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PREPARATI ON OF PROPYLENE GLYCOL The present invention
WO 200at08378 0 a process for the preparation of PCDPRioesas0364

gl ycol from propyl ene oxi de. Background of the

invention It is well known to contact al kyl ene oxi de

wWth 5 carbon dioxide in the presence of a suitable

catalyst to obtain a cyclic al kylene carbonate. Such

process has been described for exanple in

EP- A-119840. Further, it is known that the cyclic

al kyl ene carbonate can be converted further by

hydrol ysis of the cyclic al kyl ene carbonate to 10

produce a diol as is described in US-A-5,847,189. A

route for the preparati on of nonoethyl ene glyco

conprises reacting ethylene oxide with carbon di oxi de

in water as described in US A-6,080,897 and
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presence of ethylene 15 oxide during hydrolysis of
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As mentioned in EP-A-1125915, the presence of ethylene
15 oxide during hydrolysis of ethylene carbonate has the
disadvantage that it can lead to the formation of by-
products such as diethylene glycol.

Summary of the invention

It was found that the presence of a substantial

20 amount of propylene oxide during the hydrolysis of the
propylene carbonate, did not give substantial amounts of
by-products. This is surprising as the reaction of
propylene oxide with water in the presence of catalyst to
obtain 1,2-propanediol is known to give substantial

25 amounts of dipropylene glycol if no further compounds are
present. It has now been found that propylene glycol can
be manufactured with less by-product formation than
formed in a process in which both water and carbon

dioxide are present at the start while consuming less



WO 2004/ 085375 PCT/ EP2004/ 050364 2 energy than a
process in which carbonylation and hydrolysis are
w@200ni08837Dut strictly separate. An advant age OPCT/BR2004/050364
conversion of propylene oxide wth water into
1, 2-propanedi ol in the presence of 5 propylene
carbonate is that this reactjon generates heat which
can be used in the endotherm c conversion of the
propyl ene carbonate. Therefore, less cooling is needed
during the conversion of propylene oxide while |ess
heating can be carried out during the conversion of
the 10 propylene carbonate. A further advantage of
the presence of propylene oxide in the hydrolysis of
t he propyl ene carbonate is the fact that it is not
required to renove all propylene oxide fromthe
propyl eneSEaFh ot @ PBefes? énfui¢therrbdilegyemsi on such
as by ful hydcolyver sionanfied he: pt:apylyestpar-0¥j de. The
present i nvesd b@antRkalreg et &n@er95&0§§§rcfp9£enteh&1de

prepar at i A | ene_gl | .fro ropyl ene oxi de,
whi ¢h pro@gggjégﬁ§?¥3gg :g? anl ac g%P 6?%6§I %he oxi de
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( b) cont @Gt ghéit:odv@ﬁt)n Q@rptroﬂzflerteh&u&é Lakid ?&%t ion
m xture Mat:n:lg\l\@atne}ge I g'arE % cpuq:edc"encethoef c Cn%!:nasll Stoftt?le
Obt in a second 25 reaction mX ure contal ni Ib
propyl ene”“§PY/EBT “AFRE"¥&r bon  di oxi de, in which process
a subst anti at TarfdeheIThtagsr gpitleereseoxedd Pppreasent in
step (b).cxDe¢ anled ges0psipt d0MheObrobiRné RYEIHEEON 1d Ahe
process sgRp téxaca i0fist g wq@%@ttoi FMERL i\]g.nprotppﬁne
oxide from the propylene carbonate before further
15 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) contacting propylene oxide

20 with carbon dioxide in the presence of catalyst in the
substantial absence of water to obtain a first reaction
mixture containing propylene carbonate, and (b)
contacting at least part of the first reaction mixture
with water in the presence of catalyst to obtain a second

25 reaction mixture containing propylene glycol and carbon
dioxide, in which process a substantial amount of
propylene oxide is present in step (b).

Detailed description of the invention

In process step (a) of the present invention, the
30 propylene oxide is contacted with carbon dioxide in the
presence of catalyst. Several catalysts are known to be
suitable for such process. Preferably, the catalyst is a

homogeneous catalyst, more specifically a phosphorus



30 propylene oxide is contacted with carbon dioxide in
the presence of catalyst. Several catalysts are known
W0 200853311 t abl e for such process. Preferably, PETEP2004/050364
catalyst is a honogeneous catalyst, nore specifically

a phosphorus WD 2004/ 085375 PCT/ EP2004/ 050364 3
cont ai ni ng honbgeneous catal_yst. Well known phosphorus
cont ai ni ng conmpounds which dare suitable catalysts are
phosphi ne conpounds and phosphoni um conpounds. The
catal yst preferably is a honbgeneous phosphonium5
catal yst, nore specifically a phosphoni um halide
catalyst. It was found especially advantageous to
enpl oy a tetraal kyl phosphoni um hal i de catal yst, nore
specifically a tributyl-nmethyl phosphoniumi odide. The
catal yst can be either added as such or can be 10
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suhsequent st e aJfyst he present procé sSuc Cari8ne

di Oil de cHi™ ?’héf *he separ ated off directly after

t he propyl en@eorde pagatreeareedt wint ftepatbois di exitde or
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Ther ef or €. SIEnoLe specifically less than 0.2, more specifically

15 less than 0.1, most specifically les than 0.01.

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

20 separated off in subsequent steps of the present process.
Carbon dioxide can either be separated 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 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 amounts of contaminants present in the
carbon dioxide. These again depend on the exact reaction

conditions and purification steps of the process.



especially attractive to separate carbon dioxide and
recycle the carbon dioxide thus obtained to step (a)
wepiohess3as such or after having been purified. POHEP2004/050364
extent to which the carbon dioxide is purified
depends on the 30 nature and the anounts of
contani nants present in the, carbon dioxide. These
agai n depend on the exact reaction conditions and
purification steps of the process. WO 2004/085375
PCT/ EP2004/ 050364 4 The propyl ene oxide is reacted
with carbon dioxide at operating conditions which are
wel | known to be suitable. Such process conditions
will generally conprise a tenperature of from50 to
200 C, nore specifically of 5 from100 to 150 C. The
pressure gener al Ig/ will be at least 5 x 105 _I\V ng,
more specifi €8|9r§7 YA priee sareaglier| vityengral dipxie of
from5 tPPHFYiN $OBLiNCRR vhishefrerabl knofh +d HOMLS: 40, 50
x 105 N rf¢ch posesprlceiatadak Vi Of g&[e@ﬁl}ocotn}grlsg’qa x 105

N 2. 10 tEhercatal §strohap dded, 1,0 s”e‘&feac“” In
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added to thens eacdiQst GQﬂB@E&HeGQt \t}% c?:(or e tany form
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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 is 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 reaction
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
either the first reaction mixture obtained in step (a)
which has not been treated further, or the first reaction

mixture of step (a) which has been treated further in



can be advantageous is the renoval of at [east part of
the carbon dioxide fromthe reaction m xture obtai ned
Wo o028ssstep (a) before subjecting the renai ndePCDEP200€050364
reaction mxture to step (b). Such purification can
substantially reduce the volume of the reaction
m xture to be subjected to,.tep (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 mixture obtained in step (a) which
has not been treated further, or the first reaction
m xture of step (a) which has been treated further in
WD 2004/ 085375 PCT/ EP2004/ 050364 5 step (b), or a
m xture of both the product of step (a) and the
product of st eP (b). As mentioned hereinbefore, it is
pref err e thdP’ af” IPeBstuisart boh theerrbilustor eagt 0N
m xture imdsubjrected dosebep) (b} xRefioren s8RAIHAG L tO
5 step (hi. isabmfe&sdsahep aéal)eaétsp%ftteifle%b!ﬁ}\kﬁlg%ggs ?g‘b out
with the y; ; . eneous il
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catal yst.>T% 'Ras been found to be especially
advant ageous*P¥e° e (2 hérpgeiretus watiakyst di0k the
process Seap of &) himgpresenttaift i 8P s{d) )W BOUL oq
Wi shi ng toat MtMdeei@oﬁgyheE%8£%0u§ t:atah.yc'stt. I'Eu ht that
the presence Qf.qgthe,catalyst, f.or process. step {a)
regdyces the anount of 1y-proﬁuc‘fs 16 Red” A% t he o
conversi on of  propyiERE" 5% BEed prdpiA effertrsyetolini n
15 step (bR Renbvarutofisaing v pedowmnpuntnotndobe, it
honpgenedasthoedt afhys tthe @Re@6EUbE bl icBG1GitSEdd Lajban or

further spe0C@Ssédig@edknd 8aGhi QB L XLUILs AJONEBVES (, Such

i I Cl onbgeneous
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caggﬂ ySt skéb (b} . Removal of a limited amount of the homogeneous
catalyst can occur during distillation or further
processing of reaction mixture. 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 carbon 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



the reaction mxture to serve its purpose in step (b)
of 20 the present process. A further inprovenent was
wob®enssds if the honpgeneous catal yst was pr eBENEP1004/050364
conbination wth a substantial anmount of carbon
di oxi de. Therefore, it is preferred in the present
process to send the first reaction mxture directly
fromstep (a) to step (b) while 25 renovi ng 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 CORPOUNASSEierhetsuatadeade trotayst @ENER: irbeyiche
process avéby Heing diesdihel WOu2R40E8534Hy1ene carbonate.
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the ol ar
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rsi-reaction mlxture o ined in ste a) can
from 0.08: 1710 "0 5" p (a)
contain the desired amount of propylene oxide 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) is 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 993
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) is converted in step (a) in this embodiment,
most specifically of from 70 to 90 Swt. This preferred
embodiment has the advantage over a conventional set-up

that the reactor for step (a) can be smaller than for a



15 The first reaction m xture obtained in step (a) can
contain the desired amount of propyl ene oxide due to
W b@4/08s3¢3 that part of the propyl ene oxi de haBCTIBP2004/050364
been converted in step (a) and/or propylene oxide can
be added in step (b). 20 In a preferred enbodi ment,
part of the propyl ene OX|d§ which is present in step
(a) is not converted in p (a) and is present in
the feed of step (b). The exact ampunt of propylene
oxi de 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 from60 to 99% of
the propyl ene oxide present in the feed of step (a) is
converted in step (a). Mre specifically, of from 60
to 95% o YL PrbpyIene coxideomrlesentnvensibhef eed of
30 step (m&pi@naonmembednbmns&ﬁﬂa@akna&e&mmgﬂ the
enbodi MeMapaciBPShn $Q%Hl.fde§an|fl 1yot9fth£r g!ﬁ'ilzo e ulpmento/@'t
This prefgrted, ag(_r{rtggglhgptln% h%ule &:t vanta ver &
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7 conventitgiilon Faeeisss asntehbingonpl ebeylesnversi on of
propyl eneresinteindoestendtornees & shescensHigdshl ;6 the
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e
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I S 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 before 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 heterogeneous
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, zeolites,
metal-exchanged zeolites, ammonium-exchanged zeolites,

zinc on a support, lanthanum on a support, a mixture of
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converted in step (a), nore specifically at |east 80
of the propylene oxide is converted. The addition of

and/or during step (b). This set-up has the advantage
15 that the gropyFene oxi de can be added during step
(b) such that an optirrumtgrrperature profile is
attained over the reactor for step (b). In such case,
it will usually be preferred to add the additional
propyl ene oxide partly to the first reaction mxture
before step (b) and partly 20 during the conversion of
the first reaction mxture in step (b). In a further
preferred enbodi ment, the propylene oxide added to
step (b) is added at different stages of conversion
of step (b). Such addition nmakes that optinumuse is
made of tHEMREH RfefrsPetion (bydrt fred@5nhyidi-ekysnge Of
propyl eneeoddsde in step (b). In step (b) of the
present inventicohiyf ke m@&w&e%%s &RL %@ae&ngatogfd ipg
contact ed i t ) WRlEL.., THE, hel er ougen%o S pcararysts for
use, in sych process, "are WPt SRABUWFP FITLiMeot drt
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conpounds“BitEh a%thinfrionas seirbricandkumiing, niaiski ca-
magnesi a,catdlumisnegl [Hecatesivgihbicumesil 1gahe 260911 tes,
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zi nc on thanum 0 ure

of ;, MO 20 4/ 0653 5 Pé?’?aéﬁ%b’ﬁ %ﬁ%&lgf‘gmﬁiaanﬁaﬁmﬁ? and
magnesi um { By HF) BB ahd P oAoE eFritReLY rEsitas 4 to
Pr ef er abF{;, Tt Hée patrerddened use catalyyst gerpiiayedsbn
step (b) chEedhdgenmdshemut/ABughOpPhReNS Stk NG Ry, @
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ort an a unlna
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TTH%SG a mixture of aluminium and magnesium (hydr)oxide covers
both mixtures of aluminium and magnesium hydroxide and
mixtures of aluminium and magnesium oxide and a
combination of both mixtures. These mixtures were found
to give the highest activity at a molar ratioc 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 catalyst 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 Lay0O3 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),

propyl ene oxi de can be carried outP@EEPI064/050364



catalysts will be described hereinafter in nore
detail. The m xture of alum niumand nagnesium
w@ bopdi033%3 de preferably has a magnesi umto al uPETIEP2U04/050364
molar ratio in 10 the range of from3 to 50, nore
preferably of from4 to 20. In the preparation of the
catalyst, generally a so- cglled m xed .
magnesi um al um ni um hydroxide is formed. However, it
m ght be that under working conditions m xed
magnesi un al um ni um oxi des are present. Qur reference
to 15 a mxture of alum niumand magnesi um (hydr) oxi de
covers both mxtures of alum nium and magnesi um
hydr oxi de and m xtures of al um nium and magnesi um
oxi de and a conbination of both hm'x:]ures. ;I'he_s? t
i xtures were found. to give the highest activity at a
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The lanthanum containing catalyst preferably
comprises at least 7 %wt of lanthanum, more specifically
in the range of from 7 to 40 %wt of lanthanum based on
total amount of catalyst. The lanthanum containing
20 catalyst may be produced using any suitable method. A
preferred method comprises impregnating a support with a
lanthanum containing salt, and subsequently drying and
calcining the impregnated support. After impregnation the
impregnated support can be dried and subsequently
25 calcined. Calcination is generally carried out at a
calcination temperature 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. PCT/EP02/12638 (our TS 1144).
A further catalyst which is especially suitable for
use in step (b) of the present invention is a zinc

supported catalyst. The support preferably is selected



any suitable support may be used. The support
preferably 5 is substantially inert under the

WO e@ensBms conditions and s provided wth sufPCTERIW4/050364
mechani cal strength. Potential supports conprise clay
m nerals, inorganic supports such as Al1203, Si 02,
MyO, Ti 02, Zr02, ZnO and mxtures thereof. O her
exanples are a kaolinite, a 10 hallosyte, a
chrysotile, a nontnorillonite, a beidellite, a
hectorite, a sauconite, a nuscovite, a phlogopite, a
biotite, a hydrotalcite and talc. Particularly
preferred are the inorganic supports selected from
the group consisting of A1203, Si 2, MO, Ti 02, Zr02,
ZnO and 15 m xtures thereof. The | anthanum cont ai ni ng
catal yst preferably conprises at |east 7 %u of
| ant hanunﬁeorﬁﬁi“% IEPBCIPT a9y of PReOBh&ipmnig®. ofiofr om 7
to 40 %wzrof, banthamueh basedxoRes tatab: apRuLL, . of
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in 30 PCT patent apellcation No. PCT/ EPQ2/ 12638 (our
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carried out at a temperature of from 50 to 300 °c,

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 N/m2, more specifically
20 at most 60 x 103 N/m2, more specifically at most
40 x 109 N/m2. The pressure will usually be at least
1 x 105 N/m2, more specifically at least 5 x 109 N/m2.
Preferably, propylene 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 glycol. Propylene glycol obtained by

distillation will usually be sufficiently pure to use as



10 fromthe group consisting of A1203, Si02, MO,

Ti 02, Zr02, Cr 203, carbon and m xtures thereof. The
waQeme/ssapported catal yst can be prepared by PCT/EP2004/050364

i mpregnation of silica, alum na or mxtures of

al um ni um and nmagnesium 5 (hydr)oxide with a zinc

nitrate solution. Preferably, the zinc supported

catal ysts conprise at least 15 %w of zinc on a

support having a surface area of at |east 20 nR/g,

nore preferably at |east 40 n2/g. Preferred catal ysts

are described in the patent applications claimng

priority of 10 European patent application No.

02256347.2 (our TS 1199, not yet published). A

further catalyst which is preferably used is a

catal yst consisting of alumna. Preferably, the
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wi Il have 3 i'g 2 2 subsequently the autoclave was
heated to 150 °C during the indicated number of hours. Tn

some experiments, the reactor is additionally pressurized
with COs.
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. Further reduction of the
formation of dipropylene glycol is observed if the

homegeneous catalyst for the conversion of propylene



content of propylene glycol. Propyl ene glycol obtained
by distillation will usually be sufficiently pure to
W@ e@®4a853viD 2004/ 085375 PCT/ EP2004/ 050364 11 SBCIYEP1004/050364
required, small amounts of by-products can be renoved
separately. The present invention is further
illustrated by the follow exanpl e. The exanple is
given for further 5 illustration of the invention and
isnot limting the invention. Exanples A1l litre
hi gh- pressure autocl ave reactor was |loaded wth 0.5
gram of MyO catal yst, to which were added 10 propyl ene
carbonate (PC), water, propylene oxide (PO and
1, 2- propanedi ol (nonopropyl ene glycol, MPG. The
anmounts of the conmpounds (in nmole) are shown in
Table 1. In anple 1, 0.5 gram of
met hyl tri 6’[ﬂey1“6ﬁc5’§fﬁ¥6ﬁ’ieuﬁﬁr|b6@|tﬂés rEgealt yBriaMimBPl ) was
added asWEPLYsiTHé theatberlewmsarbbngaar ged with N2 or
C02 and subsequently the autoclave was heated to 150
C during the indicated nunber of hours. In sone
experinments, the reactor is additionally pressurized
with CO2. At the end of the run, the autoclave was
cooled to 20 roomtenperature and the |iquid was
renmoved for off-line analysis by gas chronmatography
with the help of sulfolane as the standard. The
amounts of the conpounds in the product (in mole)
are shown in Table 1. A well-known by- product is
di propyl ene 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 Table 1 that propyl ene oxi de present
inthe feed is converted while only a limted anount
w@b20048853dF pr opyl ene glycol is forned. Further PETER1000050364
of the formation of dipropylene glycol is observed if
the honobgeneous catal yst for the conversion of
propyl ene WO 2004/ 085375 PCTB EP2004/ 050364 12 oxi de
into propyl ene carbonate is present during the
hydrol ysis of the propyl ene carbonate. WO 2004/ 085375
PCT/ EP2004/ 050364 13 O OIDNMr1 4 U 0 Sd 0 M
Al ar-1HHInrn C7 00000 wO) t*) HIOd Md
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DPG

product
PO

1

1

1

53

9

MPG
490
330
410
260
240

PC
60
230
200
350
310

(bar)

COo

PO

100 | 22
100 |22
100

50

Table 1

feed
730
660
600
670

MPG | Hy0
100

500 [ 110

500
500 {120

PC
500 | 60

catalyst
MgO/MTBPT | 500 (120 | 720

MgO
MgO
MgO
MgO

time (h)
13
13
5
5
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Process for the preparationupf propy!ene.glycol from
propyl ene oxide, which process conprises: (a) A
contacting propylene oxide with carbon dioxide in the
presence of catalyst and in the substantial absence of
5 water to obtain a first reaction m xture contai ning

CLAIMS

1. Process for the preparation of propylene glycol from
propylene oxide, which process comprises:
(a) contacting propylene oxide with carbon dioxide in the
presence of catalyst and in the substantial absence of
5 water to obtain a first reaction mixture containing
propylene carbonate, and
(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 glycol and
10 carbon dioxide,
in which process a substantial amount of propylene oxide
is present in step (b).
2. Process according to claim 1, in which process the
molar ratio of propylene oxide to propylene carbonate in
15 step (b) is of from 0.01:1 to 1:1.
3. Process according to claim 1 and/or 2, 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.
20 4. Process according to claim 3, in which process
homogeneous catalyst for process step (a) is present in
step (b).
5. Process according to any one of the preceding claims,
in which process the propylene oxide present in the feed
25 of step (a) is substantially fully converted, and which
process further comprises adding additional propylene

oxide in step (b).



propyl ene carbonate, and (b) contacting at |east part
of the first reaction mxture with water in the
wones@isrsof catal yst to obtain a second reacPCOMEP2004/050364
m xture contai ni ng propyl ene glycol and 10 carbon
di oxi de, in which process a substantial anount of
propyl ene oxide is presenté n step (b). 2. Process
according to claim1, in mhlch process the nolar
rati o of propyl ene oxide to propyl ene carbonate in 15
step (b) is of from0.01:1 to 1:1. 3. Process
according to claiml1l and/or 2, in which process step
(a) is carried out with the help of a honpbgeneous
catal yst and step (b) is carried out with the help of
a heterogeneous catalyst. 20 4. Process according to
claim3, in which process honngeneous catalyst for

process step (a)_i.s. present in b). 5. Process
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PCT/ EP20Q4/ 230 Process ac o any one
of clains 1 to%%%lmlmn%ﬁlch process of fron160 to 99%

of the propylene oxide present in the feed of step

(a) is converted in step (a). 7. Process according to
any one of clainms 1 to 6, in 5 which process propyl ene
gl ycol is separated fromthe second reaction m xture.



