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One such alternative is a heterogeneous catalytic process such as the use of a

selectivity-enhancing metalate anion-containing material. See, for example, EP-A-156,449.
Typical metalate anions consist of anions of molybdate, tungstate, metavanadate,
hydrogenpyrovanadate and pyrovanadate. Such a process can demonstrate acceptable
conversions, good selectivity, and a low waterlalkylene oxide ratio. Moreover U.S. Patents
4,277,832 and 4,982,021 disclose the use of a pH adjusting additive to enhance the
performance of the metalate- -containing materials. However, a dlsadvantage of such
processes is that the alkylene glycol-containing product stream also comprises a substantial
amount of metalate anions which have been displaced from the electropositive complexing
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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95 C). blications (similar
to the halogenate-type resin publications) do not dispense with the addition of carbon dioxide

to the feed. According to WO/20559A, carbon dioxide is. detrimental to the catalytic effect of
bicarbonate-exchanged resins of the quaternary ammonium type and it is disciosed to
perform the pcocess in the substantial absence of carbon dioxide. However the process
described in WO/20559A suffers from the dlsadvantage of havmg an undesrrably short
catalyst lifetime and undesirable resin swelling at reasonable temperatures (e.g. > 95 °C).
One alternative for i improving the desurabmty of the aforementioned types of anion
exchange resins is to improve the activity of the catalyst by increasing the temperature at
which the process is conducted. However, one potential drawback of the aforementioned
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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One alternative for inproving the desirability of the aforenentioned types
of anion exchange resins is to inprove the activity of the catal yst by

i ncreasing the tenperature at which the process is conducted. However, one
potential drawback of the aforenentioned conventional types of anionic
exchange resins is their limted tolerance to high tenperatures.
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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 td 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
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.

Detailed Description of the Invention
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exchange resins include: Amberiite™ IRA 400 and 900 series (based on polystyrene resins,
cross-linked with divinylbenzene) (Rohm and Haas); Lewatit™ M 500 WS (Bayer); Duolite™
A 368, A- 101D ES-131 and A-161 (Rohm and Haas);, and DOWEX™ MSA-1 MARATHON
A. and MARATHON MSA (The Dow Chemlcal Company). Strong-base anion exchange
resins with trimethyl benzyl ammonium groups (Type 1) are particularly preferred for this
invention, as. are resins based on polystyrene cross-hnked with divinylbenzene.

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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such as a i i ates, al kali

car bonat es&ygﬁ@mgrgﬁéiggaét]%s“ d F% aﬂ(aﬁ@%'g? aﬁ?{df”%ﬂ B'Earb %8B nat i ons

t her eof . "REf@ldydroxide. andeompinatens, th%’ﬁaﬂ |"Basest @b junedihersin, sraltpe defiredtdsat , when
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i norgani c adium ¢

(Nazoos) © T LA Bac A R B o o e s Rbe d8-COmhe

organi c or® aWB‘rtﬂcﬁ PNERNEHCO.). 57 By enstpinatiomthetenb LThe eradrfic oriigrpariobaseiint ai n

a p]lc-| of bf hreovidegioh iao mmolnttsufieieat toanditteie a pH ditte @hctioR Midliredat @ loWwdHiifnit oltl | (.
refera : r upper i m

Phe o gant gy oo oGS aBbu B o8 Putprialy et d Po st pelbrr .

maintain &" ?)PTQBF'CPF\@WQF‘@‘&@?F%ﬁ Hﬁ‘?‘é@eér"eaﬂ @eurt Rafficient te qaikain o philmstite 9. 0,

pr ef er abl yeadtionmigur@, Ieanﬁbmr@uarteasé@bloyprew at70u98 OBynJrﬁér@rdHF]fQ&b&

of the re%%b@ﬁo”hiﬂé{érﬁ Syt ﬁparnt 8&”" ! mxturef cl udes

each of the conponénts ?% t° %38?’“ §y§'tsé'?ﬁa“FW8Ipu"b‘? F mtyrawsicht he

al kyl ene "63&5‘4?@ eachgf thp FRPPONgALS fedhts theredttinatsystamoincladidg bt least thefdikyiérgh

oper at i ng dxeleptheatatsresnd the goman&ﬁm oFhdditives | At h%%@%% g&dé?émrw eagdion

g;lcﬁgnggl ?E@"lﬂggre%raae kB regéflon ph%ee}l}\/a?mameé;‘ Et a lower Igvel toagvlo%nragld he 'on

degradation of the ion exchange resin.

The addition of CO, to water lowers the pH of the water. Pure water .r'\as apHof7.0.
Water saturated 'with pure CO, at atmospheric pressure and 25 °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
5.5. The addition of base to water that containg CO, increases the pH of the water without
removing CO, from the water. The presence of alkylene oxide and/or alkylene glycols has
little effect on pH.

The _aqdition of alkali bicarbonate (é.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



" The addition of CO2 to water |owers the pH of the water. Pure water has a
pH of 7.0. WAter saturated with pure CO2 at atnospheric pressure and 25 C

: contains about 0.15 wt% CO2 and has a pH of about 3.8. Water saturated

with air (which contains 0.033 vol % C02) at atnospheric pressure and 25 C
cont ai ns about 0.00005 wt% CO2 and has a pH of about 5.5. The addition of
base to water that contains COQ2 increases the pH of the water w thout
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NaHCCB) t%gse '{seééq'r(rargrgggeesrm? 1%y I§|d8'f'°’t’ ﬂfceiaqk c@F""I"F@rﬁ ALV aleRt isaddingh as 8. 4,
whi ch is ®RYIRIoRr ameupts of 60 end alaaigeydo:fxrdpl-thuél' higalchicaregnatd cdnfte comsigardaan

di oxi de ueornbmar@eaaua.t.wsea,etnaEmowmem&ona' kali_bi carbonate, then no
her nor e e addition of alkali

addi ti onal eg $ g
bi carbonate i s ' &ga7FYY"E takF C%(Hm%(e B fid: ﬁﬁﬂa)a‘P WRLRS iNFreases the@ efitoe wateal |
hydr oxi de frotnhiug tcad>\4eah0 Obivisiei isoRaWIENIT te daae@m&nglearqsh aThef&IBiR], BRAI on of

addi tives £@bndtb&. rmﬂéos??eoqs thbtsie LONEDES c%FBon-g.'oxr%d &l{r%%ltaéutggrn m?¥ Ben 7 0

car bonat e 9. ter increases tne
to over 2TRAASAT NYIRGE DIFe 3k Vehe preferred range of pH. Therefore,
al kal i car bon@ne empodinreht @it eivestibnastoldRAIOtHR predess fr 4 adidaliORadiopxi de
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reactor SJPBANS a@ﬁeggeeg 3§F'H2ﬂ eAﬂ%?G‘POd@ﬁnwltms ipventiop dcto@osduantreer i es,
W th or wrddetior iniaveattive aiglation Bloces s'i’rﬁﬂ?br% é’é}@&cﬁ@éﬁqn @@d"lﬁt‘eﬂﬁtronal Patent

Anot her - egpgg:g ﬁuﬁgertﬁﬁuéﬁﬁ%b%a?o E?Q%&E‘é’b%}'ﬁ he reaction In

reactive disti t I On process si BRSS)-PCT. | nt er nat i onal
Patent Appli capg Wmmemf Padiivesofnihg peBEnt(inventiorpresaltsad ahetatdiely 16ng

r ef er encetataiybaifaionEi Idabéatdhfst ﬁgﬁjﬁé is\(rﬁﬁor%fnt i iR &pér{:l‘éﬁ Q)teEgurler esults

inarela cat er catal yst
i nport ant F%d%g%ynthre?rggs?ncmﬂ%b'@rtgﬁp B'eec%ﬂ.@es it reduces the frequency of
havi ng to repl &®etisfe obsareddy especialipin &) eytraiysie haebeerashRast radin Sivdlihg E@

hydr ol ysi SthehﬁSrdbetﬂQ afidk eQéhaF1§§ l'e@m%mé bJ&Gtxmkﬁar@r‘i{‘@&nﬁ@Bﬁ g anagn(f% Icgﬂt (ol

exchange qver tinme

catal yst. E %gxlr crﬂ%{i ?maé'ﬁe ‘%WE&W%?”BF%eQCh Ssiswediag ﬁasmn i ng has
been di sE5eaieeas tP@el?efuacﬁbu ot teacrpndémperattd and E@ epredeatration. JRE abB&tion of
concent r atanuambmaoradmdditnés 8§ desE#&?ed%F%ﬁ Riith28s fofe réﬁﬁj&\kérrn Sprgé descri bed

herein nipjmzes t tsr n_s | em as ar ed Fft i ves or
onl'y one adafi é“ ‘ﬁrVF%P'h@n oneFHNEed to ot her r eact or types, using a
conbi nat i on of Su@dsindly.compared thethar feactndtypes, usity @ @ombRaticht & aBditige@Hdsnuous

swel | i ng péerBLRNG¥GNANEE 4t 5 nder xi d
hydr ol ysi 8 :rues%:r'% de(r? ¢ o é&nﬁrﬂ}oﬁé W f%nlon%g%}ée sm %até?)bﬁ??ﬂ’@ec ses

n_condi
and sol venfs causee%?ﬁ%eh y@?@ﬁ%@é"@%?’?@m@é §\ﬁe'F"1°W“T'I*ﬁt$°"t§)<|§eane swelling is
rever si bl BOCEsi@s Bne selxern tausk apioslekehange tesinsnd swell. THRYRYE 6, swellirl§ s

condi t i ongevefsitid, kil @tCer@ert @?swelhng is limited. However, under conditions of alkylene oxide
hydrolysis, especially EO hydrolysis, anion exchange resin catalyst unexpectedly swells
continuously and irreversibly to an unlimited éxtent. Such continuous, unlimited swelling can
create problems in an industrial situation, such as reactor plugging and a detrimental effect
on selectivity. .

Prefe?ably. using the combination of édditives of the present inventio_rl, the rate of
continuous, uniimited 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
least about 30%. Thus, for example, if the rate of continuous catalyst swelling is 1.5% per
day using no additives, then the rate of continuous swelling using the combination of
additives of't'n_e present invention is most breferably reduced to about 1.0% or less per day.
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" hydrolysis, especially EO hydrolysis, anion exchange resin catal yst
unexpectedly swells continuously and irreversibly to an unlimted extent.

v Such continuous, unlimted swelling can create problens in an industrial

situation, such as reactor plugging and a detrinental effect on
selectivity.. Preferably, using the conbination of additives of the present
invention, the rate of continuous, unlimted swelling is reduced by at

| east 10% r el at prekse. thlaea:@%@cﬂsnyﬁ svellgd Qil &Qdﬂa&bwﬁ tﬁé sﬂyeuféfééﬂa kves, nore
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nmonoal kyl en@cgqsmoﬂmmgnas temnsf:ﬁtwﬁwrbysme g!hewatdnacnalkseéreodndeirhyb for the
glr ?h:; egLéGéﬂeﬁdmb rﬂ:pbr‘l ?\Ftr;]eébftorts?ﬁelﬂ'tﬁ@egi@eﬁeﬂﬁ%@?ﬁghttﬂg% Klltpé}rﬁt)dgga% B?e
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| the ranggofieb! piatehli bocibaGo badEHS 20 C preferably from about S0 C
to about 130 C e reaction pressure is generally in the range of about

100 kPa to abouThe li@Gi6n Wide fmtrefr elaﬁﬁﬂdybyS@&bdslaarthn atxael foll bR ek&tapled he
invention Whiha FéemfeHEéJ't%rbng ?,); eﬁ_&é}% ggg@bﬂﬁ ﬁ‘%a of the follow ng

exanpl es, V\/m ch are inten exenpl ary oP the use of the
i nventi on. Ekxapekes Prepar ation of the Cat al yst The catal yst used in the
exarrpl es was DONEXTM MSA-1, chloride anion form with an exchange capacity

of 1.3 mlliequbtegbeatiomofitbe Cafalvsi | i ter of wet resin. The chloride form of

the resin was conyedtaips uTséb g BlaridiQRAiSoWeX™ (18h-1USRofide 4 BAATRHES -

Descripti on_ of .the Reacto
exchange capacnty of 1.3 milliequivalents per milliliter of wet resin. The chlonde 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, 316 Stainless Steel
tube. Heat transfer fluid at 95 °C was circulhated through the jacket to maintain a constant,
uniform reaction temperature. A 3.2 mm outer diameter thermocouple with six evenly
spaced jungtions was mounted concentrically inside the tube to measure the reaction
temperature. The tube was packed with 20 mi 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 example)

Feed Solution:



: ' d, 1.1 cminner dianmeter, 23 cmlong, 316
g]:i LfggtsorSt \évgls at{Jggke}—Eat transfer fluid at 95 C was ci rcu![ at ed Zhgo;grr:m
j i i 1 i formreaction tenperature. .
: the jacket to maintain a constant, uni I ction temperature A3 2 n
outer diameter thernocouple with six evenly sp N e
i i nsi he reaction tenperature.
concentrically inside the tube to neasure t erature T
i tal yst. Aqueous and ethy
tube was packed with 20 mM of the resin ca s an e
i d at constant-flow rates, mxed, a _
he reactor . ThE FEHERPHLEbpEs 58 6% mre L Baominona soislmeTD, 4RI L on.
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i on: - id eed was . 9%
819| lgolzonén%s%%gcéyep‘be/tle?gt gx:,vag 8.3 g/h. The aqueous feed was 64 g/ h of
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elg t \1Nere’ alyzed b as chromat ography for ethylene oxide (EQ, nono-
E{ﬁ anz gl ycoﬁfl\%ﬁé“at%‘x@gﬁwwﬂé’ Ry1 928 GhrorBR@raphaiat etyilereloxideE O iisry- Cure
(TEé). At qthyéenqo@mqhﬂ\m@).ufetﬂyiwe@y?gr(bgeﬂtsag?gig??@%ﬁ?;@%g,sﬁg@g %mtbggpera r
Sol ect ] vi Ly Ve p 5 Seefimsilihe Serkd (rafly” eperquse apifas . 6 comvasionr
:S: 23 : ¥l t‘éaﬁvgf's%"éi %éssiegéyitby'aai%ﬁ&ﬁ. BPEQ setectivityveas 102% nanderE® belB&vitg was uned
to form a lessvban p.loo%ucnnolﬁlriseia&ﬁdtybycél&waté@ﬁ)ﬁétminﬁiﬂe ]f"(;'?fbfgghﬁé'gg%{ s e
conver si or.orauted iobAPY Sy pfodficl RS < i Biimoes Mimolesiof Eoypweraso Al er
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a :
AqUEoHs a%g(A%ﬂOPLEeS Operation with CO, only, but no organic or inorganic base (comparative
exampie) :

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

co,.

°C and 1 atm (PH 4.4). The combined aqueous and EO feed had 0.014 wt%

ResuTts:

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 haif-

life and
swelling rate were not measured at the conditions used in this example.



" O2. Results: At the beginning of the experinent, the average reactor
tenperature 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 experi ment

was not continued at the sanme conditions because the catalyst activity was
too low to be of comercial interest; therefore, catalyst half-life and
swelling rate were not neasured at the conditions used in this exanple. 8

EXAVPLE 3: t le) Feed
Sol ut 1 on: SPRaTERt o1 SRl WA NSEH oy Blkoedop P mb AL SA R nown Brount of

C®2, and the freedskmtisnh Was 8 2 g/h. The aqueous feed was 64 g/h water with
0.011 w % NaCH R e conbi ned aqueous and EO feed had 0.01 w %
NaOH. Results: TAFIY "F\%'daé"fé"’ﬁﬁs*&/HPWQV{'Wé“Né‘@PW'UW%ﬁfC@h@nam age
reactor tdequnatewaseS gth. B shuebusHERCWAY B §havatetadthal 018 iBMADHSH 199) 7%

EG sel ect itgel¥mbRsd ggu%)@s al;?ggh o 28k B% bBII e WaoH - 6% and TEG selectivity

0.35% After two nore e reac tenper at ure was unchanged, EO
conver si on was R28ultd% EG selectivity vvas 91.8% DEG selectivity was 7.8%
and TEG sel ecti yt;ert 0342(%?f The Q‘Fg‘f S ped at that point because the
catal yst had ex B2%n ' 8RR %\ﬁr?‘?‘l‘tlﬁ’ hp @verag tegFtor iamneEtyrewasyent i ng
flow throd§H °G @&t’%{ﬁs@smase!da mExendm nfd9. %1 B geibctiviny wae 9nva%, B8gnl ; t he
expansi on se@tvitpaas 7. 675)%a(i'\GYTEG Q’@cﬂﬁf}t@{?#ﬁt A& o lﬂo@@dﬁ@%h@ rgé)%od' days

EXAMPLE 4: er at | on WI t“ﬁ}é g83 arative ex Zed Sol uti on:
The et hyl dHEPERHF FORYRIFIRN RS BO-R%. Eﬁkﬁ?&mv'ta(rmm 8%. D8R, and
the feed seigElitnass 8 az/o ikl TECheelentjuityc.42% cThe aswaS4taihEd WEtheY poit bBcdlsd3 W %
Na2008_(phhel Gathijst nad @

resul ts: L ) it E*ﬁ?bﬁﬁeﬁ%@?“ﬁeﬂﬁg&%?*Jrqﬁgffﬂﬁﬁf%%ggge»aﬁga@h
reactor t SNpe AT PEI-whie fireal cafalys bhev@xpansiond ateawasiiitibliay.09. 8%
EG sel ect iTWetcptalyashaifdifer Mps BEED 4slayectivity was 3.2% and TEG sel ectivity

0.06% After eight nore days, the average reactor tenperature was 98.7 C,
EO conversion was 98.4% EG selectivity was 96.6% DEG selectivity was

3.3% and 0 07%_The run was_ stopped at that point because
the cat al yg;%]ﬁ% gxéﬁﬁr ‘HWHNE&%I°§{yéF"§f“FH"?tf"é(fo'ﬁE'e)r eactor, thereby

preventing flowetdhsQuedn: the catal yst bed. The final catal yst vol une was 28
m; the expansggn rate was 3.9% dagyé -The catal yst half-life was 12.50. 3
days. EXAMPLE 57 é'Fa? Py fedivas 98 GYbPyTa Mith ansinknaw armauss of G andtheNa OH

Feed Sol utféasitate was 8 2 g/h. The aqueous 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
88.3 °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 m!: 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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The et hyl ene oxide feed was 99. 9% pure with an unknown anount of CO2, and
‘the feed rate was 8.2 g/h. The aqueous feed was 32 g/h water saturated
with 2000C32 in N2 at 9 23 Cand 1 atm and 32 g/h water with 0.023 w %
NaOH. The conbi ned aqueous feed had a pH of 7.0, and the total conbined
feed had 0.014 wt % CO. and 0.01 wt% NaOH. Results: After eight days of
stabl e operation, the average reactor tenperature was 99.0 C, EO

conversio 0 el.ectivi. s 98.8% DEG selectivity was 1.2%
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Oper at i on 3P &P REFICKBS wetguiesree by 26% te qormperisate faddditily R Rerfdvaliiy and NaOH

Feed Sol utdeactivaiidre Atth i _ % it h k

amount of 0By And ?ﬁ?‘@%‘f“i‘%@?%@?@% FRrass lHUG ihbstafih s 88564 o/
water with o.8f§ _ _’)&Mﬁﬁ o ss.efd'v'téq\tfﬁ$§|Sé/ntD&Q)sqe@iunmasmsw. thd 0. 013
Wt % COP arl&Cosaiectivi W\ 0%, Thid cataipstidialiifd \eablResnineans bE@biﬁedLgE'.a‘i‘hQ- 021

Wt % NaHCOBerh &y bivadt Ayt ah@r ' i 011 w9% CO2 and. 0. 01 W %
NaOH). Resylfs: iﬁt% tm@gg@lg%ﬁegg égevg% ﬂegt%éoll@ﬁg&ms"{ﬂ?mmmﬁhe aver age
reactor tSRRAPaIUF LSS wWhke 6§ expandetel 2 AR G TH04MIdant a maxi mum of 97. 2%
EG selectivity was 98.8% DEG selectivity was 1.2% and TEG selectivity
0.02% After four nore days, the reactor tenperature was unchanged, EO

conver si OEXAMPLH 6:CObe®BbL®iH NiLiEES nged. _The r was stopped at
t hat poi nt because t e cat al yl\g%m%gad eﬁ@gaﬁ%rggcfgﬁ'"ﬂﬁér ?%J'\PB%EE)P a'Wé!\f“‘ép"JD
iug&lﬁg Th_el_hf i Mﬂag_m :ys;év?)l umegvvast'_Zl. Sm; OIt he ext)ﬁnsi on rat et \r/1vas

1. ay. er €he B@§IeRO of s i.on durin e run, so the

hal f-1ife could ot §§e Sgért L el s s%ﬁe%%#”l“ﬁﬁ”r‘fﬁ"@ 13INquet of CQerARd {heof t he
exanpl es. ' The-s&fB& 7 9if i1be agyecus feagayas G4aih weter vith 62K B NaHO®JpRECRUSE
the EO CORY¥Y¥3eM o aasluidrowith 0.0€3 \'ti?‘él/lSTEOI2 Bn®0.0R1 QXBMRIOM). e I&pkiﬁec}aqueous
Conpar i soan@EokLedRALE 031 @t%zﬁgﬁebg(eq%ivgle%t @ a3oftion Qith 0%11 wt% CO, and 0.01

Wt% NaOH).

Results:

After two days of feeding the NaHCO; solution, the average reactor terﬁperature 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 _ﬁ}\al catalyst volume was 21.5 mi: the expansion rate was 1.1%/day. There
was no catalyst deactivation during the run, so the half-life could not be dete—rrnined. |

The following table is a summary of the examples. The selectivities at 180 days can
be directly compared because the EQ conversion was about the same in each example.
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Additional CO2 in feed (W% O 0.014 0 O 0.014 0.011 Base added none none
NaOH Na2CO3 NaOH NaHCO3 Base in feed (% 0 O 0.010 0.027 0.010 0.021
i+ Feed pH 7.0 4.4 11.2 10.5 7.0 8.1 Initial Tenperature (C) 97.8 96.6 98.4
98.3 99.0 98.5 Final Tenperature (C) 95.2 96.9 Initial EO conversion (%
95.7 80.1 99.7 99.8 93.0 97.2 Final EO conversion (b 66.4 71.9 Initial
EG selectivity (%9 98.8 98.4 92.1 96.7 98.8 98.8 Final EG selectivity (%9b
95. 1 98.5 Taple 1 aFoDeadisvelotExdrvidésy16% 1.2 1.6 7.6 3.2 1.2 1.2 Final DEG
selectivity (b 4.6 1.5 Initial TEG selectivity (% <0.01 O. 03 0.35 0.06
0.01 0.02 Final exkopigel ectivity1{% D P 3 U0F-Can atryst—ar =t re—{eaays)-
3577 n.-d. Addlt@ngﬂ-@04ln3e(e63(\&n9§ 394¢ 1. §o14
d. ~ 7.7 3B&eGdded04 1.1 a Conpﬁg,@tlv%,@(anm(% é‘l nab. valyjles ar
days. ° Nogasdah ededi(w@s) Added ag NaHCGES. Gr e 1671 heos em
feed addi tFesapH Exanple 1), the «(2-on ¥ adq|1t2| ve tem( anpl €; 2
much | O\Nermmajt'rﬁny;ﬁrata@t(pcy)l ty ang7§owe§6 gG s%qct [ VI Eé and e basgg-n%onl y
addi tive ssigdia@mpelt@apicgs 3 angs4) has much | ower sel eg vity
cat al yst ihtiblEg® @Bnvfgioraegyuch hggmer gqul |'i g - at e ggEher ef g nelgshzer t he
CO2-only arishl B0/ CorvBiida,)Mor t ggbase-only a d|t|ve syste goffer

advant agesmmaeaeiswttfzm,)wth ngg gddi pgyes. g %Howev%g the ggbl |natsd8 5é] i 6)
' npl e and 6

Cc2 and baseal &dsdiectiony @)° i t S eggly val ent as bi carbonate
provi des gsuarzEG vaexpRgtwd benafd ts wegsus pgsysten W|tho these
addi ti ves Foal DiBGhsedtiyityops® of thagse additives. Corrpar ed to t e Sys émwith

no addi ti veifial TH@seleawii 95d COdohase g@di tigassyst gygmai nt@pns theo gh EG
sel ecti vi tAmdl OECsexexiaty (%Nt hs, 0.3 ncreases the catalyst Ii Sf a

reduces t ataipdtadaydite (@ayah | i Ng 1381 Wi Qout i f y cin
activity. Skadingostei (PeshyCO2/ basesagifli tf we: 53312% g?%%airru% éﬁid’uhe o

activity anempagdiRe ekdmSET CEhaak
02/ base adduéd H@NSMSD@% gi ves nu)é"%yﬁf%ﬂgr "and cat al yst

and nmuch | ower catalyst swelling than the base-only system O her
enbodi nents of the invention will be apparent to those skilled in the it
froma consi dé&catratad tothet systemoyithoidf feed bdditive® (Exdimipled 1)Che @O, LMy ddukRat | ON

di scl osed skméxe\l(axadw&le Q&hésr}hﬁ‘dhdéﬂer cEHWst Saﬁutysﬁ'?a%ﬂr% L-.é%&'m‘%{‘d %é?ﬁ%pl © 08

.consi der eq gsadgmg s:fle @n b Wé true scop In{ta

Cnvention B % B% tef 2 apgd, |4} Bﬁ 'Hljc"b'P‘é(F"n%G sq_gctwnty and catalyst
hfet:me 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 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,
iIncreases 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 swelimg than the base-only system.

at al yst
at al yst

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 speciﬁ_cation and example be considerad as exemplary only, with the.true scope and
spirit of the invention being indicated by the following claims.
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’ { CLAIM5: 1. A process for preparing al kylene glycols which conprises
reacting an al kylene oxide wth water in the presence of an ani on exchange
i resin and a conbination of additives, wherein the conbination of additives
conpri ses carbon dioxide and an organic or inorganic base provided in an
anount sufficient to maintain a resin swelling rate of |ess than 1.0% per
day. 2. The process of Claim1l wherein the conbination of additives is
‘provi ded d 8. anount sufficient to naintain a pH of the reaction mxture
bet ween a 5.0 and 9.0. 3. The process of Caim1 wherein the anions of

t he ani ont exch‘apgeessamr pramnsg sikylessgtdiawhirh @bmbadeadre Bt PNk dHeCRldonat e
a conbi nati on thereof

ani ons, carbo drOXI or 4,
The process om‘é Ve\{lgl% Tr{v\%gF St %f%naarWOSrFxéﬁmﬁé'”raé’glarFQ”%b"Eﬁ"of‘H’éadd‘“ves
quaternary arwiafgionng ycp'eblnStxoaniedmtumsemmmteiic‘abm diowiaeraad Ianth@chérganl c

g;r : nor gan;fkgﬁ?@f)ﬁgggﬁé @%@.a@a iFTRAY f}ﬁ sgﬁ.tk.%ﬁ{ t%%{ ihaR é‘regyno vhezytnggéteé}fkm ,

bi car bonat es, '&f3dRPP 1R QFrWdrom de, gnd conmbi nations thereof. 6. The
process of CI aim5 wherein the organic or inorganic base is sodium

hydr oxi de2. sodfheprocssaan@fim ©acheisn mecwrmmfoﬁ,of aadnﬁ%)é .§9!E‘9Id&é“iﬁ a0
thereof.. 7. Tgﬁmﬁ1 Gk E3 Otf anat 'eb the carb di oxi d provi ded
to the reaction i an CEHIEM %gp\ﬁeﬁﬂ ot} Bﬁacﬁ°@murﬁéﬁe§ﬁ?e’b@°&éﬁp ad®-@bout

0.1 weight percent of the reaction mxture. 8 The process of Caiml
wher ei n the- prececessof Staimut twieréin thenariatisadi i amoreamr:angesgsmmnsan

i sot her nal reaé‘sfs@rﬁtlafﬂyéfﬁ‘éTbgéNarﬁorEOH@érﬁéﬂétQanongrc%%qne?ei anibYs Rl gesiag of

Claim1l wherein.the, nolar feed ratio of water ene “ox cfx' from
about 1.1:1 tAUGRS,PT BEPMpbingtion thereof.

4. The process of Claim 1 wherein the anion exchange resin is of the quaternary
ammonium type.

5. The process of Claim 1 wherein the organic or inorganic base comprises a
compound selected from alkylamines, pyridine, alkali phosphates, alkali sulphates,

——

alkali carbonates, alkali bicarbonates, alkali metal hydroxide, and combinations
thereof.

6. The process of Claim 5 wherein the organic or inorganic base is sodium hydroxide
sodium carbonate, sodium bicarbonate, or any combination thereof. .

7. The process of Claim 1 wherein the carbon dioxide is provided to the reaction in an

amount between about 0.0001 weight percent and about 0.1 weight percent of the
reaction mixture.

8. The process of Claim 1 wherein the-process is conducted in an adiabatic reactor
system, an isothermal reactor system, or a combination thereof.

9. The process of Claim 1 wherein the molar feed ratio of water to alkylene oxide is
from about 1.1:1 to about 30:1.
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