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PROCESS FOR THE PREPARATI ON OF ALKYLENE GLYCOLS The invention
relates to a process for the preparation of al kylene glycols by
reacti on of an al kyl ene oxide with water in the presence of a

catal yst. w09 9043 A Kyl ene glycols, in particul ar- nonoal kpdrspes/gs2ycol s,
5 are of %Ilshed commercial interest. For exanple,

nonoal kyl ene glycols are being used in anti-freeze conpositions, as
solvents and as base materials in the - brbduction of pol yet hyl ene
terephthal ates e.g. for fibres or bottles. 10 The
production of al kyl ene glycols by hydrol ysis of al kyl ene oxides S
known. It is performed either

b - liquid hase drati
excess amount of water K PROCESS ['yqi',-‘ &HEOPR’EBARBT %"f% %ﬁ“?@&d rml e of

al kyl ene oxi de, or by hydration in a heterogeneous system The 15

reaction is deemed to b AAIGAMANhGLBUDES L Yidiken for creCact]on

wher eby openi ng of the é?k ene oxi occurs, water acting as
t he nucl eophil e. Em:@mréan@ of alkylsprenaﬁ-m:?l?d?wm ©f 8Fe gl ycol

li kewi Se acts as alkylendUstiphiite wates LHl €hé pedaticr &f BOrRazbRykene
gl ycol, 20 dlalk C d hi,

I'n order to increase t%@‘@e%é%tqq\)“‘tg t'o ﬁoﬁ%gﬁgﬁeaﬁ%%&wﬁ%ﬁe#@ %?é’gglf i's
necessary t& supprase ¢fcestaiphidiad CommerC1ﬁéab¥¢%ﬁﬁ%ﬁﬂ\§9§1Qﬂ%@ PAEir mar y
plrﬁd:mt and gl kyl eﬂsn@esllelﬂene glycol\yﬂaera BeHRGt ©SedV irh drta Hfyrdedeysi s of

al kyl ene oxi de. e S e
cecondary remortiieiy ¢F envelEe AL, af A3te rerteld, Wil rhe
present in the reaproduchion k. pﬂm@-ﬁnﬁhée%ﬁé‘é}ﬁlﬁﬁ%ﬁ e.g. forw.ftlﬁres

respect to the nnngglﬁat@g@sglycol I's thus |nproved a problen1|s
created in_that for the [ eCOV Of % 839K& oahﬁyl y@ gl g\the
reaction nid% ure | argene PO i £ ?8? g

in turn alkylene oxides is known. It is performed either by

liquid phase hydration with an excess amount of water,
e.g. of 20 to 25 moles of water per mole of alkylene
oxide, or by hydration in a heterogeneous system. The

15 reaction is deemed to be a nucleophilic substitution
reaction, wherxeby opening of the alkylene oxide ring
occurs, water acting as the nucleophile. Because the
primarily formed monoalkylene glycol likewise acts as
nucleophile, as a rule a mixture of monoalkylene glycol,

20 dialkylene glycol and higher alkylene glycols is formed.
In order to increase the selectivity to monoalkylene
glycols, it is necessary to suppress the secondary
reaction between the primary product and alkylene oxide,
which competes with the hydrolysis of alkylene oxide.

25 One effective means for suppressing the secondary
reaction is to increase the relative amount of water
present in the reaction mixture. Although the selectivity
with respect to the monoalkylene glycol is thus improved,
a problem is created in that for the recovery of the

30 monoalkylene glycol from the reaction mixture large
amounts of water have to be removed, which in turn
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-2- I nvol ves | arge energy expenditure and is economcally
unattractive. Consi derabl e efforts have been made to find
alternatives for increasing the selectivity of the 5 process with
respect to the nonoal kyl ene gl ycols, w thout havi n arge
excess of wat@&°"1¥al | y, these efforts have focusgdlt)%r{t?gﬁgﬁﬁ °
sel ection of nore active hydration catalysts and there are many
publications, in which results obtained with various types of

catal ysts 10 aneolives! Dagde energy expenithrachdaand etdwddmitaaliydration
cat al ysts have been oy (ianvestigat ed, whereby it would appear that the
use of acf‘lﬁa(t,gtrgf:yﬁ's' enhances the reaction rate w thout
significantly affecti Agnehdevableteffants havecheenymade nge 15ind  al kal i ne

catal ysts general LY :LOWRE i §85CEbt ViddRSa i the select $9PEFlof A HdE
nonoal kyl ene gl ycol are obtai_1 ver sions, %ood,

ned. H gh_.co
sel ectivity and aPFE%ess With,pespech 5q &he ngélg?ig?ﬁec%}yc{@ b"& et
with the phavésg, tdi 8s¢ozectarge ExcksEb0f4%8teiccBsdalily t cHeses 20

docurment, the hydigleyshs Rhval k¥L&hea B 9% is2168EEbRUof more adllivd N the
presence of a sel ectivity-enhangci ng net Itz%;t e ani on- cont al ni ng

material, preferaB¥PratiBp garhalysls an erg BXer BRBYi PRRE rifMsei g
sites having affi mhiighf #estihes obtainedrstidihatvardpusnsypddecos atat slotsts i S
preferably, an ani QQ..23;5c1088§0ange resin, the netal ate anions are

speci fied ‘as rm[sﬁégate,' tungst ate, netavanadat e,

hydr ogenpyr ovanadat e Both acidnamed abiplifieathrdzatenR. CALRbYHS AV hesn
this process invelst ighaed) hehal-dyy eite wphyldobhppearathatigt e atiectofSt r eam
al so conprises a sy a0tLilsPOOUhafle 4Rl Fe8c23bA"Facd Quicnodll SPI aced
fromthe el ectropositive conplexing sites o ) _tﬁe sof1d net al ate

ani on cont ai ni ng PaE8itiranthyopfEeceipg the seleghivdtynewheitat Rf using
met al at e arg ons i mlkla inkkyheakysts geneilMgoollomesdselestiehiied hixlst ream

s contacted with Ao ooe ro SRL HolBYIMM SlLHILRRISLELVELEQRLEXI NT Sites

associ at ed ) o
High conversions, good selectivity and a low

water/alkylene oxide ratio can be obtained with the
process, disclosed in EP-A-156.449. According to this

20 document, the hydrolysis of alkylene oxides is carried
out in the presence of a selectivity-enhancing metalate
anion-containing material, preferably a solid having
electropositive complexing sites having affinity for the
metalate anions. The said solid is preferably an anion

25 exchange resin, the metalate anions are specified as
molybdate, tungstate, metavanadate, hydrogenpyrovanadate
and pyrovanadate anions. A complication of this process
is that the alkylene glycol-containing product stream
also comprises a substantial amount of metalate anions,

30 displaced from the electropositive complexing sites of

- the solid metalate anion containing material. In order to

reduce the amount of metalate anions in the alkylene
glycol product stream, this stream is contacted with a
solid having electropositive complexing sites associated
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- 3- wi th anions which are replaceable by the said netal ate

ani ons: It has been proposed to sinplify the product recovery
procedure by using water-insoluble vanadate and nol ybdate 5 salts.

However, W tRRyggppsdret al ate anion salts the obt ai negrEpboshiviti es
are significantly lower than with t he wat er-sol ubl e netal ates.

In JP-A-57-139026 there is disclosed a nethod for reacting al kyl ene
oxide with water in the presence of a 10 hal ogen type ani on exchange
resin and in the widhpeasiensewhich are ofemladeablei byi the said metalatd n

RU- C- 2001901 it | %f3@nat.ed out that the forner dihscl osure has t[]e

di sadvant age of the fqrmati on of carbqnates in the reaction m xture
which are difficult tgtl as gee%e%’é‘?%%edf SRRy cbie RFPAodiRcebhe
cl oseness of procedeire bpi iisiwg ped tds-inBulubpat eahafabd i Lol inlybdate
discloses s o3 tlSpblkelh] O de aLS HFBage.Olnl be Alivd g8, 0Xi de,
hydrating reaction_in_one or_a Sequence o extrusron _ redctor(s)’
(continuous react i BWRINEA BRLEGE EEHRas dire2@ignificantbni lewey dtiaon with
exchange resin of tHee wattatresahiyle metalat@ﬁmpl um type) lhn E' c?r bonate form
and car bon di oxi de. _athe. i | f,f er.ence w t 0, r,
Japanese, pat eIrrylt JSUB| %aﬁ%@?a t%leeéf(rls lt‘“’od gcﬁﬂsee%saé “b?etht“ﬁ%rg%r

bi car bonat e for m de3Chdéngnpbhy Eses Widheyater ineths presered ofem form
thereof. A yet, hHalegEussype pricitextiRinge resin Nghd diH NGRS @Ndde dh@e

addi tion of carbo 1.QX| f eed. According to WO
95/ 20559, the pres%gﬁggéﬁggﬁcg?%%%&e' dioxide in the feed is detrinmental

to the catalytic 30 In REfEx2Q030hjitarisopatiates changezht ddienSorinetrhe

quat er nary diaalbeuLE h.-y@erlali(é lruitéa'cﬁ-laﬂﬁﬁ gﬁaﬁ tl@érﬁo:}n?a@ﬂo?ﬂo%’se?kal ene
rocess for the pr ' yl ene .al yco er ei |

gxi de is reacted v?n%? %5%# §$ % 1'-g'hee r&aé:g‘é% emlxgure WIB*&é 4t é%"fsf‘rlcu%'t to

conposi ti df conpriSéPRYAAEsEFPH tie «livgols on account of the closeness of

their boiling points. This patent publication digcloses
as its invention the performance of the alkylene oxide
hydrating reaction in one or a sequence of 'extrusion
reactor(s)' (continuous reaction), in the presence of
20 ‘'anionite' (anion exchange resin of the quaternary
ammonium type) in bicarbonate form and carbon dioxide.
The essential difference with the former, Japanese,
patent publication appears to be the use of the
bicarbonate form of the anion exchanger instead of the

25 halogen form thereof. And yet, the Russian patent does
not dispense with the addition of carbon dioxide to the
feed.

According to WO 95/20559, the presence of carbon

dioxide in the feed is detrimental to the catalytic

30 effect of bicarbonate-exchanged resins of the quaternary
ammonium type. In this document there is disclosed a’
process for the preparation of alkylene glycols wherein
an alkylene oxide is reacted with water in the presence
of a catalyst composition comprising a solid material

35 having one or more electropositive sites, which are



35 havi ng one or nore el ectropositive sites, which are WO
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-4- ' coordinated with one or nore anions other than netal ate

or' hal ogen anions, with the proviso that when the solid material is
an anioni ¢ exchanae resin of the quaternary annDnluq; ﬁ% t he
anion is bi c¥BY e the process is b5 performed in the su s?an I al
absence of carbon di oxi de. A drawback shared by the conventiona
ani oni c exchange resins which are baséd on purely organic

polyners is the'rcédfﬂfﬁﬁié&”ﬂ%&ﬁn%ﬁetthﬁ§$e dfions otheﬁr%ﬁESS%gggggémﬁth

process of alkylene e hydrol accordin
cat al yst conposi tTo )%? nionk’' HﬁthEQ%nPY?Nﬁﬁ°[ﬁ%q§I§’ hgpgEhpcsolid
quat ernary amoninatgmial is an enabamgeeschan@asrénmn1c&nehpeqhadéynaﬁynd,

that under arﬁﬁd&ﬁﬂﬁnr Iaaa E‘aedahwﬂslé %ﬂéhzf)asegragﬁéepﬁegéé’% {“9

service) the select¥£/ conventlona resi n-
tends to dateri orRf i Pubghaptial absengs jof; P?rp§ne@éﬁxéﬁﬁanced
Ani on exchangi ng poIymv&nawbamgaBharbdxhpethﬁnﬁwnvunt1ona1 afagbhschave been

known for sone Uidfndide LABihsUSRi8R are pastd’dd Puth) LiGahJS! ant

nac
process has never contenp 'R EP-B 0 065
643 (correspondi RPPFTS A%Q‘f@)’%é@)“lteﬂ tolepantfeticc heakonidm conpounds
with a silica tyr;&-a{mﬂjdjm'ge the procese df sallophshe eaxiidel BiyAgoUpsis of the

general 4, é%g QkJ'Q h%rﬁk/zossszéith cgéggggtcgoﬁggrrLignd R EL
represent a group o)
on conven 1ona1 purely organlc quaternary ammonium ion

exchangers it has been unexpectedly found, that under
severe reaction conditions (high temperature and/or long
service) the selectivity of the conventional resin-based

15 catalysts tends to deteriorate strongly while their
activity is even enhanced.

Anion exchanging polymeric organosiloxané ammonium
salts have been known for some time, but their use as
carriers in the instant process has never been

20 contemplated before.

In EP-B 0 065 643 (corresponding to US-A 4,410,669)
polymeric ammonium compounds with a silica type backbone
are disclosed, comprising units of the general
formula (III)

R1\ I R -
[R" L Ri]xx* am
25 in which Rl and R? represent a group of the general
formula (II)
O-
/
-R5-8i-0- (I1)
\ .
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5- in which R5 is |inear or branched al kyl ene having 1 to

10 C atoms, cycloal kyl ene having 5 to 8 C at ons, [err] i n which
nis a nunber from1l to 6 and indicates the nunber of

ni trogen-ter nyodhR6heset Nyl ene groups, and Rlerr] 5 and FErE@nba; t he
sane or different, and the free val enci es of the oxygen atons are
saturated either by silicon atons of _fgrther groups of the fornula
(rn) and/ or by crosslinking bridge nenbers of the formula: J[err]

in which RS is linear or branched alkylene having 1 to
10 C atoms, cycloalkylene having 5 to 8 C atoms,

_gcnz)n—®\ or —(cuzan-@\
€CH2)0-6~ (CHR)g-6~

in which n is a number from 1 to 6 and indicates the
number of nitrogen-terminated methylene groups, and Rl
5 and R2 can be the same or different, and the free
valencies of the oxygen atoms are saturated either by
silicon atoms of further groups of the formula (II)
and/or by crosslinking bridge members of the formula:

R!' R!

I
O
I
-8i-0- or -8i-0- or -8i-0- or
|
O
I

o R!

R! R’

I
o]
I
-Ti-0- or -Ti-0- or -Ti-O- or
I
0
N

0 R

I
O- O-
/ /

-aAl or -Al
\ \
O- R!
in which
10 R' is methyl or ethyl and the ratioc of the silicon

atoms in (II) to the bridge atoms silicon, titanium and
aluminum is 1:0 to 1:10,

R3 and R? can have the same scope of meaning as Rl
and R2 or represent hydrogen, a linear or brached alkyl



in which 10

atons in (Il) to the bridge atons silicon, titanium and alum numis

1: 0 to 1: 10,
as Rerr]
WO 97/ 19043

Rlerr] is methyl or ethyl and the ratio of the silicon

Rlerr] and Rl err] can have the sane scope of neaning

and R2 or represent hydrogen, a |inear or brached al kyl

PCT/ EP96/ 05

- 6- QRO ng 1 to 20 C atons, cycloal kyl contai ni /EPSG/05211
C atons or the benzyl group and and R4 can be identical or

different and be

identical or different to Rlerr] and/or Rlerr] 5

X represents an i nanganhgngri of9as Co éltoxﬁso 3¢ab8Mkyl contafHRP Pfean
i norganic or organl C protohnic acid whi forns stable salts with

am ne bases and x& § &tREALEF the en"ﬂf HrPYP, 284 In EP-B 0 065

643 it is also indicaRédahd REnesmlbd lidentitcalney Ghffetdvet paid/ieri c
or ganosi | oxane ammni ya.s3l Ls d%ffereﬁtrbetéj%@f Lélnd%,.l fP, exchangers,

catalytlc carriers or

0 327 796 (Scorr espond¥n§ePsesEnys ;N Fggnig or organic, 1- to 3-valent

10

15

20

25

30

anion of an inorganic or organic protonic acid which
forms stable salts with amine bases and x is a number
from 1 to 3.

In EP-B 0 065 643 it is also indicated in general
terms, that the polymeric organosiloxane ammonium salts
are useful as ion exchangers, catalytic carriers or
active substance carriers.

In EP-B 0 327 796 (corresponding to US-A 5,130,396) a
method is disclosed for preparing the above organo-
siloxane amine compounds in spherical form.

In EP-A 0 491 144 {(corresponding to US-A 5,286,885)
there are disclosed polymeric organosiloxane amine
compounds, having units as in the formula (III) above
with the proviso that X is an anion of a monooxo acid, an
isopolyoxo acid or a heteropolyoxo acid of the elements
vanadium, niobium, tantalum, molybdenum to tungsten. The
use of these compounds as catalysts in oxidation
reactions whereby peroxo compounds are involved is also
disclosed.

The presént invention now relates to a process for
preparing an alkylene glycol by reacting an alkylene
oxide with water in the presence of a catalyst comprising
a polymeric organosiloxane ammonium salt having a silica-
like skeleton and including units of formula (I)

Rr1 R
Nt/ X-
[a" [ Rz] Y: (I

wherein the definitions are as given above for
formula (III) with the proviso that the anion Y is not a

stance carriers, In EP-B

8



met hod i s disclosed for preparing the above organo- 15 si | oxane am ne
conpounds in spherical form In EP-A 0 491 144 (corresponding to
US- A 5, 286, 885) there are disclosed polyneric organosil oxane am ne
conmpounds, having units as in the fornmula (I111) above with the

provi so that wgie$,eh3s ani on of a nonooxo acid, an 20 | sopdtyEpeerosaei d or
a heteropol yoxo acid of the elenents vanadi um ni obi um tantal um

nol ybdenum t o tungsten. The use of these-conmpounds as catalysts in
oxi dati on reactions whereby peroxo conpounds are involved is al so

di scl osed. 25 hal%@-p?é%%%a’?ﬁvéht‘isoﬁ%wrr Bpreesftthe aninss for

preparing an al kyl etegbydokrby tioaciidip IT 2akpbarPpates havind da-dM tih2o

tater |0 the breseuassl, ool Mol PSS ace, nyfolOL AT o
i ncl udi ng units of hydregen physphatie@rid me3@late.wherein the definitions

are as givemn above forMore prefd @4 & lthle) cthiythe PoOMSE el by

gg%?EPgG}SSSgE 2 to formula(*y?sﬂgesgk%%n Y is selected from the group of

hal ogen. Pref er abl hydrogepneavponatre Gfidarboaatehs hydrogen saelpititted from
the group of carboxysalesniayjn W Pel- , at gen
T T o L R TR

car bonat e, hydrogen ,sul rogen p ate an

More preferably inBftR agﬁt aF 3853 13)6t y RETTheRabedPRgmixtures theyeacdr.niostl ),
the anion M4 s sel peefdriednatdicomy aip nere anions sdYetOSE N oRAigeoup

(bicarbonate), hydb@aggastbhi drbonace, nydbShPBUiSlied OTdBlR:: aAda! €,
nol ybdat e, tungst e%g&)e,bdate. ni obate, "tantal at e, per rhenate or “m xtures
t hereof . Most
The catalytic polymers according to formula (I} can
be prepared by processes as described for the polymeric
15 organosiloxane ammonium compounds of formula (III) in the
above identified EP-B 0 065 643 and, preferably,
EP-B 0 327 796. Alternatively they can be prepared from
one of the latter compounds the anion of which is within
the definition of X which is available commercially, in
20 particular one in which the anion X is a halide, such as
chloride - by ion exchanging thereof with a protonic acid
the anion of which is according to the above definition
of Y.
Preferably in the catalytic polymers according to
25 formula (I}, R3 has the same definition as R? and R2, and
R% is not hydrogen. More preferably, R1l, R2 and R3 are
identical to each other and R? is methyl.
The most preferred catalytic polymers according to
the present invention comprise units which are chosen
30 from the formulae
[ (H3C)N(CHCH,CHp8i03 /) 31+ Y5
[N(CH2CH2CH28103/2)4]+ Y- ; or
[HN(CHCHCH28103 /2) 3]+ ¥~
wherein the anion Y is as defined above.



10 preferred are one or nore anions selected fromthe group of

hydr ogen car bonate, hydrogen sulphite, fornmate and nol ybdat e.

The catal ytic polynmers according to forrmula (1) can be prepared by
processes as described for the polynmeric 15 or ganosi | oxane anmoni um
conpounds of forrrul a (Il1) in the above identified 643
and, prefera‘BPx? 9043 EP-B 0 327 796. Alternatively theyﬁ'?gﬁ’ Egaggepar ed
from one of the latter conpounds theganion of which is within

the definition of X which is available commercially, in 20 particul ar

one in which the ani othX pbysidel i ftrm Suckvhdgh the cat&iyoid dolymdsi on
exchangi ng t her eob WblR; Ag PLT I AL (1) are to bB%uBEA Ok Yrdflldhiys the

according to the above initron by i n
the catalytic pol fRBPEIGRECFA Mg 3% IepcTibed dpnthe apgve Hdgnyified t he
sane definition agpRBeorj2antod] eThdy vk a diamet®¥ o5 0od1dwd eggna Mre

pr ef er abl Yig R e”LpegLﬂE]sﬂPfH% ea{féaf jﬂgf I. eafc Se?ylﬁ% t O fach ot her

and R4 is nrethyl tTcC po
according to speci fdcpperernvolumemf &rScodpgi se bmlk sdﬂmﬁlcﬂry a?@ 5§hosen
30 fromthe hepoug ﬂ@ and a substance we1 ht of 50 750

d
H C) N( CH
e guete da B TR L e
[HN(CH err] CH err]f@F[nern}iﬂnﬁeam]éi[fé&crqweerqap]acarty[efrq 6 to 1.2 wwilein the

anion Y igp@s def hpedpabB¥Rely marketed bﬁW@E%ﬁééﬂoﬂﬁder the tradename
PCT/ EP96/ 05211

The
physical formin REFERANNEMR AT 1 TRSE Gt %anverted t%c%%rr%]rwst o formul a

(1) are to be usedcrorginfetabtiye tieesent invegphoni byl idwrewchemngtescri bed

bnog—hg Sb%\f']e identifiede alk¥lengpoﬁcﬂas?‘2Esé%fsasTE@Xr@ﬂYf it tCH AR %.rn ¢he

a b5 ic surface ar 0
errllg. a progpehl pF i, PRI AR o PAYEot FERE COP PRI (y of 50-
1000 g/| arsd a dr defubstaone iwee ghtheyf B obpgithds having HphisriewmMi t hi n

these specificati gRsaRUfebBxyNegfiP i@ heir molecules.
Particularly suitable are alkylene oxides of the
general formula

R6-CR7-CRB-RI,
\ /
o

wherein R® to R? independently represent a hydrogen atom
20 or an, optionally substituted, alkyl group having from 1
to 6 carbon atoms. Any alkyl group, represented by R6,
R7, R® and/or R?, preferably has from 1 to 3 carbon
atoms. As substituents, inactive moieties, such as
hydroxy groups may be present. Preferably, R®, R7, and RS
25 represent hydrogen atoms and R? represents a non-sub-
stituted Cp-Cz-alkyl group and, more preferably, r6, R7,
R8 and R? all represent hydrogen atoms.
Examples of suitable alkylene oxides therefore
include ethylene oxide, propylene oxide, 1,2-epoxybutane,
30 2,3-epoxybutane and glycidol. Ethylene oxide and
propylene oxide are of particular commercial importance.



form having an effective capacity of 0.6 to 1.2 eq/l, 10 are

presently marketed by DEGUSSA under the tradenane DELOXAN AMP | .
They can be converted to catal ysts according to the present

i nvention by ion exchange. The al kyl ene oxi des, used as
starting mat ewgﬁ.,,lm 3t he process of the invention, hgyfpbdifisii
conventional 1 definition, i.e. they are conpounds haV| ng a vici nal
oxi de (epoxy) group in their mol ecul es. -9 - Particularly suitable
are al kyl ene oxi des of the general formula [err]

wherein R6 to R9 i ndepdsd@emnityonedrabeve, althyidy egyanabgeplds to penfomrm,the
optional 'y substit uheHho13idiy o@rQHQ Q *%ghérdﬁgéks w1t%§u£og$ beon

atons. Any al kyl 0 r.epresent ed

pref er abI§ has frorﬁ"fpetsflé'pcéF‘BBﬁts o wateg o the QEB%FFu%ﬁ?%rdJr%cttq ve

noi eti es, such as the presepdr dryegtbops amyurites prfesaner E’nef:ﬁéabéxyge of 1
err er an r t

Rl 1, R[ g], ¢ 18 122 per, méf@ er rﬁﬁ&” @d? QFEg St and or e

represents a non-sub- t ut ed
prgf erably, Re, Ry suitable, %OHHHSRQna‘P}I‘e reptEss &t thiar 6g@ﬂ e ngame

Exanpl es of sui tablbasalskjdeang pxeflesrédierBf it process bﬂcthdelﬁémli-me
oxl de pr Opyl ene O)Hl ’1%g€99§¥PE§av@fth 3ﬁoeSrFeCt % 31 B Oéggugfk

glycidol. Ethylene o e are 0 par |cu ar
conmer ci al |nportaﬁ@§f°1 are often q@; M}ﬂp@;eved when only 4 or 5 moles

PCT/ EP96/ 05 1 of water per mole of alkylene oxide- Sre supplied. As
mentioned above, ' SI@% g?&ggsguéftﬂmepea."rIw})enrplogemay be c?.ray:flrc?lélst 5 Of

t he al kyl ene oxi des Céssi ve’ambun _

t he process accor dlt}?&CthOOPeratmnt hdoweeiontin paskirsharafieunt aras S/ml@r in

the range of 1 embodiments it is preferred to operate the process
continuously.
15 In order to obtain adeguate time-yield values, it is

recommended to perform the process under elevated
temperature and pressure conditions.
Suitable reaction temperatures are generally in the

range from 80 to 200 °C, whereby temperatures in the

20 range from 90 to 150 °C are preferred. The reaction
pressure is usually selected in the range of 200 to 3000,
preferably 200 to 2000 kPa. For batch operations of the
process, the selected reaction pressure is advantageously
obtained by pressurizing with an inert gas, such as

25 nitrogen. If desired, mixtures of gases may be used, for
example a mixture of carbon dioxide and nitrogen is in
certain instances advantageous.

The following examples will illustrate the invention.

EXAMPLES

30 In these examples, the performance of catalysts based
on a conventional strongly basic ion exchange resin of
the quaternary ammonium type was compared to that of
catalysts based on a strongly basic ion exchange resin of
the polysiloxane type with guaternary ammonium groups

35 according to the present invention. Of primary interest



5 to 15 noles per nole of al kylene oxide are quite sui t abl e,

anopunts in the range of 1 to 6 on the sane basis being preferred.
In the process of the invention hi gh selectivities with respect to
t he nonoal kyl ene gl ycol are often already achi eved, when only 4 or
5 noles 10 of water per nole of al kylene oxide are SUHQQ%%%N

The process'%?’?ﬁ%“?nventlon may be carried out in 83t ati on.
However, in particular for large scale enbodi ments it is preferred
to operate the process conti nuousl y. 1% - In order to obtain

adequate time-yi el QFVghEeéom{ﬁrié:bn of the ca‘egigs Qrfar déleorarette@e

process under el eva erature an ure conditions

Suitabl e reaction ?ﬁﬁﬁﬁ%&ﬂu?%@ %ﬁ%?%ﬁﬁﬁaF&lPyhﬁﬁttﬁéeatme“t range from 80
to 200 [err]C, whereb : range from90 to 150

[err]C are preferred | a i CE ) S ual | el cted in
the range of 200 to 30:§6g an ntc%ﬂmaelf éF‘gBFR Ogggg E‘gﬁ%&i ac}/ g‘r atch
operations &f the with dlvpnrﬁhﬁnﬂeﬁﬁﬁeS@é@@@ﬂ&dbﬁéa@ti@m eMchange yesin of

ggvant ageogsl y the qQQEékﬂé‘ﬂ{ RS S itiypleN g swiit hrl;afhéé@réﬁagmessm as
ni t rogen. S e_use or
exanple a m xture SPmBanSRHdV%i§3§&§§39§F%§§§ H a%er, chlox ertaFF)'

i nst ances advant ageomprising matrix upidsf @lf] GWﬁn§0§Nuh®Ies will illustrate
t he inventi on. EXAMPLES 30 In these exanpl es, the
performance of catal ysts based on a conggptional strongly basic ion
exchange resin of the ¢ aternary anmoni ym type was conpared to that
of catal ysts based on a N £X hange resin of
t he pol ysil oxane type with qua (ﬁﬁar géﬁg§nﬁﬁ [Sgoﬁﬁ f according to
the present invention. O primary intere V[E7/19043
PCT/ EP96/ 05211 - 10 - is the
conpari son of the catalyst perfornance aﬂter exposi ng the catal yst
to a heat treatnent. 'Tﬁ§Qﬁa13mC§X€Haﬁ -FB2l mis

CeHs CeHs

with active groups of the quaternary ammonium type
—C5H4—N+-(R)3 cl” {R = alkyl group)

10 and having the following specifications:
Bead size 0.4-1.25 mm; Effective size 0.53 mm;
Density 1.09 g/ml; water content 40-45% and effective
capacity 1.4-1.5 eq/l of the resin.
The strongly basic ion exchange resin of the
15 polysiloxane type with guaternary ammonium groups used
was DELOXAN AMP I-1 {ex-Degussa, chloride form),
comprising unite of the formula

[ (H3C) N (CHaCHCH25103/2) 3] *C1”
and having the following specifications:

Specific surface area (B.E.T.) < 100 m2/g; Pore
20 volume < 0.2 ml/g; Bulk density {(amount of dry substance



The conventional (matrix: polystyrene crosslinked 5 W th

di vi nyl benzene) strongly basic ion exchange resin of t he quaternary
anmoni‘'um type used in these exanpl es for conpari son was LEWATIT
MbOOWS (ex-Bayer, chloride form, conprising matrix units of the
formul a w0 97/1988" '] ' W th active groups of the gpatERPIHsN1
anmoni um t ype -Cerr]Herr]-N+(R[err] dJferr] (R
= al kyl group) 10 and having the foll ow ngu speci fications:

Bead size 0.4-1.25 mm Effective size 0.53 nmm Density 1.09 g/ m;

wat er content 40-45%iand péfettofevet matexiagacb09-354-d4/%5: dipue slensigy

resin. The ggrgpgly hasdc d&{te%:a@ngsv r 884 nepfeédle;eliasgfé XN

pol ysi | oxane type mnth quatern y n|un1 roups used
AVP | -1 (ex-Degussa, cﬂrbr?d%q?%‘#$qHP onprising units of the fornula

[(H[err]C)N(CH[err].ul-',,.. gtrd QrEpamaklienc [err] and havi ng
the follow ngsspecifi Cat? ypes, of ion e%ﬁshaécréym@%ﬂ @ rivBrEed Lo<
100 n2/g; Pore 20 f d

subst ance

catalysts by exéﬂanglng thelgngkagrl rﬂ%ﬁ?oéﬁ tc{y

hydrocarbonate (bicarbonate), formate and molybdate

anions using the following procedures.

Catalygt 2 (bicarbonate based on LEWATIT M 500 WS)

10 . 150 ml (69.12 g) of wet resin was slurried in a water
filled glass tube (60 x 2.5 cm)
the resin was washed with 375 ml of methanol for 1 h
{LHSV: 2.5 1/1.h)
the resin was dried with a stream of nitrogen for

15 1.5 hrs
chloride was exchanged for bicarbonate by treatment
with an aqueocus sodium bicarbonate solution {192 g
of NaHCO3 in 2500 g of water; 10 molar excess) for
appr. 5 hrs (LHSV: 4 1/1.h)}

20 . the exchanged resin was washed with 1200 ml of water
for 2 h (LHSV: 4 1/1.h), to provide Catalyst A in
which 99.9% of the original chlorine anions were
replaced by bicarbonate:

chloride content of untreated dried resin:
25 12.35 %wt
chloride content of exchanged dried resin: 70 ppm
] B (bi 1 te based on DELOXAN AMP I-1)
The DELOXAN was treated exéctly as described above
for the LEWATIT resin, to provide Catalyst B in
30 which 98.8% of the original chlorine anions were replaced
by bicarbonate:
chloride content of untreated dried resin:
9.44 %wt
chloride content of exchanged dried resin:
35 1125 ppm
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- 11 - in g per 1 of wet material) 500-550 g/l; true density

1.45 g/m; water content 25-30% and effective capacity 1.0-1.2 eq/l
of *the resin. 1. Catalysts preparation 5 Both types of

i on exchange resins were converted to catal ysts by m? ﬁg their
chl oride ani"the/198# hydr ocar bonat e (bi carbonate), f8 e an

nol ybdat e : anions using the foll owi ng pyocedures. Cat al yst A
(bi carbonate based on LEWATIT M 500 W5) 10 150 M (69.12 g) of wet
resin was sl urriedcataspry@ter bh! g 5 (460 x 2.5 cm

> Da ! J ] Y NP <R
the resin was washed 75 of t hanol T por (LHSV: 2.5
1 /1.h) the reg%&\@s ‘d‘ﬁoe(?)vvl wﬁ'—sf?ﬁ’eﬁn"fﬁs rﬁ]t“rr(ﬁ@ﬁ] figr ajwater
1.5 hrs chfigkliatt glmssexubandéd %o2. Hiaar bonat e by treat nent

with an aqueous sodi ungpd o}
NaHCO err] Ln 2500 g o{ mcﬁgrl%%%go%imsgxgéé%%fg ml of methano? fo? 1§1hrs
ge

(LHSV: 4 |/F.h) 20 LHSV: (2,6 d resin was washed with 1200 m of
wat er for then qesiSVwas Kkliell) with Dravredm GEt aliygbgbni for

whi ch 99. 9% of the origigqq.jr§hl orine anions were repl aced by

bi car bonat e: chloride content of untreated dried resin: 25
12. 35 %t : Chl“&rﬂeou’”a&ee&shﬁéﬁ?doby Smatge Pyditiregd tmest nwig®® ppm

Catal yst B (bi carbonatan tgedbusn sBELGKAKL AL & éélutlon (156 EBGH%@AN

was treateggexactly as; desq, T[T resin,
provi de Catgal yst B in Sll{g d %M%faggégrswl m?]h oei’xlcﬁsﬁg Efl 8PPRe ﬁn‘?’b?ns
were repl aced WSM ‘cdr Bddahe * chloride content of
untreated dried resin:the exchanged re31ﬁ.4A39WEshed with 1200° m1CHE OhdEls-

content of exchanged dfd,d e fsvi®s 1/1.h), to pf%%%%ep@gkalyst C in
which 95.1% of the original chlorine anions were

15 replaced by formate:
chloride content of untreated dried resin:
9.44 %wt
chloride content of exchanged dried resin:
4637 ppm
20 Catalyst D (hydroxide based on DELOXAN AMP I-1)
DELOXAN AMP I-1 was converted to the ~OH-form by
washing with a stoichiometric amount of sodium hydroxide.
Catalyst E (molybdate based on DELOXAN AMP I-1)
103 g (150 ml) of the DELOXAN resin was treated
25 exactly as described above for the Lewatit resin, to
provide catalyst E in which 99.8% of the original
chlorine anions were replaced by bicarbonate:
chloride content of untreated dried resin:
9.44 %wt
30 . chloride content of exchanged dried resin:
8BS ppm '
III. Heat treatment
A sample of each of the catalysts A to E
(approximately 100 ml of wet catalyst) was suspended in
35 approximately 120 ml of an 1/1 (v/v) mixture water/mono-
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- 12 - Catal yst. C (fornate based on DELOXAN AMP |-1)

150 m " (120 g) of wet resin was slurried in a water filled
glass tube (60 x 2.5 cm * the resin was washed with 375 m of

met hanol for P 43 (LHSV: 2.5 1/1.h) the ppgippoeiedri ed
wth a streamof nitrogen for 1.5 hrs chl ori de was
exchanged by fornmate by treatnment with - 13 - an aqueous sodium
formate solution (156 g of HCOONa 10 in 2500 g of water; 10 nol ar
excess) for appr. ®ethyldene glycol and IRdP¢ at Lbb. Ay for 600 hrs dd®Rr an
exchanged resin wa Jggg% of water for 2 h (LHSV:
4 1/1.h), to prOV|3g“@§Fﬁgrgﬁéﬁ éQn mhlch 95 1@6of t he ori gi nal

chl ori ne ani ons wers St . 3
chl oride content of unhread)adldarutﬁiblraa@ Iazas fllled with the %a‘h‘!al%s’@{ (13 g

chl ori de content o a g d 4637 m
Catalyst D ?%ydrOX|5e asgJfgéld {iﬁﬁgykﬁﬁANﬁa¥ef (90 g 5 mol) 5EEt§£N(AﬁP9P
was converted to tRe™PéyriThrertrdyover 15 mlm/ashl Ff W tat al1ipKa gastric

amount of sodi um hygdeexige. The gas el Wak ufaDhY@E@ééh bagpd Qi deELEPXAN
si n was treated de

AVP | -1) 150 m 23l

exactly as descr|beaXEgg$gw m%%? FPdfgsFﬁﬁgg%uous stirying, fex t

catal yst E in whi cHiy9nguime 4%6"—11%1 gﬁemlerature Thé| veswie sanirorexwer of

repl aced byobi carbepatenversion and selectcik)'llefr' ds ﬁﬁ@t% Um &Hrlterdaahthe
e

dried resin: le below 9 44 %t 30 | ori cont ent of
exchanged dri ed reS|H 89 ppm III Heat treat nment
A sanpl e of each of the catalysts Ato E (approximately 100 m of
wet catal yst) was suspended in 35 TaARpEOXi mately 120 m of an I/1 (v/v)
m xt ure wat er/ nono-

Catalyst [ Runtime EO MEG

(h) conversion | selectivity
(%¥mol) ($mol)

A 6.2 72.2 95.3

N 1.0 76.6 40.0

A 7.0 99.7 33.2

B 6.3 64.8 95.0

B” 7.0 57.9 94.5

C 5.6 42.9 93.8

& 6.8 49,7 93.1

*

C 5.9 47.2 93.7

D 4.0 37.5 95.4

D" 5.3 38.4 95.6

E 5.8 46.0 93.6

E” 5.5 32.1 93.1

*: catalyst having been kept in 1/1 water/MEG mixture
under nitrogen at 100 °C for 600 hrs.

From these results it appears, that the performance
in terms of selectivity to MEG of the catalysts according
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- 13 - et hyl ene glycol and kept at 100 [err]C for 600 hrs under an
at nosphere of nitrogen. | V. Batch experinments: conversion of EQto
VEG A 550 ml autoclave was filled with the catalyst (13 g 5

of air-dried catalyst), water (90 g; 5 nol) and EO (44 g; 1)
and heat ed dﬁ@?”f@xhin to 60 [err]C at 1100 pKa gas Pﬁgpgggﬁ%éfDThe
gas added was pure nitrogen. The reaction _ ;4 . mxture was naintained
under continuous stirring for the given tine at that tenperature.

The results in tergp ehelfnventidOBOMWESiand B8NWascheetaFidotdd BEGhH €
conpi led in the previo;xrgﬂlreur?c?éxo%r)e severe heat g%égéx}{es%%%:cg%ﬁrﬁstty

EO MEG conversi

(%ol ) (%ol ) in the compparative aatalyst A the sape cheat treatggng

A 1.0 resulted6i® consideradded loss of séiectivity,/-fbeit that
99.7 33.2 B, . 6.3 . . 64.8 . ,

B* 750 the reagtigity (EO cq‘ﬁreg51on) 1nc€aased. Note Lhat high

42. 9 03.8 sellectivij:y is muclp.mpre important4Pn7the subjed3 pkocess
C* 5.9 than is4ﬂi§h reactivigt.%l J D . 4.0

37.5 95.4 D* 53 38.4 95.6

E 5.8 46.0 93. 6 E* 55

32.1 93.1 *. catal yst having been kept in 1/1 water/ MG
m xture under nitrogen at 100 [err]C for 600 hrs.

Fromthese results it appears, that the performnce



|99/ tlg(r)g of selectivity to MEG of the catal ystspcit_;:(éggg; 82211lI“l“lI"I"“Iﬂ"lll"'“l

- 14 - to the invention B, C, D and E was not affected

previ ously undergone severe heat treatnent. By contrast, |n the
conparative c%)ad_,)ﬁ 3.A t he sane heat treatnent resul t fCr/kPve/05211
consi der abl e selectivity, albeit that 5 the reactivity (EO
conversion) increased. Note that high selectivity is much nore
inmportant in the subject process t han i #°hi"gh reactivity.

WD 97/ 19043 PCT/ EP96/ 05211

- 15 - CLAI MS - 1 A process for
preparing an al kyl ene gl ycol by reacting an al kyl ene oxide with
water in the presence of a cat al yst Cchbrprd-day a pol yneric

or ganosi | oxane anmmoni um salt having a silica-like skeleton and

conprising units 5 1 (ﬂ ﬁgg%e%%n%gglpigﬁgylgb(é alkylene glycol by
' reacting an alkylene oxide with water in the presence of
a catalyst comprising a polymeric organosiloxane ammonium
salt having a silica-like skeleton and comprising units

5 of the general formula (I)

r? R
i I - I
Ll’/ 3]:( “

in which Rl and R? represent a group of the general
formula (II)

O~
/

-R5-8i-0- (I11)
\
0..

in which RS is linear or branched alkylene having 1 to
10 C atoms, cycloalkylene having 5 to 8 C atoms,

—(cuz).,—@\ or —(CHz)n®\
(CH2)0-4— ’ (CH2)0-4~

10 in which n is a number from 1 to 6 and indicates the
number of nitrogen-terminated methylene groups, and Rl
and R2 can be the same or different, and the free
valencies of the oxygen atoms are saturated either by
silicon atoms of further groups of the formula (II)

15 and/or by crosslinking bridge membexrs of the formula:



ormia e S e aen’)en) s IR
a

branched al kyl ene having 1 to 10 C atons, cycl oal kyl ene ving %
8 -C at ons, [err] 10 in which nis a nunber from1l to 6 and
I ndi cates the nunber of nitrogen-term nated nethyle and
Rl err] WOXHRY4 can be the same or different, and theI}?T%QW"
val enci es of the oxygen atons are saturated_eg%hpr by silicon atons -
of further groups of the formula (I11) 15 d/ or by crosslinking bridge
menbers of the fornmula: WO 97/ 19043
PCT/ EP96/ 05211 | - 16 - Jerr]
0 R' R!'

I I |

-8i-0- or -8i-0- or -8i-0- or

O o) R’

R? R!

|
0
|
-Ti-0- or -Ti-0O- or -Ti-0- or
l
(0]
I

0 R®
|
O- O-
/ /
-Al or -aAl
\ \
O~ R!

in which

R' is methyl or ethyl and the ratio of the silicon
atoms in (II) to the bridge atoms silicon, titanium and
aluminum is 1:0 to 1:10,

5 | R3 and R% can have the same scope of meaning as R1
‘and R2 or represent hydrogen, a linear or brached alkyl
containing 1 to 20 C atoms, cycloalkyl containing 5 to
8 C atoms or the benzyl group and R3 and R%? can be
identical or different and be identical or different to

10 Rl and/or R2:

Y represents an inorganic or organic, 1- to 3-valent
anion, excluding halogens, of an inorganic or organic
protonic acid which forms stable salts with amine bases
and x is a number from 1 to 3.

15 2. A process according to claim 1, wherein Y is one or
more of the anions selected from the group of carboxyl-
ates having from 1-20 carbon atoms, hydrogen carbonate,
hydrogen sulphite, hydrogen phosphate and metalate.



atom i (11) to the bridge afems silicon ©itanumand t“ﬂlﬂlﬂl{ﬂﬂlm I

1:0 to- 1:10, 5 Rlerr] and Rl err] can have the sane scopec oft ®
meani ng as Rl err] and R2 or represent hydrogen, a |linear or brached
al kyl g\ﬁm@ ng 1 to 20 C atons, cycloal kyl cont ai ni pgr/Brdems2it

8 C atons or t enzyl group and R3 and R4 can be | denti cal or

di fferent and be |dent|cal or different to 1Q ;7 .Rlerr] and/or Rerr],

Y represents an inorganic or organic, 1- to 3-valent ani on,

excl udi ng hal ogens, f mproweisgaaceopding gediclaim 2, wheeledni € asidnahoeh
forms stable salts wdh ag 'E%ebééﬁéps se)_[ec%&’ f&dn?\; ”5@3% LE%&réé’er?’

15 2. A process accordin
of the anions sel ect&FHandhe H@1§ﬁ6BBnBFebar}ﬁﬂ3@§R96n SU1Ph1§Feébh%wlm@lE¢)om

1-20 carbon atons, hpsinRER)) 6ANKAGAEBES, molybdatdly dhagrstenidkBli heobdd) ogen

phosphate and nEtaJeg ntalate, perrhenate or mixtures thereof.

' 4. A process according to claim 3, wherein Y is one or
more anions selected from the group of hydrogen
carbonate, hydrogen sulphite, formate and molybdate.

5. A process according to any one of claims 1-4, wherein

10 R3 has the same definition as Rl and R2, and R% is not
hydrogen.

6. A process according to claim 5, wherein R, R? and R3
are identical to each other and R%? is methyl.
7. A process according to claim 6, wherein the catalyst

15 comprises units chosen from the formulae

[ (H3C)N(CHaCHaCH28103/2)3]1% Y7
[N(CHzCH2CH28iO3/2)4]+ ¥~ ; or
[HN (CH,CHCH2S8103/2) 3]+ Y-

the anion Y being as defined in any one of claims 1-4.

20 8. A process according to any one of claims 1-7, wherein
the catalyst is in the form of spherical particles,
having a diameter of 0.01-3.0 mm, a specific surface area
(B.E.T.) of up to 1000 m2/g, a specific pore volume of 0-
5 ml/g, a bulk density of 50-1000 g/1 and a dry substance

25 weight of 50-750 g/l.

9. A process according to claim 1, characterized in that
the alkylene oxide is chosen from the group of ethylene
oxide and propylene oxide.
10. A process according to claim 8, characterized in
30 that the molar ratio between water and alkylene oxide is
' in the range of 1:1 to 15:1, the reaction temperature is
in the range of 80-200 °C and the pressure is in the
range of 200-3000 kPa.
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CZ, DE, DK, EE, ES, Fl, GB, GE.

[err]ad B rs]i}>ﬂ<EY[(e.rKP] KR, KZ, LC, LK, LR, LS,
Y - , LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL.

ML YRS I B
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din 30 that the nolar ratio
in the range of 1:1 to 15:1,
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00 kPa.

(54) Title: PROCESS FOR THE PREPARATION OF ALKYLENE
(57) Abstract

A process is disclosed for preparing
an alkylene glycol by reacting an alkylene
oxide with water in the presence of a cata-
lyst comprising a polymeric organcsiloxane
ammonium salt having a silica-like skeleton

GLYCOLS

1\ﬁ/

[orcil

®

and compnsmg units of general formula (I), wherein R! to R, Y and x are as specified in claim . Preferred are the catalysts wherein
the anion Y is selected from the group of carboxylates having from 1-20 carbon atoms, hydrogen carbonate, hydrogen sulphite, hydrogen
phosphatc and metalate. These catalysts exhibit an enchanced selectivity stability.




