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GLYCOL This application clains the benefit of U S. Provisional Application
‘No 601069972, filed Decenber 18, 1997 (incorporated herein by ?'/eference)
Background of the Invention This invention relates to a catal yt'i’c. process

for preparing al kyle r |, from al kyl ene
oxi de and water Al kylr}gplgsé %FEP Pg{)r@[?ari N@? Eﬁgﬁgﬁg%@t and propyl ene
glycol, are widely used as raw materials in the production of polyesters,
pol yet hers, antifre®aieapsiabtidn caims tHef Becieatndf $J. S ardviesna Glppkdtien siBd base

mat er i al s 60rosobrR, preadrecember 1, 1p9l jrebolporaeehérenaghtieadmbes (e.g. for fibers
or bottles). Commercial processes for the preparation of alkylene glycols
typi cal | y Backotaundididhé Inyantiophase hydrati on of the correspondi ng epoxide
in the presence of a large nolar excess of water (see, e.g., Kirk-Ohner,
Encycl opedi a offNEHevsintien reipéesHAc Gpyticsrcess for premefiny EHY‘@“Q)@I‘)’C%@EEY’@JBUV

(1980)). Elﬂeﬂdqrelgrg%byfrbbh Myﬁdu@&@egﬁdm@rhydrol ysis reaction are di-, tri-
and hi gher eg ene

, K | y.cal
Gomand forai e SHERY en 33 <SRRG Po e R R R SHEST o i 54
f or mat i on raw materia in theriogusitiory o{/Rayestars phkykineredntifteepe soiutrasidactaite to t he

reaction ghytaRoRBAY laq@ b¥‘4et rha@hmfrﬂne pEHdMGtQJnSOf pé@etﬁ?l@ﬁé f@éptﬂﬁa@atgﬁbeé %rl y
nore react ve Wlt e excess of

et o o dhERSYEaER). Srmurerta abaRect R PR e B RaE SR cah R by
obtain a crm)rmimrtbe idid/ptetse hadriatioreofdsd ewtasponding epdxite imtieqgesenoé ops tadgect .

However, eyan éxg %é&mat fisdehg, %%tﬂm@re%cp{] ﬁ@@raeafc@nrcyarrsmnp&pmc' ally
practi ced net h or ma %(1%@/ ene | ar selectiv

monoet hy| éleTgrd/Edion HEQS) Melhf g’ﬁ“ﬁ% byhERucts®f H@rhy@rﬂ'vsc%ead@nr?ér ar
sel ecti vi tdy, tre, ahidetighel gpenigl lyc\ﬂéve(' Rs@omphrdadad wemnallylete glben)d, tHebdémarairtar a
mol ar sel Pd;t {r t@(a ond Iﬁldlﬁv\ay cgiSYsCBlN (TFF EOPS#MQ%P a%dhglygéc@lsr t he

addi ti on, 1ncreasing o epoxi d ra o also |

cost of diBsligyed; ‘ﬂ@e\Rrél'E“éP'y dpg H?ﬁhﬁﬁ%acﬂPS‘/EUIhe e?‘l’r’ﬂ%e W'ﬁ%%’hée”%g'ﬁ%ﬂi% AHERIESE | n
al t er nat i \aze pereltaasretréativé with gsds thanaisdykaré edte waley colargedets ofivigtenis t hout
| ncr easi ngpf AANGH br%@th)Q§\;ccr‘the%%ct$dﬂWth%$t?rr é}%tthé/r%b' gbt m'%e&o%ﬂ&%{}afat o

catal ytic process suc use ectivit -en ancing nme
ani on- cont3#itiMg Spagtivity te1the mopoalyen! Prodyfip Howepes. averyp lightcpf tWB'QE&P‘C?Fét%I ate
ani ons congdtad, aefpicantanmecfaliyrptachctatraethbdifog staking ethyina\gytatisdses molar

hydr Oge”pysre%‘éﬁﬂgqé}\%n%&ﬂg@é@ &g@:ﬂgﬂ%&? of @ﬁﬁ@erﬁsdo{o%%ét%d:@é??&ﬁ@’f‘%%%?

accept abl e conveérsion | ow wat ene oxi de
ratio. Morisigtyty tedisthyisse glyvcsl GPES) 2! B§2’e§%8t%a‘9’8‘21@% %PW@@@%’%V'%@ of a
pH adj ust itrighgidak biyse (TEG)edTbatvesent e smr lhGidaing, endéadinttheviatdrad epaadd ai ni ng
materials. fegpyiﬁg%qs’o |ﬁcrgés%§9¥ea£gs§g Qllln %@erﬁfoﬂpﬁéﬁgﬁgﬂ St hh@at"\ rtehgrrf&t:%yl ene

gl ycol -cont ai ni ng product reama rises a Stantial anount  of
netal at e dREEAR waweerrt'rwecwéﬁﬂtﬁt %T%E%H‘WP@HY‘?’F%Q‘E%E?‘F?}H&V"t"‘i‘%
conpl exi ngnaeasisg plodbdtiensostsd net al at e ani on-contai ning nateri al .

Ther ef or e, an 256l LIANALSRAALAIRDogH 38yl kel loRLdRts (g ggmove the

met al at e ani ons arrarono
het er ogene¥ipctivhirenpneiag @Pl?dﬁé@ #njog-cpalgininaIRaietd! aPsa ifer axgawi EBrr-6%8.84%hy | ene
oxi des i n TypcapmeSENE anidhs €aisiadbf sHisns dencybdarNtungsten; exedvang®té esin mt he

nal 0gen T op o 6ol S SEURI S o5 N5 TSyl 73080k SHULIALPAENLRGRN! 0"

exchange r orine, brom

parti cul arSonyaEsions afiodselesivitings 3 i wileralkienssxifiedsti cMAtpouepUES: aﬂart%ﬂts

sui tabl e i4277 68} arfid deai ozﬂuaﬂbgmthemeeanggHraerﬁJsfm@u‘d}we&o PRNEnsE AmdVBA- 1
which is an n| on- e esr cont a n| um

or oups. a5 B RS HOT ORI 2aRe P Y RrELAR PG 5 it Mo BTRER o o
t he produckroggsseain tbatrthaahkrsleae giygelteostagiingdorodiuch Biyeanh elsasdmpeisesonsibstantial

| sol ati on Qrfnourh%f HeYa%tE %nrfoFrQWleﬂQ\a% KbeH éﬁsb!§céﬂi‘ff6nﬁ %'etled?r% éélﬁ@ 60%1&9@19' ing
s and carbonates ar eto her

t enper at ur g di - e

hdrc 1 on. . StEg 1R A0 HETE GRS TR Pl TR E DI SUTBLASRARED ¢ he
cl ose reI astep ds negliegtd th iotder ¢d reemdvyzltwmegdlqmehroamﬁloreuﬂwbr@dectcar bonate at | ow
concentrations of ethylene carbonate in ethylene glycol Yet another
variation utilizes a sinmlar process of reacting al kyl ene oxummmlmwmt
in the presence of carbon dioxide, but utilizes a bicarbonat

ani on exchange resin. See, for exanple, Russian Patent Nos. 2002¥@&eéand
2001901. In the cited Russian publications it is specifically disclosed to
use Anionites AV-17 and AV-17-T as the anion exchange resi

di scl osed as pol ystyrenes cross-1inked with divinyl benzenermm“ﬂmm‘ﬂmwmm

quat ernary ammoni um groups in the bicarbonate form The Russian,;

pubI icati ons further di scl ose use of car bon di oxr de |n amount s rangr ng from

o, o ~ o~ A g, .Y . Y . o o
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It is desirable to have |onger catalyst lifetinmes and higher act|V|ty
t he al kyl ene gl ycol preparation process, while utilizing the nore
' conventional anion exchange resins. Summary of the Invention In one aspect,
the present invention is a process for preparing alkylene glycols which
conprises reacting an al kyl ene oxide with water in the presence of an anion

exchange resi manda,G6o ér‘o %Es gﬂgtg dﬁfr%éessv‘é‘ﬁés%'d%nté%?alﬁneW%ﬂ%ﬁ&rﬁ gn of

addi ti ves conprlses car n organi c or 1 norganic ase
provi ded StHYIif AFARGAP ffseuFffff’%ﬂ”éﬁPf ‘iaéb%eﬁ"ﬁt'%ﬁ # arpwmeméngee@ew.wem xture
bet ween aR@fenForth. Bad, Br Oxarkpié. IPtAg7 pB@DHSS@dch&blogMQﬁe tahienkRaings

bi car bonat g or, AL banate, e Lhe anion exehande Lasin iis g et hyl
benzyl anmont um aRi 6n ange' resl P 1ogings AW P2 68 tiE"SMesent

i nventi or\eprarmepe@oes@stlgseqoaseqmm gsgecibliyyduiatle il wmwe«mm BnicD AN es

react i ng 88nalL&vhEDevek ey b b thYéﬁ %ran'd?u&nb&cﬁér?g%er@ﬁﬁ c@iﬂtaﬁ\ﬂmg%hﬂﬂ exchange
resin and a ﬁ%g%‘natl on of additives, where nbi natfl on of additives

conpri sed"¥% APBK MO SHIEYPRCHIVE ‘:GF"‘ef'sno"?A Q’éﬂ "@”5’&5 ST IVSPERSE ¥ n an
anount suhét tbe proutiostreamndoatamsa mesire ofshuth blyods aed earbénates dsdiatam dt 6 per
day. Sur Pq’l tsﬂfgdr% q(et H&td?é’rsednﬁ&p‘b%@&ds%ﬂﬁé bé\MgOt@ ?é%‘&ﬁ%&ﬁf ci@\?}l g‘@. aﬁé‘” be

utilized | ene preparation ess %
conbi nat i GRRVPBIEEFRIP 1°|°§%§° it H@%F'@E@@EF%%W%{WG@%Q'WQ' Brivih@ichi ngs,
it has begingitste®des esithe ke rdiftive ablayilte ORetBy ¥ 60dly Sy Bhd\ediigne tdrbbsatélasi r abl e

o of the pREEIER B RIEeRRaBl i 8Blehe obuniS 07 an Aavant age of

thi s i nventi on'at@anpthgt variatipn aliirercs sicndarl praggss of sraghnaalkyleneeXidesangater in
activity)thampeeseh&d bitdpoch diSEdd, a@zh@mﬁlae&&érmwe toom &k kel aem Slchse re¥hi | € at

t he sane ng.re ur r nvent i on does
not requi eem; ef(a'@grebg d?'béftaréﬁ\y\é% %é@i?? ?%pﬁ@g‘? dfﬁﬁ“ﬁé“%ﬁ’ Ei’?séar'{"e oxi de
product i oﬁﬂ%ﬁﬁi@é%g&spwécdwrﬁmc@ﬁ@ SD usgrm\mdef« Ar7tang AN-kHTeasgherhide bef ore
meki ng t hexchbkyd reBiRs 9iTiEd are BREIBE LSS M&wrermg c@&asqfnkémnm awmpubb@ﬂena andl 7

JUN 2002 This 1 nxentl on is.a roces g ar| R_g ﬁ}?l% pglh from
al kyl ene rb%(lrl?e S éﬂmonf‘ﬁ% i?t“g? & PFé X uﬁsf?(?l ?'F‘usyl ene
oxi de, prigpherdiesiapei use of ambomdibyiie mrearmun&mraagmg frae iesstas by a3l k(1 waght
glycol s i EMMO SiThid RFREGT b\ PRBOAIehR &etogalnmcr@keswetdmﬁ@e saM&obs (EG) ,

TRy ?Qﬁh.gﬁkfate%@é@gpr%‘fct 89@{5@%%@%%33& § St ek et %ﬁ?ﬁtgni

oxi de andhawingean urkigsiratielopr produchetyair acthiity al tevenerdtongs thdt dotnpheayisefrapight er nay
be used sped ofsatdiyR RIS (LA 30 @tgal qrﬁb?ae@b.twaﬁbe arﬁ&r@@éﬁ si;ééérhﬁr@%t\wher and

o oduct; ol i 03‘*%&35??&3%&% actiy e SReRERGE Bt el ste e
of or gani BEEReeplaiced siirrh lasohampuntoef qamlmt@rear@ndremate'twmase heurthermgare,
exchange fHesdefbctifiylis Feh'éilvlé@tlﬁﬁc r@@w@g@nwtmsmpérﬁémhm ch®oh @itdded! ycol s

f th t duc | d b

of ‘metal 1 one. RoyElafspiH i%:PBﬁ‘pe%‘ﬂ’éYRfeﬂ RO R BB GG | s
m a st oi cte tbmbelogenaistypegesih ptbimbtionsjdé netdiispensé witinthegdditide of cardon Hipxide
fromreacld pR et *hd%BRﬁngS WBFZ@%@JA@*&LBBon fdib‘?ud'%‘?é aétnfn%ﬁt‘él fodthd CatQ tné"@ﬁ&ﬁ of O

epoxide is, at | east about nore preferab | east, about and even
nmore pref Faiﬂ"ﬂ)a‘&te"%%{‘s??dé%@ﬁ°f$h?)q“%f5?'8?’éfra§m‘ '“"E‘ﬁlé’erﬂﬂdal‘r'sﬁbf‘é'as?%h o of
wat er to epdormdbe ipsoaess indhe stittsamtialaisen@0ef dadyon dinxefee rHdweyen dthemoeesshan
about 25, déwxbea'ﬁﬂ/m@ssbk%ﬁé@'?ﬂo% tHQ dEQH@arMb%'bf%QQH& aZQndJJ}%l? sRbrSkill in

th t | J d
compounds CEFOIEHNe ARLUTEREETS fPs oA H 3 2P IO P ea ot
utilized. In | Qplataltefnatnbﬁafodlrsmbﬂwme desiratility ofstaé etdreroentmheatygas bhdlien ani on
exchange Qéﬂal?\ ?eé(\ﬂr} gk@nﬁﬁ?&eﬁké lakmht oHRS %{?5 st S?ﬂ@(e%!: k% J)esdéﬁx'ﬁeﬁd?&r%t
exchange resi n inclu e af orerren &d aﬁ

bi car bonat¥ighie pmr-'ws@oemg@wee@r ﬁge pamtl@&rMB ef e feip@esliangedt ype

teﬁc han ?el [CeRVdNGioRd) tﬁ)eﬁ Q)lffbhlﬂﬁib lesacfhaage Eﬁ%}th«f. tHehQinﬁib@Werah%& todﬁbtﬂt@t'npbﬂﬁur&tde
e nNeta e exc CLropositlive centers.
T ustr at AoereRe R eich Ehisbiesh haal pBBTR kRl eFnkShrdphitdFe of

JP-A-57- 139026 (|ncorporated herei n by r%ference) Il1lTustrative of

bi car bonat e-t ype exchange resins are the disclosures of W 95| 20559, WO

971 33850, RU Patent Nos. 2002726 and 2001901 (each of which is incorporated
herein by reference). 1t is particularly preferred that the anion exchange |
resin contain quaternary amoni um groups. Exanpl es of suitable,

commercially avail abl e, anion exchange reins include: AnberliteTM IRA 400
and 900 series (based on polystyrene resins, cross-linked with
d|V|nbeenzene) (Rohn1and Fﬁas) LematitT M 500 MB (Bayer); DuoIiteT"" A
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may . be present in the al kyl ene oxide feed as a byproduct of the al kyl ene
oxi de production process For exanpl'e, EO typically has 0.0001-0 01 w % C02
‘"Thus no additional carbon dioxide is required if the anpbunt present mthe
al kyl ene oxide feed is sufficiently high The carbon di oxi de may be present
in the reaction m xture as dissol ved carbon di oxide, in gaseous form as
car boni ¢ oagandsidXené BmH’tbﬂ:ufTOé’dm ode \Wal 47919083 Cardomtrer acmldaudarcﬁé@ds@blay the

bon di
C oot on Rkl 6% o S el o e B SRR o es,
anmount eqtmtrosb@sltme cgneat, eitropbrastotis 00K tokwg ommere Jieres ethabthyn 01680 5ront %
most pr efendhlayods AL i ¥r/3856]) e HaM trte@epeerce%hsct,%s@%"scaeﬁem in the

reaction mxture 1 n an anount ﬁfess an or equal pr ef erabl y
0. 05 vet 6}’5tﬁ’6‘|5@5|t9‘3é‘f9e?0%1"§ﬁ ‘Gt@e.tp%ﬁf%a‘ WP'@’WtW'H\e’PE@ﬁPWﬁ”“E%‘ BB‘ﬁ”&?‘@iﬁ”@é as
used her eédins Whichas@adbaHpaburidhehdbOderbreweb@bh cofditais ieinh tintperatare a0d/drt S

equi val ent s'err]vut:e nen%\%CL}Jr!aggeptatifehgetgﬂoratgﬁ%?ta,kglghgh]@ct,&frsgleﬁt'lvﬁﬁrEFunt to include

each of tch des at | east
the al kyld@ﬁévima@ﬁeof suple catalyelrsystamd i that thesiyiertgricaln more axeineive @s. The ot her

addi tive cs%atéaﬁoﬁr&aﬁbrmnoém’bhax%ystweatdh% NMSAANysYy gaa&. or inorganic

base. Such ad |t|ve an c_or bases such
as al kyl ani ned!'s 5% f%?lel%%a‘éﬁ %39?%[?8@})'&%{ mé’s ar&’qié% i a&‘m‘%ﬂ r“(yj? Kal i

car bonat @tycoecbrhaanatm nfacmnwbltie;tlhamg@b|mmtet=amVEhWYabamldeeXQma0|g&:tﬂstm5nat i ons

t hereof. "Bases", as used herein, shall be defined as conpounds that, when
added to%ﬂ@M%f gr eat er than 7.0. Preferably the organi ¢ or

i norganic bas ri s SOdI um h r oxi

(Nor003) ¢ sod 0B PRED SR THATBRST = BPGRe* hRIPALI DN e gls WhiF

or gani ¢ aemprieegeciondaEsakyienepxgeivdbavater imtheresamce olér araoreqxchaogmsm ain a
pH of t hean'aeaaéadtﬂﬁ‘atﬁh)&tf H&cﬁtl\.@ts Wher@Wede doniBiratieh ofRRitlve® cOmpridak @afjoRf er abl y

bout 5.

g g . R o T A P P
pH of t hdhe ezectipomixtire togtveeeh@bguttSando?. 0.exjtiathe provishdtat, When thpbaseisabl y
about 8. GhicaABshai®bEcAbEHES, MUrtn@BALK exlchBngeBesingé 8rirhéiByIbenzyPEnfonime
reaction m xtur is meant the pH of t%e m xture whi ch includes each of
t he corrpoar%cm%x‘:géaget'&s'f‘he reaction system including at |east the al kyl ene
oxi de, the wtuﬁr,seeaﬁdgg&g)fmraée%t Alerfton AblL¥RS o &%pmr@mn@weﬂaa&

tenperatures (e era fhe reaction

mai nt ai nedhieh C%!“Pfdﬁﬁéfe?fé't)@?” Pl&y'&%P’ﬂder‘é{‘Hi Watge rtad RieseRredtt af‘ﬁé"qncﬁ%“:@?&ﬂ?ange
resin. Thesiadshdtd eintohatichdf dditvas ervhelre)me\rexot-dmxambh of additwes\adrepriseRacbonat er
has a pH [ ee and
25 C contcgg’xhée a%d %Bgang%tr%o% and' h ogfg@glng%%rﬂgurgtsmélg&qp “&h@érﬁs‘ia& ur at ed
Wi t)lh ai r (vilingrateoridessibern! 8%Per g co) at at nospheric pressure and 25 C
cont ai ns about o0. 00005 W % C2 an i on of
base to water SHECORA A HE st iieh B boboeingh gty darhe dliged bl | |

renovi ng dRdere gliyeql neeme&tlen PTUFH%G lt)‘l’k‘!g‘éﬁ@@a@P"@Inﬁwfeﬁeadéﬁ't’%dlﬁh’@/tb? aI kyl ene

%%3'3)5 [‘é\’écéést ttentbf @Cpfnop@aaﬂ'\gs-mﬂaﬁﬁkﬂntdxﬁibv@ﬁedQﬂté{abt alkyieys fipdat e (e. g.,
0

ter |n rea wat er i as 8.4,
none o Sirfer. SR Sorict ool st B BPEsRh el i plsf rBBestp oS0, P 01 )
car bon di owintein spthef the eedclien pixiusehetween aprut S8 Fndde.0. aPRaRYaNAgeA BORat e,

L hen BO af.deﬁﬂdm@tnab%w@srdegtkubteecgitm hf@%%ﬁ@acﬁ\h? a@cbrtmm a)tjesada&el |
| car pona

equi noun
nydr oxi desSesiyy S RERr RS s e S B Ame JHIE U Rt RUSBEn e BahTe
addi ti vesttﬁsmvemt@nmmeposfeeorﬁlretthae:arbweimmd@ntyp‘ﬁh&' fathaéd dwingaikytdnegixide
car bonat e pfdigtion Peddlas, He‘?:o%‘e%ly tRIVEAREH th@glk?lbhtggxuaé@efﬂ@trﬁéklhéﬂm 7.0 to
over 10.0) which is not within e preferred range of pH Therefore, alkali
car bonatea|k¥leH619'VﬁP'ef erred as the sol e source of carbon dioxide additive,
al t hough bt ﬁﬁ‘% Bescg{ efoerorfelg %%ea'ol norgani ¢ base additive. One enbodi nent
of this i process in an adi abatic reactor system
such as a single reactor, or nmultiple reactors mseries, with or wthout
i nterstage cooling and staged feed addition. Another enbodinent of this
invention is to conduct the reaction in a reactive distillation process
simlar to as described in PCT International Patent Application Nunber
PCT/ US97/ 17936 (incorporated herein by reference). The conbi nati on of
additives of the present invention results in a relatively |ong catalyst
lifetinme. Longer catalyst lifetinme is inportant in an industrial operation
because it reduces the frequency of having to replace the catalyst. A
probl em observed, especially in EO hydrol ysis, has been one of resin
swel | i ng. In ot her vvords the an| on exchange re5| n grows over t| e, ITB.kI ng

o o o o - .
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The invention wll be further clarified by a consideration of the foI I ovuJNg
exanpl es, which are intended to be purely exenplary of the use of the
‘invention. Exanples Preparation of the Catalyst The catal yst used mthe
exarrpl es was DONEXt m MSA-1, chloride anion form wth an exchange capacity
of 1.3 mlliequivalents per milliliter of wet resin. The chloride form of

the resin was gpNyeddueA, staoprBB@sshbp@fepsm@ta&yfe% grng frHﬁxealk)rbr{ertﬁuo%%@pl es.
Description of _the Reactor The re cm i nner

ac
di anet er , "W&8" chhq %ﬁé’re%i'éy'é‘ﬁea%ﬁ’%%@c'%‘ﬂee@ V'?%@‘. éﬂpVFPSHé‘P‘éra’FI%‘%e’}% 95 C
was cir cucbwueeahctthe pregeretdhuk yjeme loptcols dnatderibar respectionstoanslkyler gly.'rrom reaction

t enper at S S ced

| it 1 onefgiedt v ER DBl ATE) o) 284 HRSRHELG-IMBE), Sy G abtaf) R

feact i on iPaRYER R APCeSHY RreRAsINgARONSatNIEES GiVEN o SHhYIeRe oxide ?@s\f“ﬁebat al yst.
Aquegus andf et ﬁ't%f'tlﬁa:\ﬁaéﬁéb@etrﬁﬁuﬁﬁ’erﬁ'bﬁ SN TP ol m@%e?lsgeen@{ @dﬂﬁéeg‘hl\?éﬁferr at es,
m xed, and fed fo the react acto er at.e ar to avoi
vapor f or FeTZHE WESARBER o 'R?ﬂ)‘é‘?lﬁf |38ﬁ o t‘#?éﬁ%ads‘%%g %{885’?31 gdn %'Eonpar ative
exanpl e) daydraBoh ptocess-in the productidf dR0eheThalestndaliylene ghicde Theathteras 99 9%
pure wit %%ndﬁ&m o H:%at@flal%h é’s‘%nﬁ E‘@r fuRRGddths: f‘é@ﬁhg aﬁiogle;‘ch-ghse

aqueous feed was ?g{:'gﬂ dei oni zed -free vvaterﬂ% resi stance) pH
7.0) Resul*f: b“\*HEe YXF“GH‘Eﬂf’t ‘?%’P g'y&ﬂ%tF‘iFZ‘é’& "BYIYRASYENT BRELIBY F%\??ﬁ?/“%(ﬂf Y&yl ene
oxi de ( EQnd givevd etokydteee ghiet shofidVEEfree di metayioes) @spéoraiglirof DEGe wasends

tri ethyl eggygby fin &Sl woith id ég;%ég)aa«.mémse%sg BRAnGHRELHIER] forfllf 23V T 208

react or tenperature was conver sl on was IVIty Wwas
98. 8% De@%réﬁebfw‘\iiwea&sow@%poaﬁa Peederably dlbe m‘%fF%fét‘? ekwatehign 0. 07 %
Mol ar sel esdxideiis ¥t iesst aBbutl1at, @tbrd yredérdbidian@astzomtid eind@ve el 26 peferkly at

consuned Ite?st BT FH &y gbké?é}at% Ellﬁgﬁ'noiaq fé/étﬂ%ﬁio nywétprqate?&%igg%bﬁ rthannElJ)o%§ of EO

converted conti1 nue neasur e
conver si o0 %@F@&fﬁr@w;ﬂo mMse ma;ﬂsaboate%ﬁnamawrbmoreaﬁ@iefa@y P '@Rfﬁdhén BPOUt Af t er
42 days, pheTreeidshni thx panilndcsghizzbn st this HtioWill vy @ep@igieshoante éboxide wer e

rel oaded L0, 10e AL ALLEL JAZu0AY Sng lISoEShORLELI Rl a0 expanded

to 40 nl; _ were el € reactor.
After 153 days!n lightofiles disciegvie eveine aelestion o 2 weltabler AR @ hBYISESiNtiHWIthin
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The reaction of this invention is conducted in the presence of a combination of
additives, comprising carbon dioxide and an organic or inorganic base. The carbon dioxide
may be fed to the reaction in any convenient manner. The carbon dioxide may, for example,

be introduced- separately and/or with one or more of the feed streams. The carbon dioxide
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1 7.JUN 2002 EXAMPLE 3 Operation with NaOH only, but no C02 (corrparal i.,v‘LUN 2002
exanpl e) Feed Sol ution: The ethylene oxide feed was 99 9% pure with an
‘unknown amount of CX2, and the feed rate was 8.2 g/h. The aqueous feed was

64 g/h water with 0.011 wt % NaCH (pH 11.2). The conbi ned aqueous and EO

feed had 0.01 wt % NaOH. Results: After two days of feeding the NaOH
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0.7t 0. 04% day. eration UI valent to eqw nol ar
addi tion Watwatg,q&dm@.;pu’:% - gbzptmopgmanc pressure and °C contains about 0.15 wt%
CO;, and has a pH of about 3.8. Water saturated with air (which contains 0.033 vol% CO,) at

atmospheric pressure and 25 °C contains about 0.00005 wt% CO, and has a pH of about
5.6. The addition of base to water that contains CO, increases the pH of the water without

JUN

removing CO, from the water. The presence of alkylene oxide and/or alkylene glycols has
littie effect on pH.
The _ad_dition of alkali bicarbonate (é.g.. NaHCQ,) to water increases the pH of the

water from 7.0 to as high as 8.4, which is within the preferred range of pH. Therefore, if the
5
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The et hyl ene oxide feed was 99.9% pure with an unknown anount of C02, and
the feed rate was 8.2 g/h. The aquéous feed was 64 g/h water with 0.024 wt %
"' NaHC03 (pH 8.1; equivalent to a solution with 0.013 W% COz and 0.011 w %
NaOH). The conbi ned aqueous and EO feed had 0.021 wt % NaHCO3 (equi valent to
a solution wwth 0.011 wt% COZ and 0.01 wt % NaOH). Results: After two days
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amoni um ani on exchange resin. 2. The process of claim9 wherein t hé Tc ddNoR002
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an exchange capacity of 1.3 milliequivalents per milliliter of wet resin. The chloride form of

-

] the resin was converted to the bicarbonate form for use in the examples.

Description of the Reactor

The reactor was a jacketed, 1.1 cm inner diameter, 23 cm long, 318 Stainless Steel
tube. Heat transfer fiuid at 95 °C was circulated through the jacket to maintain a constant,
uniform reaction temperature. A 3.2 mm outer diameter thermocouple with six evenly
spaced junctions was mounted concentrically inside the tube to measure the reaction
temperature. The tube was packed with 20 ml of the resin catalyst. Aqueous and ethylene
oxide feed streams were pumped at constant flow rates, mixed, and fed to the reactor. The
reactor was operated at 12 bar to avoid vapor formation.

EXAMPLE 1: Operation without any additives (comparative exampie)

Feed Solution:
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The ethylene oxide feed was 99 9% pure with an unknown amount of CO,, and the
feed rate was 8 3 g/h  The aqueous feed was 64 g/h of deionized, CO,-free water (18 MQ

resistance, pH 7.0)

Results:

The products were analyzed by gas chromatography for ethylene oxide (EO), mono-
ethylene glycol (MEG), diethylene glycol (DEG), and triethylene glycol (TEG). Atthe
beginning of the experiment, the average reactor temperature was 97.8 °C, EQ conversion
was 95.7%, EG selectivity was 98.8%, DEG selectivity was 1.2%, and TEG selectivity was
less than 0.01%. Molar selectivity is calculated by dividing the number of moles of EO
consumed to form a given product divided by the total number of moles of EO converted to
all products. The run was continued for 180 days to measure conversion, selectivity,

| catalyst deactivation, and resin expansion. After 42 days, the resin had expanded to 35 mi;
15 ml were removed and 20 ml were reloaded into the reactor. After 143 days, the reloaded
resin had expanded to 40 mi; 20 mi were removed and 20 ml were reioaded into the reactor.
After 153 days, the water and EO feed rates were reduced by 50% to compensate for
catalyst removal and deactivation. At the end of the run (180 days), the average reactor
temperature was 85.2 °C, EO conversion was 66.4%, EG selectivity was 95.1%, DEG
selectivity was 4.6%, and TEG selectivity was 0.3%. The catalyst half-life (i.e., time required
for the catalyst to lose 50% of its activity) was determined to be 35717 days. The removal of
catalyst, change in average reactor temperature, and reduction of feed rates were accounted
for in determining the catalyst half-life. The resin expanded at a rate of 1.5+0.1%/day.

EXAMPLE 2. Operation with CO, only, but no organic or inorganic base (comparative
example)

Feed Solution:

The ethylene oxide feed was 99.9% pure with an unknown amount of CO,, and the
feed rate was 8.2 g/h. The aqueous feed was 64 g/h water saturated with 10% CO, in
helium at 23 °C and 1 atm (pH 4.4). The combined agueous and EO feed had 0.014 wit%
CO..

Results:

At the beginning of the experiment, the average reactor temperature was 96.6 °C,
EO conversion was 80.1%, EG selectivity was 88.4%, DEG selectivity was 1.6%, and TEG
selectivity 0.03%. The experiment was not continued at the same conditions because the
catalyst activity was too low to be of commercial interest; therefore, catalyst haif-life and
swelling rate" were not measured at the conditions used in this example.
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Feed Solution:

The ethylene oxide feed was 99 9% pure with an unknown amount of CO,, and the
feed rate was 8.2 g/h. The aqueous feed was 64 g/h water with 0.011 wt% NaOH (pH 11.2).
The combined agueous and EO feed had 0.01 wt% NaOH.

Results:

After two days of feeding the NaOH solution, the average reactor temperature was
98 4 °C, EO conversion was at a maximum of 99.7%, EG selectivity was 92 1%, DEG
selectivity was 7.6%, and TEG selectivity 0.35%. After two more days, the reactor
temperature was unchanged, EO conversion was 99.2%, EG selectivity was 91.8%, DEG
selectvity was 7.8%, and TEG éelectivity 0.42%. The run was stopped at that poirt because
the catalyst had expanded and completely filled the reactor, thereby preventing flow through

the catalyst bed. The final catalyst volume was 28 mi; the expansion rate was 7.7%/day.
The catalyst half-life was 6.910.4 days.

EXAMPLE 4: Operation with Na,CO, only (comparative example)

Feed Solution:
The ethylene oxide feed was 99.9% pure with an unknown amount of CO,, and the

feed rate was 8.2 g/h. The agueous feed was 64 g/h water with 0.03 wt% Na,CO, (pH 10.5).
The combined aqueous and EO feed had 0.027 wt% Na,CO,.

Results:

After two days of feeding the Na,CO, solution, the average reactor temperature was
98.3 °C, EO conversion was at a maximum of 99.8%, EG selectivity was 96.7%, DEG
selectivity was 3.2%, and TEG selectivity 0.06%. After eight more days, the average reactor
temperature was 98.7 °C, EO conversion was 98.4%, EG selectivity was 96.6%, DEG
selectivity was 3.3%, and TEG selectivity 0.07%. The run was stopped at that point because
the catalyst had expanded and completely filled the reactor, thereby preventing flow through
the catalyst bed. The final catalyst volume was 28 ml; the expansion rate was 3.9%/day.
The catalyst half-life was 12.5+0.3 days.

EXAMPLE 5: Operation with a combination of additives, CO, and NaOH

Feed Solution:

The ethylene oxide feed was 99.9% pure with an unknown amount of CO,, and the
feed rate was 8.2 g/h. The aqueous feed was 32 g/h water saturated with 20% CO, in N, at
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23 °C and 1 atm, and 32 g/h water with 0.023 wt% NaOH The combined aqueous feed had
a pH of 7 0, and the total combined feed had 0.014 wt% CO, and 0.01 wt% NaOH

Results:

After eight days of stable operation, the average reactor temperature was 99.0 °C,
EO conversion was 93.0%, EG selectivity was 98.8%, DEG selectivity was 1.2%, and TEG
selectivity 0.01%. The run was continued for 180 days to measure conversion, selectivity,
catalyst deactivation, and resin expansion. After 95 days, the resin had expanded to 31 m;
11 mi were removed and 20 mi were reloaded into the reactor. After 157 days, the water
and EO feed rates were reduced by 25% to compensate for catalyst removal and
deactivation. At the end of the run (180 days), the average reactor temperature was 96.9
°C, EO conversion was 71.9%, EG selectivity was 88.5%, DEG selectivity was 1.5%, and
TEG selectivity was 0.04%. The catalyst half-life was determined to be 39417 days. The
removal of catalyst and reduction of feed rates were accounted for in determining the
catalyst half-life. The resin expanded at a rate of 0.7+0.04%/day.

EXAMPLE 6: Operation with NaHCO,, eguivalent to equimolar addition of CO, and NaOH

Feed Solution:

The ethylene oxide feed was 928.9% pure with an unknown amount of CO,, and the
feed rate was 8.2 g/h. The aqueous feed was 64 g/h water with 0.024 wit% NaHCO, (pH 8.1;
equivalent to a solution with 0.013 wt% CO, and 0.011 wt% NaOH). The combined aqueous
and EO feed had 0.021 wt% NaHCO, (equivalent to a solution with 0.011 wt% CO, and 0.01
wt% NaOH).

Results:

J After two days of feeding the NaHCOI3 solution, the average reactor temperature was
98.5 °C, EO conversion was at a maximum of 97.2%, EG selectivity was 98.8%, DEG
selectivity was 1.2%, and TEG selectivity 0.02%. After four more days, the reactor
temperature was unchanged, EO conversion and glycol selectivities were unchanged. The
run was stopped at that point because the catalyst bed overheated due to loss of water
supply. The final catalyst volume was 21.5 m!; the expansion rate was 1.1%/day. There
was no cataly;st deactivation during the run, so the half-life could not be determined.

The following table is a summary of the examples. The selectivities at 180 days can
be directly compared because the EO conversion was about the same in each example.
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L O%i(& HMI0T&AG-3 44 112 105 8.1
Intial Temperature (°C) 97.8 96.6 98.4 98.3 99.0 98.5
Final Temperature (°C)° 95.2 96.9
Initial EQ conversion (%) 95.7 80.1 99.7 99.8 93.0 97.2
Final EO conversion (%)° 66 4 71.9
Initial EG selectivity (%) 98.8 98.4 92.1 96.7 98.8 98.8
Final EG selectivity (%)° g5.1 98.5
Initial DEG selectivity (% 1.2 1.6 7.6 3.2 1.2 1.2
Final DEG selectivity (%)" 4.6 1.5
Initial TEG selectivity (%) <0.01 0.03 0.35 0.06 0.01 0.02
’ Final TEG selectivity (%)° 0.3 0.04
Catalyst half-life (days) 35787 n.d. ¢ 6.9+04 12.510.3 39417 n.d°*
Swelling rate (%/day) 15201 n.d.® 7.7 3.9 0.710.04 1.1

2 Comparative example. ° Final values are at 180 days. ° Not determined.
¢ Added as NaHCO,.

Compared to the system with no feed additives (Example 1), the CO,-only additive
system (Example 2) has much lower catalyst activity and lower EG selectivity, and the base-
only additive systems (Examples 3 and 4) has much lower EG selectivity and catalyst
lifetime and a much higher swelling rate. Therefore, neither the CO,-only additive system
nor the base-only additive systems offer advantages over a system with no additives.
However, the combination of CO, and base additives or its equivalent as bicarbonate
{Examples 5 and B) provides several unexpected benefits versus a system without these
additives or with only one of these additives. Compared to the system with no additives, the

) combined CQO,/base additive system maintains the high EG selectivity for several months,
increases the catalyst lifetime, and reduces the catalyst swelling rate without significantly
reducing catalyst activity. The combined CO,/base additive system gives much higher
catalyst activity and higher EG selectivity than the CO,-only system. The combined
CO,/base additive system gives much higher EG selectivity and catalyst life and much lower
catalyst swelling than the base-only system.

Other embodiments of the invention will be apparent to those skilled in the art from a
consideration of this specification or practice of the invention disclosed herein. It is intended
that the specification and example be considered as exemplary only, with the true scope and
spirit of the invention being indicated by the following claims,
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10.  The process of Claim 1 wherein the process is conducted in an adiabatic reactor
system, an isothermal reactor system, or a combination thereof.

11. The process of Claim 1 wherein the molar feed ratio between of water to alkyiene
30 oxide_isV in the range of from about 1.1:1 to about 30:1.
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