; wxyze3e~N{, ] . 6TNY] The present invention relates to a process for the
preparation of al kyl ene glycols by reacting an al kyl ene oxide with water in
the presence of a catalytic conposition. 5 Background of the invention

Al kyl ene glycols, in particular nonoal kyl ene glycols, are of ggyabkligphed

anti<ireeze conDMMMNAMGIIES Sl vents and as base’maierials in the 10

production of pol yalskylene terephthal ates €. g. for fibres The
production of alkylene glycols by Iiquid phase hydrolysis ’mﬂm mgyﬁ@mm xi de
addi

i's known. The hydrolysis is performed without a catalyst by ad ar ge
excess of 15 water, e.g. 20 to 25 noles of water per nole of aPf® ’éne.
oxide, or it EarBEkYPRTEY Wit BaRaSHRILCl BRRASE 10f YRUAIKITENE (B Abd i C
system The reaction Is considered to be a nucleophilic substitution
reaction, whereby opening of the alkylene oxide ring occurs, water acting
as the 20 nucl eopfl! g-0BefuSRLLAS BN FRLIe S rdTRd Jmaoal k) ane ol yeol

al so acts as a nucle pﬁl e, as a rule a mxture of noal Kylene glycol,

di al kyl ene gbyepkrahndohi glierlaykghenglylopdsl £y sdamtnied dm arlderern®
increase the_selectiyit noalkyl ene al ycol, it is necessary to 25
suppr ess the°’s‘é88n8;’i¥b %Ggggf?gﬁ gété\/\@é%ste%ecyeprolfnaar eptraold"ﬁt@tcacﬁxﬁ%el

al kyl ene oxi deonwhi ch conpetes with the hydrol ysis of the al kyl ene oxi de

One effectivg ans faqr suppressing.the secondary reaction is to increase
the rél ati veﬁﬂﬁﬁmgﬁg&éﬂém in the reaction nmixture. Al though
this neasure i npaDK9SehbBegEokelti Viihy plaawdicds dhendiduailiene f1jdwls, 7

June 2003 nonoal k Ieneﬁgb;é/col, it creat,eaﬁ-ga problemin that |arge anmounts

of water havBffo®be®Pé §PEBr CPBRGFSHRy S 1 Pdudior CoriRIg abl e

efforts havembgren)l RpdenkogfiyBd18n a2 Aldelmiptises fiof dicremsdde the reaction
selectivity without having to use a |arge excess of water. Usually these
ef forts haveCPBRA§E816ASY h8SsEPSFENGE FMdsrte RAts VbRl /sis e al yst s
and various gatalystsnhaye Besn 1¢scesed My Bt and & and Al kating

hydr ol ysi s cgt al ysts ﬁave Beeg i n\7estni gat ero\le,Jsﬁv\her eby i1t %m% appear sthat
the use of aekdbeatakypsts enhances the reaction rate w thout significantly
affecting the sekegt Ly r eas By Mg I#@%i tal.y: rally

| ower sel ectivi t:rg% \&/D\n}éltoﬁ}éfgwregspecta ta_}it he r% oa %(égﬁogflglgc#%lcséblsprgare%@

obt ai ned. Cehydirplysionsf eldylisineardycitst ¢ Y HyrvogerT learotet by s i i sul phat e
(hydrogen S“FBQ%%EJ Q5 Rba rand Jmlykdat 6, arg, ¢ V!‘.faorqgégéPétsagooof’.
catalytic actirvity in térns of al Kyl ene oxi"de conversion an se?ectlwty 20
t owarlds nonoakkglkrene .gl.y@ol toHahewerl asharf tWwat esalper afoldest alk whsnar e
used as the Lyst _in_a.ho ANE rk-up of the reaction
product by dlgg‘%lgl"l’ at%i‘orlf tV\,illgl g%%gg%a%‘%a ?)%%ehm es\ggafjlsjée he &4 7s°]§r"g§tp%rorl y
soluble in the gl yeaklymndct siydtiem .mike itesseniorsal s dcor(iaderadirtyyo 25 a
ammoni um sal ts rema'én sal ul&{bSe? i.n tthe g{lg/col reaction product. H gh,

conver si ons, "§63GOBELEAE TP A ta I ovk = Rt al S SR At can be
obt ai ned wi t Rhkh@l1R0eass oxdidecirased ddt R A vk ldb Q9% enh £R-H 0 160 330
30 (both of Union Carhi deé. According to these docunents the hydrol ysis of
al kyl%he oxi 88§1EEPEAIFi-eFoGEISEn e Rirdiemicd of O PRI RRATaA KL ¥¥thanci ng
net al at e ani gnyeent ailRiong et arsl al nyfembly, asad i dhhavd N xture of

el ectropositivé conplexing sites having affinity for the 35 netal ate

ani ons. The F&P@ad&lvilgnies Gpyerearaliip ldry fiomlycol ard fukgheno3 exchange
resin, in paghiubal 3130¥18nesdirgimdd benzenaconad Vitire € the

el ectropositive conpl éxing sites are in particular quaternary anmmoni um
prot onat ed t eetiegity Vaiyn& comogeatldiiane shasishion iin i sTHeearet2d 2 et @ani ons
are Sppect f i:adoas JI0lpidale,diigs Al & 1B vANAGA & DK QgeRy _
pyrovanadat e and pyrovanadate ani ons. A conplication of this prbcess is
that the al kplredacgl yod -thentadikyileqpepradias, sthrisam abrmwe tospri sest fae
substantial anount, of netal ate _gni isplaced fromthe el ectropositive
10 conpl exi ng ysdlrtoté'gséfs tohfg tZ‘o’l iagl ’Jr\r/g{.%'ea?oemadn'l ‘on containing material. In
order to reduce Ohe afdectick mebalsatfemarduprsdss e ta &k yd etendd yeol
product stream_ this st r%am.i S cont agt ed w ta\% a ésol id h{avipqﬁ

el ect roposi tir\?(?ccd“r%’l exi g? SIES assoc}] at edl 1 SHTOHE" Wit cHEBT R 15

repl ag®abl e Ipyretshetsdind tmet aleator iam oniskt e WO OSARORS X HiShahd Fshhere i s
di scl osed a process faor the preparatiqn of alkylene col s wherein an

21 Kyl ene oxi HEPEGIRShEE] NI SRty (hP AR e S St yiche
conposition conprising a solid material having 20 one or nore

el ectropositive sites, which are coordinated with one or nore ani ons ot her
than netal ate or hal ogen ani ons, e.g. bicarbonate, bisulphite and
carboxylate, with the proviso that when the solid material is an anionic

oy o o ~ - o



The separating group may conprise several atons, which then may be arranged
in a linear or branched chain or in a ring. Preferably the separating group
consists of a single carbon atom 5 Exanples of dicarboxylic acid
derivatives according to the invention are the nonosodi um safl §8n@208&l oni c
acid, succinic acid, adipic acid, tartari@ acid, malefic acid, terephthalic
acid, malic acid, suberic aci d, phthallc aci d, |sophthaI|c aC|d, qui nolinic
acid (2,3 10 mynbdkngldheaghqxplic1ackdkatb$oeh¢n@h0@arqmiQh&&idaL%eS
pyri di ne di carboxylic pi col i nic acid % pyri di ne di carboxylic
aci d), chlnch%ﬂ%V%EFcocha <E3, EaﬂfrFﬁ'ﬁ@ diSEE 6&3l c TEGRIR T 1 @BnitESt i ni ¢
acid (3,5 pyrpgbaeceicarboxylic acid), cyclohexene-1,2-dicarboxylic 15 acid
(3,9,5,6-tetrahydrophtalic acid) and isoners, cyclohexane-1, 2-di carboxylic
aci d (hexahydr ophtBafieezapds &ﬁé°F§én€P§e beenoRégan&o1 findi @ar boxyl i ¢

aci d, 5hlophe@ﬁcgréaehQér@e&yhh@r@@@qngcQ%%Iqg@leéﬁl@el ctivit

(4-oxo4H pyran- 2, & di carboxylic acid), "thiophene-3, glcarbo%yllc aci d,
etc. Exanpleswb$h@ﬁFcéﬁHé%9IF@ &éﬁdadé@F@&tﬁ%§§5§c@érﬁaﬁ@rtoUﬁﬁélﬂNVent|on
are the monospgiym égﬂ;?_tgf hﬁ‘vU 'f%c%%'e@ ol iRl |s'etle%t§:%'ndof more

(1, 2, 4- benzenetri carboxylic acid), and trinesic aci

(1,3, 5- benzen@cctmarbmypwsa@ ¢ptalysgesampldeyagh cust catadlysxypl hevaci d
derivatives Qﬁd&ggcgg %Qe i nvention are the nonosodi um and di sodi um sal t
of pyrornellitTiC acCi 4, 5benzenet etracar boxylic acid). As such, the
pol ycklr boxylic acBat deatydt hue adkbéieenh3@rdéfistedcarelgktechave bBeen

al kyl ene oxi dge h dr ol alysts.in a eneous, i quid reaction
system HowevElY %Fbﬁ%??%u %e 93n9§g§°8£g g?EaEOEQEQrﬁbfyPFE 8€id
derivatives eme;tcge(sawepstbeynaaecusedhen raahehehogeﬂeou3theaetl on system

wherein they are 3 d an I|d ppor t cially but not -
6 7 June 200%1%&t$h§?05$¥ §§8F$dnﬁa?gﬁléﬁ & rﬁétéreggﬁ666§lPVVBsépﬁes as
defined in W3 Dbd P{HEIcatnlparki gehatraldpenchbe selkbdrsuppeet ksta strongly
baS|gE$n|on|c exchange FEﬁln t he zg gn of |ch IS exchanged with a

pol ycat boxyl i te3REUT 5t eFNGalPie24é¥oPRFNE Boﬂhérﬁrﬁgéﬁﬁ PAvention, a
catal ytic conposi¢éppaif £REBRE, WRi.gh bscstBBhatandnhyhiehehetatns its
selectivity and stability under severe reaction conditions as well as being

nor e reS|stewﬁom%ﬁ%helPﬂﬁglpﬁetﬂnﬁhaﬁrﬁgﬁar@élﬁﬂﬁﬁéirofOFGﬁt@xéﬁénge resins
(1ER s) can g 156da s, tBeesRhbinsBPAkhiphB BBbhi eulaiythe gteengty basic
(anionic) IE erein the basic groups are Guaternary”amoni um or
quat er nary phiosphermanpf| ERkylbasedxsfevirapvpysidnnendpskysckbxangs, as
wel | s other, 15, SQL1 ﬂo?ﬂHQEQ&% §nfa '.lpg,o?' e% 898?'%%8 EREIPLSFL?%%' tes of
i norgani c nature such as ca é I'ca |ca alumna, “zeo gl ass
and cl ays SLmﬁhasehquonalGIEeuSFdrﬁhethelnﬂﬁbﬁVstednc@nbbeagagennerocycles
such as crown ers, a S I I rt. .20 Anionic
exchange resmg‘p $chw§%g g ?5b?3gfggaggégﬁnbfﬁéuggeé n?yg?gcégsggre known
per se and namylhfposennepcohnbm beaahableheesgltsherenpSOSDydsuthlethe
trade nanes AMBERJET 4200, AMBE E_400,. | RA_404

x 8, DONEX MeAl 1t ’t%ﬁl%‘F%m?Nﬁ EL g 5CoP8Gict § BS’Eéd Soléﬂ‘é’f‘?‘?’éﬂ"éry

cros9 i nked mrhdn tidi syl benzeneinasdl RELeLEX tRE §basel e8action
pol yvi nyl pyri di ne, crass-linked w th divinylbenzene). Custom nmade

i mobi | i sed d%d%ﬁl%ﬁhers on and in different solid support materials such
as pol ystyrenes, 3f @Cé&k@é§§i§ﬂ§ sgr bbgaselakeiPleyedyanpsket ed under the
t radenane Superng f | BC Advanced echnol ogi es Inc,, Anerican Fork, U ah,
USA. The cat H3/2* Cut bok§he couerd HéFFQaFPVeb§c€BFﬂ%%§dt61?%et¢%vent|on can
be i mobi | | Se;si&&ésbe §9£¢90§§9p9ﬁtsbyA35 8ggi Pgoi Lnd NE AONEPEUSEFOLYHI ON to
a suspension “of June 2003 solid support, which may or may not be
adapt¥d in a Q‘hﬂ@g@ﬁgmpl@pa@étb#?e?ste@cc¢é¢l@§lah‘al"ehe$\he¢\0¢w@€%’b$l‘@Ihe
support is a xcha b 0 an. b erformed in
a single Ste&?i§¥5Y¥€h§ §ﬁe£?g i@ﬁ O&Dﬁetﬂggcg%kfééa ?ﬁgagﬁégﬁg medi um
fol | oned by wasdsemred ¢h maseleetDVLEYtemhamcyegymemalmbesteps by first
converting the resin to its r 0x ¥ or n1m%t ] hydrqggqi ucqlas aqueous
sodi um hydr 0@ %%Inﬁlt’hl%%i %g hal eal BT 7312040 THeC st KR Dxi des used
as start|ng|ﬁﬂéﬁuﬁﬂp¢ﬂlth@eptompSexnmgthEtemvmmvim@ aeFeniteifor the
conventional definition, th ? fggunds hayvi n V|cinaJ oxi de
(epog{}) gr oufRs 1 1 3ed ra%?%%ul Qe g0 2 | §° STF ¢ 2ht f113A¥The oxi des
of the 15 general fornmula RI_CR2 CR3_ R4 \ / O wherein Rl to R~

i ndependently represent a hydrogen atom or an, optionally substituted,

al kyl group having from1 to 6 carbon atons. Any al kyl group, represented
by Rl1~ R2~ R3 and/or R9 preferably has from1l co 3 carbon atons. 20 As
substltuents |nact|ve nnletles such as hydroxy groups may be present.

~ . 1 l-\l o oy s o b



25 DONER MSC-1, DOVWER 50W DI ANON 5K1B, LEWATIT VP OC 1812, LEWATIT S 100
MB and LEWATIT S 100 GL. These strongly acidic ion exchange resins are
available in H+ formand in salt form such as the Nat+ form Wen only the
H+ formof the strongly acidic resin is used in the guard benJudé 2008
product stream after passing it nmay beecode-acidic. Using a mxture of the
strongly acidic ion exchange resin in its Ht formand salt formhas the
advant age ofetbgzREeOkekha, pradyal tskieam éesawbna -6hQsgytopBRYEREI . - m
7 June 2003 An added advantage cf the strong acidic guard bed is that any
remai ni ng al KYPA¥MBXi dE RhPCR e PPRE St VFI CRFBLBRENBNSE RBSPABAUED Stream
I's hydrol ysexga’t@lé{nk.)ﬂ:eaﬁaglel‘%@'rv ahheht ui, t{aratbﬁésea é@L%EEL\/ ahﬁlhgwards
the 5 nonoal kyl ene glycol. I'n order to acconmodate for exhaustfon of the
strongly aC|@ICQHéheéRéﬁan8é°§@§Pﬁ*é@r|ﬁ@eoﬁéﬁaﬁﬁéﬁ apiops adeant ageous to
operat e the re %

stroﬂ%ly aC|%ggégogggxéﬁahgeygggﬁg caggggg?ggénggggggngégfréaﬁ#§L§QMAth an
acid whi ch ipystvangdatehandt pg rsvkpbdakce anhdngroﬂpsomplnhe;ieslornatrlx
such as HCl1 an S hur ormality.has been
proven to beqé ?e%ff@gsslg T#égfof %m?%kgExa e OT Ndh thfpgte t he

i nvention. Exsogplhes ktrExmeaﬂsentsm@riBesbatshbhydnohyEISmbnnhoaﬁgeneous
catal ytic systen%TE | owi n carbox&lig ackg sa | es_and, sodi um 20

car boxyl at ed"%e? %r88ﬁ885f0 *EREAFYY €78 ?t? RCROBRPERIED hydrol ysi s
reactgon: Dicsfipoxyihg sctds afidthar boxylamesalatéxahi6nacbft HOChOON and

its nono- and di sodjum salt Mal onlg aci d HOOC- CH2- COON and its npbnosodi um
salt 25 - SUbereddci Elnl—ﬁfﬁeél-l’éocﬁia BERHE AR 2 PPN hpRb-MeghalaF 2 odi um sal t -

Tartaric acigh X6 Ghi( S - £ e n€Ogty abd bE§dH@ﬂos@PQaH' Sediym gakhm-
Mono- and disodiumsalt cf malefic_acid 30 HOOC- CH=CH COOH: cis - Adi pic
aci d (HOOC- (iIcHgep terkfdandtht @ ABRdSoBRUARSaftect TePephEhYei c aci d

p- COOH C-Hg- @Mn%t§1€egoas§eelétéedwmsakions wit2ch Taggne 2003 ' r
i car box. yI i s adds and ca=boxyla tes - Citric acid

HOOG TH2- qaﬂgmbmzbme FeddnPAbalabe-arfEnNs$Fi sodiumsalt -

Trimel [i1tic acidr, %%?nb@é%émpdthéfe Dy ?ﬁeﬁoéea'éqgwé%éé't
Tetracarbexvlic acid and carbexyl a Itrc acid

1,2, 4,5- C6HXGOH) & mhepREstionoof aikyhﬁdet@lxwmnmarem 250
autoclave h d boxy. i yvat ve or
t he comar\zg?aflveyg%rg?uo ?%a?gonat létgad%gt % % H‘? %?é\gli\e/argcgér g% é

t he carboxylaatakysit deompasuuesnweoxaopusnhcaseds abld hrea by di &l elsa ainlg used as
suc The anmpunt of water.infroduce he reaction system by. thes

hydrk%q es (neX*€ b 'H%‘B?)elig£ﬁ888vég %%a% g%nm %(’J b%o?ﬁ%} ???cant
and no adj usiinentomné matmorenaakenwastnfadetha'ﬂnengaaba@eWas W@@dn3 tines
with nitrogen and an_ initjal Péessgre of 1 0. k Pa V\;gs r% d. The mxture
was heat ed tg*H9° C. ¢ ¥ hyPEHB*BRI'a (49}@1‘1 a TR 2 added under

stirring at w0¢th rpme ghevisacthan nhmhumevmlmirﬁﬁmﬂe@ll upglegn cont i nuous
stirring For 6 hours at 100 C. An _en run sanple was taker. for GC

anal ysis. THRAIRIC|fXChRNERICALA 99 PP E IR P #R4r BIPR SUB X8RS nent s i n

terms of selffd imid Yad DoVEG USEAGbERS &5t MO PESAEHIIS] £t &t HiSirse d CaR boxyl i ¢
aci ds and sodi um carboxyl ates) and the results of reference experinments (no

catal yst andhaHeoRstareiabnpBpeRes ¢h Japre 1dioxideg Acqoikifg 2'@@3 Tabl e

1 Exp. Sel ecty Md tyotom@seds MeS fPBSence of carbon dioxide in the
% * No. Cat al ystaC| dnono- Nadi - Nat r i - NaRef er ences1-67. 82NaHC0385. 0D| car boxyl iC

deri vati ves3oxal¢ er smenivyl 0v8. b8, 7ahdl vhie eiierB. TBR ussthwiatie-

aci d72. 282. HLQ(@J d 4 6. 08adi pi c

aci d72. 380. S%g’cerep ﬁ [g%ﬂg%:l ggogégﬁ%%%%%#}ga%x ]lzu r| vatl veslOcitric
aci BAD. 985. 476. M3 BAdbadheshared i dre. 688257836‘&68‘555& ramacrmw ic
derivativesl r litlic acidrd 4. 67 to ds MEG
(nmol ~) = 1(?(35%1‘3\% ‘T\é%‘;”ngD%G hzgﬁ'E%?“ tr%:ied;stuorle e>9 é 'c\g‘ﬁ{/ersi on
Thle rels_ul Lflprrzlc)htfmmc% E‘amelmraddssacsésalhelemﬂ ma:rdmgyjdm]azﬁm( ggr};o;r?n 0
only slig etter a non-.c sed reaction

vs. 67.8% s«gecccﬁ G%g]?%égg%twlftor? TEAIE %cﬁ?ﬂ“&%olttlaocfbsor%‘?%%dt o the
invention), ¢n Sdcgwémtcﬂbﬁal NPt gyehendud te VG s edreedr Mirt Vidrt 0 80. 3-85.4% is

ggtg*yng? when thengm)no SO |um sgé;t!sfé)&‘mg.o ta}xadt car oxylelvceraema l(<5:1yrleenu(_:§ed as a



bot h carboxylic acid groups of a MCS31/ TSO685PCT 7 June 2003 - 14

di carboxylic acid are ccnverted into carboxylate groups the selectivity
beconmes inferior (48.9-66.00 . A simlar behaviour is observed for the
tricarboxylic acids: an optinmum selectivity for the nono sod7ymmed®00sd 5
(84-85~) and an inferior selectivity for th& trisodi um anal ogues. Al so ~he
di sodi um car bcxyl ates of tricarboxylic acids show a decrease in selectivity
(al t hough Iessxpnenbydceﬂysmheneeonmsnedowhuhudns(xhrgﬁﬂxﬂmb@gammﬂa sodi um

salts (69.8/7 OThet racarhoxyl.ic acid ( litic, acid)
behaves simi| Spﬁéorbgfaﬁ%tﬁ gh 8%§88yty?mccaar°o Qge SEHetht ¥l thse
exhi biting thEndpbtnabnsel:ed:bnw bi peef cbmnm.(cﬁﬁaplxﬂé?sﬁﬁ-béied Experi ment s
13-17, batch hydrolysis,_ in_ heter neous 15 catalytic system Two strongly
basi c ion excﬁéﬁ@gy¥g§l h&ngp ﬂeggg%é?ﬁ&}ﬁ Ui % yﬁﬂ"‘%e‘? eg\g%%%l: -
AMBERIET 4200reactpof- doa@et sensl eRsski Blked 1geitys twaaned dlind nyd

based resin ex Rohm and Haas, 20 chloride form exchange capacity 1.4

meg/ n, and -SVRAL®TG: a pol y-di sperse cross-|inked

222%2%2623@2;.“{ e e R e T

i mobi | i se thEIQBaéaﬁboﬁw}’béael glueplvari Péop-}’ll’-ﬁ@ rdlxsfoleRy resi n was
xchanged by TYBEEELEE oF i RAEoPehubr stk fe” Al rs BOHLES E y
citral® (accoddahgcompeoitheni paballysh) opnsissddicumicia mareoasferance), in
each case in . S0 i ] L ar ces f te

appr oxi mat el ysgyﬁ%?%é(%wgﬁi’}?hgma ﬁé gx@ﬁéﬁ%e% %glgnoq‘mdg@ms%eopwth
1200 M of wasechfarcariboxysi¢laSikd.4 1/ h); 7 June 2003 - 15 - by this

p=ocedure rms% t>98 ~) gf ]t he, chI oglng anions In Lhe resin were exchanged by
the desired was filled wwth the catal yst (30
mol ) and wat er ('Illﬁ)é) Prededd iventibe geasagpsWwa® 2 pPuHogeds3 fiddmnen th
nitrogen and an in_tial pressure, of s enpl ayed. The m xture was
heat e ? to 100PESPET AN ‘ox‘?ﬂ}éyj(?@egggicﬁgfs) \X/a§e§lc6vb|"59 S Kihdde

stirring (5000%pa}. witle WL£OEEi ON. tHeXpUESeNOE BEI rat Jated wHiger conti nuous
stirring for 6 hours at 100 C An end of 10 run npl e was taken for G.C

anal ysi s. TheCPBRYF+ 519G ROhYeH R 0 BAYY REEPSEY c}ﬁ \ﬂctly‘ djzﬁral)"aaFrlé’e'
summari sed i nhdabh® 2n itd JNEEn208Beculé odabbe hoPeP At Al

of ECsel ecti vi tyNo. cat al yst conversi or, *t owar ds MEG Mol ) ( )($ **13-- 9. 267 .
8(ref . )15AMBERIEITE 42D0PS0RCBERORY1akE T PRRE3- @RI\/BER}EF

4200/ 3999. 579 e 0 ci

rmno-ggl on18A<I:V§B£I:EbR§J E?i 4%%%/ SOS%E&%%Z%B?%?) glé‘tgggtgegtgrgpéarﬁeg%tﬁtedofcrc?nver sion
(~) - 1OC * (mmgmmmﬁr@mmmuem@ # IPPEFatingsalusstd vity
towards MEG (g 2 EG 5 The results in Table 2

i ndi cate that %%?ngfar?(y t(()%é he ?%d‘?}%g%tﬁ a honpgeneous catal ytic
system also in aPreferagancis mw&bernwﬁ&@aboxaﬂlsalgtoupst He the

pol ycar boxyl i d, 1s,a sat t I ve at al ile taGe
conpl ete sal tﬁ?g&no é 19 4% Iiéﬁeé)%%%tgglgﬁé Fﬁl 5 5% |yllt % est
The t2®r nal sgﬁbmﬂasty of an AMBERIJET 9200/ car boxyl ate catal ysts was

eval uated and conpared with th st abj of AMBER]

4200/ bi car bonaterg) Arife BT Sl © eé%? ‘iqmen # E?édpﬁﬁsﬁpﬁcrﬁdeﬁélﬁp 'of the
catal yst in acHd 51 ety {x Eactmftid\tma&-bk@ ésbaef@h@w dedvw tily a

heat i ng j acket usi hot oi Isq%%sem Wt er vvag Bunge with an HPLC punp

with a'i LHSVURFL: 1931791 A PTovRer SUPRRMe: 2983L ta&é(ﬁ&ﬁy%ﬂ“%é&“&ﬁ 150
~ and a pressaiien ofmddG ke s yigh Ao NPLE 6. adhengbbevaat ak¥sh reanpl e was
removed fromthe reactor. The strongly basic capacity (quaternary ammonium
groupd, the We¥k}y basic capacity (tertiary amne groups) and the total
ani on capaci tﬁeﬂéfﬁeé%@rﬁ%ﬁ dWV PreVd ousSy £paghties) in the fresh and
used cat al yst $ difference (change
during use) not ethGH@rrbéémltastQar%f%mﬁmfﬁ}sétﬁlmeqabl galts smcnune 2003 Md

gO—l?r?—r ~E-r ~J GI\?thOJlI\JIQ%~€alCN:L nlé Ja(%%:glolbaol O%%ﬁ&&%%&b‘kﬁ " Uo~r r ONN

yOn !; O Ov' ﬁ/&%mﬂeﬁgnacbib%ttl"ﬂ ~ArbdANCe e s Gaue 78 L kAl ii medbl

o L e 00RO TS T € - ¢ 7 June 2003 - 19



These =esults indicate that in this severa accelerated stability test the
TER/ citrate nono-anion catalyst is nore than 2 tinmes nore stable t:'~an the
correspondi ng bicarbonate catalyst. 5 IV. Experinment 21, continuous

hydrol ysis in a heterogeneous catal ytic system AWVHERIET 420Ddune 2808

nmono- ani on catal yst was used in this test2 wherein process paraneters were
varied (water:EO nolar ratio between 5.0 and 18.9; LHSV between 10

0.81-0.95 and metingUReRRd srame@dis 95sd 12 63 ra SagPbgs, Vere taken
periodically. The result??s are sumar i sr&ef}i n Table 9. 7 June 2003 - 20

Tabl e 9 Run” M&HCH HPISPOMEG RS F%RATHIB\T 17 | Lh) &k, Opebir 2rphed atiif & (~) EO

conver - siong(mly 3 »S@lLCIomIAL A08F O R UdPlting group consists of
~)**758. 10. 9111298. B97. 7107

~8. 10. 8899. 396 SANFI®. GG IFPIY.&FPH-822311. 90. 90100. 097. 927012. 10. 9910399. 797.
831718, 90. 95105100098 439215 :8Q.,95 1 5 g {vati y
|1071%6.095.3417g.8g%%§10397.593.846‘15f%6*3b16%?6§%?Bﬁﬁ%izéﬁﬁfﬁﬁiﬁﬁgg.897.
75285. 10. 879707395 10w N3G, oBR EOZO &.1'80 Sn@ s DOm 878Yt 596£ 089Y6n DO. 819596. 99
6.3 *: EO conversi I )a i ALOU X (5 + £DEG + ) + + 2DEG +
3TEG **: Se gégtdus'v%trﬂ’f(ctr{g’\%ér 55’19112@[4(%1’%%91%00 xrﬁig-:rﬁ(ewé‘(c;@ Z'E%E%C 3TEG) 5
V, Experinmentgiz? aedepdthadritd modus, B Inaradyd) ssWvBERIEHc4@00/ citrate
nono- ani on catal yst. was .used in cont i nuous fixed-bed, experi t, The

| ong-ti me pelp}‘gpégﬁgea\fégs'c&r?ﬁé’rhgﬁ’a th éf%la‘f’ o@ﬁ\%&ﬁﬁ %?E?’c%r bonat e
underi texact | gyirdeniiec ali cqarraeess 10 axaiddi t i ssch Iehemeesh iendsiae(®, sarri ed

out in a once-thrqugh node. The .29 cm |.ong,reactor consisted of a 20 mm
(i nner di arretpé(r":)"d\?oinged@;l‘::é‘sr§°‘3€‘t?l'§L G ARG Yy HARFRI AL Petd Hedl netal

pi pe. Betweepytrheigleass daedehal itk iand tdie ishdie oot es dehe @3,Teflon
(PTFE) | ayer was used A1 7 June 2003 insulatcr. An electrical
"t

as an ~
heating syst B¥F&ad NEsEd Car DOy 1d Gt &CisE ¢ B IR e i@t f3r2 heat | osses:

the tenperat gsfa,e_\ia%ep@ii&ra:wxytmics drgad)i NG ydeMd Kk RS- B - A cd Moxylic
tenmperature of the water/EO reactcr feed. The reactor 5 was charged with 60

m oflcat al y3€1dTHE r fafe® tedd aRys iRl aot Aecird el $9Re%fesi red react or

inl et tenperatunenRkiaflk-h0 oLaticREPHsiN 102 cHE [Rdmoss @l sish fa the feed was
measured using a thernocouple placed on top of the reactor and the outl et

t enper at ure #&ddieasdr d§oTGIFsi FY Cd ANferaRcoupl tli eatbdey b taml dat al yst
bed in the r thet._ I jti I 4 ese, £ inments
are conpiled%?gggggﬁg §f%_d$§%f§°%3?§§i§§§%¥e EE%&?%%&%%&%%?%F(IH é%65-

90t enper at ur ¢ H-GyReacRoe 6 ~duiclaeb®® y1iro e r.ativicog @03 23 f | ow (ni / h) 130-

150Ngb ratio §§9§E§%§91%5%%§gﬁ”%ELFHSV (1/1.h)2.3- 2.5 The results of this

conparative experi are conpiled in Table 5.2 and 5.3, show ng that
t he AVBERIET 420@keimplateodatalgetrbloxyld csiagriid ideanittart i veey eased diirfet | ne

under e b1 05035, cORILLLe%s 0 Led WS EIPALHLI1IE e corgespondi o

4200/ bi car bonateectatabystcRdn (Rear, 4HbebQRet@redrcd iioxylic acid), and
(~)9099.842599“767099.9?309%.%1%9 99.1120099. 2136599. 5140096. 2160094. 716757
6.3 7 Junet36885:C28C1%, 1 e 5 23R8 T iRt ETft's=yst Ru:: h ou

r (hpBO conver si gRah$) 8698£998%racarboxylic acid derivatives
~99. 967099. 875099. 9100099. 7120099. 9136599. 7140099. 7. 60G99. 7179599. 6189599. 6
194999. 6206089°2595099E3250698ngentios, are the monosodium and

disodium salt of pyromellitic acid (1,2,4,5-
benzenetetracarboxylic acid).
As such, the polycarboxylic acid derivative as herein

30 defined are effective as alkylene oxide hydrolysis

catalysts in a homogeneous ligquid reaction system.

However, a particular advantage of these polycarboxylic

acid derivatives emerges when they are used in a

heterogeneous reaction system, wherein they are

35 immobilised on a solid support, especially but not



CLAI MS 7 June 2003 1. A process for the preparation of alkylene

gl ycols by reacting an al kyi ene oxide with water in the presence of a

catal ytic conposition including a polycarboxylic acid derivative, having in
its chain nolecule one or nore 5 carboxyl groups and one or Tdune 2003
carbcxyl ate groups, the individual carbox§l -and/ or carboxyl ate groups being
separated from each other in the chain nolecule by a separating group
CEnsisting o?xﬁldsﬁmélpnahabmmu &atA:maQCEs&i@qC@ﬂQEQGOFQSdebE}kitesb
characterised in that 10.,the_s rating group cqnsists of a single_carbon.
atom 3. A pFU%é%%P%%%%rHPnBOt§g2?§%h$1 gP Perligiaéfer W& thet RRE 1rhe

pol ycar boxyl isi,sd gk desi yabt¥6nis yabektbi 8naeind cdekichahipwe redinAtREOCESS
according to claim3, characterised in that 15 the citric acid derivative

i s the mono- &7 o?E cVEEFR agi @xCBangep, Bisss 2apedvarngory Ly 26RE of

claimg 1 to %eﬁhﬁg@ﬁ@rgéegramnbggb the paehexy! iqiagkdoderivative is

i mobilised on an solid support. 6. A process according to claimb5,

charact eri se¢atriheict pemsosi 8isnppsr forvednehiighi hg steoleopodi whieh
sites. 7. A WAGRSSs accordlidctovehl Mhh, SE0REAGHEr 13d T Belbgh the sol id
support is an anionic exchange resin of the quaternary amoni um or

quat ernary phesstioidnncoyget 106s8asAwptbcassbadogr dbng tresékaentsto
characterise vJer.lLJ:[' the solid support is a clay. 9. A process according
to claimb5, chardctetfsed in that the solid support conprises an i mobilised
macr d®ycl e. 10. Amatef yastlzogposumben sfii fabl extbanyberpsepar aLERNsB0 of

al kyl ene glycol s by reacting_an alkyl.ene oxide with ter, including a

pol ycar boxyl icd?nacﬁ% et V%Ei%@eagoﬂc} JBRR®2b03 Eg\rl\@agﬁtﬁédt{“ﬁ any one of
clainms 1-4 whitchorifly rembiti sedionia) SDERUs swppoeinashdebaBed fhRoapy one of
clains 5-9. .AY.l.AY.. A A .A3h. A A AY.A3. .A9I.AF?. AU . AR A ,.A h. A
(.ASr.AI9-.A?EQN%QQQQF?Q{YAﬁmﬂgﬁ&umAPr quaternary phosphonium, IER’s

h. A7TKLSTKI 9: Gd|serdred YW ooy ooy eadicat capea) sal eaksakcatsaleal calcglgalcalcalc
aj cagca] ca] ca] clggi ca] cal] ca] ca] ca] ca] ca] ca] cRa]cLa!/ O:EFL~%&89NST[\ @\} xsni d_
Z] | caPca] ca] E&1dd] cHiRRI €5 R AT afLtaf ERPRAF L a) k8] EaTRAFEATEaf EBFEaPEa] ca]
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high selectivities with respect to the monoalkylene
glycol are often already achieved, when only 4 or 5 moles
of water per mole of alkylene oxide are supplied.

The process of the invention may be carried out in

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

Such continuocus process can be carried out in a fixed
bed reactor, operated in up-flow or down-flow. Down-flow

15 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
multitubular type, wherein the tubes contain the catalyst

20 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
conversion of EO may be incomplete, in which situation

25 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 liguid hold-up in the
reactor. This can be achieved by filling the reactor

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

reactor under so-called trickle flow conditions.
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Suitable reaction temperatures are generally in the range from 80 to 200 °C,
whereby temperatures in the 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 pressurising with an inert gas, such as nitrogen. If
desired, mixtures of gases may be used, for example a mixture of carbon dioxide
and nitrogen is in certain instances advantageous.

In order to accommodate any swelling of the catalyst during operation, the
reactor volume can advantageously be greater than 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 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 the monoalkyiene 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 presence of small amounts of amines and/or
phosphines as impurities in the product stream. When a strongly basic anion
exchange resin is used as the solid support for the catalytic anion, the basic groups
thereof are quaternary
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5 originate from corrosion inhibitors which may be added to

the water used in the process. Although the amounts of
such amine or phosphine contaminants reaching the end-
product are generally very small, they may affect the
guality of the end-product such that it may be desirable

10 to keep them below the 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 amocunt as low as
1 ppb.

15 An effective measure in removing amines and/or
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 toc be the use of a guard-bed,

20 containing a strongly acidic ion exchange resin which
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 12COH,

25 DOWEX MSC-1, DOWEX 50W, DIANON SK1B, LEWATIT VP OC 1812,
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 H* form
of the strongly acidic resin is used in the guard bed,

30 the product stream after passing it may become acidic.
Using a mixture of the strongly acidic ion exchange resin
in its HY form and salt form has the advantage of the pH

of the product stream remaining close to neutral.
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In order to accommodate for exhaustion of the

strongly acidic ion exchange resin during operation, it
is advantageous to operate the guard bed in two or more
separate vessels.

10 Exhausted strongly acidic ion exchange resin can be
regenerated by treatment with an acid which is stronger
than the sulphonic acid groups in the resin matrix, such

as HCl and HpSO4. Hot sulphuric acid of 0.1-2 normality

has been proven to be effective.

15 The following Examples will illustrate the invention.
Examples
I. Experiments 1-12, batch hydrolysis in homogeneous
catalytic system

The following carboxylic acid samples and sodium

20 carboxylates were screened for catalytic activity in a

batch EO hydrolysis reaction:

Dicarboxylic acids and carboxylates:

- Oxalic acid HOOC-COOH and its mono- and disodium salt

- Malonic acid HOOC-CHp-COOH and its monosodium salt
25 - Succinic acid HOOC-CHp-CH2-COOH and its mono- and
disodium salt
- Tartaric acid HOOC-CH(OH)-CH(OH)-COOH and its mono-
and disodium salt
- Mono- and disodium salt of maleic acid
30 HOOC-CH=CH-COQCH; cis
- Adipic acid (HOOC-(CHp)4-COOH) and its monosodium

salt
- Terephthalic acid p-COOH-CgH4-COOH and its mono- and

disodium salt
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Tetracarbexylic acid and carbecxylates:

- Pyromellitic acid 1,2,4,5-CgHy (COOH)4 and its mono-,

di- and trisodium salt
A 250 ml autoclave was charged with 30 mmol of

10 polycarboxvlic acid derivative or the comparative sodium
bicarbonate and 5.55 mol (100 g) of water. Some of the
carboxylic acid derivatives were purchased as the hydrates
and used as such. The amount of water introduced to the
reaction system by these hydrates (max. 210 mmol),

15 however, was considered to be insignificant and no
adjustment of water intake was made.

The gascap was purged 3 times with nitrogen and an
initial pressure of 1000 kPa was employed. The mixture was
heated to 100 °C. Ethylene oxide (44 g; 1 mol) was slowly

20 added under stirring at 500 rpm. The reaction mixture was
maintained under continuous stirring for 6 hours at
100 °C. An end of run sample was taken for GLC analysis.

The results of the catalytic EO batch hydrolysis

experiments in terms of selectivity to MEG, using the
25 homogeneous catalysts (carboxylic acids and sodium
carboxylates) and the results of reference experiments (no

catalyst and NaHCO3) are summarised in Table 1.
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1 - 67.8

2 NaHCO3 85.0

Dicarboxylic
derivatives

3 oxalic acid 77.0 78.2 78.7

4 malonic acid 73.7 83.1

5 succinic acid 72.2 82.7 53.1

6 maleic acid 83.2 48.9

7 tartaric acid 72.5 82.4 66.0

8 adipic acid 72.3 80.3

9 terephthalic acid 70.8 B2.6 51.0

Tricarboxylic
derivatives
10 citric acid 70.9 85.4 76.7 43.3
11 trimellitic acid 74.5 84.3 64.8
Tetracarboxylic
derivatives
12 pyromellitic acid | 74.7 83.9 84.6 72.7

* Selectivity towards MEG (mol %) = 100 x MEG/(MEG +
2DEG + 3TEG), measured at >99.5% EO conversion
The results indicate that in all cases the
polycarboxylic acids perform only slightly better than
5 the thermal non-catalysed reaction (70.8-77.0 vs. 67.8%
selectivity to MEG).
Except for oxalic acid (not according to the
invention), a significant improvement in MEG selectivity
(to 80.3-85.4%) is obtained when the mono sodium salts of
10 a dicarboxylic acid are used as a catalyst. However, when
both carboxylic acid groups of a
MCS31/TS0685PCT
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analogues. Alsc the disodium carboxylates of

tricarboxylic acids show a decrease in selectivity
(although less pronounced) when compared with the
corresponding mono socdium salts (64.8/76.7 vs B85%).

10 The tetracarboxylic acid (pyromellitic acid) behaves
similarly, both the mono- and disodium carboxylates in
this case exhibiting the optimal selectivity performance
(83.9/8B4.6%).

II. Experiments 13-17, batch hydrolysis in heterogeneous

15 catalytic system

Two strongly basic ion exchange resins of the
guaternary ammonium type were used:
- AMBERJET 4200, a mono-disperse cross-linked
polystyrene/divinylbenzene based resin ex Rohm and Haas,

20 chloride form, exchange capacity 1.4 meg/ml, and
- IRA 404, a poly-disperse cross-linked polystyrene/divi-
nylbenzene based resin ex Rohm and Haas, chioride form,
exchange capacity 1.3 meg/ml.

The resin was treated as follows to immobilise the

25 carboxylic acid derivative:

- 150 ml of wet resin was slurried in a water filled
glass tube (60 x 2.5 cm);

- chleoride was exchanged by treatment with sodium
bicarbonate (reference), monosodium citrate (according to

30 the inventionjor trisodium citrate (reference), in each
case in aqueous solution (10 molar excess, 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);



10%1-& ()-3:cv/zB~T 10%!-& ()-3 10%!-& ()-3

10% ! - & () - 34h5h7hoh: h<h=hhL4i 10% !-& 10% !-& ()-3& 10%!-& ()-3
10%!-& ()-3 10% !-& ()-3 10%!-& ()-3 10%!-& ()-3=h>h?h@BhDhFhI L, 4i
10%!-& ()-3 10%!-& ()-3 10%!-& ()-3 10%!-& ()-3 10% ! - & T JuBe @003B~T
FhGhJhKhMANKChGhI POi 10% ! - &' ()-3 10% |- &)-3 10%!-& ()-3 10%!-& ()-3
10% ! -& ()-3 10% !-& ()-3 10%!-& ()-3ChRhShThURVhWApT80I 10%!- & ()- 3
10%1-& ()-3 10% Lo&{) &30 10% ka8 (1es i C . .

10%1-& ()- 3V\hXhY’lﬁ%ﬁf ﬁ%%} pridhhafedodt ( ;(Lg@g/ SE-The £89°F 183 prgons
10%1-& ()-3 1005hegreyil 4OUE | eRe3ngeAhyh thahisestidietXain it09% | - & () - 3

10%1-& ()-3 10% k-8 £)-3 10% 1-& ()-3 10% - & ()-3 10%!-& ()-3

10% ! - & 8 . 3dhehf%ghﬁ§1i)’ﬁf h%%‘fl%o%/g‘ﬁ%&']%g%e%o‘g/gf? &5 -F "fo]t()/gﬁt- & ()-3
10%!-& ()-3 1806 mmal) )arsi ovd BT L(thighl HntfrthohphpTSRie HMedams s 3
10%1-& ()-3:cvlzBiT, »10% ! -& ()-3 10%!-& ()-3 . ... ;
10% ! - g 8 - 3pﬁéﬁ§?‘l§ ht hh’r{(?%? %dgtrg%f%qir?b@e@ ‘315,“’(1%5%@ 1132k PERRSuTe OF 3

10% ! -& ()-3 1000! kRA (yas3 employed. The mixture was heated to 100 °C.
Ethylene oxide (44 g; 1 mel) was slowly added under
stirring (500 rpm). The reaction mixture was maintained
under continuous stirring for 6 hours at 100 °C. An end of

10 run sample was taken for GLC analysis.
The results (EO conversion and MEG selectivity data)

are summarised in Table 2.
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15 AMBERJET 4200/ 30 88.3
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16 AMBERJET 4200/ 30 99.5 79.
citrate mono-
anion
17 IRA 404/ 30 99.6 79.
citrate mono-
anion
18 AMBERJET 4200/ 30 99.7 58.
(ref) citrate tri-
anion
*; EO conversion (%) = 100% * (MEG + 2DEG + 3TEG)/(EQ +
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**: Selectivity towards MEG (%) = 100 x MEG/(MEG + 2DEG +
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5 The results in Table 2 indicate that, similarly to
the findings in a homogeneous catalytic system, also in a
heterogeneous system the partial salt of the
polycarboxylic acid is a satisfactorily selective
catalyst while the complete salt is not.
10 IIT. Experiments 19-20, catalyst stability test
The thermal stability of an AMBERJET 4200/carboxylate
catalysts was evaluated and compared with the thermal
stability of AMBERJET 4200/bicarbonate. The thermal
stability was tested by placing 20 ml of the catalyst in a
15 65 cm long, 0.5 inch wide Hoke tube, provided with a

heating jacket using a hot oil

system. Water was pumped

with an HPLC pump with an LHSV of 1 1/1.h over the
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5 groups) and the total anion capacity (the sum of the two
previous capacities) in the fresh and used catalyst were
determined by titration and the % difference |

change
during use) noted.

The results are summarised in Table 3.
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heterogeneous catalytic system.

AMBERJET 4200/citrate mono-anion catalyst was used in
this test, wherein process parameters were varied
(water:EO molar ratio between 5.0 and 18.9; LHSV between

10 0.81-0.95 and maximum bed temperature between 95-112 °C).
Samples were taken periodically.

The results are summarised in Table 4.
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(mol %)*

75 8.1 0.91 112 98.8 97.7

107 8.1 0.88 99.3 56.7

153 8.0 0.89 99.3 86.8

223 11.9 0.90 100.0 97.4

270 12.1 0.94 103 99.7 87.8

317 18.9 0.95 105 100.0 98.4

392 18.8 0.95 107 100.0 98.3

417 5.0 0.85 103 97.2 93.8

465 13.5 0.50 100.0 97.0

486 12.1 0.91 102 99.8 97.7

528 5.1 0.87 97.7 94.5

704 5.0 0.82 102 88.3 85.3

772 5.0 0.87 97.5 86.0

847 5.0 0.81 95 96.9 96.3

*: EO conversion (mol %) = 100 x (MEG + 2DEG + 3TEG)/(EO

+ MEG + 2DEG + 3TEG)
**:; Selectivity towards MEG (mol %) = 100 x MEG/(MEG +
2DEG + 3TEG)

5 V. Experiments 22 and 23, continuous EO hydrolysis

AMBERJET 4200/citrate mono-anion catalyst was used in
a continuous fixed-bed experiment. The long-time
performance was compared with that of AMBERJET
4200 /bicarktonate under exactly identical process

10 conditions.

The experiments were carried out in a once-through
mode. The 24 cm long reactor consisted of a 20 mm (inner
diameter) wide glass tube in a 34 mm wide stainless steel
metal pipe. Between the glass reactor tube and the SS

15 outer tube a Teflon (PTFE) layer was used as an
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5 was charged with 60 ml of catalyst. The water

The reactoer

feed was

preheated to achieve the desired reactor inlet

temperature prior to mixing with EO. The temperature of

the feed was measured using a thermocouple placed on top

of the reactor and the outlet temperature was measured

10

reactor outlet.

using a thermocouple just below the catalyst bed in the

The process conditions during these experiments are

compiled in Table 5.1.

Table 5.1
Pressure (kPa) 1000
Reactor inlet 65 - 90
temperature (°C)
Reactor outlet 85 - 110
temperature (°C)
H20/EQ0 flow {(ml/h) 130 - 150
Mol ratio HpO/EO 10 - 25
(mol/mol)
LHSV (1/1.h) 2.3 - 2.5

The results of this comparative experiment are

showing that the AMBERJET

15

compiled in Table 5.2 and 5.3,

4200/citrate catalyst has a significantly increased

lifetime under the process conditions applied when

compared with the corresponding bicarbonate catalyst.
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1. A process for the preparation of alkylene glycols by
reacting an alkylene oxide with water in the presence of
a catalytic composition including a polycarboxylic acid
derivative, having in its chain molecule one or more
5 carboxyl groups and one or more carbcxylate groups, the
individual carboxyl and/or carboxylate groups being
separated from each other in the chain molecule by a
separating group consisting of at least one atom.
2. A process according to claim 1, characterised in that
10 the separating group consists of a single carbon atom.
3. A process according to claim 1 or 2, characterised in
that the polycarboxylic acid derivative is a citric acid
derivative.
4. A process according to claim 3, characterised in that
15 the citric acid derivative is the mono-anion of citric
acid.
5. A process according to any one of claims 1 to 4,
characterised in that the carboxylic acid derivative is
immobilised on an solid support.
20 6. A process according to claim 5, characterised in that
the solid support is one having electropositive sites.
7. A process according to claim 6, characterised in that
the solid support is an anionic exchange resin of the
guaternary ammonium or quaternary phosphonium type.
25 8. A process according to claim 5, characterised in that
the solid support is a clay.
@. A process accerding to claim 5, characterised in that
the solid support comprises an immobilised macrocycle.
10. A catalyst composition suitable for the preparation
30 of alkylene glycols by reacting an alkylene oxide with

water, including a polycarboxylic acid derivative as
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