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WD 2004/ 056793 PCT/ EP2003/ 051076 - 1 PROCESS FOR THE
PREPARATI ON OF PROPANEDI OL The present invention

WO edoass93 0 a process for the preparation of PCI/EP2003/051076
propanedi ol from propyl ene oxi de. Background of the
invention It is well known to convert al kyl ene oxi de
into a 5 cyclic al kylene carbonate in the presence of
a suitable catalyst. Such processes have been
descri bed for exanple in US-A-4,508,927 and Japanese
pat ent application No. 73022702. These patent
specifications describe processes in which an
al kyl ene oxide is reactéd~with 10 carbon di oxide in
the presence of a catal yst containing phosphorus to
formthe cyclic al kyl ene carbonate. The catal yst can

be anFBPGEH COBhOEHHERFLMTHSN O FOPRHERE bed i n

US- A- 4,508, 927 or an organic trisubstituted phosphine

as _descri bed in Japanes atent _applicati.on 15 No.

73658 HE 2D W3R BO0GFLC e h o) BP0, B &bl 1 shed
popeuativdn ofr ptateesdiol | tromspoarvd easpecitdet.o t he use of
Bé%;ggggggqﬁpgﬁe Gsahenation catalyst in a first

' ' ne and a heterogeneous
t r dhsestwadilf Keatl 6a edtvairystlineae2oxisiec 6nlC rcact i on

cyzf_ﬂ'l% £ Oy eRactl Abnat By LRBe OXi Rkt e Lanbeshidi oxi de.
he carbonation catal ysts preferably are al kali netal
4 b

HALYEEs BFENPRPCHTSCGURR S REFY EATERP T faPF RS
iAMSsAnbg 806, D89 gdescebbeseppacassespl deatiydr ol ysing 25

i bonat es . .0d di ol d
NEAr380 TR oA SRAGRT  Ggi ot e A Gt Fa0
poescsiebein twihathidn aliybaheankddmediss reactoohwéeth cyclic

lLkyl ' h Lot
B PG, B e Dr e R snh Sedagll e
PRGENEP2O (3! (510 76e cyoliq plhabentowabeerrticoufie t hat
carAREOPANERH 9h &AAnkE phosphonium halide as

described in US-A-4,508,927 or an organic trisubstituted
phosphine as described in Japanese patent application
No. 73022702,

WO-A~03/000641, which 1s a not-prepublished document,
relates in its second aspect to the use of a homogeneous
carbonation catalyst in a first carbonation reaction zone
and a heterogeneous transesterification catalyst in a
second reaction zone for reacting ethylene oxide with
carbon dioxide. The carbonation catalysts preferably are
alkali metal halides such KI or quaternary ammonium
halides.

US~-A-5,847,189 describes processes for hydrolysing
cyclic alkylene carbonates to produce a diol and carbon
dioxide. Additiondlly, US-A-5,847,189 describes that it
is advantageous to convert cyclic alkylene carbonate with

an alcohol into alkylene glycol and a dialkylcarbonate.
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prepared from propylene oxide in a nore attractive
way. The process according to the present invention

wa@bdosmss7ohe use of an active heterogeneous car@i/gER1003/051076

for the 5 hydrolysis and/or transesterification of the
propyl ene carbonate while the process still allows a
close integration of the conversion of the propyl ene
oxide into propylene carbonate and the conversion of
t he propylene carbonate into 1, 2-propanediol. Such
integration is 10 attractive in that it makes that
| ess equi pnent is necegsary both for the conversion
and for the purification of the products obt ai ned.
ry, of t.he inven T. resent entlon IS
bagbd U PRI BPIS H0E 16 PRaPRG Lta TS
pmpﬁog@rfe@mspmmmermdeoméa momg amaakys¢ weyed for
Th%og}‘f?{ééé‘gcf}&fb%ﬁ)ﬁ' epg iyl e dih 18%#&% giﬂ%&v‘sd%h!e nto
ene car I's not detrinental for the
us@c?ﬁvﬁ“t W%ﬁvﬁmﬁﬁpwweﬁerﬁﬁéﬁééugo%é@al yst used in

hy‘EﬁBY?ﬁé RGdY &€ ﬁraesaé@ﬁfeeé&%abs 1Y @ropylene
propanedi ol . 20 Thi s was qbserved .nost

cacrbﬁg@rec d@&%ﬁythfeoﬁ’rﬁﬁ%%spﬁahlrhrﬂ“ﬁ%{lsr UL0afal ysts. No
1r&e§e&wcat io@Ntiod dolaeehﬁtoar egmpsopml ysidev\asxtseen
rocessgs 0 eraatet Jor as long as.,. 0_hours or
P‘i%’ly SEGTALPY™ SUARF S G ORRE Te f)ac:‘_t et ﬁai’py
catbgnadatingo bf2—tm@phmrbg>ene$;w phoe@m}m@s c@nt ai ni ng
‘% 2681 A US! NS inﬁEEé@GEh @f{%r%\@ftt hsthe
et erogeneous cat al yst ere ore e present
ngqegenatry divthefar ddet porvarrber sapd £6r e preparation of
pubi41REORHRE Ohe FIr@MMPIORYESNR4.0Xi de, which process
conprises: 30 (a) .contacting propylene oxide with
SumgaE¥ o R the; 4aVeHiofhe presence of a honpbgeneous
ph@ﬁehﬁé&neomxaanmleg iLababysdn the Obld@irAspi®py! ene
car.bonat QQD 004/ 056793 PCT/EP2003/051076 3 (b)
%ﬂﬂﬁ?gng ? RRAGRETYS SREFPIERE 5Pt HE LY bon

‘catalyst used for converting propylene oxide with carbon

dioxide into propylene carbonate, is not detrimental for
the activity of an active heterogeneous catalyst used in
converting the propylene carbonate into 1,2-propanediol.
This was observed most conspicucusly for phosphonium
halide catalysts. No deactivation of the heterogeneous
catalyst was seen in processes operated for as long as
1000 hours or more. Equally surprising was the fact that
no degradation of the homogeneous phosphorus containing
catalyst was observed upon contact with the heterogeneous
catalyst.

Therefore, the present invention relates to a process
for the preparation of 1,2-propanediocl from propylene
oxide, which process comprises:

(a) contacting propylene oxide with carbon dioxide in
the presence of a homogeneous phosphorus containing

catalyst to obtain propylene carbonate,
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di oxi de, (c) adding water and/or an alcohol to the
reacti on product containing propylene carbonate and

w@hb@sphoriis 5 containing catal yst and cont act POYEP1963/051076

m xture with a heterogeneous catalyst to obtain

1, 2-propanediol in conbination w th dial kyl carbonate

and/ or carbon dioxide, and (d) separating

1, 2-propanediol fromthe reaction 10 product

obt ai ned. Detail ed description of the invention In

process step (a) of the present invention, the

propyl ene oxide is con;gcged Wi th carbon dioxide in

the presence of a honbgeneous phosphorus contai ni ng

atal yst. .15 The carbon .di oxi de can be either pure
(bgar Bgﬁlola&éiydlée&o‘?l% ar &r?aal%( 3¢ eogoﬁ?eaicﬁir @ further
dipgApeunds. Carbon di oxi de which is especially

(U1 LABL E; WAl olSend B! P a1BLRSEM, kAYCALIRDL, T S car bon
i oxI de (\J/\hllch has been separated off in su%sequent
prodpps efnteABipT eFeRY§cocaskonatg aad ihesdhoxisde can

ctithigindetaPpsated ffradifstdiy Alt&ire LEL R OPYl ene
oxi de has reacted with carbon dioxide or_at a l|ater

helergeenSSHGACHIGE 82 FEapP ot fc@IoPHIHe r 3t i on of

cdnib@na P QP Wiehed CAkpoaaidnut & ensrber carbbwer efiefigie,it i s
%P especially attractive to separate carbon di oxi de at

% later stage if water is added in step (c). The

(dDar bepardiioni de2gepeeatdicli Airsudthesubzegwant process

pxsgd%g@%%negg recycled to step (a) either as such or

after having been purified. The extent to which the
Detpiped Hseriigeion ofQtridnVEetialepends on the nature

andnt heoAmRUBt Sp Ofa) E§PNRNLAMYENE RAESANLN, Nekdie car bon
di oxi de. These again depend on _the exact reaction

PROWAPEE diid dends FtiitArEet WORP A dPE BFOtITE pRodEss. WO
pZEHAE0 567 I3 nBfd 4 RO e bASBus 4ontaining catalyst.

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
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 reactilon of the
propylene carbonate with water. Therefore, it is
especially attractive to separate carbon dioxide at a
later stage if water is added in step (c). The carbon
dioxide separated in such subsequent process steps, can
be recycled to step (a) either as such or after having
been purified. The extent to which the carbon dioxide is
purified depends on the 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.
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The propyl ene oxide is reacted with carbon di oxi de at
operating conditions which are well known to be

waiosakd7es Such process conditions w Il generedT/EP2003/051076

conprise a tenperature of from50 to 200 C, nore
specifically 100 5 to 150 C, and a pressure of at
least 5 x 105 NNn2, nore specifically a pressure of
from5 to 100 x 105 N n2, nost specifically of from
10 to 30 x 105 N nR2. The honbgeneous catal yst for use
in step (a) is well known in the art. The phosphorus
wi Il usually not be 10 present inits elenental form
in the catal yst. Well krown phosphor us contai ni ng
ounds ch LE Suitabl e ts
phospﬁgﬁpﬁpnhco%gun S rﬁCtecdatwé?}fl Eyr%ﬁ ‘?Je%yan a
opeoabiyen eoudi plresphinidhuare at<lly $howmpree bs pacitfabdal | y a
0 U Iy t,al d. 15
Suggpé%bqﬁly Hb gﬁtggs gvg&g géﬁeralﬂg"‘@?mgr%g
teﬁ@pra@m@péh%@@héﬂu ‘EﬁnZOHaf¢d@0€at aipgsitf icable 100
i § caIIyatrl ut vl net phosphan rQ|od|de The
opﬁggphéo'r usdco réalsﬁllﬁ% Oéfa fal % Stcgln El[eb ewrﬁe’r MC%dded as
sp2dehiedligan peedsaraesk iffrofi § ko 200 The ophnsphomds
contai ni ng catal yst can be ad5d 50 the reactor as a
seeet it ¢t YoP Tt e a aty S0 #nl® N/Y‘iert sol vent such as
i nTﬁe qy&lobarﬁ@&rsb@aaé@stmsr dQ@eahﬁsitéiﬁﬂa ) %ba;dzd@d
either to the propyl ene oxide qQr to the carbon
B Lt B 2 (G R85! ot A e BPRLT. ¢ he 25
preatatyst isel eldrentas Addedntihe betal ydtur sedf Kpoapyl ene
e_and ca rbon di of .th resent
Oﬁ‘\?g o eglln Fgl%&%%%df Cg]t Rat Thesr egctl on
catiedyveate olst ahmonmurstcevplp@ar)da:-aﬁhbecauﬁée’dtvv| t hout
prelf%grggfy I%f @@o@eﬁgow p&ltagpmn%aeswﬁs@f ke

propane However, sone purification of the

‘sne@a@f-iz@wxmaxpm@h@ahwbéméaﬁ? i @d?aéMFt witthsas &gat i ng

eddeRALi De QivihtMedubBerHrapepy 4 MeRL: DA pAcPKddigat i on
whi ch can be advantageous is the renoval of at | east

hajdelE OF5 DoTH 5% SPRETAER200F (51 7Ey L -metayl

phosphonium iodide.

The phosphorus containing catalyst can be either
added as such or can be formed in-situ.

The phosphorus containing catalyst can be added to
the reactor as a solutlion of the catalyst in an inert
solvent such as in a cyclic carbonate. The catalyst 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 mixture of propylene
oxide and carbon dioxide.

The gist of the present invention resides in the fact
that the reaction mixture obtained in step (a) can be
used without further purification in the manufacture of
1,2-propanediol. However, some purification of the
reaction mixture can be carried out without dercgating
from the gist of the present invention. A purification

which can be advantageous is the removal of at least part
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5 of the carbon dioxide fromthe reaction m xture
obtained in step (a) before subjecting the renai nder

W@B0oklos679F eacti on m xture to step (c). Such  PCT/EP2003/051076

purification can substantially reduce the volunme of
the reaction mxture 5 to be subjected to step (c).
Addi tional or other purifications can also be carried
out as long as the mmjority of the honbgeneous
phosphorus containing catalyst remains in the
reaction m xture subjected to step (c). Advantageous
purification steps depepd_on the 10 actual process
conditions and will be Obvious to soneone skiIIed in
oft {]ﬁe a{rbg@n 1%)53 l@ro\ﬁ{o!ﬂgg lb%cﬁzggn SH%B& 9& ooonc ned
unr eac ene oxi de i e conversi on 1evels are
inyetsp | @W. b%@ﬂﬁ@rsab&ﬂQ§ﬁnantQﬂ cehainder afdet to t he

reaeéfcsd %xmlr% RIOGHGS (9Nt gl qrpffb%xllsﬂe &arbonat e
orus containing catalyst. The al cohol used

Suﬁﬁ?%ﬁﬁgi/s%edé’ﬁé Bhe ReuBe héhe gFssson pristtarabl vy,

tot Be alwsebebqi® BOSp @)om&diazl@aall&r chasen fromthe
ug gg§100n5|st|n of Cl1-C5, alk al cohol s. Preferably,

PUTHEL A TCOREI 3% 2HEP R GRT5HPh Y o?s StRAndF . ¢

mapbeier alil yhe tHmogbeahel phsspeirhanedntaikisder soIer

ca¥al oL Yongol el eheohalchs, Rretarably, added. o the
rea product ~cont ai ni ng propyf ene--carbonat e and

stphoi;cphoﬂ%@lsa@mueaummgrl@atatw steps idepepd efrerthed to

acRid YRRk s @M oha1 20 BB T 0GENG0N AL Al difeinbor Use

he present i nvention are wel known in the art.

skiglpd igs 586 A Y-y A0 atHARRL gEVUS PP EifesePRBpOINES can
unzahat &5 @ rbpy terdch8xidy drrok¥si Sorkeasiddonekéiyaler is
added and the transesterification reaction if alcoho
very Lo¥ed. 30 Exanpl es of such catal ysts conprise
solvhatle rmrjgmiam ao:ocsmumdswdwhtastml Lt 88, on
o2 rE SR CRPPIG 25 Rahse: R ra R Y T

‘cqntbnnzngnQQMe$yst gheilvospl i wsdepay comprise one or

two alcohol groups. Preferably, the alcohol is non-

aromatic and is chosen from the group consisting of C1-Cs

alkyl alcohols. Preferably, the alcohol is methanol
and/or ethanol. Most preferably, the alcohol is methanol.

Either solely water or solely alcohol is preferably
added to the reaction product containing propylene
carbonate and phosphorus containing catalyst. It is
preferred to add water only.

The heterogeneous catalysts for use in the present
invention are well known in the art. It is especially
advantageous if these compounds can catalyse both the
hydrolysis reaction if water is added and the
transesterification reaction if alcochol 1s added.
Examples of such catalysts comprise solid inorganic
compounds such as alumina, silica-alumina, alumina
carrying a copper compound, silica-alumina carrying a

copper compound, silica-magnesia, aluminosilicate,
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WO 2004/ 056793 PCT/ EP2003/ 051076 - 6 gallium
silicate, zeolites, netal-exchanged zeolites,
wa@eomisarns exchanged zeolites, zinc on a supporBCT/EP2003/051076
| ant hanum on a support, a m xture of al um ni um and
magnesi um (hydr)oxi de and i on-exchange resins. 5
Preferably, the heterogeneous catal yst enployed in
step (c) is chosen fromthe group consisting of a
m xture of alum nium and magnesi um (hydr) oxi de, zinc
on a support, |anthanum on a support and al um na.
These catalysts will be described hereinafter in nore
detail. 10 The m xture of al um nium and nagnesi um

( ) OXils preferably has. a nesiumto_ al um nium
s ) SlnilEee PBLELER Y nd®8t HIRRER S b e
anmoafi enaiopanged remlidtean z20¢ dm at hepgurepatattitemuaf t he
t gener. - ' :
G e e
(hvdrppgide Badt RresnkrRI9WsERIMYy conditions mi xed
NMBGRES AW WHANhEP: AYHeSu A& B §SE np1 éa Iigf erence
to a mxture of alum niumand magnesi um (hydr) oxi de
STEBVEPS 1HOPASTH XGPS D P TrR AEh AT B Ofra g riesttie
ofpdonxhden and maginek e S(hlir pbtideni HiAARE FAgnesi um
Suoxiodg afadnt%ag&) co%rrbi nat ioog of bgt h, m xgl, res. These
RPREGF es Wer BTt Siind STV Fe Rt hedt®attivity at a
capllasts atiild bé desreibadder8ingfitefreimbiorendeilhan 4. A
pr r n .~ f.ou t f f 20, nore
pacr T EarTe o et bt Al Bt SRRt of
prefeRrBlY da302 Magepetwed28lesin/psrel ay dagescim bed in
tHRCTaRat eft r3pRld aat bON mndReTHERRZLEZHAL: Uk 1067,

not yet published). _1In another preferred enbodi nent

2Qf Iehkhe mrsRAtatintet i e cehel St aP§radonp? itys a

cdARBhANKE GQEPeLine/@lunihisHpPpdtoxide prLfrethed. cat al yst
conpri ses at

SRR bort PR AP RArIREoRBUURG. BreTBiaB e e az0s.
maymeas ipnéciumg oiurt heided .areUpdesentealtir orefeonddd itons
atﬂyﬁ%ukgrgﬂq%@HHlﬁ%%Eng5KRSE%¥sE§h (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 ratio of more

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 PCT patent application
PCT/EP02/12640 {(our TS 1067, not yet published).

In another preferred embodiment of the present
invention, the catalyst comprises a lanthanum compound on
a support. A preferred catalyst comprises at least 7 %wt
of lanthanum supported on a support. The lanthanum

compound preferably is Laz03 or a precursor thereof.

Under reaction conditions this lanthanum compound may be

temporarily and/or reversibly converted due to the
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tenporarily and/or reversibly converted due to the WO
2004/ 056793 PCT/ EP2003/ 051076 - 7 reaction

W@ oovdiosi7ans i nt o | ant hanum hydr oxi de ( La( OH) 3) PCT/EP2003/051076
| ant hanunoxyhydr oxi de (LaQ(OH)) and/ or correspondi ng
al cohol ate species such as (La(OR)3 or LaQOR)). As a
support for the I anthanum contai ning catal yst 5 any
sui tabl e support may be used. The support preferably
is substantially inert under the reaction conditions
and is provided with sufficient nechanical strength.
Potenti al supports coqprlse clay mnerals, inorganic
supports such as A1203, S|02 NgO Ti 02, Zr02, ZnO and

s t hereg

r_ex olinite, a
AR St T
1ab@haﬁhzhdxtyﬁydr@ulaecmm (foss) )@ncs@ic eatﬁe%poadMCOVI te, a

iotite, dr ot al cj and talc.
alﬁgk??%{)ﬁ 5’?[391%? éPS?r%%I (Lél‘%%t-%é’rl H? é%ﬁl ¢ supports
sehgcd 95%5569{” Adretns qtb@ltﬂa@n&@%%h%irﬂgmgofca% ., Si 02,
MyO,  Ti 0O Zr02, ZnO and m xtures thereof he
aYa AEhEAR IR EB?R%ﬁtnf“ﬁlj R&tUsF Y st Theo APPRYes prﬁf“‘erfa@rlé(bl y in
id Babﬁwgﬁamflyfj[r@f\t7uﬁdbr4@héﬁ r&.ﬁdtﬁoh afdnidanusns kagied on
t ot al Eh st The, | anunkzo cont ai ni ng
14 Sedry S Habr st RS aegirti g St 4l e et hod. A
Pqureatéal edippet tdonpnpsd s8syi mpregghat i imgrganswpport
t on n| oS a S e ntly
%ﬂ y?ﬁg éa gglr%@r?ghgét g‘prgllglngf e&c}'%zsfugg%r%%eAfter
m:l;dmtregntatar@ﬁft fﬁhbﬁpé:ﬁgr@&b@da&ﬂp@ﬁblﬂﬁﬂeZSa be dried

haaﬁ subseauent] y ;qal ci ned, Gl ﬁor&%éon g q9engrally
carred dut” at-@’cal ¢i nation per at & E5F o Bat ween

a I2@tboi 00 aCsaddmaitat a wsxtscavaiue\u eyplcinyobétei recr eased

bleo“c%ef urt &o’cél e &&d acJa)i é&t&@g%ﬂ%ﬂg?&f@rmd
errperatu ein e range o from3 00 C

apy éher %W%@l@aimgt% slected driopethe WPET pat ent

c@paqlsttgﬁ&l&nmg&é'r | BRO2/ hRR38T{e4r 28, 114k anet yet

publ i shed)
mixtures thereof

The lanthanum containing catalyst comprises
preferably in the range of from 7 to 40 wt.% of lanthanum
based on total amount of catalyst. The lanthanum
containing 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 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 PCT patent application
PCT/EP02/12638 (our TS 1144, not yet published).

A further catalyst which is especially suitable for

use in step (c) of the present invention is a zinc
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A further catalyst which is especially suitable for
use in step (c) of the present invention is a zinc WO
wQeMIBe¥ 93 PCT/ EP2003/ 051076 8 _ supported PEr/EP2083/051076
The support preferably is selected fromthe group
consi sting of A1203, Si02, MgO Ti 02, Zr02, Cr203,
carbon and m xtures thereof. The zinc supported
catal yst can be prepared by inpregnation of 5 silica,
alum na or m xtures of alum nium and nagnesi um
(hydr)oxide with a zinc nitrate solution. Preferably,
the zinc supported catg ysts conprise at |east 15 %m
of zinc on a support having a surface area of at

ssEaTLrS G Ty S0e afrors Metieraben T sefeetin o

frapplkhe addcopscaiisiiing qfﬁ MQM,y Sdbz, Blipopean, pat ent
plication 0225633 our TS 11 not %
23051 FERGY) Como L PEACEOLIERR SRR O 23RS or abl y

s&b%%@téé &ta@?&@'dé%t b&%&%p%&é@gowflm J:é’gma%@on Pch—‘f erably,
alumna ~ 15 i s gamma- al um na. %écgrlsm y, it was

Slflc}&ﬁd LR pRt éllﬁfﬁilﬁ%\s ot afypiniue Jepapfipm
(1fcef) ekies wllf:hV\ﬁtﬁlhcl ﬁlt@siéedolu’tmheppﬁef)e,raﬂw,e the

ecflc if only water. i s
o B S selaitel) Caiohran WREE 1 ghbrBn ke
oS @@E@hec heach$ aMshibraval areansk ar b@abtdlzoxmiiﬂg 20 is
wel | known to cause problens if present with a basic
nere prphotalycat dieaisyst0 rHer ePraierret catongsbntazsood

d@aerﬁflgém%h@f;fégé%tagﬂﬂiﬂﬁtg@ﬁ@digtlmi wrexpecs e It
observed that t eact|V|t% sel ectivity of the

ERIIRerRaP= G afBRY PERRR et SRP G 28R i 1S & ddbstUnt i al

y@{f@iﬂlﬁﬂ_lgﬁe(ﬁS carbon di oxi de was present such as a
carb i oxid

i al 5to 50 105
FoEEaal kb Mor R ARy P 35185 N n2)
caamltystsp@mﬁsrtd:md; qu afluhirgm POefeora®Pyx IG5 ablbmna | f
Gk - VAL &l ISSlﬁngq.gl}l Jhﬁtrﬁa%ctf'ogﬂ Anoduet. 30
co(%ﬁ arn d ?1

I Ng t e ar bonat e, € process 1s
alumina catalyst is espe01ally preferred if water is

added in step (c¢), more specifically if only water is
added in step (c¢). Carbon dioxide is released when the
propylene carbonate reacts with water and carbon dioxide
is well known to cause problems 1f present with a basic
or amphoteric catalyst. Therefore, the constant good
performance of the alumina catalyst is unexpected. It was
observed that the activity and selectivity of the alumina
catalyst remained high even if a substantial amount of

carbon diocxide was present such as a carbon dioxide
partial pressure of from 5 to 50 x 109 N/mz, more
specifically of from 7 to 40 x 105 N/m2, most
specifically of from 10 to 30 x 105 N/m2.

If solely water is added to the reaction product
containing the propylene carbonate, the process is
preferably carried out at a temperature of from 50 to

300 °C, preferably of from 80 to 250 °C, more
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preferably carried out at a tenperature of from50 to

300 C, preferably of from80 to 250 C, nore WD
wQeMIBe¥ 93 PCT/ EP2003/ 051076 9 speci fi cal | pBCDEPI0DO81076

100 to 200 C. The pressure can vary wdely, and

preferably is at nost 50 x 105 N n2, nore

specifically at nost 20 x 105 Nn2. |If solely al cohol,

nore specifically nethanol, is 5 added to the

reacti on product containing the propyl ene carbonate,

the process is preferably carried out at a

tenperature of from 50 t90_300 C, nore preferably of

from 100 to 200 C. The "pressure preferably is of from

1 t.q. 0 x. 105 N.nR,. prefetabl of from5 to 60 x 105
g oAb 5 e RabaBp; & R0CE R mheboes ibeanes, vagy
wiNel®, and@rdsrdpigpaned abseasy ke 168pamdt efofd om t he

reaction m xture obtained in_step (c) in any way known
sperifipellar gt W#’Cuﬁ@hérlfgr’pf‘]i/@%- is to conbine steps (c)

and £( d31e10Y aUsdidd , an& AL Akl £1 syl hd@tdnen, 45 A

referred separation conprises gné or nore
aqfiest 1 HS GRECHION RECT R CPBRA HOukRe FORBY S %or e of
cdnate actHeopsosapat at @b reirhblnaveraedight eond ent of

1, 2-propanediol . 1, 2-Propanedi ol obtain b
t%‘i%psetrlgﬁ%t iognfr?/ﬁ‘lﬁ]o Egu:géqoqoygbem%’iff Pfﬁgﬁﬁ?ﬁqﬁ %ﬁrferq“o use
1@5 toueh0 . 2De rregusned,prefakdblamiants ofomby- s oduct s

can reppved separately. A well known.:by-psoduct in
Hhe ﬁﬁ%u‘? acr uPlée%ﬁIg%ié’zqu?/fSB]ﬁn%d:ioolfsoi% ]c?lsp%é'%'l ene
nétd GRkcidNRIhgtdLereAM b beMPVRS fehatively easily

by distillation. If an alcohol is added in step (c), a

di dRy} -2 PFopaReHRAt 82MiRY SpRATAESeh¥OR FPfhe reacti on
rdaduat nDfturst e digkd 1M S@eh (PY aGessy ivaywWihedn si6l el y

B G0001 1 B BSHo 0,510 Sl HIe BLSESED BLETEL DI
bf nominphe cateagtioniiptotilationn step (d). The
LRI AR A IR A Olded m vy

distillations of the reaction mixture. One or more of the
fractions separated will have a high content of
1, 2-propanediol. 1,2-Propanediol obtained by distillation
will usually be sufficiently pure to use as such. If
required, small amounts of by-products can be removed
separately. A well known by-product in the manufacture of
1,2-propanediol is dipropylene glycol. The latter can be
removed relatively easily by distillation.

If an alcohol is added in step (c), a dialkyl-
carbonate will be present in the reaction product of
step (c¢). In such process in which solely alcohol is
added in step (c), the process preferably further
comprises separating the dialkylcarbonate from the
reaction product in step (d). The dialkylcarbonate can be
separated off in any way known to be suitable to someone
skilled in the art. Preferably, the dialkylcarbonate is
separated in the distillation step(s) by which the

1,2-propanediol is separated off.
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skilled in the art. Preferably, the dialkyl carbonate
is separated in the distillation step(s) by which the
wa4psopanedi ol i s separated off. WD 2004/ 056FO@BEP2003/051076
PCT/ EP2003/ 051076 - 10 The phosphorus cont ai ni ng
catal yst which is present in the crude reaction
product of step (c), can be separated off fromthe
reaction mxture obtained in step (c) and/or step (d),
at | east part of which catalyst 5 can be recycled for
use in step (a). The phosphorus containing catalyst
can be recycled in conbjnation with further conpounds
either added to or formEdin the process according to

the present inventjon. Preferably, ., the catalyst wll
TR D eEBe Y LB HTigogr e Gura b e T Sster
inl tRepenpanedi@ionSpr@ducki agl stepi tcwasahobad t hat the
resence .of _a [vent .can be a s.in the
S 5?58@% 052(;8‘%%'.‘ %glet o2 tﬁémpnrllexstg% %t\%g‘%tggo# A protic
stepl Ventanddsr f sheapd (Bb, atedsset decdbnpbdgitticbncafaliyiss

c4H1BEPROLIS o6 O ANAE NGy k3e6218) Yihe dnpRbopanedi ol was
ound to be an especrally advantageouS solvent. The
cagladeing icatpreftecanl e piesyehed iduF PR ORNBI
I REESSorpetd RS iithet hfuERNY ST & @BrEé®pn ¢y and/or (c)
and separation steps (b) and/or dg. Ho%/ever, wat er
PEAEPEr *HICERBY Tt Pe@fe%ﬁenitnl%‘feéﬁ%% Po)PEERaT32Y 1 ( d)
thida@a gl WidDald yely2tdqr epanediedhgi gissiotiied rei ng
formed or .ig present in these steps. Therefore, it
LefeRePRrTSF S0 fi ces to add protic sol vent, preferably
1, Zuppopsimediy ol it wessfemd dhat The soksanse PE 2 hen

' : - , th
scgfvee%%ngi%l%o%gx?ar%é@%ggy 5 tﬁE%CﬁyQSzgc&Ur%Eﬁ%a@y the

rotic vent i's conbi ned W th the phosphorus
thomrasarhgnveat KR s® BEdHiCe SBETIHY HadetPud SPep (a).

rdd&P LS EPo s BYSNfORNE Spdabhbals icbhyginiaised by the

fol l owi ng exanpl es., These exanpl es are given r
cptaleér 1id1PuePnadiod 81S tHEH nVefi ‘%ﬁ?&%?ﬁ%ot

aﬁ%iﬂﬁég@@uérﬁblvent. The solvent is preferably present
during the whole process such as in the conversion

steps (a) and/or (c) and separation steps (b) and/or (d).
However, water and/or alcohol is present in steps (c) and
(d) while additionally 1,2-propanediol is either being
formed or is present in these steps. Therefore, it
generally suffices to add protic solvent, preferably
1,2-propanediol, to step (a). The solvent is then present
in the subsequent steps. Most preferably, the protic
solvent is combined with the phosphorus containing
catalyst before being added to step (a).

The present invention is further illustrated by the
following examples. These examples are given for further
illustration of the invention and are not limiting the
invention.

Example 1
A mixture of water and propylene carbonate was

contacted at 150 °C and a carbon dioxide partial pressure
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W@ 2000056703 oxi de parti al

30 invention. Exanple 1 A m xture of water and
propyl ene carbonate was contacted at 150 C and a

PCT/ EP2003/ 051076 - 11 of 25 x 105 NNnR2 and a fl ow
of carbon dioxide of 0.1 N1/hour at a weight hourly
space velocity of 0.13 g feed/g catalyst/hour with a
catal yst consisting of a mxture of magnesi um and

al um ni um hydroxi de having a 5 nolar ratio of 5 to 1.
Further details both of the feed and of the product
obt ai ned are given in T le 1. The phosphoni um

cat al yst mas tributyl - et hyl - phosphoni um i odi de. From
Table 1 s clear_that a simlar conversion 10 was

ofBPaknkly \W’P Ficed EBTE AENFREPPNEISPHSIS G cat al yst
0 ?ﬁ@lf/ﬁ&dc lraet amtg@tnwgslghe]_s@dl@%mmﬁ%x aE%/SI13 |'5he f eed
a.lo e ropyl ene carhonat e nol ar
%(igoga%yﬁﬁg?%gw‘t‘%a%ép ga@/ﬁ CRPS LBV Er g?o?l even
nhivke cbnrtgnasng bhe ghodphomiwdrostiaddazatal gyst. 15
nol ULV DRESBLDG 0K, 6, gnge@tﬂykgtmfylthghﬁge@' ne
or med e

i'dé”are ation of
artdr |05ut§r¢ -aretihgt -O%hgsghmeumV@dllﬁeTaWI@e lanBunt of
pﬁagfg%hy&m%@by&e w@¥l Q&bu\m ~ABASAL SEb dghohhen f eed

ore contact>with t magnesi um and al um ni um
Wd’feom de cat al yst and in the 20 product after contact

Wt ol e yRgnesi timsantesd Wb O ABimbysl @ondersadml yst .
Sim. | ar apou

found. F hi
vCoRALadRE PHAP T3 et ER DY EABUSEEAD By B A08Et not
aﬂ@gTeadendme:ohoarnglmqephlssprmlmdxsmmatmyst)ntmienifagd
nERR LS oo FHANBL & 2 pf2o /ML o DRIC IBOL MBS Caut gd out

was" Ssim i gher
swxgmnhbmrdayes@aﬂelllvelmvpysm exppl viede A mi xture
Sl YRLGE AN REOMRRA £adkanal e Mas .

Tributylphosphine oxide and methyldibutyl phosphine
oxide are formed in the degradation of tributyl-methyl-
phosphonium iodide. The amount of tributylphosphine oxide
was measured in the feed before contact with the
magnesium and aluminium hydroxide catalyst and in the
product after contact with the magnesium and aluminium
hydroxide catalyst. Similar amounts were found. From this
can be concluded that the heterogeneous catalyst does not
degrade the homogeneous, phosphorus containing catalyst.
Example 2

An experiment was carried out which was similar to
Example 1 but in which a higher weight hourly space
velocity was applied.

A mixture of water and propylene carbonate was

contacted at 140 °C and a nitrogen pressure of

25 x 109 N/m2 at a weight hourly space velocity of

15 gram feed/gram catalyst/hour at a water to propylene
carbonate molar ratio of 0.36 with a catalyst consisting

of a mixture of magnesium and aluminium hydroxide having

pressure WO 2004/ 0567 9BCT/EP2003/051076



contacted at 140 C and a nitrogen pressure of 30 25 x
105 NNnR at a wei ght hourly space velocity of 15 gram
wo emd/Ofi7ain cat al yst/ hour at a water to propyl eP€r/EP2003/051076
carbonate nolar ratio of 0.36 with a catal yst
consisting of a mxture of magnesium and al um ni um
hydr oxi de havi ng WO 2004/ 056793 PCT/ EP2003/ 051076 -
12 a nolar ratio of 5 to 1. Further details both of
the feed and of the product obtained are given in
Tabl e 2. The phosphoni um catal yst was
tributyl-nmethyl - phospho% um iodide. The feed did not
contain 1, 2-propanedi ol = WD 2004/ 056793
PCT/ EP20Q3/ 0 76 .- 13 .w 9.a +J.Co_.a) rd oa ya
 goigioiigoapt O b- FESES THWD D P B R K

add @ff tie Brod@Yt xbtained® deOglred Kin0TBACD. afhd Y) H N

ool e Reir B Bl B ottt 1O /-

iodide. The feed did not contain 1,2-propanediol.
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0Oa) HMM-1 R$4 0, vd+va ~0000-H.IJC H
OM HU ~~c1Nco ON-~4a) a) 1-1 0000 P.O
WO 2040879H 0) -- HIf) w WO 2004/ 056793 PCT/EP2003/051076

PCT/ EP2003/ 051076 - 14 CL Al MS 1. Process for
the preparation of 1,2-propanediol from propyl ene

oxi de, which process conprises: (a) contacting

propyl ene oxide with carbon dioxide in the presence
of a honbgeneous phosphorus containing 5 catalyst to
obt ai n propyl ene carbonate, (b) optionally renoving at
| east part of the carbon dioxide, (c) adding water
and/ or an al cohol to th® reaction product containing
propyl ene carbonate and phosphorus 10 cont ai ni ng

catal yst and contacting the mxture with a

het er ogeneous cat al &s&&ﬂlﬁai n 1, 2-propanediol in
conmbi nation with dinethyl carbonate and/ or carbon

di oxi de, _and (d) separating_ 1, 2- ro anedi ol _fromthe

1 o BEPFIHT £95 ‘H}GOQEE]P e ned 3 E85°h oM di ng to
pﬁﬂpgnamé.omlaewkwhﬂ&htbfbcdy@nagmpﬁm@us:phosphorus

ont ai cat t et | Kyl phosphani hal i d
(ot Grphctls S bR B Se R b Lo EPE S Bl o o
then puhs@ivet b€ a Zdrogtecoyepbosshocat atystaioapyoyed in
ca?rgaggséceo foﬁtgmsp%%iéwaabsoﬂt%up consi sting of

um ni
(b) optionally removing at least part of the carbon

dioxide,

(c) adding water and/or an alcohol to the reaction
product containing propylene carbonate and phosphorus
containing catalyst and contacting the mixture with a
heterogeneous catalyst to obtain 1,2-propanediol in
combination with dimethylcarbonate and/or carbon dioxide,
and

(d) separating 1,2-propanediol from the reaction
product obtained.

2. Process according to claim 1, in which the
homogeneous phosphorus containing catalyst is a
tetraalkylphosphonium halide catalyst.

3. Process according to claims 1 and/or 2, in which the
heterogeneous catalyst employed in step (c) is chosen
from the group consisting of mixture of aluminium and
magnesium (hydr)oxide, zinc on a support, lanthanum on a
support and alumina.

4. Process according to claim 3, in which the
heterogeneous catalyst is a mixture of aluminium and
magnesium (hydr)oxide having a magnesium to aluminium

molar ratio in the range of from 4 to 20.
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magnesi um (hydr) oxi de, zinc on a support, |anthanum on
a support and alum na. 4. Process according to claim
wW@200405683 ch t he 25 het er ogeneous catal yst i s BCTER1003/@51076
of alum nium and nagnesi um (hydr)oxi de having a
magnesiumto alum nium nolar ratio in the range of
from4 to 20. WO 2004/ 056793 PCT/ EP2003/ 051076 15 5.
Process according to any one of claims 1 to 4, in
whi ch process step (d) conprises distillation of the
reacti on product of step (c). 6. Process according to
any one of clains 1 to 5 in 5 which process solely
al cohol is added in éféﬁ (c) and which process
further conprises separating the dialkylcarbonate from

the reaction _product .in step.( roe
ac%ﬁpﬁisﬁga?cgrgﬁré?# an?’ norﬁw%f 9% lmSaflco ol’ |§§
whireh harek sanctepn (whi einpt-heesdiddbkiy} edribonaf echies 10
i t rocess according to any one of
regFgfé&!;%%S@g&O%% gte%hlcgh process sol eI water i s added
6. NPE1asES( BJCAERBHLO any 20t GFaREHI L §° obt dfned i n
whﬁgmmiébgnsﬂetlg} s86RN 16 Qedein ]s'i_teg (&Y agrss

according to any one of clainms 1 to h in which
Whé&hb@’ri)cﬁﬁéxﬁ%hi% ﬁ%?prﬁéﬁ%v?é’afﬁt%‘igeﬁ Eb). 10. Process
dl%@ﬁ?l(ﬂdr%gnéﬁe AHYmOfies Q:feaet:atrﬂ‘@r&zdlhcﬁ: 9n bhep Whi)ch

di dded
1.5y BEGeeeantatihg to oo o1 ara meonet Shep 4,

one “of "¢t
mémaﬁdﬂl mn@icﬁessmﬂme hwmgembmb:qgheswﬂ)ms cont ai ni ng
gg boga eparated off fromthe reaction nm xture

I'n §?ep (c) and/or (d), at |east part of
8 V\I|1iPC¢JICGS(§aE9¢‘§/1§t1nIgSt‘P ey beel dorclades ilhtet 8p M) .

which process solely water is added in step (c) whereby
1,2-propanediol is obtained in combination with carbon
dioxide.

9. Process according to any one of claims 1 to 8, in
which carbon dioxide is not removed in step (b).

10. Process according to any one of claims 1 to 9, in
which process 1,2-propanediol is added to step {a).

11. Process according toc any one of claims 1 to 10, in
which process the homogenous phosphorus containing
catalyst is separated off from the reaction mixture
obtained in step (c) and/or (d), at least part of which

catalyst is recycled for use in step (a).



