamma-alumina.

15 The hydrolysis of process step (b) is preferably
carried out at a temperature of from 50 to 300 ‘e,
preferably of from 80 to 250 °C, more specifically of
from 100 to 200 °C. The pressure can vary widely, and
preferably is at most 100 x 105 W/m2, more specifically

20 at most 60 x 105 N/m2, more specifically at most
40 x 105 N/m2. The pressure will usually be at least
1 % 105 N/m?, more specifically at least 5 x 105 N/m2.

Preferably, propylena glycol is separated from the
second reaction mixture. The propylene glycol can be

25 separated from the reaction mixture obtained in step (b}
in any way known in the art. A preferred separation
comprises distillation of the second reaction mixture,
optionally followed by further distillation of one or
more of the distillate fractions and/or bottom fractions.

30 One or more of the fractions separated will have a high
content of propylene glycel. Propylene glycol obtained by
distillation will usually be sufficiently pure to use as



A further catalyst which is preferably used is a

catal yst consisting of alumna. Preferably, the

alum na is ganma-alum na. 15 The hydrol ysis of
process step (b) is preferably carried out at a
tenperature of from50 to 300 C preferably of from
80 to 250 C, nore speC|f|caI1 from 100 to 200 C.
The pressure can vary w dely, and preferably is at
nost 100 x 105 N nR, nore specifically 20 at nost 60 x
105 NVn2, nore specifically at nost 40 x 105 N nR2. The
pressure wll usually be at least 1 x 105 N nR, nore
specifically at least 5 x 105 N nR2. Preferably,

propyl ene glycol is separated fromthe second reaction
m xture. The propylene glycol can be 25 separated from
the reaction m xture obtained in step (b) in any way
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is not ||%Tquqqgaqu%gl (monopropylene glycol, MPG). The amounts
of the compounds (in mmole)} are shown in Table 1. In

Example 1, 0.5 gram of methyltributylphosphonium iodide
catalyst (MTBPI) was added as well. The reactor was
15 purged with Nz or COz and subseguently the autoclave was

heated to 150 °C during the indicated number of hours. In

some experiments, the reactor is additionally pressurized
with COs3.

At the end of the run, the autoclave was cooled to
20 room temperature and the liquid was removed for off-line
analysis by gas chromatography with the help of sulfolane
as the standard, The amounts of the compounds in the
product {in mmole) are shown in Table 1. A well~-known by-
product is dipropylene glycol (DPG). A limited amount of
25 further by-products was present in the product. The
further by-products have not been analysed. The results
are shown in Table 1.
It is clear from Table 1 that propylene oxide present
in the feed is converted while only a limited amount of
30 dipropylene glycol is formed. Furthexr reduction of the
formation of dipropylene glycol is observed if the
homogeneous catalyst for the conversion of propylene



invention. Exanples A 1 litre high-pressure autoclave
reactor was | oaded wth 0.5 gram of MO catal yst, to
whi ch were added 10 propyl ene carbonate (PC), water,
propyl ene oxide (P0O) and 1, 2-propanedi ol
(rmonopr opyl ene glycol, MPG. The ampbunts of the.
conpounds (in mmole) are shqﬁn in Table 1. In Exanple
1, 0.5 gramof nethyltributylphosphoni um i odi de

catal yst (MIBPI) was added as well. The reactor was 15
purged with N2 or C02 and subsequently the autocl ave
was heated to 150 C during the indicated nunber of
hours. In sone experinents, the reactor is
additionally pressurized wth C02. At the end of the
run, the autoclave was cooled to 20 roomtenperature
and the liquid was renoved for off-line analysis by
gas chr orf¥teR)FaiShEFoRYeRe tdacbdneten imbreaeht dheimg thas t he
st andar d.hy@a yaiwoohtse pfopyheeCi¥psriabsls i n t he product
(in mole) are shown in Table 1. A well-known by-
product is dipropylene glycol (DPG. Alimted anount
of 25 further by-products was present in the product.
The further by-products have not been anal ysed. The
results are shown in Table 1. It is clear from Tabl e
1 that propylene oxide present in the feed is
converted while only a limted amount of 30

di propyl ene glycol is forned. Further reduction of the
formati on of dipropylene glycol is observed if the
honogeneous catal yst for the conversion of propyl ene
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lpppblTbbT oEgQEE xdeM Men}) HHHM
In HNMV Im14 CL Al MS 1. Process for the
preparation of propylene glycol from propyl ene oxide,
whi ch process conprises: . (a) contacting propyl ene
oxide with carbon dioxide in the presence of catalyst
and less than 0.1 nole of ¥ater per 5 nole of

propyl ene oxide to obtain a fidsgtar gag igon m xture
cont ai ni ng propyl ene carbonate;—amrmd—Db)—contacti ng at

| east part of the first reaction mxture with water

in the resencg of ﬁatalgst tg.obtain a sgcond 1 1 £
r ehct | RORTRE uf 8% cBREaPRFRGTBF OB BRePYPR¥SF g §LYERL trom
C%P@ﬁﬁyﬂéﬁéigﬁid{eﬂ whieh preeess aamimuebzof

- propylene oxide is present in step (b) such that the
nofal ¢entackingr BEoPEREnexPHédet wiphopprbre dirpdes én the

RS 8nED) ok pRlal (BT dnutekocndalols 112 oF HtSs per
canoledodupropyhehbeokdétip 0b ebbaingenéduwst ceamitisn
aqgigég e(génkgiﬁﬁkéi89085&e22t9a§ gng Le %%
(b) contacting at least part of the first reaction
mixture with water in the presence of catalyst to obtain
a second reaction mixture containing propylene glyccl and
carbon dioxide,
'in which process an amount of propylene oxide is present
in step (b) such that the molar ratio of éropylene oxide
to propylene carbonate in step (b) is of from 0.02:1 to
0.6:1. ‘
2. Process according to claim 1, in which process
step (a) is carried out with the help of a homogeneous
catalyst and step (b) is carried out with the help of a
heterogeneous catalyst.
3. Process according to claim 2, in which process
homogeneous catalyst for process step (a) is present in
step (b).
4. Process according to any one of claims 1 to 3, in
which process the propylene oxide present in the feed of
step (a) is fully con%erted, and which process further
comprises adding additional propylene oxide in step (b).
5. Process acc?rding to any one of claims 1 to 3, in
which process of from 60 to 99% of the propylene oxide
present in the feed of step (a) is converted in step (a),

and no further propylene oxide is added in step (b).



het er ogeneous catal yst. 3. Process according to claim

2, in which process 20 honbgeneous catal yst for

process step (a) is present in step (b). 4. Process
according to any one of clainms 1 to 3, in which
process the propyl ene oxide esent in the feed of

step (a) is fully converted,” and whi ch process further,
256 eonBEPSEESa8aFRFAAAa troRRY PSpPfefdadlie it stepl
(b ~R- S [ Y '

5, VnicR, prbReSs pTeRYlRnE) cAYCHY A Bt o he

pr spgbndereactéonpmistmirei.n the feed of step (a) is
converted in step (a), and no further propyl ene oxide
is added in step (b). 15 6. Process according to any
one of clains 1 to 3, in which process propyl ene

gl ycol is separated fromthe second reaction m xture.



