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sites of the solid metalate anion-containing material. Therefore, an additional separation
step is required in order to remove the metalate anions from the product.
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conventional types of anionic exchange resins is their limited tolerance to high temperatures.

Therefore, one publication discloses a catalyst system which employs a polymeric
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25 Surprisingly, the more conventional anion exchange resins can be utilized in the

alkylene glycol preparation process by providing a combination of additives during the
process. Contrary to prior teachings, it has been discovered that, for alkylene glycol
synthesis, it is desirable for carbon dioxide to be present and that it is also necessary to
maintain a pH of the reaction mixture between about 5.0 and 9.0. An advantage of this

30 invention is that it provides desirable catalyst lifetime and activity, and provides a desirable
selectivity to alkylene glycol, while at the same time minimizing resin swelling. Furthermore,
this invention does not require that carbon dioxide, typically formed during alkylene oxide
production processes, be completely removed from the alkylene oxide before making the
alkylene glycol.
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invention, as are resins based on polystyrene cross-linked with divinylbenzene.
35 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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i nor ganl C

of 4 et eadbod Fimare peerRiably qo5is S, i MoH el drplfBb FG dUHEPLA i
pr ef er abl y treberganib obinomyadicrizse |epprefnée¢hu an arhourt saffidenttomaintaingpell ohtel i it
the organi ?%%584; nﬁﬁ%%& tREﬁ Sr éc?ué? fooéﬁogfg o! &e?é?atﬁfﬁbtﬂft 850! fahti ‘Fﬁcﬁ'@ bréfé’rably

maintain a lon mX I'es

an or to ab
9 0, pref embouty.AbBureferiog tcamH pidhe reactionminiyre” B is medithe 9'3 of thy“'%M%WP\CHg
| ncI wegf eﬁrtlﬁ..dregé‘ahﬁ SﬂhE‘céﬁ\%ﬁedt& fédsto W@bcﬁdﬁ%y@ﬂénﬂndd@ﬁwd’@ﬂéa& fhe/mhaéne
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| Gast the AKKplbaavater, and (e caEmbinalen pEadsives A NOtCReIR e PBIRCape (4. 755

addi ti ves. °6 uhs ahefaaaléahatnge teaetien it be mauﬁtelngd at>a Bfwer leve! to@ypidi rapids
preferable H be .maintained at a | ower |level to avoid

rapi d de 8‘?&? %?{tﬁﬁ'o&exfng N9eJiSBy change resin. 30 The addition
of CO aeor] to waheradditiorofCOhéo wateofowersethegpHeof therwater.wBurerwatgshas pHSf 7:0. 0.

\é\g;tegl f\gt gg@&@%%%%ﬂﬁﬁp&g@ I dt afthodPnBRE PrasEire aRE 9338 @ntiik about 615Mt%
CO, and has a pH of about 3.8. Water saturated with air (which contains 0.033 vol% CO,) at
atmospheic 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

35  removing CO, from the water, The presence of alkylene oxide and/or alkylene glycols has
little effect on pH.
The addition of alkali bicarbonate (e.g., NaHCO,) 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



CJerr] and has a pH of about 3.8. Water saturated with air (which conta| ns

0. 033 vol % err at nospheric pressure and 25 [e
about 0. 00%(% C% 19 qurr] and has a pH of about ﬁk%sé%%l on of
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|
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series, Inters |ng an st age
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rP e?ct t ve distiligd b&ﬂb’ﬁétli\l&ﬁngﬁadﬂgﬁ&; LaJarSthte ﬂé;bgnﬂiﬁﬁéﬁtiohﬁ‘@sdl@tﬁgelbwew |ng i onal
at en ation Nunber | e in

ref ereht e)catél‘{/)& ihette. L°"9Fﬁgat@t¥ﬁ§¥ﬁ5?? ﬁdePS%IHEE? SWP qeéatﬁng);gagg/e it

i nvention redacdd theiffeqaeney afthaviabyto raprarelthe catalyst. yst lifetinme. Longer

catalyst |ifeti H%rétﬁeﬂn@%%ﬂ@ﬂteépgc‘a ﬁw@&'é&?#ﬁ@gnsoﬁ) rl?tetetnozar?te o‘??&lﬁgwe&mg ln

reduces the freqguency o replac cat
pr obl em obelbenwerdsetheanian ¢>schamq3@smp\u$ puerdimey a:rsamtgahdlﬁmh tf maeagenand

swel 1ing. {dhtrol catatyet Morm%éém atmﬁd@wﬁr&és@ase& Fe%ﬁn' Siveling s Beeh tine,
maki ng it dlffICU|

control erformance. i n_an
haust 71 al GsseyiEaio s Fneash A TBAEion AP RS b ERbeonsbERiRsY e ascionpr
function ofhercdatiinationtof apditivdsasdesodbdd hereinaninintizds the resiimsweliieg problenpés

th mbi nat i f ' d h th

suel |1 g pruBraes 4o R SbVESoATNGR IR al 11 ves or only one addi ¢ ve.
Surprisingly, cSuopmisingly, compared to othet teactoy fypes, usinga cambin_aMmaltadnllmves has
addi tives Bas, found to %%Be fu%’n‘%\t’e mﬁ&oﬁﬁ@gﬁ% sWéﬂmg Y S@BT\ e&‘&{‘inpge L{ Jufieh Of

ani on exchange resin catalyst under epox ro ySI'S
reacti 8h cBerH'S HBsRy epokide diyRrias repetion; conpdiinng b igdnown thationexchaege and

sol vent E | c ﬁtb%éss'e[%'hé?ﬂl Wsé eatoa%xh@a@&bbms tdéwell YIS §be %M\hélhr@ls' S
rever si e e en

Condi £1 ons Feyrabie, A6 Slenlor SWeiing, D finlisy . HBwedE, ubileh qopiies g Alkylgng wide
ani on exchbydrelysissespeciatip E{shydrolgsip ceniardéxchange fesin catalyst unebtpentedl;eé.vyellsnd

| rreversi bké{nttn?xoaét)g Lrtﬂb trP%Je‘?é?m% gﬁ‘hnuré&ﬁ%%&{m ‘sﬂH?HénunHﬁué ”hﬁrﬁﬁef%élhﬁd‘@an

can 30 create 1o
pl uggi 3¢ ameeate g@blqmggmtagq tn@ustr@i situation, such as reactor plugging and a detrimental effect

on selectivity.

Preferably, using the combination of additives of the present invention, the rate of
continuous, unlimited swelling is reduced by at least 10% relative to the use of a single
additive or no additives, more preferably at least about 20%, and even more preferably at

35 least about 30%. Thus, for example, if the rate of contint:ous catalyst swelling is 1.5% per
day using no additives, then the rate of continuous swelling using the combination of
additives of the present invention is most preferably reduced to about 1.0% or less per day.
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“on‘'selectivity., Preferably, using the conbination of

addi tives of thegﬁr esent invention, the rate of cont i peOUSos28e8si M t ed
svvelllngl d by at least 10%relative to the use of a single
additive or no additives, nore preferably at |east about 20% and even nore

preferably at | eas ab ut, 3 X f of
cont i nuous cata fcqur E?Fgoflcé'?aﬁ’% %@?gw(ﬂ eSe%‘ﬁ“f‘% l:’no a Wstes, then
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OF  cour se,0.9%cparaley, arfd evenangre preferablyiless then P-84eprnd@Yupon the specific
catal ysf. MBS 6'the H@ﬁapémﬁ# c%f'aﬂ&”nta?é’s“ai?@pﬁo@i'd@ﬁ Qé&ﬂaw}ét’ﬂa Sxidetarveedion

havi ng "a hi gher activity era rate st swelling is
reduced toancbagn@aib)ﬂerp/alw SQlagﬂvﬁhng%rcwtémv%r@PQ g %“2@95 ﬂ‘ey amoury %§o;, per
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defi ned aSoﬁ'a@cammﬁd tofform a given jspodectalividédisy thi astal reimbea of mdles of alkylenet her

d di vi ded b
e ect 10 1 g conyelieh 16 afPYktp. i BVorR is g, o the pRBnt fugrilp, 1 c™
oxi de conss&lechvitpfdrcbhemmngpmmnq@mumdmm detimally higher then seleativity é@l’ tbP ol es

of al kyl enﬁ ﬂigr eg e converted to all products. In the hydrolysis
reactions IP h% resent i nventi on, sel ecti V|¥ty for the noal kél ene
3

gl ycol product lmhgm::fmaldlsyloawgﬁ@rem 1Hhesesef|skiltin tietayt 3rg capaple o pt'"H‘T-'B

glycol's.  process conditions Bud Qemenﬁferétﬁ% Erie8§tre SaHdwater t@ldmylénbcﬁitﬁecréu@kl Il in
the art ar capag? P

t enper a$ ur epw%w thgfﬁti’l%rgétzsiﬁr{g‘ﬁ‘d’t'y%l%ﬁg“%& @‘8”&51%9%}3?’%%% %ﬁ‘%&?ﬁﬁ"ﬁds
upon the r twrdaw irStNe rangeLtf ifohzatmbit 8 @ tabbout 160 0 giveferdbly fremebputrb0 °C to
tenperaturg, e1f38r &b%& fed %héﬁ' Blje@%t}rggi %éﬂ%gf"&% e TaM SR UL 13 thaplofit about

150 [err]C, about 130 [err]|C. The
reacti on priesdlkRa,ipsefgmbiyr &0 Paitn abbet 508AKEaof about 100 kPa to about
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invention w || Béefinventien WtHIb&rfDﬂﬂ'll%@lﬂﬂﬁe‘bbY:G@P%@ﬂra'@%?fﬂ?ﬁ fojlgwing GP‘?'BWeﬁg
exanpl Oseof aihedntionf the use of the
I nvent ?on %\Quch"g}b%ﬁde%tb%%ﬂj&)deié?nﬂ?ﬂy%‘ﬂﬂ?epar ation of the Catalyst

The cat al ysgxaﬁgsl n the exanpl es was DONEX MSA-1, chloride anion form

W th an exchange capacity of 1.3 mlliequivalents per mlliliter of

wet resin. The cﬁ}ggg'méfqmrcafalgﬁ the resin was converted to the
bi carbonate formy Lol 3 ublh hfe SXAMESRas DOWEX™ MSA-1, chioride anion form, with

an exchange capacity of 1.3 milliequivalents per milliliter of wet resin. The chloride form of
25  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, 316 Stainless Steel

tube. Heat transfer fluid 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

30 spaced junctions was mounted concentrically inside the tube to measure the reaction
temperature. The tube was packed with 20 mi of the resin catalyst. Aqueous and ethyiene
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.

35  EXAMPLE 1: Operatioh without any additives (comparative example)

Feed Solution:



Description of the Reactor The reactor was a jacketed, 1.1 cm

I nner dianeter, 23 cmlong, 316 Stainless Steel tube. Heat transfer
fluid at 9%O%BIPE was circul ated through the jacket to nmi REHPN8Z5985
const ant, uniformreaction tenperature. A 3.2 nmouter dianeter

t her nocoupl e erF‘h si x evenly 30 sggcgd j uncti ons was nounted

concent ri cal | y TPR§Hylengaxide;faed was RE st PeretWih anciippwR amount ok GRpanditig e.
The tube fezd rpteokaxi8.Big/in Phe atueolss fduel wasthghasf dkipaized ACOSfrEe watst (€8 i ene
oxi de feed ShLeanE wene punped at constant flow rates, m xed, and fed to
the react or. dhe: PH /- )'reactor was operated at 12 bar to avoid vapor
formati on, %‘ésul@.(AI\/PLE 1: Operation wthout any additives (conparative

exanpl e) Feed Sol ution:
7 5 The productsiweretangalyzedby gasichromatboraphy Jor. eibylens exide (EORmono-

ko gy SIS e QeGSR ) Ao s

feed was 64 g/ h of deioniz )
r esi st anc Begipning ofthe experiment, the avergge neggtor temperature was97,8 o@UEPLoRMersion
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geéi nni ngl\g/Fet% tl??{b&b}yeﬁﬂﬁ@a?éje%ﬁ& 5@@52“?%@%’@?‘9%{'&%@?8?{?@ %Eé%c.)s
[ elr r] @ EComsumvet toiform a given\wrsdutb divided b tisetotal mun’ibblyoﬁ/msleﬁﬁf B® coBEéi’tl el\(/jb tlo

el ectivi . 29 n 0% ar
2ol ecti vi %¥ Pl éﬁ%’?ﬁ g‘%&%ﬁ’ﬂ%ﬁ%ﬁﬁ“ﬁﬁ?ﬁﬂ‘&?s%’F °§§?“e’ biofselegtyy.
consumed tetalyst deactiyationn apd tasircexpainsiote Aftbi42 taysi theaksin hat exparideddbes off EO
conver t ed 15Gn) were réthbvedf 450 i wz#aererdégewﬁo &{éﬂ%b&&ﬁ %iét?ﬁ é%%,gb{? ééSIIQanded

measur e conversion, selectivit atal'yst deactivation, 2

expansi onresin had expanggddo 49 mu; ilda@i wewﬁn@xg%ﬁa%ao 1 wese relcaded into thie FRaciesy e
r elfTDVggldaMten? 953 daye E&dw%ﬁaﬁkgédd f'téé@ Zégéé?wél%a‘ghgﬂéed B 30% t&é&nﬁé&éﬁd (tje fggem

rel oade esin had, expande , re repoved an

were rel o&ﬁ?&si FRBova,and gﬁ%‘%&?ﬁ"’“ﬂ& the F'r%B °f1‘§§ "d‘a&)‘?ﬁ daye). e averagesepetof ced
rat es wer demperatire wag 950240, EQ oopersion was 86.4%, EG seléctivity vas 85119 | DEGd
deacti vati . e, gHd ) . aG .

t enper at ursg[é&/g@% : 24'F2°t’ P E%:TEE%%%%\\;& r s?%ﬁ%ym/gsﬂ%%&jﬁ}?ﬁ E@ﬁg@? g%tﬁ'\‘/rﬁ rquéesd
95. 1% DEdpr the catplyskta pse BQ%\qf §s achity) warideatemnised tache 331y days. Thegemaval of
catal ygt Rhaldiyst] drRngé irfaveraddd Ratt@fitEnipature, and REduklich S3E&d Matés Werd ABumBHo

of its activ_ltlewasdtermne be 357[err]7 days. The . .rempval of 20
catal yst, 'eH8 fm'%ﬁwﬁ&alx%ge@-ﬁfﬁ- ﬁ%@%’ﬁ@ﬁ*@deaﬁ&af g0 {80 19p/dpked
rates were accounted for in determning the catalyst half-life. The

resin expanded at a rate of 1.5[err]0. 1 % day.
EXAMPLE 2: Operation with CO, only, but no organic or inorganic base (comparative
example)

25 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 aqueous and EO feed had 0.014 wt%
CO,.

30 Results:
At the beginning of the experiment, the average reactor temperature was 96.6 °C,
EO conversion was 80.1%, EG selectivity-was 98.4%, 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 half-life and
35 swelling rate were not measured at the conditions used in this example.



‘EXAMPLE 2: Operation with CJer]r only, but no organic or inorganic base

(conpar at i exanple) 25 Feed Sol uti on: 98/25985 1N€
et hyl ene ox\&is(agg/?lé%d was 99.9% pure with an unknown anount o Cg&serr , and

t he feed rate was 8.2 g/ h. The aqueous feed was 64 g/ h water

The  combi HEdEEE S, SREcadfhNaOH 285 bUP Gs(EommidiiscpBiipp® 5™ (P 4 Y-
Resul ts: Feed Solutidh: t he begi nning of the experinent, the average

react or terrpera‘t'U'r'e—war’% 6 [err]C, EO conversi on was 80.1% EG
sel ectivity was'hestaygnepmdsie taed was\29:8% aure withean unknawiramount of CQepadtheyi ty

0.03% Thge&Xpfs waeetz g{ms metaqaaakl f@é@aa@m b)?\%éiéﬂmr?@ pel wt%msadl-?@-ui@ﬁz}. he
cat al yst activit omercl a I Nt er est t here ore,

catal yst hdIeream® ‘é?da?ﬂ:!‘egﬁs a%&ﬂfﬁ%h?"a?@\%%é"% measured at the

condi tions usec] | n' t hi s exanpl e.
8 E 3: Operation with NaOH only, but no CJ err]
(conparative exAftgitwd days of feeding the N4l sSlafion, therdverage reactor tempéfaturétWgl ene

Pecd rato Yt G 20 ghietifin Wab b S adPAle SFad 7, BE) legtyidy 92,78 DS o,

NaOH ( pH lseleglivityowasTh6%; ant) iTEEdsadentivity@ 35%d Aaerfvmerdoneataye tbe resctorNaOH.

R | t 0

a\e/Z ;Jage  Jemperature was’A‘Jntcﬁé%gte\ﬁoEéaéﬁﬁv&glgﬁj\%?'g'@ }&rl-ﬁ‘t%ﬁ onv WSAF 'gg %DV\/%{ If"Ef?

maxi mum of sebastivity wa@ 8. epd TEG %lmgttm@%%mm was stoppechat that; noy't\bsgaqsee%
and TEG sehe ‘éh!a?sf Na@e%%ed\ﬁﬁ@ﬁomﬁ@te!ym@d 4Vreactbs) %ér@@&pﬁr@flerﬁlgg flb® 'ﬂﬁ’r%héﬁ ure

was unchanged conv., EG sel ectivit
Sa oot vi o Gatalyst bl THRMAReSGHFOImE Wes 85 Tdhe PHRATFIOR rageiaS bSOV at
t hat poi ntTHeeeAslgst half-life wae6 020.dldags. had expanded and conpletely filled the

reactor, thereby preventing flow through the catal yst bed. The final
catal yst volunme was 28 nml; the expansion rate was 7. 7% day. The
catalyst half-life was 6.90.4 days. 15 EXAMPLE 4: Operation with

Na[ er r | CO RXAMPLEI4 Qperatienr with Ne,GOwonl (spmparative 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 with 0.03 wt% Na,CO; (pH 10.5).
20  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

25 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.

30
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

9



Feed Sol uti on: The ethyl ene oxide feed was .99.9% pure with an’

unknown ampunt of COerr], and the feed rate was 8.2 g/ eous
feed was GXV%?%'% er with 0.03 % Na[err]CJerr] (pH 10_5)1)2'1‘%%5@?/%%%’

conbi ned aqueous and EO feed had 0.027 wt% Na[err]CJ err].
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was at a awmpkiofun®,cinddbe 8l de@birelddeed had §.00AvtBECTLANdIEGT wit% Na@Hecti vity

was 3.2% and TEG selectivity 0.06% After eight nore days, the average
reactor 25 teRgsultture was 98.7 [err]C, EO conversion was 98.4% EG

el _ < ; | it
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was 3. 9¢ .Ine ca st half-1i .

S aNDLE oSt deaciVatins NG TeSEy BRRRTIPR A" SRR (BLSsibpa Srpantied R
FeEd Sol utlﬂmlwer? removed and 20Tinewerehgloaded into the réastar. WEerQ??Ql%ys)uh_}_eﬁwufeIrh an
nKNnown a 0 . e agueous
oo s BB B floa riteS Webre rdlfided B pso6 35 colBEfedi€ dF cARfisF remdlalland "¢ 2

9 10  deactivathan. [ At the @ndofithe run §180gaysB theyaveraga teactor tamperotee was@6I80H.

Th nbi Red - Todro, - ' f eed
T 600 CrEOLURMISIONTRE 7, EG sohclllyWasodlsw?BEC siiedihvad 939,27 T o
After ei gfEGHEsectivity wag9104% pEhaieatalyst halfdife,was delermingd tobe BBddyedansuTdenas
99|- 0 {_er r t}é}no&an oE&tﬁ/@QNﬁ'&dSr;brg%ctibﬁ%f %édlq%etsﬁ@_ré Qb&ﬁia'téd fo¥iﬁvu%$er%i§§/qheDEtG_ g
sel ecti1 vi 0 n . sel ect1 yi . % € run was conti nue
o 180" uihehREndn ! DR Tesio sveangra Eareil bk a¥idly. L ol voy

deactilgation, and resin expansion. After 95 days, the resin had expanded to
31 nm; 11 mM were renoved and 20 m were reloaded into the reactor.

After 157 e : E : cﬁtﬂﬂwc NG
conpensat e orl"l(':éa[é a1yet r'oéjrrvg)'\t/haﬁqgﬁﬁg&%@mﬁgggé |§§¥$§%Fac& 1 (gq;ec%a of %?g run
(180 days), thgaM¥ddRnf eactor tenperature was 96.9 [err]C, EO

conver si on was - 900 sel ectivit s 98.5% G sel ecti vi was 1.5%
oa S OTeR S ahisattiens o gt ous, 28,44 puis ity 2p UREIGWN aeuntek SR andhR oy
to be 394 Teathiate wdb8.2 g/h. The aqueous feed was 64 g/h water with 0.024 wt% NaHCO, (pH 8.1;

20 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:
After two days of feeding the NaHCO, solution, the average reactor temperature was
25  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 ml; the expansion rate was 1.1%/day. There
30  was no catalyst 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.

35
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renmoval of catalyst and reduction of feed rates were accounted for in

determ ning the ‘catal yst half-life. The resin expandeq,
0. 70. 04% d¥{.99/31%3 EXAMPLE 6: Operation with NaHCO err eqU| va nt to
equi nol ar addition of CJerr] and NaCOH Feed Sol ut I on:

lge et hylrgﬂg 10)@%&%;}0\(\@%8@@6@% ggpure with an unknown anount of CJerr],

d at e was The aqueous feed _Was 64 g/h wat er vmth

0. OZf-rV\u Se-NeHEESE Calr ‘9/;} KIL:HC:“ 1,Th ah:qnf\:zxf;czr’t“ :t‘) IS. bh’hut |ﬂUII LII U. Ugo Wl%
0031 v BRBFRRERERRMER o G S0t fion yior 0 081 ot vl 100

O
wt % NaO—|)Basea ded ; Result 1?‘8"950|“°"Ieon 'Qf\él"s"‘Af(‘g%2 A%%”]N jéggm
the NaHCB2se i1 feeddwt’) he aver agd react ®r te W at uP@ 998 5%
conversi deed@s at a nmaxi mum of 8. 29 4EG &ivit % -
sel ect i vilnitialemperature §6H TEG s&?lﬁech%ﬁy 0 52‘% Af fow9 re d 899 t
react or Final Tetnpersdurat((CR was WEichanged, EO conversi on and 9§ col
sel ect i viltitislEOeorversiom@aped. M%7  80.1run 98ds st E%%d at 9Bt poPh
because tHisal GO edrwetsidre@lver hefied due to |oss of water 719 supply. The
final catigkizlRG eeleotigty\ (% 21.5 98.8 t hes.dxpa®ifon r 867 was DBB % dap8.8There
30 was mngE@bssettivitges)®i vati a@s.fluring the run, so the hal9B8ife could not
be deterﬂhu&ﬁlﬁbseselectw.ty (%) Theqfol |l oweg tapbe i s a.2summary.2of thel.2

exanpl es.riddipeekeettivity (%eps at 480 days can be directig conpared
because t|jfia ggrégﬁm %) Was P4t t hozsanmy s eacho@exanplospl 39.02
10 Fmal ECt ity )"sparl sgy of Exanples 1-6 004 Exanple:
}égf[] felifife (d s)'3 d %717 rf‘d[e”dosioa, 125103 3948 n. d.°

o " Swe Faﬁ Fe ( £01 $.d.°0-0¢494 0 39  B7i004 0 934
0. 010 ﬂo“.\dﬁ’fﬁas Na pH 7.0 4.4 11.2
10.5 5 7.0 8.1 Initial Tenperature ([err]C 97.8 96. 6
98. 4 98. 3

Compareg ?o Q\e systemg\ﬁith5no 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

10  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 6) 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 CO,/base additive system maintains the high EG selectivity for several months,

15 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.

20 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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Final Tenperature ([err]C)[err] 95. 2 96. 9’

Initial EO conversion (% 95.7 80.1 99.7 99.8 ' 97. 2
Final EO cHNRMH¥MBn (%b 66.4 PCHUSIa5985 71. 9
Initial EG selectivity (%9 98.8 98.4 92.1 96. 7 98. 8 98. 8
Final EG selectivity (%9Yb 95.1 98.5

::fli t : a:DEgEG ISG| ?pt !Nﬂ)rbﬁtgs{sofﬁ)r prbp&jfngGallkylﬁne glydol®which compHises reactinlg ah alkyle_riész
i na sel ectj vi. [ . i . - .
Initial TEG seqXéd&W'W‘e' té% B?q%e hﬁﬁ?ﬂce obAmnion exehange fesyyand a cogbjiation of ~ ")

Fi nal TEG sel exiditives,whebgib thedc@nbination of additives comprises carbon dioxide and an 0. 04

Catal yst hal f-|] : el i i - d.
Cotel ot 1l { < OEASmgALE priods o ldon gty €34 fye 1, o
Conpakat i ve eXaa@ios mixire betesn aboul 5,8 gnd 90, aith twnprguipe thatawhen thgtbase is

determ ned.  picdrSéridte OFlEBomte NAEIIHLAHiIdN exchange resin is a trifretyPbéfyf O t he
systemw th no feed additives &Eéarrpl e 1), the %Qerr] -only additive

syst em ( Exanpl @nPeniHEanion-exqhg(ige resiit- al yst activity and | ower EG
selectivity, and the base- only additive systens (Exanples 3 and 4)
has nmuch 2 owerThHe(pracéssadficldimyl wingteindh@ kbardbn dioxidelis prelsemnteasadissolvedilbabfbdn gher

swelling rate. ,T | r..t.he r.]-onl di t.i e 0 nor
t he base-only %ﬂ&%%gég‘ifsﬁwgl{a ¥'8?’ ?&%ﬁéﬁ%@‘g&o‘%gggaéaitfi?gﬁé\?'\jctagﬁq}no

addi tives. However, the conbination of CJerr] and base additives or
its erui V&l ent Thesprioressrafdiaime1 wherein theaniansof heaanioregxgbaoge hsin eansist al
unexpect ed be | : ) Jh%‘t% i | sl wth
only one of tE%??A%??ﬁé@g%%ﬁ%ﬁﬁe?r%o t gﬁlgﬁszt% gﬁo&at{eﬂﬁﬁﬁé{s éﬁg??iiag/ees, t he
conbi ned CQ[ er )iehsa b2 gambinatien t1eEedm mai nt ai ns the high EG selectivity for
several nonths, 15 increases the catalyst lifetime, and reduces the

catal yst swel ITmn%rroaésh of Qi whiegliin frieCatindr] exchange fegiUs bagedoer polystirene
activity. The co !i'ﬂ(te?% C&@r.rﬂéepase addi tive system gi ves nmuch hi gher
catal yst acti vifP§> AYYHEYNERS &t i vity than the CO err]-only system
The conbi ned CJ err]/base additive system gives nmuch hi gher EG

sel ects vi 8y an@he progesssef Claime 1 awhgrein the aniemeexchange eginds ptheqivatarnary t han
the base-only gs¥aiddfim §e ilhtAmefiyPBsHATPAhMoRiunt r8upglvention will be
apparent to those skill'ed in the art froma consideration of this
speci ficajgion ﬁ‘ Er actice of ih i nv&nt I on di scl osed herein. It is intended
that the Speci fN®RIICEHS AhalX %ﬁ\eée'ﬁ S .YHanin oF INgraanichasscOTIPYIses A Fomppy

]E hlel true SCFp_eselected from alRylaminesf pyridine| alkalhphosphates,nalkalirstilphatesdl aligli t he

ol | owi ng cl ai _ - . S [

al kyl ene gl ycoggmﬂﬂ?tgﬁ aé%%bﬂcfaggéﬁa}eesa@{klaﬂgeéﬂ’?\gﬁrrkogfﬁgh%mf Edmithatibnls tﬁ%?(?fde
wth water in the presence of an anion exchange resin and a conbinati on of
addi t B&¥es7- whelbe pracess ebalsinn Stwhenein theaerganic o inosaamin baseds sedivprhydraxidede

and an sodiumassthate, %dihitﬁ‘f]tgéﬁlgﬂbﬁat&%anBiﬂbﬁﬁﬂoﬂl thepdbfanount

sufficient to maintain a pH of réaction m xture between about
5.0 and 9.0 Lt h the | '
8.’ WLﬁ'ne proces E)P &azsrr? 1tw %tréin\méa Qlk)tflgr?e 8%33 isI e%hylene oxide or propyiene

oxide and the alkylene glycol is monoethylene glycol or monopropylene glycol.

9. The process of Claim 1 wherein the carbon dioxide is provided to the reaction in an
25 amount between about 0.0001 weight percent and about 0.1 weight percent of the
reaction mixture.

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 alkylene
30 oxide is in the range of from about 1.1:1 to about 30:1.
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"bi carbonate or carbonate, then the anion exchange resin is a t,&i}gmt hyl
benzyl anmoni um ani on exchange resin. 2. p nByg8Ccess
of claim 1w 9e943é?3ﬁ t he carbon dioxide is present as dissol ve%r carbon _
di oxi de, gaseous carbon dioxide, as carbonic acid, or as a s?lt of carbonic
acid. 1 3. I m.1 . wherein the anigns of the anion
exchangeqrzési Iy %rg%-gl?ssf?F Bﬁﬁgﬁn&&k%&eé&%%s[ Wﬁ'fzrl1 GOrBPNSTR "6 Wgéﬁia&ﬁ(&”e oxide
bi car bonat e amibrwatetiathe peesencndf@nsanidmyekcharigaaesin and a co\Thbinatibh Qﬂﬁddimfe_s,a
conmbi nation t i A r S0 L. . rein the anion
xchange res WL the combindtion of acthiel' cBhiEhSe barbbitlyBihe M 2R b o
di vi nyl benzendhorgamc base provigpd inarpaaewnt stfficienl tmmaintaiaraiesint sweliagirate of

exchanrge resi Nnedsthar 1109 SUgdyer nary anmoni um type wth
trimethyl benzyl ammoni u?n gr oups. 6. The pr ocessdof Claim1l

wherei n the organi c or inor i ¢ base conprises a conpound =

sel ect ed 'Tr om 'ALIRIPEETE D @?a"ﬂ?&m%ﬁ%p the embinating opadditives igPrexided §uarphat es,
al kal i amount suffidientad esaintgihleadH ofthé AsdeasRinBeure Mekiddn dB3LES.0lwd i de,
and conbi nations thereof. 20 7. The process of Claim6 wherein the

carbonat o s L iss o SlaP a2 Vferh Becariie S theariomexchgnoe fosin consit e
process of d aisserttialiy of kalogentaniansklyitarbenate adiens, cadnatecartorsx hytrodde I
Dropyeene 1 &nions or pSHbABA Hgebl 2kl ene ol yool T s monoct hylene gl yco
car bon 8io§¥de I S provided to the.reaction In an 25 anount between
about 0. 001 vidheqipcess of Blaimdrwhesin thecanioneschangsyesivds of the quaternary
reaction m xt Wnfmonium type.10. The process of Claim1l wherei nt hehpr ocless

[ onducted in an adi abatic reactor system an i sothernma
IrZagtoru te ar compi nati.on thereof. = . 11. The process of Claim
1 wher ei ??t hen?’r?& Pa??%saeﬁﬁlawg "{‘}E{%@}? Ygani peiporggnigibase sormpriges a oxi de
is in the rangenpoufd selectbd fromlalidyldmines, pyridihe, HKali phosphates, alkali st\gﬁlhates,

12 45 alkali %arbonéﬁe%rﬁﬁﬁ?acgre@a%s? Bﬁé\lji H%ta%ylf(a/rlo%gee, a%ldyc%?r{b?na |ori1§ h
conpri ses react;t‘érggf.an al'’kyT'ene  oxI de

17. The process of Claim 16 wherein the organic or inorganic base is sodium hydroxide
sodium carbonate, sodium bicarbonate, or any combination thereof.

18.  The process of Claim 12 wherein the carbon dioxide is provided to the reaction in an
20 amount between about 0.0001 weight percent and about 0.1 weight percent of the
reaction mixture.

19.  The process of Claim 12 wherein the process is conducted in an adiabatic reactor
system, an isothermal reactor system, or a combination thereof.

20. The process of Claim 12 wherein the molar feed ratio of water to alkylene oxide is
25  from about 1.1:1 to about 30:1.
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with water in the presence of an ani on exchange resin and a §
additives, PCT Wh evoeLIINTENEECOUAN BitaRitry ORGaRfzAIGNi t 1 ves \GEES .
carbon di oxi de and an organic or MemationalBuresd 6 ganic base provided in an
amount INTERNATIQNAL ABPROATION FUBLISHEDUNDER THE @ATENE CODPEBATION TREATY (XY)

t hals 1devhaB&kl PIRM Classification 4.5- The prpo OT. m TZ Whereirn t _

corrgi %@Zﬂ@@& additves i s provi eAjti(ﬁﬁzﬁ””a{"’"&lp?’{’h““°“Nm'lg'ﬁ‘bunt SW |9(?I_,39119§3

to i pH of the reaction i q@m;,mrpuﬁ?gﬁ Date: 0 aNd4 Rindr999 (24,06.99)
h + o e—ani-onexchange |

aln ha _ani ance. . n
e+ He—aH-0hHS I

14. The—protcess—of—Catm32—whes t-he :
r €S (Br) GiRstionhl Application Number: €S $EfHido@hshak | @) Akt OEWIAK) EIRbEHh, THIPRAL DHI FI0CBox 400,
ani jons, carlbong'?:a gni ons, hydroxide 10 Plaqgming B4 707650480 ®@8nbi nat i on

t he (@ {nternational FilipgDate: The8 Qegepsben 1998 ©5.12804i m 12 wherei n the ani on exchange

resjn is of the quaternary figmni Jm.typ rgigﬁg Th

Pr O[S Priddity Batai M 12 wherein the organi c_(gg_ ?ﬁ%w%aﬁlyséf%éé@zAggA . ',%,B%%g:gl};:
conpounds®ed Bzt ed f nobecadbleydoansims) i di nesH, aMKAR, IHUPIH 8D NG 1L v, X8, KGIkP, KR,
sul phates, 15 al kal i carbonat es, }al kalKZ, B¢, d¥r &R RatIFsLU, AVKED] MG IMN,

hyd i ' ' . th , NO,NZ, PL, PE; RO, R - S
o Pl R 51 @ e, ) S o T o ot A BOREN

sodi um c&$ bonat e, sodi um bi can/bEEBRIEON)Or an\EuagR bittRAAMNEZ, BY) | MD, RU, TJ, TN
The| procBssenof O ai m 1218Rsesoksr 1991 Bel2@Ar bon  dRurepngatesit SATH BB \(HI €Y DEODK[ES, FL R,

reaction in an 20 amount bet yeen eﬁfo(ﬁ}'é?:‘&é M&g@ﬂémwﬁ@
abojuty) Rpplicadfof) Bt deR@ieLIres Oeept 116 THE DOW o) RYCTI On i Xrure. ™ ™ 9.
The| pr ocEERMICAL CUMPANY UB/URH 803@Paw Cedie, Mid-0Ccess i s conducted in an adi abatic

regct or !and, MI4674(US). system an isotherful reactor system or a conbination

11 1 . .
t NEreBPinventors; ana  20- The process of O afmh %'%%f" t}mrllal}eprq”rrgrlt'ar . feed ratio
of |} Bbentor/ApbieaksDEUD Hilyfl ESTRECKZER, Ghety, G| aboutp,g ¢ xp"rgio@-bqiﬁ timd Vit ‘for amending the
[US/US); 1306 Woodview Court, Midland, MI 48642 claims and to be republished in the event of the receipt of
{US). LANDON, Von, G. [US/US]; 1302 Wildwood Street, amendments.
Midland, MI 48642 (US). LEE, Guo-shuh, John [US/US];
10 Burrell Court, Midland, MI 48640 (US). RIEVERT,
William, J. [US/US]; 5166 South Pine, Beaverton, MI 48612
(US).

(54) Title: PROCESS FOR THE PRODUCTION OF ETHYLENE GLYCOL
(57) Abstract

A process for preparing alkylene glycols including reacting an atkylene oxide with water in the presence of a combination of additives
and an anion exchange resin, wherein the combination of additives comprises carbon dioxide and an organic or inorganic base provided in
an amount sufficient to maintain a pH of the reaction mixture between about 5.0 and 9.0, with the proviso that, when the base is bicatbonate
or carbonate, then the anion exchange resin is a trimethyl benzyl ammonium anion exchange resin. A particularly preferred method of
this invention is to react ethylene oxide with water in the presence of a halogenate or bicarbonate~type anionic exchange resin (such as a
DOWEX™ MSA-1 type resin), carbon dioxide, and sodium hydroxide. Some advantages of this invention are that it provides desirable
catalyst lifetime and activity, minimizes resin swelling, and provides a desirable, sustained selectivity to alkylene glycol.




