- b

; e3eaVon: :; >62TV2AL O *c~~* 30 May 2003 - 1 QUATERNARY PHOSPHONI UM SALT
CATALYSTS 4@M@m@ﬂﬂ u HYDROLYSI S OF ALKYLENE OXI DES The resent invention p
relates to r the illL~LLn1l preparation of al kylene glycols by
reacting an al R§®P®He oxide with water in the presence of a chghggb@03
conposition. 5 Background of the inventions,- are of established comerci al
interest. For exanple, nonoal kyl ene glycols are being used in anti-freeze
conpositions, as solvents and as base materials in the 10 production of

pol yal kyl ene terephthal ates e.g. for fibres or bottles. The production of

al kyl ene gl ycol s by, |i.qui h | ysis_of al kyl ene oxide is known. The
hydrol ysi.s..i s perf&d@qu:%ﬁogﬁgﬁﬁﬁ{@wygPLByC%W%%}FSa IN(PERENEEEs of 15
water, e.g. 20 to 25 nol es ofHvmaoErSperomAIXYYENE oxrene oxide, or it is
per f 1 smal | er excess of water in a catalytic system The
reaJﬂW@Hmmwmwﬂmmidered to be a nucleophilic substitution reaction, whereby

openi ng ,0f _1he al kyTkdepredaid nnmgnoionrslatbtseroaat page@ss t fier Athe

nucl eophil e. Be ridmani r ngal kyl. ene gl ycol . also acts as
a nucl eophil e, %ggg%%f]%’g drﬁ%tlt]f ée;é? %%@g%k%lyeﬁ aﬁ?%%l %‘/n d? HF Y45 e

gl ycol and hi gheki@e kyiehevaflercdhsthe prasmede bd er detalptiactensssi-he
selectivity to gpgpal kyl ene glycol, it is necessary to 25 suppress the
secondary reaction between the primary product and the al kyl ene oxi de,

whi ch compet es RRERI¥andaf fihesiavertiawe al kyl ene oxide. One effective
means fox suppressi A0k¢Tehe i Sl Rl l.ative
anount of water 30 éient SﬁgFﬁgggéggﬁﬁgﬁg%P%?ﬁrg?h§§¥ﬁg€§%égﬁ%%ﬁ%gasure
30 May 2003 inPFoves $HeeRidisderdi GPTRe IGidr 8 tereshr oBREt ¢vample t he
nonoal kyl ene gl yenbalkylédealigtodsps odlBungn usBat ihagge; appygss of water
have to be renoved for recovering the groduct. 5 Considerable efforts have
been made to fi NG AR°HH ¥ ra@sy &L BEN T hAEh &S nGaEReMAbaEi 2 bh BRIt i vity
Wi t hout 19avi ng poodset Bor arfypodyatkglaie walrebhtHauatky &hesersf ford s have
focused on the §glﬁg&éﬂg of nore active hydrolysis catalysts and vari ous
cat al ysts have een discl osed. Both acid and al kal i ne hydrol ysi s

cat al ysts have beerThewmsidugatied, ofherlefeniet gdpeblsappeds gb tdtphdse use of

acid catal ysts : r i ate without significant]y affecting

t he selectivity$p€£€$i§%§[§? 5§?§%£§§ éﬁﬁé%ilﬁekggfﬁrygg§ by Eﬁiﬂ?ﬁﬁl%RWH

sel ectivities weehfoepgdotitthouthe catmitstybgnedgliyigok haegebéaddmd.ofCert ain
ani ons, i&. 9. bi n ( L.Qg bi sul phite ydr.ogen

sul phi tel%, forng?gpg'ngé %o'l ;kb%ggtge?garggf sﬁo%\?\ftm% geéx Fﬁi?og%o‘gpc%@%ﬁqec
activity 20 in e®¥¥® OIT dltkyiseperbximkd odmhersisunland extess i of twatteawar ds
monoal kylene gl y50d e HOyEMAl: WheBeh NenRalda qf hNese gL ong 2 & Jiged s the
catal yst in a honpbgeneous systém work-up of'the reacti on produc y
distillation wi PPCHRRN i GRS BREHRMS & sasE L9al t wharebpoepeyimplafl e 25 in
the glycol and tgadaliy T dxlideefing WdcdhrsQUGLSERAL Yt PO U{(}%éa' ts remain

soluble_in the glgcol reacti_on Broduct. H gh conversions] good selectivity
and a |8® u se the primarily formed monoalkylene

leophile. Beca
glycol also acts as a nucleophile, as a rule a mixture of
monoalkylene glycol, dialkylene glycol and higher
alkylene glycols is formed. In order to increase the
selectivity to monoalkylene glycol, it is necessary to
25 suppress the secondary reaction between the primary
product and the alkylene oxide, which competes with the
hydrolysis of the alkylene oxide.

One effective means for suppressing the secondary
reaction is to increase the relative amount of water

30 present in the reaction mixture. Although this measure



wat er/ al kyl ene oxide ratio can be obtained with the 30 process, disclosed
in EP-A 0 156 499 and EP-A 0 160 330 (both of Union Carbide). According to
t hese docunents the hydrolysis of alkylene oxides is carried out in the
presence of a selectivity-enhancing netal ate ani on-cont ai ni rgp kel 003l
preferably a solid having 35 el ectropositiwye-conpl exing sites having
affinity for the 30 May 2003 - 3 netalate anions. The said solid is
preferably an arx]@}o%%h@ngeséféwwi{y RAWd dd @hed pFULEREL A gt nyle benzene
copol ynmer. The el ectropositive conplexing sites are in particula

quat er nary anmofianfa LxyaepRadeuce br t 1 ar§t Satigfe & raebdgat érnhkgt phasghoni um
No specific advaages $ralbtsbulgdle ts the Xl RINay RRespBeDhyMndhe
nmetal ate anions are specified as nolybdate, tungstate, netavanadate,
hydrogenpyrované&&ﬂ@9§nd pyrovanadat e ani ons. A conplication of this

process ig that theckpsakkyhpne gfysols apntaigted maldeduet rshaeam al so
conpri ses a substantial anount of netal ate anions, displaced fromthe

el ectropositive LIPINSELNG SPFeLPOF eI RS oYl HRASH e S&ﬁFSﬁl‘(‘Eb’hél ate
anions in the a|vk:M:|rﬁﬂz€t #layeal 46 PEOCAICIaSid ebeddicE siakeam U§u§D act ed
with a solid havi eI ect rogogl ti Vﬁ% n;g% exin 5| t §S associ ated wi th anions
which are repl ac Sy Orhe BAVE hRTYY orhn Ieﬁt\?@“Q? 2B8%59 (Shel |)
there is discl os;milazepm@ﬁeswﬁmg thaea by eparaid om:m‘oufsl kulengsgbybors
wherein ‘i‘@ 20 al keyl £Ng & |ged|s reacted with water in the presence of a

cat al yst “Conposition conérl Srng a solid material having one or nore

el ectr oposi t| ve sitémthwacéd angd gbbzlimatledmliysieneatelyste bavenseat her

t han rretalate or pg io i o i.sul.p e d

car boxyl at e, Wt Oct t%rgénggr%Rgtlp ‘g%&ltcﬁr?gspeeial% t?fjlaéttelrg?igl ulgg %% ani oni c
exchange resi n cﬁcnms:aji@dh/@ﬂ:naﬁyhamm Une t 58C tirh theg eamiiohois Dbi car bonat e
the process is perfaried | n I di. gxi|
According to this €{J’ﬂ'currerrlltriyt E?%Fggé c‘téﬁ%fs%gr%ﬂqgﬁdm gglg%stlblg og 30
is detridéntal talkddnsatcatpivetef gererallhi tewdomalastévanged weslh ns of
the quaternary apgg¥UdMdyRee ASnbBllkipisd ahovsy A loheagrmgsed of

catal ytic anion quat ernary ammoni um cations can be used in a
honpbgeneous system &EEAAIR 431PRSa Red er VHEHERAR? &Y steidrogsa ndeed, in

het er ogeneous syss 848h o) %@h@?ﬂ@t& ANYRPS&ER s 3BV )20@3 rmdtkogsqare
the traditionally used cations of npbst ani on exchange resins. A drawback

shared by these ®R&RGaTS yéﬁﬁDﬁPBHPCB?rp%mH%’-?sg‘?%lcraqﬁlmtﬂ-édaﬁﬁi‘-&%hce to
gg?tz OSlsglfzroac:1 i si ﬂglﬁémensordzce&&y@énal Eyisgec@méiﬁslwr@iwseaéae@%dy ng to WO
with cata conpo ons sedpn conventiqna ganic quaternary
ammoni um i onexchl éf‘ “ﬁ’éi‘kﬁgsﬁefS Y\ﬂ°f hlg?w%‘fﬁ)‘ér q’beé\/ég‘@ SRRy PeRtoxi de
hydr f)l ysis reacttme:calnﬁjdnsoase( bsgbd?entm at &t £yeld Qin lja;)lh@m&@ébi:aeeé t he
catalytic activit sel ectivitylQ, or_conversio and/ or. in
behavi our of the%%% “Pe??nﬁggs’éaaﬁﬁ’t%ﬁ‘y%ﬁ%&zce%g’sy tddsﬁﬁé?%bgat e.ln
US- A 4,160, 116 (&m\@mmpmbéem becelhseltﬂsedsanrs)m pfo@rrlyheopnbmlelcti on
of anal | ene gl yc b a g alLky. i I p
subst ant :%’I 15am)u%t9A %lg’y gégo)%lg g lﬁél%gpg g%a %?lnrgu %h ?Q‘%g%?ﬁﬁggu of
i odi ne, brom de ammaerdwr maé.tas rameanabyéublae:mryhe)ngtMM m@nttuonThe
present inventiog felates to a process for thepreparation of alkylene

gl ycol s by react ]ﬁg an al kyl ene20oxi de with water in the presence of at
| east one ioni cconpdsial swenaferaiqnat egnad ysphesphoiiwAnshta dewof t hegener al

fOf”U|aR~RZR3R4p¢¥%§fF$w&§¥¥H%‘y§18e1rggnoRgaﬁngeF%#iéﬁmﬁp%ﬂgﬁnkh %) may

be25an al kyl, cycl oal kyl,” aryl I kyl'aryl or ar rouphaving from1l
to 10 car¥on at ORECCeF® #H satiosrdchBsER-Pr B 1h6 h‘é"?\;r%ﬂb Eﬁ Pblocérﬁﬁoﬁépe

bi sul phite and thso@tml&ﬂ&)rmoncwa%mbbcaﬁbééra\m@ tde UL UIBin@nedr BRYYI i €
acid) it is pref erabl chosen30fromthe group of formate and citrate.

General |y, carboRY@Fokyes iaf RdtcyleqGi pegdes is carried out in the
presence of a selectivity-enhancing metalate

anion-containing material, preferably a solid having

35 electropositive complexing sites having affinity for the



30 Nray 2003 - 5 1In a preferred enbodi nent of the present invention, the
quat ernary phosphonium cation is i mobilised on a solid support, such as an
ani on exchange resin. Detailed description of the invention 5 As such, the
quat ernary phosphoni um conpounds as herein defined are effec3o Maya003

al kyl ene oxi de hydrolysis catalysts in a h_aorIDgeneous liquid reaction
system However, a particul ar advantage of” these quaternary phosphoni um
conpounds energes when they are used in a 10 heterogenequs reaction system
wherei n the quat®4fAFepREspRENI THE SBidoRelEEnss i P EC TR ldcANdFdsi ti ve
sites of a soli dexaHi¥yd reds¢nfefn et dirtuOr9a/ 20658ne 4 di Pa{ i Wéndlenewhen
the solid support is a stropgly. basic aniqnic exchange resin the base of
which is a quat e‘?‘?‘%ﬁjyynﬁ'pﬁggp%b?‘ﬁ‘iﬁﬁp@zfﬁtdﬁea%’a? ‘Fiﬁ’g]“?os’ttt%s iEs et
invention, a catpdyiculeonpastéindry srienied, - pybt bnéhed afd O01 AGC QErdingg t O
t he invengi on - whi chtis stabl e %é}ﬂ which retains_its_selectivity and

stabi | ity under ¥eVEtatGTRAEYi BRC TR bndCa8PREr F 1 a2 PEI A HOrE resi st ant
to 20 swel ling. #Amyridduted apgeheaugdeere mofariyophexphanien r eien rfd E2R)atieypes can
be used as the sQli or. i p. particul S basi ¢ (anionic)

| ER s wherein thégrl.11 q'1a‘°'§iua(r:}:l%grs S%Pﬁ?‘g aqsuﬁ%é%g%ggbh%é%ﬁ%ﬁlﬂem groups attached
(i.e. 25 adsor bewgtawardadeor hpdadgedytovaaagekgnend cp packdrmamateSui t abl e
pol ymeri c backbo jhelu i k. \0e| I co- pol yners,
e.g. addition an%&?%%ﬂn%er%sgt%fng%gg%%énﬁ%g %ihrll\gfhg%aggo{ggﬁ%fﬁe? pol yester,
pol ycar bdRat e, polkakenchgiacol oeomt aligtiyde predhas, stream 391 Qo raanpci igldsy

available,lERls én§d5§¥%ﬂ€%§ﬁn§m9@§€“%f”hdy%h¥%@rXh?&ﬁsprdisplace from .
styrene-di vi nyl benzene copol yners. Many of these IER s are purely organic

pol ymers, but al S%f s§18ctropasétivessomPlexidn 43tpsl §5i Fokatresid can

conveni ently be yseshadl t91iBAt EYSt AP BTJ HMatehRUINIINt BEISP ALY Y
phosphoni um type of el ectropositive conmpl exi n% 30 May 2003 - 6 _site
bonded by adsor pthorfmeWcCifoRebrLgrarativgs thctiteat hbsendrad¥iiyani c

nature, gsgch as gosdiods Sideladd, tBid i Sfradinidisnaonzeetédesitl assoland cl ays
such as hydrotalcite. 5 The catal oqr%r;gﬁm tion according to the invention

st ¢
can be conpl et edh"t‘)Y/“?‘?nﬁJltﬁqtirQBPFbﬁl%? GHPLEXLRPy FHEGP| §522F 1AM T on the
solid support byamdsh$igviich Braqueplscely bgnthe 8asSdSpenslHie afnitdrs.solid

support, which may o (o} ag t i,n _a foregoin reparatory step.
10 For exanpl e, V\/neri’? @?5/?8953;) %f)e[ﬁﬂs A8 &ni8n %:S%g%g%fﬁg&é RG9S he

i mobi | i sati on cher behpeyfeparadion af &ligllenst gpybyplal whageimeanesin with
the catal,yst in uepus nedium. f L0g, W er -_or

al t er nat izéel y i ngg%f)%’%eeposxqt%n}lsrg{aé‘%%%%erxih\r/l\%%?hg %}é‘sﬁﬁe‘{@?%er} S qnfycf‘r oxyl
formw th a hydroxtakysuctompesagienusonmpdisimehpdsokidenatedia herm dddi ng t he
catalyst. The alkylene IdIes Uppldodss SIAl tiRASTBLALLA! 2L D L0 ANASP Of

t he invention have their conventlo%a efinition, 1.e. they are conpounds
havi ng a vi ci nal w2bh oxeleont @pgrygngepuPinen fdap mekataresor laaidaan arly

suitabl e are al ky}£ggs OXd 48S akatBEn PN suIQhIHkAaRE ER2oERPLATE O
25 with the proviso that when the solid material is an
anionic exchange resin of the guaternary ammonium type
and the anion is bicarbonate the process is performed in
the substantial absence of carbon dioxide. According to
this document, the presence of carbon dioxide in the feed
30 is detrimental to the catalytic effect of bicarbonate-
exchanged resins of the quaternary ammonium type.
As indicated above, salts composed of catalytic
anions and quaternary ammonium cations can be used in a
homogeneous system as well as in a heterogeneous system.

35 Indeed, in heterogeneous systems such dguaternary ammonium



wherein RL to R4 independently represent a hydrogen atom or an, optionally
substituted, alkyl group having 25 from1l to 6 carbon atons. Any al kyl
group, represented by Rl~ R2~ R3 and/or Rq preferably has from1l to 3
carbon atons. As substituents, inactive noieties, such as hy%ro%gy%ggps
may be present. Preferably, RlL R2 and R3 represent hydrogen atons” an
represents a non 30 substituted Cl-C3-al kyl group and, nore preferably, R1,
R2, R3 and RO all represent hydrogen at 30 May 2003 Exanpl es of

sui tabl e al kyl ene oxi des therefore i ncl'ade et hyl ene oxi de, propyl ene oxide,
1, 2- epoxybut ane, 2, 3-epoxybutane and gl yci dol. Ethylene oxide and propyl ene
oxi de are of parti cuI ar conmmercial inportance. 5 As nentioned above, it is
advant ageous to per f ONmaradhe yradiiopally used cations efmestariendes, wi t hout

usi ng excessi ve anpu@xchangewresins, AIdTaNbGCbsba%bsaﬂmemuagemry he present

i nvention, anounts oamvairéeum compeundsnigeheif lithited tdlerarmdect® hpeat. ol e of

al kyl ene oxi de are qprdctisihg theiproddss, of@tkyjm@oxﬁetﬁwro@gge of 1 to 6 on the
same basig being preheddraihg tbrvvdﬂssnzossssfﬁthoéatalbet EaNpositions Baséd

sel ectivities wth rggReaertoriad)BrdBHIO@aLLIENeAS h‘\%ﬂiun@'ic?n often al ready
achi eved, when only 4yHamdet®|t®is ee‘f’%ﬁﬁdpt?\'élt Eﬁﬁ@r&-ﬁ-v oxi de are
supplied. 15 The Pr og8g8 H 5| srg &n) I'n batch
operation. However, Eﬁ' 2 |c i ‘ﬁ% %\

preferred to operate q 8@5{3 et 'tV Yiuous process can
be carrie® out in a PPYOH 96"%’@[9 @ng%sw ?I ow or down-fl ow.
Down- f | ow oper ati on F@nvyentioaategin-hased cala Y@S 35@ @é@ﬂﬂ"ﬁt%ed under

i sothermal , adi abatic or Imy§&-Ad, tehdi16i(ShewalRenkes there is disclesed ar e

general ly shel | - andpragiees fardbe@reductinst dfjaroalkyleaezycalibyi t ubul ar t ype,
wherein the tubes cohydrating lae aleylehy skidend the pesdemte pagisstantialt si de the
tubes. Adisabatic reaginount of arboh dmadi@dsmgruﬂquat@rrmmimpﬁbn@mn | eavi ng

t hem may be cool ed '%Iﬁoﬁ@ﬂﬁfé“b@orﬂﬁﬁommﬁéa ddna |g§t certain chosen
circunstances the cagghw Qh wq,hon of EO may Dbe inconplete, in which

situation rest EO carT 7 ‘ﬁ' % H‘ tptg %Psa,ﬁ ghace of the

on. I+ Fi stoa
reactor below the ca 10 IS is |less
speci fic towards ME ,ﬁq §t C % : is b @RY ﬁﬁl d hold-up in

the 35 ré&ktor. Thi sOWdR Wb Waigrdn iy BSPP ?ﬁiﬁ@stea%m 30 May 2003

g composition of a quaternary phosphonium cation of the
T general formula

Slt is

RyjR2R3R4P*
Whereby each of Ry, Rz, Rz and Ry, independently, may be
25 an alkyl, cycloalkyl, aryl, alkylaryl or arylalkyl group
having from 1 to 10 carbon atoms, and an anion chosen from
the group of bicarbonate, bisulphite and the anions of carboxylic
acids.
When the anion is a carboxylic acid, it is preferably chosen
30 from the group of formate and citrate.
Generally, carbon dioxide is not required.



outlet part with internals or inert packing material to reduce its vol une,
and/ or by adding an inert gas, such as nitrogen, to the reactor feed

m xture and operating the reactor under so-called trickle flow conditions.
5 1n order to obtain adequate tine-yield values, it is recorm;eMdycjzooe
performthe process under el evated tenperature and pressure conditions.
Suitable reaction tenperatures are general I5y"i n the range from380 to 200 C,
wher eby tenperatures in the 10 range from90 to 150 C are preferred. The
reaction pressure islusudtisfepiesteapodiment ehnklee oPr oMt ¢n3G0OIoN,

preferably 200 te,2090akEena FPrpaigHARer 8hE 088 Of {MRoWNAGRISonthe
sel ected reaction E)ressure i s advant ageously obtai ned by pressurising with

an inert gas, suBflid IPRPEFogBith 175 dosPPeln RFXPARER iSidases may be

used, for exanpl gefail&d Ud&sOf ipardobdit@si dgvapdishtrogen is in certain
i nstances advantageous. ITn order to accommodate any swelling of the

catal yst during oper®%i Bl 1 He s SHATGTNEGYURBCEBRCAHVER MRRBESEY 280 be
greater than thehgokuUREdOEChdd sl d)e fHedth®ecatabyRyléheriite hoarexaspse 10
to 70 vol % greater, Ln certain situations, gartidcul arly when operating in
conti nuous-f | ow FRARGYSTF iR BUIFSENS Lo abbant By se H8 - subj ect  at

| east part, suchH3beaserabaupaB3Oidllant Hdvahtbhe afkyhese qudwbanfaeed stream
to partial thermak‘ h ggolﬁ){si sinth 3 aebseernce %ecagﬁl st, before_conpleting
the hydrolysis c& 8F§ PRarT yEOTROWES e SFsund®tn e%a?{ef >y dfofysi s,
even in tHe absehetepbgeneat sl ysdctien Sysitlemsuwheceent tlye splageirnaeyt owar ds
30 the nonoal kyl ile 8 d ] re i s,
effective in sav(ﬁﬁgsghégg% ‘é‘%‘é/{s;f?%;\ %@%&ﬁg%%ﬁh?gﬁ ﬁ%gé?fc‘?:%’gﬁs%ﬁg’ﬁ ?/lg??se in
any process wher efnaeshyi@nsuppddte ias lseifigenydnoW9sed/2@5%%he In 30 May 2003
_ 9 - Presence oL 3ELL aHOUR S, AlndUdIGy 30368E PROSEIL RS AY bARYET Ui es
in the product stream en a strongly basic ani on exchange si n accordi ng
to the present iApéAPLiBNe1ShaREY ERSHThehSobPREesAPpBRLCH 0F S theI\@ARANGEY C

anion, thg 5 basheogpAURSuhNEE 06N & SNALRYS RAT ¥hBhESPhOM WRWWHRYRS, 4t has
been found that during operation, small amunts of -EQOSph' nes may | each

fromthe resin i GBE2LHEIPr 6AMRPSEEIUUMS BEIMGEs - PAEN pERYARIXY r eam may

contain snall anauebsdPhgathNeke Wi $dnOIdrgi-nahe chr 981 605K DSi 4HY M ich
inhibitors added to the water used in the roceﬁlg Although t he anpbunts of

such ani ne and/ oFe5RABEhE he EBRESH FHint SR SERPHY LK URARE pTOMFEt are
general ly very swehkribheyonaytabhecds twed 19@3l by ngf mbhe eewkqyapdueb such
that it r?ﬁ/ be desirable to keep them bel ow the 15 detection |evel. For
exanpl e, i met hy"&miAB9¢ TMA) and/ or di met hyl ami ne (DMA) may reach the

end- product in ~n anAnpt o6f aupatge Iundpen Wi ient bechashy osin (GERTMA may
be detected in an_ampunt _as | Qw_ as . ef f iLye peasur.e in.regpyving
am nes and/or 20 tb’ﬁgsspﬁf’ﬂeéemﬁf%ﬁ ?r%yﬂgé; sﬁr&gger?tu%ﬁ%rt\{hel%r%%:utcjtcusqtarreanﬁeof
general |y any pretessghfiebasncet Ayl emiecoXiERe si whiegeng bhdrivdsised,ronpsl| udi ng
t he process of t pr Lhvent | has f.0 e, fhe use of a
guar d- bed, cont a?%iengﬁggg%lpogﬁl gﬁg%%?c 10 g’)@ ﬁa%ggatr:g(g?n(:\{mh?'ch 25

effecti vely capt @dsorbkd, antaetedr ophmepltiatds toSer prdlynpe att dbackbomeexchange
resins are of th LLphan| i QIO S 1% AVl are those
known by the tra é%graE%gAk/%% PSte (Rt A 1500H?9h§/|_3%§|;.] FFooH DOVEX
MSC- 1, DOVEX SQAMGDIGANCROSK{EBFSLMWTRPMME,- gBOaEEmrT as*xdloo_ MB and
LEWATIT S 100 Gi-coﬂé!l%%%a%%ﬁn%!%ﬁ&g! Ci n M BKGN 3BAG 2N RFh BFe ATb13M6RILaDI €
in H+ formand in salt form such_as the Na+ form, Wien only the H+ form of
the strongly aci A2YC8EPRNRECusRALY ¢ HRArarf®Bed depyde pFodins: ftfeam
after pasgpng it g¥MhelR@e@IByagivdiCable IER’s include resins based on

polyacrylate or styrene-divinylbenzene copolymers. Many

of these IER’s are purely organic polymers, but also
silica based resins, such as polysiloxanes, can
conveniently be used. Alternative materials having the

35 quaternary phosphonium type of electropositive complexing



35 Using a mxture of the strongly acidic ion exchange resin 30 May 2003
- to- " inits HH formand salt form has the advantage of the pH of the
product streamremaining close to neutral. An added advantage of the
strongly acidic guard bed is that any remaining al kyl ene oxi3geMapR003 may be
still 5 present in the product streamis hydrolysed to al kyl ene glycol,
albeit with a | esser selectivity towards the nonoal kyl ene gl ycol. |In order

to accommodat e fqr _ex i 0 tron cidig i x¢han in
during operati on,%itg ?gH?éb%a%q%%}%gégE{ 09%%%%%rg Otcrhé’%%tfgrlégbegﬁf%g%\o or
nore separate vesbeks. oExhavsyatl stadngley ae¢lhli @s iaarbexchandeéceresi n can be

regener at ed by trgggggpglwﬁlgbfﬂEé%&-qe%giggaiéiégagﬂﬁgéckgggtgge sul phoni c

acid groups in the resin matrix, suéh sul phuric
acid of 0.1-2 nohwakptglhatebeen proven to be effective. The follow ng

Exanples w |l illustggle-Lhg is”%’%p%-it%ﬁ@é@éréingprt%p%ét iQPeffion,
catal ysts 20 1.1 Honpgeneous i carbonate catal ysts quat ernary phosphoni um
salt and a sim | &2nghat ePRaEYtemhi MCPAREL SR bPD npPde SefplYRiRpdEDXI de

formwere used agcRsigeUbafbs EQMchdadiiicarshppate wRtAldHS 14NdE8r agueous
i nvestigation: 25 - tetra-n-butyl phosphoni um hydroxi de: (n- +OH -

CaHg) g
Fetra-n-bupylannﬁﬁ#&ﬁiﬁ?dFSx?Q%PSR?ﬂ¥§¥BPéhﬁﬁfksﬁ%%%é“ﬁ§§§§'mé éSBofd¥rt ed
into the bicarbogat gagahbs PéifdaptediSe QY f6tegoimg rReyatiagidl yuadep. 1000
kPa of c%[ on digxide: 30 OH + C02 -~ TCOB 1.2 Catal ysts hased on strongly
basi c 1 ER% strofgFySBagpee; o‘ﬁh%‘kcﬁ*fnge‘é’ FEsPHPRBPTY he® & RRA§ phosphoni um
type (tributyl meelkyhphoephesiuntbe afinddian sat Poh y&dy mnglekd odtimeinyhbenzene
polymer support sigglghgtggogy mixing the resin with the catalyst in

aqueous medium, followed by washing with water - or
alternatively in two steps by first converting the resin

15 to its hydroxyl form with a hydroxide such as aqueous
sodium hydroxide, and then adding the catalyst.

The alkylene oxides used as starting material in the
process of the invention have their conventional
definition, i.e. they are compounds having a vicinal

20 oxide (epoxy) group in their molecules.
Particularly suitable are alkylene oxides of the

general formula

RL___cr2 __cr3___RY

NV

wherein Rl to RY independently represent a hydrogen
atom or an, optionally substituted, alkyl group having
25 from 1 to 6 carbon atoms. Any alkyl group, represented by

R1, RZ2, R3 and/or R? preferably has from 1 to 3 carbon

atoms. As substituents, inactive moieties, such as
hydroxy groups may be present. Preferably, R1, R2 and R3
represent hydrogen atoms and R4 represents a non-

30 substituted C1-C3-alkyl group and, more preferably, R1,

RZ2, R3 and RY all represent hydrogen atoms.



-.11 ex-Fluka, chloride form exchange capacity 0.9 nmeqg/g) was treated as
follows to prepare the bicarbonate catalyst: - 25 g of dry resin was
stirred for 20 hours with 5 250 m of dem neralised water and 18.9 g (10
nol ar excess) of sodi um bi carbonate (NaHC03). After filtrati3gMapRo03
procedure was repeated three tines - the gxc_:hanged resin was washed with
1200 m of water for 2 hours until no nore chloride could be 10 detected
(with the help of in the wash water A strongly basic ion exchange

resin of the quat er%é?ﬂ}‘%’bﬁés‘bﬁoﬁﬂ%}lﬂbﬁﬁpéll‘EEi“%G‘DKlqﬁ?nddiesrﬁé%é
cross-1inked poliystiydenetdiyveny|arzeneropgl éneXoden & Haapoxgbhekihde

form exchange capacit . {_nmeq/ s.15. treated as fol|ows to prepare the
formate catal yst(:‘?’% &Ps Yé“gf‘“ﬁgﬁﬂ% %’\ﬁl%flreg\%ﬁy Re Fh9S &9 RTE wat er
filled gl ass tubglete x>x2d5 eng .of pEhtdcilier vasmexedidlg eidngnr daneat.nent Wit h
122995§)d|umforn1;}e 0D g

gu ol ut.ion (1 nol ar Ss
of water)”for approxi rrgten %g(%oaus'?ozv (LIE|§Vls g)’%?tage?%eetexcaﬁ%%&éﬁ %Bgl n
was washed wit h hy20@ lyls ief ofvatm d10ryl2rkoor$dé s HSVA t 9oy h)s.um_tl | no nore

ohl ori de col d e eLocheduOUbiD IS AELD of MNOZ)oLLL TS naN 25 et er.

A strongly basic’ion exchange resin o ary AnTTon
(AMBERJET 4200 (theadeesek), lmﬂmtmrsp@mencsogé vamkedin the range of 1

pol ystyrene/ di V|trylltg)e 8RE bES Mo BX ﬁofg?kﬁlgﬁgsmg@é ogféqul{nh dn exchange

capacity 30 1.9 was treated as ows to prepar e bi carbonate
or format@ cat al%ﬂs?-ttafl%ﬁ:céﬁﬁaflli%ow thejggngp of hetoresth Wk sAM@rried in a

water filled gl agsituleih80p¥eferr&d) m @hleobkeeew@soﬁxm@nﬂ%m onr eat ment

with 176.9 g 35 of sodium b| carbonate or 151.2 g of sodiumfornmate in 30
May 2003 - 12 dyidofelssravishes 1‘01%Irélspéﬁée§§ the WU‘He’\ﬁat er) for

approxi mately 5 QQcy (alflés\efftgnlémeadyt aeh@éebangﬁﬂe:ﬁ &S Ty Waso Maes had ewi t h
1200 m of water for 2 hours (LHSV; 1/ h) until no nore chI oride 5 could

be detected (witH 4 SFePFioP h@l\i(’.)%)a%w ERe RAsAewarersuBRliedch EOA 2 5 0
m catalyst (30 10 wae piogeds3oPftHDQARviERBion may be carried out in

batch operation. However, in particular for large scale
embodiments it is preferred to operate the process
continuously.

Such continuous process can be carried out in a fixed

20 bed reactor, operated in up-flow or down-flow. Down-flow
operation is preferred.

The reactor may be maintained under isothermal,
adiabatic or hybrid conditions. Isothermal reactors are
generally shell- and tube reactors, mostly of the

25 multitubular type, wherein the tubes contain the catalyst
and a coolant passes outside the tubes. Adiabatic
reactors are not cooled, and the product stream leaving
them may be cooled in a separate heat exchanger.

Under certain chosen circumstances the catalytic

30 conversion of EO may be incomplete, in which situation
rest EO can be thermally hydrolysed in the dead space of
the reactor below the catalyst bed. Since this thermal
hydrolysis is less specific towards MEG, it is
recommended to minimise the liquid hold-up in the

35 reactor. This can be achieved by filing the reactor



hydrol ysis reaction at 100 C autoclave was filled wth the respective nmol)
and water (100 g; 5.55 nol). The gascap tinmes with nitrogen and an initial
pressure of N2 was enployed. In Exp. 2.3 and 2.9 the m xture was stirred
overni ght at roomtenperature under ) C02. In all cases the gpXj: %ys
heated to 100 C. EO (94 g; 1 nol) was slowy added under stirri n%)?% 0
rpm). 15 The reaction m xture was mai ntai ned under continuous stirring for
6 hours at the reaction tenperature. Affger cooling to roomtenperature (20
C) stirring was continued overnight and an end of run sanple was taken for
G.C analysis. 20 The results of the catalytic EO batch hydrol ysis
experinments in terns of EO conversio . sel ectljﬁﬂty to MEG wusing the

f, an
phosphoni um t ypilebpagyith %‘?@ﬂ%’%f‘@&?@& IDgMAtENA nd the results of
reference expdPAHedits Vohsne and/gsky afdingan ingREas; BWCA 280/ bi car bonat e and
two 25 t et r aalnijpgemdaitoereadar ieedanixtwetand eperpting h&umuari sed in Table 1.
30 May 2003 - reactorabder so-cBHed trigkie figwirconddionsat 100 C usi ng phosphoni um
cat al yst 6 and conpdnicsder tol dbtaipi adeéquatetimeayield values,isiss
Exp. Cat al yst Aregdinkéended to perform the process under elevated
con- Sel ectii - NQeﬁfg\gé%t%lf@aHdtpYéﬁlﬁé)ééhﬂﬁiBhg) "t owar ds( mol

' MEG( nol $) " 2. 1--99. hi- Y/
R e L
bi car bonaﬁoe: (r}_- ggs A ﬁ rqf 5%@9.‘? G %.%?ohosphom unbi car bonat e
. (n- CgHg3)"4P+HCO3= 2. | ﬁi ! ?S"H 7.rﬁ) 9866‘”*" carbonate on
PS/ DVB( 1 ER) 2. 6K g§ usually selected in the range 0 00't0 ,
9200/ HO03- 3099 resably 200 to Q0K fardateh opetwtions of theo. 775. 6(f or mat e) 2. 8A
MBERJET 4200/ Htogespde se@ctyd iachion peesfre js advantagemuesiyi on (ol d) - 100 x
( MEG+2DEG+3TE®htained iyGresssiangEe)ithan ipertegas, euch asowar ds MEG (nol $) - 100
x MEG ( VEIGH2DEE+8Jes)If desifedymyixR0E8 of gades May becased,for ndi cate that the
phosphoni un biexanisle a mixtateadfyHrisor dithddehand aitrogemsisamd on t he pol ystyrene/
di vi nyl benzene:gidin instaftdéeadvantdgecust r acti ve catal ytic performance in
terms of selectivity dr@eMe@ad@tfodate aﬁmﬁé\ﬁel%%ﬁ)?ﬁf@éétb ky). The
perf or ”f‘”ce ! S%;ﬁﬁigy paraliof thk Yeh OBl vOluntd 641 all&tagaesadly tyre of catalysts.
5. Catalygf stgby éaﬁé(rt &R the volume occupied by of the catalyst .

therein, for example 10 to 70 vol% greater.

In certain situations, particularly
when operating in continuous-flow manner, it has been
found to be advantageous to subject at least part, such
25 as about 30-60 wt%, of the alkylene oxide feed stream to

partial thermal hydrolysis in the absence of catalyst,

before completing the hydrolysis catalytically. It has

been found that partial hydrolysis, even in the absence

of a catalyst, is still sufficiently selective towards

30 the monoalkylene glycol while on the other hand this
measure is effective in saving the catalyst.
A problem which may occasionally arise in any process
wherein ethylene oxide is being hydrolysed is the



In order to conpare the thermal stability of a quaternary phosphoni um
conpounds with a simlar 10 quaternary ammoni um conpound, both were studied
i n hydroxide form because such hydroxi des are nore sensitive to thernmal
degradation than the respective bicarbonate fornms. The therggMet2003 ity of
tetrabutyl phosphoni um 15 hydroxi de (TBPH) was eval uated and conpared with
the thermal stability of tetrabutyl annnﬁianfhydroxide (TBAH). :The
hydr oxi des (a 40% aqueous sol ution of each) were kept at 100 Cin an
autocl ave for seREPSANGRRE SHRll FBOPREEr 95 ANERGH| WL RS BPOSRBANEDI2S
anal ysis. The 20,feeonpes tironhef grdauavateroaty wases %&oﬂ?h?rﬁiﬁﬁd by
Nucl ear Magneti c Resonance (NMR spectrosgogg, usiQ% Carbon-13 (13C) NWR
for the ammoni undetMUFIERER IST3SpREFEES519 (54 PR \WE &°6P &t BBYBRbYPhoni um
conmpounds. The NMR wsed v :hshawaddt Bappbbe toertrme «egnadai anidh, prmgduct
of the qu%ternar ammoni um hydr oxi de TBAH nas tri-n-butyl am ne ;%TBA , and
Uhat the ther mal bty SRAIRH PIGRTe: 25F BHECGHATEY IS EBS RoAF AR S
hydr oxi de TBPH was has -bedrutfduyrhbgphitnduexhdeopdBR ) on, Thmalesdhbanod dthese
stability studies _are summarised 30 i.n Table 2. . 30 Muy.2003 - i Tabl e
> “Ther mal st abi PROSPRELEE 81 AhEte SRy CRoLBhtn UM LAral FEParRE
conpari son with atseam! e g ser ridey pagwdork uat ceam syt done@ ihh pMBPH
(~rol ) TBPO ( $nol ~ml ) T. ; s :
(5ol ) 02000100032 FI1 50070- P8 550 16580 2B HBUED, BAT.EI5P8188158 These
resul ts ilfdi cat einhieitdrs tadderhitosttali MRtgroksed gimt@ranpcgisssphoni um
conpound i's si gnh{ikAMA % Retdudthan st RechhgrimL S1@RI ignbsphifesi Ml ar
guat er nary anmoni um conpound. 30 May 2003

contaminants reaching the end-product are generally very

small, they may affect the quality of the end-product
such that it may be desirable to keep them below the

15 detection level. For example, trimethylamine (TMA) and/or
dimethylamine (DMA) may reach the end-product in an
amount of up to 10 ppm while the fishy odour of TMA may
be detected in an amount as low as 1 ppb.

An effective measure in removing amines and/or

20 phosphines which may be present in the product stream of
generally any process wherein ethylene oxide is being
hydrolysed, including the process of the present
invention, has been found to be the use of a guard-bed,
containing a strongly acidic ion exchange resin which

25 effectively captures the amines or phosphines. Strongly
acidic ion exchange resins are of the sulphonic type.
Commercially available examples are those known by the
trademarks AMBERLYST 15, AMBERJET 1500H, AMBERJET 1200H,
DOWEX MSC-1, DOWEX 50W, DIANON SK1B, LEWATIT VP OC 1812,

30 LEWATIT S 100 MB and LEWATIT S 100 Gl. These strongly

acidic ion exchange resins are available in H* form and

in salt form, such as the Na' form. When only the Kt form
of the strongly acidic resin is used in the guard bed,
the product stream after passing it may become acidic.

35 Using a mixture of the strongly acidic ion exchange resin



- 16 Amended Clainms 1. A process for the preparation of alkylene glycols
by reacting an al kyl ene oxide with water in the presence of at |east one
ionic conposition of a quaternary phosphonium cation of the general fornula
RLIR2R3R4P+ whereby each of R, R2, R3 and R4, independent! y30 May 2003an

al kyl, cycloal kyl, aryl, al kyI aryI or aryl%k_yl group having from1l to 10
carbon atons, and an anion chosen fromthe group of bicarbonate, bisulphate
and the anions of car boxyl ic acids. 2. A process according to claiml,
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-  tetra-n-butylammonium hydroxide: (n-CgHg)4NTOH"

These bases were converted into the bicarbonate salts
prior to use by stirring overnight under 1000 kPa of
carbon dioxide:

30 OH™ + COp => HCO3~

1.2 Catalysts based on strongly basic IER

e A strongly basic ion exchange resin of the gquaternary
phosphonium type (tributylmethylphosphonium bromide on

a polystyrene/l% divinylbenzene polymer support
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phosphonium type (EGL-660, monodisperse cross-linked

polystyrene/divinylbenzene resin ex-Rohm & Haas,
chloride form, exchange capacity 1.7 meg/g) was
15 treated as follows to prepare the formate catalyst:
- 100 g of wet (50 wt%) resin was slurried in a
water filled glass tube (60 x 2.5 cm).
- chloride was exchanged by treatment with 122.4 g
sodium formate in agueous solution (10 molar excess,
20 in 2500 g of water) for approximately 5 hours
(LHSV: 4 1/h).
- the exchanged resin was washed with 1200 ml of
water for 2 hours (LHSV: 4 1/h) until no more chloride
could be detected (with the help of AgNO3) in the wash
25 water.

e A strongly basic ion exchange resin of the quaternary
ammonium type (AMBERJET 4200 (trademark), mono-disperse
cross-linked polystyrene/divinylbenzene resin
ex~Rohm & Haas, chloride form, exchange capacity

30 1.4 meg/ml) was treated as follows to prepare the
bicarbonate or formate catalyst for comparison:
- 150 ml of wet resin was slurried in a water
filled glass tube (60 x 2.5 cm)
- chloride was exchanged by treatment with 176.4 ¢

35 of sodium bicarbonate or 151.2 g of sodium formate in
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- the exchanged resin was washed with 1200 ml of
water for 2 hours (LHSV: 4 1/h) until no more chloride

5 could be detected (with the help of AgNO3) in the wash
water.

2. Batch EO hydrolysis reaction at 100 °C

A 250 ml autoclave was filled with the respective
catalyst (30 mmol) and water (100 g; 5.55 mol). The gascap
10 was purged 3 times with nitrogen and an initial pressure

of 1000 kPa of N» was employed. In Exp. 2.3 and 2.4 the

mixture was stirred overnight at room temperature under

CO». In all cases the mixture was heated to 100 °C. EO

{44 g; 1 mol) was slowly added under stirring (500 rpm).

15 The reaction mixture was maintained under continuous
stirring for 6 hours at the reaction temperature. After
cooling to room temperature (20 °C) stirring was continued
overnight and an end ¢f run sample was taken for GLC
analysis.

20 The results of the catalytic EO batch hydrolysis
experiments in terms of EO conversion and selectivity to
MEG, using the phosphonium type of catalysts in
bicarbonate form, and the results of reference experiments
(no catalyst, NaHCO3, AMBERJET 4200/bicarbonate and two

25 tetraalkylammonium bicarbonate catalysts) are summarised
in Table 1.
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IEkbOW"&f() #1| 'CHAHR Yy s2> Amount EO con- | Selecti-
No. of version | vity
catalyst | (mol%)" |towards
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2.1 - - 99.2 67.8
(ref.)
2.2 NaHCO3 30 99.7 85.0
(ref.)
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{ref.) ammonium bicarbonate:
(n-C4Hg) gN*tHCO3"
2.4 tetra-n-butyl 30 >90 83.8
phosphonium
bicarbonate:
(n-C4Hg3) 4PHCO3"™
2.5 tributylmethyl 19 99.9 87.1
phosphonium
bicarbonate on PS/DVB
(IER)
2.6 AMBERJET 4200/HCO3~ 30 99.0 88.3
(ref.) (bicarbonate)
2.7 EGL-660/HCO>™ 15 99.7 75.6
{formate)
2.8 AMBERJET 4200/HCO3~ 30 9.1 78.5
(ref.) (formate)
* EO conversion (mol%) = 100 x (MEG+2DEG+3TEG)/-~-
(EO+MEG+2DEG+3TEG)

** Selectivity towards MEG

(MEG+2DEG+3TEG)

(mol%) =

100 x MEG/-
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Carbon-13 (13C) NMR for the ammonium compounds and

Phosphorus-31 (31P) NMR for the phosphonium compounds.
The NMR analysis showed that the thermal degradation
25 product of the quaternary ammonium hydroxide TBAH was
tri-n-butylamine (TBA), and that the thermal degradation
product of the quaternary phosphonium hydroxide TBPH was
tri-n-butylphosphine oxide (TBPO).
The results of these stability studies are summarised
30 in Table 2.
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Table 2. Thermal stability test of a quaternary
phosphonium catalyst in comparison with a

similar quaternary ammonium catalyst

time TBPH TBPO TBAH TBA
{h) {$mol) {¥mol) (¥mol) {$mol)
0 100 0 100 0
3-4 95 1 94 0
20-21 93 3 94
44-46 950 6 96
116-120 78 18 41 58

These results indicate that the thermal stability of
a quaternary phosphonium compound is significantly better
than the thermal stability of a similar quaternary

ammonium compound.
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reacting an alkylene oxide with water in the presence of

at least one ionic composition of a quaternary

phosphonium cation of the general formula

R1RoR3R4P*
whereby each of Ry, Ry, R3 and Ry, independently, may be
an alkyl, cycloalkyl, aryl, alkylaryl or arylalkyl group

having from 1 to 10 carbon atoms, and an anion chosen
from the group of bicarbonate, bisulphite and the anions
of carboxylic acids.

2. A process according to claim 1, whereby the anion is
chosen from the group of formate and citrate.

3. A process according to any one of claims 1 to 2,
whereby the quaternary phosphonium cation is immobilised
on a solid support.

4. A process according to claim 3, whereby the solid

support is an anion exchange resin.



