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TREATMENTOF AN AQUEQUS M XTURE CONTAI NI NG AN ALKYLENE
OXI DE WTH AN | ON EXCHANGE RESI N Field of the
woOnvenBssdn Thi s invention relates to a met hod eCT/US2006/003441
treati ng an aqueous m xture containing a water soluble
al kyl ene oxide wth an ion exchange resin wi t hout

A et @M \‘3 N AT BLKYLENE
f?f% S

I mport ant che unit to

form pol yner.s such as poly (trlnethylene

Es&e&ﬁe&&sa&@; that are used in the production of

car p%g iAbe %1%4[ }% a B@ﬁ%oa%f fbaithouthHbod niture BSlitARing a

cool ant, particula In cooling systens that require

vt salnble aﬂ@slremg)xidwwxﬂonmmaxvhmge aesih Wishow atteadany proguction of
PDO can be prepared in a two-step process in which

d AV ene oxide is first hydrofornylated in an organic

el dbinofitRe tventiiesence of a net aI catal yst such as a
co alt or rhodi um carbonyl to for

3- hy dPexyppansgiod ﬂ%@@bw@en@lﬁmﬂy llmértﬂpﬁh?fﬁtcé¥ nela4¢ used as a

t t t
bl e R RS A AR, RREBRAORl ot e v i
the/sto@ictioNBE edrbes afi€tstilesn PDO ishsoarsgfah as:axpehm colohant Jparticularly
second step, the agueous HPA .is_hydro enat ed t

iny @m&mgwst@methaa%we S qiante RAVIBE oV SRR DI gY comosivity.
di r e‘i’ﬂ oF%agé&P %@{Td &g%{n%‘aggs% whiddV¥Réne GAORMirst

nonoxi IS a poi son for nost
h[\;&ﬁoéwrﬁgmmmsanrwghmgmimomm tbepmbense of a astal satalyet snehlas a cobalt

nt of rre ro dr of |.a c t
Fii Grrb i o fatzchbichey opRaiieR WAL ThE HERymtomediate i
v@a?éérre%ﬁﬁét&ﬁfr% tﬁ?&gaﬁ@r hasgidepprlessuiy slidatie fidtal @kalyst is recycled to
product yields, the nmetal fromthe h¥droforrryl ation

thelylryformpladorcreretion indhowigaric phate. B 90 i agyeous HPA is
ueou | uti on under conditions that do not
h&@‘é’ﬁ%‘&"‘i DY & Pat ont Mo, 5,986, 145 (the ' 145
pat enddallpy thy hgiedus HPAL dmﬂicf evuldbi iduyddrdireatly toopkydregenation

sol ution of HPA cont ai g carcgon nonoxi de and cobal t
TRATATO FOMYYER GHPERDMIBEHAS AeoPAH)E MID I TAAUITIGT MmOSt

h%fé‘i'n?éoe}ié&lﬁthgdfo Qi?ar ¥on Bl efs%f ROR (HOGRA] SRR af flae %Ha!h%

and om t he aqueous solution so the HPA i
hiytien faqudation caalyst thehtypaallp éeaherivgshawatr pbasewng\nxtractlon of

I—?lgzg.elglojrs ac%g;ltaﬂ)tle ﬁ?drggengtﬁé\n p?o gtt }%Iellae qheb Mefaf %r{)r%cthe ﬂgdr%?ormylatlon
catalyst and carbon monoxide must be removed from the aqueous HPA solution under
conditions that do not degrade HPA.

U.S. Patent No. 5,986,145 (the '145 patent) provides a method for purifying an

aqueous solution of HPA containing carbon monoxide and cobalt and/or rhodium
compounds from a hydroformylation catalyst to remove the carbon monoxide and the
cobalt and/or rhodium from the aqueous solution so the HPA in the aqueous solution can
be hydrogenated to PDO. An aqueous solution of HPA is obtained by extracting an
ethylene oxide-syngas hydroformylation reaction mixture with water and separating the
aqueous extract. The separated aqueous extract is 1) degassed to off-gas carbon monoxide

from the solution by reducing the pressure on the solution; and 2) contacted with oxygen
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et hyl ene oxi de-syngas hydrof ornyl ati on reaction

m xture with water and separating the aqueous extract.
woheocspras at ed aqueous extract is 1) degassed POT/US2006/003441

of f -gas carbon nonoxi de fromthe solution by reducing

the pressure on the solution; and 2) contacted with
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the @It droshdasnsh &irbéxpmsﬁéﬁ@@ﬁai?ﬁﬁé isfiﬁtiéﬂ. Offd ;{2@8&% stuhiu%ﬂ is

The aqueous sol ution is preferably contac
Prefesphbiromiactadavigh ey cenby spprewgshsatusbiosoluticntwith gir. Thedegassed

o e o A A i SR 3P Db SR ptegparts sotuble

 cobdibali thodlispegpiceiss. The deGREAE 62 PaenOX R idubARALBAIBH HEMHS:d in

solution is placed in contact with an acidic ion
copiRetityen addiciomeychengeresin maintainedpies empemtwé of Essthan 45°C to

.fhe sol uble.nmetal species.fromthe . |
b 8 S L ¢ ) R o B L4
acifldorm issprpferbe ko Rtholve theyshibde el SRYCHRIsthcBBlAciBRERI RS strong
Since the acid formof a strong acid resin strongly
aclg Je¥R pRonpty afsoErs oridizad mpfakspesies sidh assobalband is reattilyirsgenerated
i A : | i t.h sulfuric .
in 4 §i@le sYefp{ vgi?? %].Eflﬁ’fc%gld. %ﬁergliléwuﬁu%oég Souti¥n is g&pél]&it?({ %?Hitt]ﬁeelon

acid. A e aqgueous s on 1S sepa

- ex¢hangesesimathgsolutisn maythedydnigahited totaydrdening (IR RIAE 86lution to

PD%? hydrogenate HPA in the solution to PDO The nethod
of the '145 patent, however, has been found to produce
1, 47de eneltivl GFsher 14y ?ﬁ@[ﬁyﬁéwé’\"%ﬁr}lﬁb%ﬂ RUfd FOEFEF&&%I lcél-flioxane as
acid resin is used to renove the water so e nmefa
2 byprodpet svensrfitions (wdfonis) acid o¢sin isowedfo reRave FHeavaesehilte metal
[ m.t.he hydr | ation
SPertes R e e SRR AT e Bals A ¥iufon Stracted from the
hydryfirmiytatioh yaiction alke seitains ethgfenvkide ahydPdfor@RAt ST Rlabtant, as
ﬁm)kg@t s of netal conpounds derived fromthe .
well g8iHS b AR FRell amounis of stal cempgynss deyaddeors ithedaydraformglation
tS14610 Hh |l | [ j ] | 4 he sol.ubl e
e B R, PRI e AT TR0 st APnB Jul R e
metah spegies dous thebddbrutylasion catatysn tveh etk ajuédustHIeA k6i8tion is
formng ester. bonds with sulfanic acjd. A though i
contid Uit B53aF e Bie St boedsath s PhttrcicorAemaeylene oxide
bintifi@itht Reirb@hedmerd @dvily tBREGE 8slubRiAMh ol 'efi@é% 3 di%inding
. S gnlfl_cantl%/ inpairs the efficiency of thé résin over
sigqifiggntlyyimpgiss thegfigienoyef dhe resinmrver time by foulinghative sites dn the

e 8 0 S SRS O SR e s

Ovérdirhé, rthylasoxét foulingreaings §eh SRRHc!Apidty NS ABarZBIQif ik
not. reversed. The ethyl ene oxide and the netal species
reVeSH he renmoved fromthe strong (sul fonic) acid resin

g)éi %@V\ﬁgﬁéﬁ %’gg%%li/thé ﬁn%{t/ﬂe gﬁ\éctlé} An BRYeRSHd M85 e sIr%relg (sulfonic)
acid resin by regenerating the resin with a hot acid wash. The acid wash probably removes
ethylene oxide from the resin by degrading esters formed between the ethylene oxide and
the resin.

One of the degradation products formed is 1,4-dioxane. 1,4-dioxane is a probable
human carcinogen and a non-biodegradable pollutant that is very difficult to separate from

the spent acid regenerant stream—it cannot be efficiently separated from an aqueous
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et hyl ene oxide fromthe resin by degrading esters

formed between the ethylene oxide and the resin. One
wohodehva3sdegr adati on products fornmed is 1, 4-di ORGWAIS2006/003441

1, 4-di oxane is a probabl e human carci nogen and a

non- bi odegradabl e pollutant that is very difficult to

arate fromthe spent acid regenerant streamit
SRR 1w cort Mol b GebiioneRsaping. The prosence of 14-

diogiReN a$9brtiduebile hrovess OF brddGGNR PIRY)tBSHIE B @Rlesirable.
distillafion or stripping. The presence of 1, 4-

t e oduct of the process of producing
PDO, 1.t her ' desirabl e.. Summary of..t he
v PERSHAL e bR eGSR PRy it an aaueons

mixhire] caspriziny @aestin®hn bquRdtd Miktad cBRABRKS 2 Waldk UsI8ble alkylene
contacti ng an aqueous m xture contal ning a

G rjsin s i
Oﬂgﬁr@} & GrierKlicaqd oarrxchaneg eesi At pil ehfipmnd/P tecS 8 €asdneasured at

' r @4 £ f from2.0t0. 5.0 (as
* LA RRE OO £ B B ToBbng e bR Eotoghlls Bptets grepancons
praduca frornihs cpiboiylid scid Rpakelidngd rdshif afatRpaStiRg 8R4Gheous product
from%?ée carboxylic acid ign exchange resin; after

frora Hf arlaxylie Aeiddem exshangsiissin.cqontacting am acid avasle wihitke resin at a

i d ' 0 | n n_aci.d wash with .
Rk 00 RIEAOPT CakAerEONtAEl 1 o AS AR i o
washganksepiratihd therdiciane dred spait atid wilish fidRethkr&fn. SR embodiment

ci d wash; ~and separating the di oxane-free spent acid
oA VEHiSR (e ednes AUX e eantanbhd aEteE Aeluble catien or cationic complex,
and INESHub OIS prbfifet ROMERY S 10 &t ddhée %ﬂ&‘?bﬂgle %a LGluble cation or
sol ubl'e cation or cationic conﬁﬁex, and the aqueous
capjpid gomplenthan the agudousmixtoen de ahothén embodimédtef et i@vention, the

| ubl.e. cation or cationic conpl t han the aqueou i
aqBQH (iR portin e SRS kTR FLb Pt FPuPaUl Pradyst contains
at 3AMETILB o RIptdeh oS hleMfdcFesehidf Wéj%uegﬁseﬁﬁ{tﬁ@n%ﬁ‘iow&oontacting

and the aqueous product” contains at Teast 70 nole
the aqueant mtigulieh’iélﬂa hg epspasylpy asicbion exphange resijueous ni xt ur e
BI?in[&Ecﬁ ioﬁ%tt}?ecb.mcn&?e aqueous m xture with the

carpboxylrc acrd - exchange resin. Brief Description
Figfl is hechamaticrisstfatigg a procesefos cnesval bLethyleassias ifimatal species

rocess for, renoyal of ethylene oxide and netal )

S“E‘b%%“fO alt of, fhodgun frgpuan aqyeoys iR selutipn i aBrosessdoiirepaping PDO
b : r [ .
i mR SRS O M Rt ed by fydsgggnation of
th¢ HPAGAP® By hydr ogenation of the HPA to PDO. Detail ed

rdApti.gn of..the I nvention The present invention
DegRd _Scnqc_l e 7eHy that dioxane byproduct
f or Meipedehtinidition lﬂésiadsqla_tne%scebex?rﬂhawmaé b§%b%ﬁdt ®tmation in

cont ai ni ng_an al kyl ene_oxi de can be elimnate
the purification of an aqueous solution containing an alkylene oxide can be eliminated by

using a carboxylic acid ion exchange resin to purify the aqueous solution instead of a
sulfonic acid ion exchange resin. This was a very surprising discovery since it was found
that dioxane formation occurred as a result of degradation of esters formed between
sulfonic acid sites of a sulfonic acid ion exchange resin and alkylene oxide when
regenerating the resin, and it was known in the art that dioxane forms by decomposition of
a carboxylic acid ester (from a polyethylene glycol based polyester) similar to that which

would be formed by esterification of a carboxylic acid site with an alkylene oxide (See
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using a carboxylic acid ion exchange resin to purify

t he aqueous solution instead of a sulfonic acid ion
woxetsassper esin. This was a very surprising di BCOWSLO06/003441

since it was found that dioxane formation occurred as

a result of degradation of esters fornmed between

sulfonic acid sjtes of a sulfonic acid ion exchange
ANoEPPOOR - ApHiAId % 56 WhichS 19 dGERER Dndt WheSYeBdTae

s . o di . _

S R ol A o oK o o P S I exchange
regind inet thytrensinglay coéthjlaseoxige fopdisg of julfinid dcad idncexchange resins,

indip R eI e B e oy e rePnggasgin s an eser
yeP @GRk degrdde tOAM-HRBtalROWH EBFegSHibrating Ine AeSifo- 1877
(1991)). It was even nore surprising when it was found

t hatThstagy¢ans enigtuirel eorfteiningdmnatipbuaeyoiide thafiigitq mcontacted with the
. exchange. r.esins.in [..Sjn . t.hyl 0Xi
iof SRR ]y g TRAIR i Rl lin o8 off LSt £l Ponubie
alkyleliecixidenth & piffertddrenhimydément) e apaaonsiniittuidie ferarddoxiytin @ process
acid i.on_exchange resin as. an ester, yet did not .
fopprgdueiag HE Aqfrom 3 hydrefarmydation radioabstesy sindencssside and syngas
. s | . '
(o536 BRUERUS afB HIAEErFRILPLRM B o Kb e Alets e i
foangd mygexmotngrihe thyde fomn #ioni regptian narmonwitbfwatereat separating the
sol ubl e al kyl ene axide. 1In referred enbodinent he
el 04 i ullefor s anBiaer gpbicany e Squcous
mixh@d vedivid H?Pe&txfaétﬂgg #hVitefoph Plalivn Aabifdh ﬁl_ﬁ@@ﬂ%irﬂ%’ QRkUE BOm 0.01
n

et hyl ene oxi de and syngas (carbon nonoxi de

an
. Wheiodyent % ethulene pyidai andserre epicallytieons Odlhwet. &yioelpust. % ethylene

n&xture is formed by extracting the hydrofornylation
0oXx1d¢. . . . .
reaction mxture with water and separating the aqueous

ext riaatpregfeae®embedinicht thyduedrmixtiae hlso comtait aevater-soluble

m xture. Typical“£ t he agqueoys m xture derived by )
cafiQR PLEatioRly caMpRY BRIIRAY Pardserbed o8t 3 GRPRYNE 3Fid iR gxchange resin,

b imb§ B8t baHom Helaquédhs Wixru¥e. S Y SHG A% d

angggér?%{‘né iy‘gl} ca%y\ﬁo}r%me(?.alll vvts. 1%{/oto 1%%\/\1. ‘Vé}g}{]ﬂs eérr?e
engbaiditeent the watpr-sflable eati@ndroiiosn comples inopeausoRiwaterrseluble

| so contains a.water-soluble.cation or, cationigc
g BRI Ay DAL PbASERASTE LarBERye AEigp grchange
rebifN X fIdS e A1y prefuiféd hDoaenfi rifall PeEI¥SateldeARRd from the

t he aqueous mixture. In a particularly preferred

aquagsekiraciiontaie hydradprnedation reactioningistuge ceuginigiagmetal

0 X1 e _or . I ungd:
Rt Rl UL SIS U G0 oSS o
thé earbenyditingatal ¥s. Prefdthblg tmbtapspeties tleatobylt plidbethbéitim species,

enbodi nent the netal species are derived fromthe
mag pEcderably,eobalt andior BpdiymGAleBS or nyl ati on reacti on

%éﬁ%{%ﬁﬁl@ﬂ%@ﬁ@@ efbOhht, f RAENIsFhixARe ?l@& 2bitiins an aldehyde.

species I n'the ‘aqueous solution are

 Tiskealdehyde fagive derived from the aqueous extraction of a hydroformylation reaction

mixture. Most preferably the aldehyde is HPA.

The aqueous mixture may be contacted with a carboxylic acid ion exchange resin to
at least partially adsorb the alkylene oxide on the resin, and to at least partially remove the
water soluble cation or cationic complex, if any, from the aqueous mixture. The carboxylic

acid ion exchange resin may be a commercially available carboxylic acid ion exchange



10 .

15

20

25

30

the carbonyl ation catal yst. Preferably the netal

speci es are cobalt and/or rhodi um speci es, nopst
wonedomsadby cobalt and/ or rhodi um cations. hi &CTastdweno3441

preferred enbodi nent, the aqueous m xture al so

contai ns an al dehyde. The al dehyde may be derived from

: r jon of a.hydrofaornylation reaction

recil S BEEHBIE Lo R Y ¢ Rl 38 b don P igictest.
Cammermislynivailableaciplic f9d farsxabinRd rédinshisafuf #{ 0 p¥ddess of the
aci d. ion. excqan e resin to at |east partially adsorb
preseat inveniiondrclyde TAew ddag-h acylic peid iemerchangstresinayeilable from the
D i ; . sql t ti 0NiG. .

B Chpaical ChRERKE 1115 SEHERIGR IS 3, BE1 g, §blaRT Mhichigan
48641.3854d IRE 7acicrylicaniddrn bacinags msinpaviigbledrotn Rohm & Haas

CE G P SO o APl hevaieanin P DpA, and 1408
acAfiRiabibe ehbNgd 1@siaChvAilable ﬁ%?*ﬁﬂ@ﬁngroii%%&nx%mh1so Monument

Commercial ly avail abl_e acrylic acid i1on e ge
RaadsBala Cyswy, Pennsylvanipt YdsESAE t he present invention

i ncl VRgC,- crylic.acid i exchange r.esin, .

av ai#ﬂg%ﬂé&fﬂ? 0 mr“f’[ﬁee %&F Eﬂg?ﬁ%%cgwt%g}f‘p‘?ﬁiﬂxy f a‘ﬂg don exchange resin
in Sepanaddr onfficlehDioensite that BRxXalkAeks oVishWe Wit RORBI: cation or

48641, USA; I RC76 acrylic acid ion exchange resin,
catigni pIBPIeX-fif PP aRbHmMIE aqas_usTBiKER jo/ars ORIPSRI tchermtatt with the

r icl ' . ' 137, USA . and . .
<R S 8080408 SR R ML Ry v
tarikhby Rowalfithesq@eonsanixfurd Birohgnaifient bddaddhe ﬁ@h@oﬁ%ﬂ%ﬁéﬁng the
y be

Pennsyl vania 19004, USA. The ueous mn xture m
aq%eg ht ]ftgﬁer}wquﬁ Fﬁyoﬁ%ﬁwx%’ QORI BRERSHe I esi n
i N PRferABRNEuBbchi £h& of CarBBSHcGcidiBh eml%ngécﬁin% Brovided

oxi de and the water_ sol uble cat’ion or cation
forcomisriexith fhe agreayis selutipn containing the akylehs byide ahd atee soluble
. W th the.resin. r exanp| t he L
cat%%%ﬁ@oﬁrhg )c(c%guﬁl%)?g&n rcfn%qﬁg n}oesg,ilﬁn(ﬁﬁé), %tgtge vaeégglg. Iei Cﬁtlgn or cationic
commplex fidth thexfqugut attkturd) YFdrla®Batcbitypdfrodshd @BHECHT: XhfficRnt amount
fthr u h.glilflxed bed of the resin, or by passing the
° r&a‘&g’é’g‘gﬂ bof G3sin tonv il Piaduenus mik g melipe Somuka to 1:25, and
CRQBBIG IS E: 1 61 116! fOhGLER amount o
Y cgr boxyl i El@ he igd!FiBI(.J% E)%@{:I]I?gﬁpgé%?eesg itﬁ)léiCgh%Fg\[}}eoa@He?lgrsomtmn
may dapagsed thirought the raaipua auelwné hiirhyrspacavabdity(gokulife of aqueous
L kylene oxide and water soluple cation of cationic i
sol it {oB Bor gt i S BT oS R RORIT 11 Wi Pl from 21 o
5h3pol ubl e cation or cationic conplex fromthe aqueous

m xture. For a batch-type process contact, a
suf Theraispusnbiiie containgeg the bikylwsie ghtdepdndreferablythe water

j (0} Xt ure na froml:5 to 1:255 and . .
So%@%? £e‘%oa (%f é r g‘?n&%]:“%x %ooﬁffefg).(' egglomat?lg GHEFL SRy Bsrcoutasted with
the teyybex glandcition ekbieangel Hea1s 259 héiﬁpé?ﬂuféﬁﬁat%epﬂ&%grade the resin or

through the resin at a volunme hourly slgace vel oCity
doe@ gt éjq%adg:fotlga Geiiduents of the aqueous mixture that are to be recovered with

the aqueous product upon separation of the aqueous mixture from the resin. Preferably, the

aqueous mixture and the resin may be contacted at a temperature of from 5°C to 45°C.
Most preferably the aqueous mixture and the resin are contacted at ambient temperatures.
The aqueous mixture containing the alkylene oxide, and preferably the water

soluble cation or cationic complex to be removed from the mixture, and most preferably an
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solution feed per volune of resin per hour) of from1l

h 1to 10 h 1, preferably from2 h 1 to 5 h-\ The
weaquesmsssoni xt ure contai ni ng the al kyl ene oxi depCams2006/003441

preferably the water soluble cation or cationic

conplex to be renoved fromthe m xture, may be

| ylig.acid.ion exc ge resin
SIERIUE S b B iR SR R Ay P SR B0 Gorepraferably
frao 29 toGt0, de Goadk 5 o heras aagirkd Hteame_ﬁlpﬁf'at&rg Bf fEHEPESH 45°C. The

) Xture that are to be recovered wth the aqueous
Pfgis&a‘ifelfabbb@ﬁmmaéthmlm canditiengwetedsibnytounimithize swelling of

' in - Pr i, Xt ur, d . the .
tod Sint FRlch i R ACHE R ens Wb BRCRT, R o ik iestopon of other
congiGienitost the egfcenaiistuichiat At BT BOVErI it abiious $Rdduct

ar ntacted,at anbi ent tenperatures. The aqueous
seprgipd fam RETSHhiCri 28 Aldelaydey Nokebly,thelpH of tiap asjuesusrmibityre is

chid¥811YBAIY tROIAR BoiBAL | Oy Xedi® W8.h tvpicallv i
s rerm}:,/\g% from t he %ﬁr}%t?ﬁéoﬂg%égﬁﬁ%gﬁ f%rr 'g‘?%gﬂggg g wiHch typically is
froanpil dehypdell.may have a pH of at nost 5.0, or at nost

4.5 r..at nost, 4.0, nore preferably from2.0 to 5.0,
o PG aAdRos Ryt couantag tlallylsne oldeispertbiisopfacted with th
carboyticdcid ndREhankh SesRtot & pBfisd 6F ARE ¥ufRica! & é}?p?eﬁ%le %ﬁ@lene

%%i_di c conditions noted above to mnimze swe
oxjdgdn thespitionsie epntagt grithfthe easin, ynd, itz watse solalblo cetigitbrxcafionic

. l.on,of. other constituents of |
co b Ophah 7 68 RBTREA SR e OE Bl G S mivare
by aoptedusitipthedesit, thepmeaisatixhire i8 diactéSwith (12 r6sin &t a period of
" al dgh%d%. Not abll%/, the pH of the aqueous m xture is
My SHEICAT! b0 Sl theaterselibie ¢ationror satienio pemplde withithé wesin. The
i s i i - PR e .
pels kSN Yo b End HEVERL il o BE SASRY Bl gon o

m xture containing the a
catiogi; eommdex in the aqueeus mixiareyth icontactiveith the resie Wi gey Fagi the
rioQ f ti fficient to expaose the al kyl ene
ap‘%%t‘c‘fgusfgﬁ i B 8?‘3??&5?{3# iecmiat P% T penonaketaqueehs, mixture
prebént forvivheaict, a8d With@h& &nciiradion§ 8f élﬁ*{"l'eﬁe &QHP%Iﬁf(wbt%r sohéble cation
%.es_ent in the aqueous mixture that Is to be renove
Or GafigRiCeREPIEF B dsagviequsurixtsg. Braferably thv advebisemiersriercontaining the
1kb1RE ' ' n dwth the resin for a .
alfe BRUERMPE it sPluble GY BF Lol commleCinsPRfacied Wigh the resin
for etleassri minuteapreferaiely Gorps axnwes b 3 heurs, 28 ford PRSI Hdm 15
. of %i sufficient to expose the al kyl ene oxi de and
murhies V\Igti’é)lmssol ubl e cation or cationic conplex in the
20 URALISthBTaYdHuS ndifufetdhBGlin}d i d e i
with the g?) ar at us usegaﬁg%n%?}%%g%ﬁ%b%@%{%nwﬁ PR Pfble cation or
catigpis sampdsx, tewlyrendribe carbuptlicatiddqn encimnge wbintave beseddhtacted

sufi s R R kB Wher soup Bt Gnqulimicicqmpler
to cohiactatiel 6RiS tHE 2fubiR miRaRé B RPArktell HONRHRLEOYS ﬂ%&cﬂ.{egus mixture

cont ai ni ng the al kyl ene oxide and the water solu
may b egArad fomitamicsngo ARy mRmner effoctivedd sepanitt thet dyeeoidhixture

from the solid resin, which may depend on the method the aqueous mixture is contacted
with the resin. For example, if the aqueous mixture is contacted with the resin in a stirred
mixing tank, the aqueous mixture may be decanted from the tank and the resin vacuum
filtered to remove the aqueous mixture from the resin. Alternatively, if the aqueous

mixture is contacted with the resin by column chromato graphy, the aqueous mixture may
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for at least 1 minute, preferably from5 mnutes to 5
hours, and nore preferably from 15 mnutes to 2 hours.

waho@rossdee aqueous mi xture contai ning the al kyPemais2006/003441
oxi de and water soluble cation or cationic conplex, if
any, and the carboxylic acid ion exchange resin have

begEF a8 55slt by BV sl RREIP Blutc Bohitte Bompms
preferabbnivashing he afg@sius mikfiee R SRS sIIWAEN AE athSurt OF Wa?c'if S¥ficient

fromthe resin. The aqueous m xture nmay be separated
toisFHﬁlﬁart?H’éaﬂ%qqﬁmlﬁ“aﬁﬁoﬁh‘hﬁé%lfbffect|ve to separate the

[ whi ch nma
o0 S 5By SR Ak £ 0 S0 B oo
mixhge c@gained Fomtersaluplessation of dationigeeplex Pridr¥é Eorltfict with the
‘ﬂ‘}vvlth the resin in a stiyred mxing tank, the
"%’&E&%@%@‘“ ot eRangg ey theagusvs @radughinen sontaime lawer eaneentration
of tiesSw iteVdRbIEL 4t dnl &' c8forti® c&rgﬁg%( 91&%1'?&% RGO TS M‘{d‘fpreferably

fromthe resin. Alternati aqueous m
the agueons rreduat thaimStahmostéé)l ppubyf the watar sohibkenoation bAgiYnic

a m rrabe separated fromthe resin by
col o BRea by 1o R G B ra otlgwe Allnt onh wals g lube
m@ailesf)aﬁéd}iribrwsdihtﬁkﬂ \ﬁlﬂﬁh@@é&ﬁ@k{;ﬂlcfﬁci@ joh@xEHa02 H&ﬁl E}f‘esdqﬁeous

an anount of water sufficient to separate t
bﬁf&gef%hl)’( EQMaIng pbmEste ppesehrac pbthequedspesic. af ﬂmqueous
BPAE yequs r.od
mlgqueoﬁlgﬁgneiﬁérlg&@an agl;?e }gH?V\gfé 138 ICSB{%@ %’gﬁh&ﬁe%’? he
aqueﬂus pmductqnaﬁefzﬂmky mntmhs htde0T0 Ale prédht bh&e@ﬁeﬁ?&é’ﬁﬂe&m in the
Lon € xch angeg. resin the aqueous product may
aq‘éeé’Hf s7IRiof, FRRTe Prelebid i bt 9Tl PervaniyaRbmosigblsrably at least 90
mdi@pdrBshtOr cationi c conplex than the aqueous mi xture,
and preferably the aqueous product contains at nost 50
p p mAé’fer tm@qwmlérprg@cu & sepamtbd Gronuthe catborylicacidivnl ex¥hange resin,
the RS tnpa era ?éd 1; the ous m xture conta| ned at
resih oRPgled sy g et at & erperatugs pigH least 6kt e
suffifcicht ﬁtﬁ@ SR BRRE N ithe ﬁﬁ'egcﬂaﬂge %ﬁfﬂg%@ﬁle" 1eSih Qng &J‘groduce a
aqueous product preferably Contai hs at nost
dioxgecfred spenkagid wash. sbe US@Sherelllfl thehanam]exnm frdeX isudefined as having

eh er abl PA,. prior to
o ORLEUP b Al e YRR E LSS oS y e
acid ovaklaby senadvih @ istwatér ssRibke GWEbA BREatnid dtnpbd ﬁBﬁﬁC{ﬁe ion exchange
resent in the aqueous solution, nore preferably a
bmﬁglgs*fte% the resipadéenhy remmuingwstersfoanest Bithy b@ndnllgaﬁthe glixylene
e
o e e o Fact Iy RMCO U DA o R TR Miapponsic

amd&}n dxehagatresin emestt fnllp regamrate Wesdaribdxydic aeidnes atdhaRecdbsin.
suffl nt tinme to regenerate the

t 60C f
PrfsriI sty gedoviifhes s pFEor baot it re/epPbGuBE of 1 or below.

The acid wash is preferably a sulfuric a01d solution, most preferably a 10% sulfuric acid

solution. Other acids, however, may be utilized as the acid wash, including, but not limited
to hydrochloric acid, phosphoric acid, or other strong mineral acids.

In order to remove the esters formed by binding of the alkylene oxide to the resin
and increase the ion exchange capacity of the resin, the carboxylic acid ion exchange resin
may be contacted with the acid wash at a temperature of 60°C or greater. The ion

exchange capacity caused by removal of the alkylene oxide/resin esters is regenerated by
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di oxane-free spent acid wash. As used herein the term

"di oxane-free" is defined as having no detectable
wdai2e06a88896 The i on exchange activity of the respPaTMBY006003441

regenerated by the acid wash by renoving the water

sol ubl e cation or cationic conplex fromthe ion

exchange binding sites of the resin and/or by renoving

th@gqiéw morﬁer@p' iltﬂégllﬂf ﬁ@nmjat@\‘esmé paﬁwbbh@e assinand fée acid

Th AR
wésgaf co ted gtﬁﬁeﬁeg% oxy ch}giblg) Q0 éx}dhlplg}e efeﬁ%ﬁy from
3dogt5r9§¢cful I y regenerate the carboxylic acid ion
exchange resin. Preferably the acid wash will have a

p H ofhezathoxipli¢ anid ianomxehanasfresinisipyefaraply esmtactesk witle thevgeid wash

at eg'flteﬁ g?peFazrélie§/ %og alsb&f cs}%}qft%r}eatg sui%st 1Sa§?f u?geger%Peg‘i% L exchange

cap&diSof theOresine rrredﬂmynthﬁnéstdﬂﬁohed 5asut 1062 Baiirs hyesieen found to be
I ncludin but not limted to hydrochlaric_acid,

sugfirder o substaptially, regenegaia dhe ign P&%@ngﬁ o7BReify ofcthe esin, jyhere higher
g g A R e S S
exc tiaragnaosm predarddyentfoditenty theiacid wdsk iceombawked with &l cxzirboxylic

i on exchange resin may be contacted with the a
acigt 108 cxehFpEy Eepimad 2 dFmpdatugT offremt/ @réj torH0° pcﬂ‘i‘dé%gﬁ a%@ténost 2fora

pe%%ﬁ%?hjo}ﬁ &?Héﬁo@%&%@‘f@% enBfatd € r&hKY! ene oxi de/resin

esters I's regenerate e acid wash nore rapidly at
hi gHeront empediatent, élss ioa mdclmngé eapabity of the resesimay dadegeherated by

aci d wash_ are cont ed at a tenpera f fro
oGV Bl 1 155 PO 5 GHER B OR GBS D gUaty T specics,tha
ar€ 86 ihCredif vdl1ds@theGd B)?dhﬁﬁger &%k«ﬁty' of tRe l%fsﬁlrla Bﬁ%tantlally
contacted with the acid wash el evat ed tenperatures

infpeirediby atkyicne emle/rfpsmaester fQMIoan flypicrly thegdirdensraxidewill bind

Wlfﬂ} gm Cog nlgce c?c? %%26 n e r%% 1§ renlilglg{en%re% %ié\ﬁgftggg%lg{er rsrglﬁbﬁ cations

ordfidni€ c@fiplek & sutpad '&Bﬁet 8d1hilyle he@e RpgoidsCint pretidudar, metal cations such
exchange capacity of the resin, where higher acid wash

asicghgbeations and I@eﬂ@matg?ng hovehewatetselyble pretad spqcies Mg removed
R R e R i
arﬂhelﬂ télﬁm&ﬁnﬁismrefeoébljl from 730CGo B30°Q,G0ECaramdd svaplithaxfingd pH below

st 2 for_a peri of from05ho¥r to.2 hours t?
lhlyhang allzg-}]o 2 or lower.

Tl?@(r%giﬁ R8& %ﬁ? 8¢ R&Iaghé?ifwftllﬂ fiof' q%ﬁfblpae ﬂ:%;’ A tg xectﬂﬁg of %@op%ove when

enovi ng the water so lon or cationic
thé alkplenx oxﬂ&/ﬁéslnc edtes biyrtrie bighificpeity mmantthator&lxehhfgenﬂpztoﬁy of the
the resin unless the ion exchange capacity of the
Tflgsin is substantially inpaired by alkylene
oxi d ] I ' :
oxi iy BBy Y TR o Alna XA b S Rris R Sapncity
reg@ratedbyctontart withthewgid twhasln eithtrert hetodruanibéers d¢tiperature, the

dioxane-free spent acid wash may be separated from the resin. The spent acid wash may

be separated from the resin using conventional means to separate a liquid from a solid.
The separated spent acid wash, either hot or ambient temperature, is dioxane-free.

Dioxane content of the acid wash may be measured by extracting the acid wash with an

organic solvent such as methoxy-t-butyl ether, and measuring the dioxane content in the

solvent phase by gas chromatography, then correcting the measured value to a corrected
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or cationic conplexes such as water sol uble netal

species, in particular, netal cations such as cobalt
woabiemssssand rhodi um cati ons. Such wat er sol ubPeTmst@b/003441

species may be renoved fromthe resin to regenerate

i on exchange capacity of the resin by washing the

resin at anbient tenperatures, preferably from15C to
valge (i consideration efcdheiratiash thrasalvryt o 3514 pestosmplrgedikghe extraction,

e | . .
el AR ol g MRS URARTHTS lsliedh AL ARt and aci
wag%s Aqmrﬂwm i dﬂbdﬁfﬂdﬁ iofioba\tﬂlam)dea;séde freoateting thé nfeekiedvalue of 1,4-
.above en the al kyl ene oxide/resin esters start to .
dicgiagh e AT 15 YApaFS the RRIVPRL oG, cERAg Oxide i e oene grde.

resi thecar | Flftord '
nas gt Sop AL T PG F e B RAR T R

honogemous wictadh cathlystds sepavashiromi anragpeats nhigture coraibingrethylene

t { L di - f t j d
oxiE IR AL PR S EHEP RS vonitn SRERY™ abhPREcY e rgared
enfbRRRheH: Bh prodss FhiSofBink PDO ofh &RVIVENG: 188 a8 epaRANST ddinbined
separate a liquid froma solid. e separated spent

straamhgiofeibylenceexided ERS) 1.d70 ant Fedsynganpearacharged fodhydroformlyation
I pxane-free e |
oGBS s R A AR Bl e
opetedebitchsuisd bras a Geiithmoys frabhkdry [The tféeedrsireamnsl argrdatacieddn the
t he di oxane content in_the solyent phase by ga

pr%sﬁmﬁfta&gidgﬁﬂwlﬂtr@w%we%wwgy@H%etmmb?rﬁgqrﬁéy pgjected
n . .

R S R T A

présavieipdhaieaction mxase m agarhount pathin thegangead0f 0 1ctiod i wi.d6b,

prglg@bRY B dogp 06 b by SHEot G ot e BRiathtiRton reaction
miXBRS UTRShy@bste 28 clrbdn nsindxaReviRAcMIBEe introd6&sd iafo the reaction
the solvent and ethylene oxide is the alkﬁlene oxi de.

verest by nalgr rdin wichirithy range of 2 ta $:duprafargblyd ditediled
enb Olq{erfgfg}c}f&% io%hre%c@&{%%? B? Q&ﬁe&’%{l d%fa&mdytfcﬁms lePrective to
separ at roman aquéous xture containing ethylene
prﬁtllzicd a Hyﬂlquoi@mqﬂﬁmnqleadﬁr)h lprddi?t mi;&mm%ia@i mmajoripertion of HPA
shown. The partic r ef err ermbodi nent js a )
angd @a@@ggpqrapg phiGst %vé%n? ewﬁ £ m@@tmnaéfw %@ﬁl&féi%l’x in the

re%io% AMRIRES 18 BB W % ShivydanNg vAMid ﬁae(r'él%g of 5ko 19 @R (To
syngas) 2 are charged to hydroform yation vessel
pravidevforsblvesin hirang diffeess dessitiesathecidosiradamaedntation oA EPA in the
bubbl e col u or agi t.ated.tank, erat e t chw or. .
reRf1O POSHiET FIGT SRR THE P ot By Bl SN @D ot o the
rangd SfIUESMIE SRI)C EGéHerAyhindcabalt-BathBLéPhyd&afophyRtion reaction may be
generally a netal car bonyl preferably selected from

carriedding af deritesidbaperageesdossythan 1007€, prederalfly 6RTE ta 9@k, and most
PRI 0o 8 G oB R E A DRES PudipBriBy Rgopon e prdgr of about

10% 'higoﬁer. The hydroformylation reaction may be generally carried out at a pressure

within the range of 1 to 35 MPa, preferably (for process economics) 7 to 25 MPa, with
higher pressures preferred for greater selectivity. The hydroformylation reaction may be
carried out in a liquid solvent inert to the reactants. By "inert" is meant that the solvent is
not consumed during the course of the reaction. In general, ideal solvents for the

hydroformylation process will solubilize carbon monoxide, will be essentially non-water
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preferably fromO0.05 to 0.3 wt. % based on the weight

of the hydrofornylation reaction m xture. The hydrogen
wandoenaswen nonoxi de will general ly be introdueed/usnio6/003441

the reaction vessel in a nolar ratio wthin the range

of 1:2 to 8:1, preferably 1:1 to 6:1. The

iRl e L Bt BTt B e eBr B BBt e MO o solubilized to
thé @&erell @BndRh @G of Bt Xdabt! PwE ANirRieNh Ao Brii§lafbn E%%ifi%r f}éﬂe

.HPA and a mnor portion of acetaldehyde and P
signafiqenksalveny wil semain es a edparmphase tipen weter ekiactionx Byr'essentially

M T
250@%%] §d &S0 foinea I6atfERyEOREEIFidh pRRe Qﬁtl)ﬁ'@ﬁtteb-@xt{rﬁgon of HPA

reaction mxture can be expressed in nolarity,

frqna the hydeeformytionyeagtionanixyure The prefdmedrelasg of sdlvéntSatk tilwohols
h ~cat al yzed hydrof ornyl ati on

m?é&ggfsﬁﬁgﬁrg% %%d%’gﬁ?eﬁgn%%f"% u?%l evat ed tenperat ures

| ess than 100C, preferably 60C to 90C, and nost

preferably 75C to 85C, with rhodi um catal yzed
RZ’rw_yﬁr’gélor nyl ati ons on the order of about 100C hi gher.

The hydrofornylation reaction may be generally carried
_out at a pressure within the range of 1 to 35 MPa,
in phishdtialb hydiogen ot og dissarclandridcs)clic, drardhatidadradatdyl or mono-

o RSRTEARR 3E oholELTE o it v,

nmeant that the solvent is not consuned during
ethep fusk apmethyd-t-bait ethem ethyht-hetybether, diethyd kthsg iphemtlisobuiyl ether,

. i . i |1, solubili b
cthoR el Y i bR, BAPRERPooML pndE P R B s
tetsahl/droGachi/bilberdeptstrhloy dieRiLmaAieptape) ki ttmgamabhdvheiaﬂer&ﬁn also be

PA wll be solubilized to the desired concentration
us%lfto &P%%%&?F dssigrd solveptRIPPeHigY. of st FRTeatly arefersesiiolvenh because of
the I SieRIsHMELr e Whicn tah KE BiniblclynldPETROBEA S 1 PhcBh B fons, is
mefiyd¢bbtydethes meant that the sol vent has a solubility
in ter. at 25C of .l ess than 25 wt % so.,.as tqQ forma . |
sopd P A Res St e RO Ee s SaRdoR fedBrfaemylation
reaGfiortifx tifeOnillt frefefb el MEREEY athlyRproRRe: i@ chglg}‘z{et%' Lh% reddii®n rate.

preferred class of 'solvents are al cohols an ers
Prefgiredpremeteseinglisie lippehilig phaspborfismrsaltsiarliopRilit antines, which

' ' - |i b d -
T

to thx inchive aaredydR2 Ais isédlhe2@in) 'lipephiilic e AehtBat the€Mokhidternds to remain
intgr omat | ¢ _hydrocarbyl, al koxy or nono-_ or polyal kyl ene

¢ Prgeniephasefiqr extragtion of SIDHY with meter, (The psemefer wilhgenerally be
pre8éift i M%éﬁ;ﬁ&éﬁﬁg@%&' Ot(f 140 {nﬁéﬁé& ﬁneorq% BV neda ?o%lyolnent of

ether, die enyl i sobu
the catalyst (e.g. cobalt or rhodium). The currently preferred lipophilic promoters are

alllol§l 8f thone!l Ml?fﬂlydlﬁﬁéﬁe dx3dd. NBne' 188G bttt Red Sfoﬂﬁ?l}tz]léoﬁ Solvents are

tetrabutylphosphonium acetate and dimethyldodecyl amine.
At low concentrations, water serves as a promoter for the formation of the desired
carbonyl catalyst species. Optimum water levels for hydroformylation in methyl-t-butyl

ether solvent are within the range of 1 to 2.5 wt %. An excessive amount of water,

10
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et hoxyet hyl ether, diphenyl ether, and diisopropyl

ether. Blends of solvent such as
woebtreaisysds of ur an/ t ol uene, tetrahydrof uran/ hept ao®US2006/003441

t - butyl al cohol / hexane can al so be used to achi eve the

desired solvent properties. The currently preferred

hoWhv¥e &gﬁ@ o igh vields of HPA which can .
be aé ﬁdg\(;e uﬁdi’glregﬁn‘?h{efeé%g?cgé{ }egiﬁveg% JpY Hyluce formation of a
sepentdrliquid pimsey| et her. To further enhance yiel ds under
noderate.reacti qn condifions, the hydrofornylation
Fadi BT BF i ST astopTeickinn by storeesnetiopgiroduct
miXt@EBéREining HILASHS :3ré'rfcﬁm|‘;1 Fkﬁvéniaf%d) Otﬁe E:Qtﬁﬁqstg gefrsf@%g%g%as, ethylene

pronoters include |ipop I ¢ ‘phoSphoni u

Oquengﬁfﬁ miror amonetof bmh]j)m?uc_as; maiytel;eaioe}]eﬂgmd Ipﬁisg_d e ?xtraction vessel 5
. ion wit.hout i reing nydrophoblicity

V‘{%ge{ @rva{c?g%%}tﬂaﬂ'ﬁf)us ﬁ‘ Ul gengtally et a?'flg|°y§9nalnysqablilalng solvent,
mdyereeddded viailpe@iok bLtrachBA RS ddMRbnthdion R HDEHBA I’B}Ft'ﬂgléﬂgsgquent

h remain in the organi c phase after extraction o
Yijoeenafep fep- The promoter will generally be present in

o IR A 0B i s B TR By e

megns, shadksumnixer-étlers Lpacked dryrage@ EardcaBn ChRARE] drirtating disk
hosphoni um acet ate and

ronoters are teﬁarabutdyl 1 _
Cm@?‘?&%’iﬁn?ﬁ’a FHOUYY oLkt dﬂé) to thvhpréemylation serstiongtaeluct mixture
will @eneRsllyAe sicRad fﬂaﬁl%bidgQrW&é}%%{x%%loov’Jitﬁﬁlt PEREESH 7% 120,

car bonyl catal yst® speci es. I mum wat e

Prefgral i flay teyl: B b MolumendWatpt extrabtidryds pesfo@blys@kN@ISut af £
i t.hin_ t.he rLange of 0 2.5 W, % _ An excessive anmount
terfidie b BP0t et da S8 alomier fermpengtupgretoried. Water
a6 e ©.9 € ' far. don of.a second .
i qﬁjipd phgsde. g%g]?? g%}ﬁgﬁﬁ%ﬁ%%?gf grt‘gyg# é? 156%"*%8@ {q gpximize

catplysfretbution/indhé organiegphiseon product ni xture contai ni ng
t he r.eaction t he catal yst, residual

HPAL, & bis ?‘ oI.verLtg, PDO, ' _
syngas SBYRPIRITS AR themeactonselyent aad the major portion of the
catlyst RaDBE! fdcFeledBYith §ptf(9ﬁi ]ﬁfi{%@@ﬂm&@g %&ﬁjs, E‘r%fnletg% ?e%t%atlcltgﬂ vessel to

essel 5 via line 4, wherefn an agueous
the &#@f%nywwatreactm driolfe b nddueniis exthict catitaiging HVR Biay be passed

. R ' ine. 6 for extraction, and
Vlagg% g Zﬁ gg%gsf‘eg—ﬁﬂ&gae%—h)éﬁ%ccggpn ?ﬁrgr geméh&gfé:,q{bon monoxide and
resitlya sy athew threighcarbdxglih il iHb@nede’ragh by l@g%rltrgﬁoval of

HPA i n}o thg water can he effected by any suit
resiual qatalyst; and gu toyhydspganation zone, 13p Atk eehjor pdrtiensarf syngas and

carlﬁ?ﬁtrﬁ&iﬁx'ﬁdé'}n Bé’f@xgj . dl o FONGAGL QLS ihe
~ anount of vvg}? er add gg Bfrtoglo{hgéhlﬂe%g? 81‘%‘1*"%@?% S‘F%’é’_&fli“@ﬁn entry
ntofhe degasserisitippeeovidizer getmean al [yhas ®estifinadshdwvef, M S6erBminor
Bl mxture a(%i o wthin the range of 1:1 to 1:20,

iptsrod catkiop TIneX{Cs Temamingn (he sofion\san rterdsre veith the perfermance
of thy efdes gebhtiorCeutA1y R CarfdUt isPrefBrred that residual carbon monoxide is removed,
as described below, prior to passage of the aqueous HPA solution to hydrogenation.

The aqueous solution of HPA will typically contain from 4 to 60 wt % HPA,
typically from 20 to 40 wt % HPA, and from 10 to 400 ppm water-soluble and water-
insoluble metal compounds from the catalyst, e.g. cobalt or rhodium species such as
Co[Co(CO4)]2, Cox(CO)s, and Rhg(CO)y6. The aqueous solution of HPA may also contain

ethylene oxide.
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tenperature within the range of 25C to 55C, with a

| ower tenperature preferred. Water extraction under
w0 .2806/085896/Pa car bon nonoxi de at 25C to 55C i s pCefuseoemdo3441

to maxim ze catalyst retention in the organic phase.

The organi c phase containing the reaction sol vent and

t he ' L1 e catal yst can he .recycl ed,

i e b0 B HEAs Ak ot BP st viteoniizes derareekly
acidis emiditions effectivg dond:ddationatf o beasibia0 BorMpSurlds g fyater insoluble
cogglrerorgls extract &ont ai ni ng HPA may bsﬂgassed via line

0 8%15@35&6915?’ ¢ Wﬁ@r seRpleimetial copIperndsy efgowater saluble cobalt or

rhediu@apses, fPREMKtAEr R al S5 then through .
car bogyl ic acid ion ex%%gﬁﬁa&%ﬁg@dﬁnﬁj&supﬁ% jron
exghange sieprukiacidds apyalteadpprbsan as o réngtlowBeRBLIRNHE aRotSHPA

' lons of syngas . and carbon npnoxi de may
SO -[1281? ;E%DIS% rg&fé; %lr%g%lﬁlgi)ya?fe‘(ég gg a@&pplae AT epANIg O inorganic acid in an
anwbust éffective ©Mprodies a&Biutkn haviag b for from 3.0 t0 6,0, preferably from 3.0

gasser -st.ripper-oxidi zer colum 9. h
to g@u% }tg%asa%mpluﬂﬁ &4+ etganicrcisr Theegwions aéiddsmbettypically
rdMBQKds08, I PN lytion can interfere wth
P oy Lo Mt APt PR RS ey cordiis yoring he
formatipr ef BPAed t hat resi dual carbon nonoxide is renpved,
prior to passage of the aqueous

as descr.i bed bel ow, .
HPA b‘%f"? B3 DeconyEmisbneartieshout yantsedvsingsansmiygen-oontaifing gas
dHR8 aitihto the/RY i W UHPA,
S ypicall ; ?gggn&hz_éoﬂ?%%%ﬂ‘\?ﬁ %ﬂg}ﬁ?ergen u‘g‘?‘?aélr?i“fff’hi’jcﬂuﬁé‘bv°l"es
SPE5EIRE Wa o dsit  blie am npwavetdiret tiroihtdligh deRisaér-SOBRDGASISzer
| yst. e cobalt or rhodi um speci es such
colb RO 2 A R oS plisp S R Rersfiopus drikeserbediad the
lsiah 9t IThe pedcetdiAa i | bee,
., aqueous golcljt [ onﬁg?"ﬁgi@?%%ﬁ’gﬁ?gﬁw %fgﬁ%ng)étggo &?t%nand at

atmosRhsEis PLRsHEE. Residencedimiasitypicallyditgohemdf thasthivates or
e, g. water

[ ' i | ubl t al ds,
rL LA B R SRR i e St o
swavpinglcabonpeumosiile fng thesgheus SohbBh. ShaF Rty 2 b Bhcn as
eci es, .facilitate renmoval of the netal conpo S

.. S to . _ s
nitrp g, ¢rsathgpd 6 inteiiugsd with e oxtidation|ghs tuoprevers foratation of
flanhAS18 M x RFLS : ' roduct,. ..t he eous .

HPA sol )l(,lt f&; n %(r:}%ﬁ e(g(rlr&aa gﬁtss{ue ﬁh (Q: %@?ﬁolll?/ Sofatien of may contain
frora d@ippingin 469 ppm afiogearor mods whtkps@ab1E enctdlisPedidh A a%@ﬂ% contain

ective to produce a solution having a pH for fro
ethsgél{?({g‘téde& 0, preferably from3.0 to 4.0. Suitable acids

Lyt el Ty e nardeh iy oL ARERY Pr Sl e BaiRas solution
of I—]ﬁlyﬁg anoth_@ ﬂegaywr1st;ippghq§idichcnihmh Orts afsist o rengoviahéf carbon monoxide
BI85, TR PO o
the degasser-stripper-oxidizer column 9 through the same inlet 11 as the oxidizing gas, or
through a separate inlet (not shown) positioned to permit the stripping gas to flow through
the aqueous solution of HPA as the solution flows through the column 9.

In an embodiment of the process of the present invention, the aqueous solution of
HPA containing the water-soluble metal species and ethylene oxide may be contacted with
a carboxylic acid ion exchange resin to adsorb the water-soluble metal species on the ion

exchange resin 10. Optimal results are achieved in commercial processes when the resin
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such as air into the aqueous HPA sol ution. The

preferred oxidation technique involves sparging air
woOnewossddet 11 in an upward direction through PCT/US2006/003441

degasser-stri pper-oxidizer colum 9 as the HPA

solution to be treated fl ows in a downward direction

%‘F{ atfgh t he c(ﬁj m 9, The r ss may.be carried out
selecte ﬁlt @Pta} §H§meg ozgvs@tgw&pl far I—ngﬁéﬁ}o@, can be
refRftet B-a ﬁ@g% Qt@}{ﬂ Gid btdBE6s th l%‘é.rgéll théfal s@@%@s ﬁﬁ(ﬂ:?hﬂl ctoﬁdlllgns that

m nutes. Use of the sparging téchniq or oxi
ar %TlOtlﬁ@!lé‘llCI‘z‘afp@cde@@dm offiEPAd @@mmérﬁlaﬂy avdilablegeeferrgd carboxyhc

SRR PS5 o RS A v

avaﬂu‘tib@ﬁroﬂi Do @hemscal, HdcestetadaIRIAT6trBsn avdilBle Biin 8d8nf & Haas,
arevent formati on of flanmabl e m xtures. After the

%Fh@l@%ﬁgﬁlé’bﬂ"lttﬁe aqueous sol ution of HPA may

cont e ter .
~ sol 121 g’ H et ai %Qe ?Aetél%anglg)a CEIO ‘?rg;sys’?@é’ﬁltogl}ﬁp é%%gﬁgboxyhc acid
iomsxaiengeresin nchymmgnganedwhﬂe the aquiédue g6lntiomss idlceRadiwith the

5&‘2 %gdthrou the%f ueoys._sol utjon of HPA in the
re &y todpinfilize degy HE) anshlimytsyeljingjof thq rgsin. The pH may

ks AT AN 0 0

fr Oﬁmﬁ@dg 4.% whilelthg agesens solntigpef HBAIisli@mtacoivithithion exchange resin

o P MR e R 3Rt 5 ot

s1gﬂiiﬁd3ihﬂy tegradddrdt B valhed approcHih©@8/0t IdP2Nah l‘ﬁlhﬁlﬂ%g k@@lﬂﬁg of the
sol ution of. HPA as the sol ution fl ows t hrough t
resiy| ygnifigargly inersesgs Aavte 1t 5 OhNqsedy.dbe pHfof tthﬂeaqueous solution

of PIPASHs @enéﬁﬂfﬁélb&%e ﬁlgﬁxf?&gfegg Fecd Antdnady Plg Sfora%tﬁlzmg the resin,

contalnin e water-so e netal spec

whidthtybieally tsxfrcdna pHEsytolpd thnTh@teﬁq)emtﬁx’e ofl tieaijaeduslsofitiaf o8 HPA in
han e resin to adsorb the water-sol ubl e net al

Co%tg%e’r@gthsﬁ THBay b H@%&ﬁ&?@ at 45e§| a1 below tonhikitidegradatiansof HPA,

nd DSl AL PR R B S EC s o

| owThetresidenad tife bfﬂE/aqdagfsadmlbﬁ of HPANinkenfa8ORE iRt @fboxylic
n a single ste and adsorbs the target netal species
a"lﬂﬁ%?x geoRHn shad be prfficigpitoemore thetsiteraotuble metal species

froflP@®E %Qﬁ'édu@ Bo18fio dﬂ"@ﬁt ndR Ctgﬁée sAYRCt J:s ar@ { el% 1otfhd to

carboxy I C acl I On exc nge resins use
migingzedegrafativh ef thn\IHm | Residenck ud&s BaiMve @oﬁe\ahﬁllbregélr ¢han that

croretlcu /6 resin
rquggﬂog@ﬁ%c%%ﬁﬁ @Jegﬁggn ash mélg @5&1@;4@(0[11% resin, since the
meBll spdcids@re ok éﬁ'dn gﬁdﬁé}ﬁe& @HE%ﬁl@&Hé &ei f101{ Q&hgr%éqgéiﬁ than on the

solution of HPA and the carboxylic acid i1on
carpexgylic agitliop exehangs wshinawediii the prdcessamfuh@msremmnu tRasrdenee times

h
B SERSR 0 be BRUESELA L5 e B i aston o
thrd'tt@l thétreshy Preferred carboxylic acid ion exchange resin bed lengths will be

designed to provide a space velocity between 1 and 10 volumes of feed per volume of resin

bed per hour.
After the aqueous solution of HPA has been contacted with the carboxylic acid ion
exchange resin, the aqueous solution may be separated from the resin to form an aqueous

product containing HPA. The aqueous product containing HPA is depleted in metal
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be mai ntai ned at noderately acidic conditions from pH

2.0to 5.0, and nore preferably from3.0 to 4.5 while
woOheocagssdeus sol ution of HPA is in contact w t RCThS2006/003441

exchange resin to 1) mnimze degradati on of HPA,

which is increasingly degraded above pH 5.0 and is

si.gni ficantly degraded at pH val ues appr.oachi ng 6. 0;
speith 54 B sl P BOS Rt 1) A o4k SeiHl Spoipsanfesent n the
aqab@RIisblutisR b PGS 8Sntad N tAEhid)- Notably, the pH

of the aqueous solution of HPA is generally bel ow the
nmanuJt Basthees foundrthel shaeankhacylip prifl don exdbangs mesintiheibjees tonfouling
i t vpkcal ' H pH 11. The t erature

by Rhsiche ARALE Y adbond STUBH A DI RonabpSe R o it e process
of tiesinverttioy, ffterTahmatiighe a@icodSso1atiorhet m&@nﬂaﬁﬁﬂ%’chylene oxide

ge radatjon of HPA, and nost preferabply is maintained
ang @ water Sgtabsrsries Wit tpearbexylis ecidiipe cxehengreresia to remove
{el oﬂgih%%ﬂgeqﬁg Eéfﬁlﬁ(glﬂoﬂtmﬂpfhe!rgsiﬁ ﬁ-lgt&rl%gtcx\é\fagtgd with an

thd BBl Ye
I'on exchange tesin s

C
the carboxylic aci

 acklubdshai e tdmpevatnemfisecaftS09€@ tefegsmdratlthe FRInAy if REEIVESS the metal

fromthe aqueous solution, but no | onger. Long )
SPeRLSS; TR e repiged 4 glimmating giiylene axids dafivgdgsiaes from the resin.
or’bi ng

a or a

P r&@ﬂlﬁﬁﬂt‘% Wah %fantdzﬁla\ﬁfﬁha?ﬁl ieaaﬁ??g 1&&% i ﬂ%sdli ol%?he ?aﬁl:)eoxylic acid

sonewhat | onger t

- of thetrasinsgnddiygisaliyna pH ol Rf0crilessaMabt prefieratly lengpad wash 8.a 1% to
asince the metal species are nore sirongly adsorbed on =
103 iferi A Geshcr IBRER SBACHriS ek PRy TAFIGHC 4G o phosphoric acid

ma#HAREY.! The &Gl q'agpge?e‘fﬁﬁﬁﬂgsea {e Ieﬂmﬁi%%g floth ’5’(?’@3 tp rlege(gsand

of the invention. Residence tinmes may be controlle y

mdsepgfdnatdy hade tengmiatumb ed frand8 S°Caw 958€C e The tesith@apBel@sitscted with
gh the resin. Preferred

, hsol tjion oﬂg?P .thro o
t ec‘é{?sg‘cf%/? PE1C4C? lm%ﬂlfgsé&??éﬂ geneesthe met spesigstand eliminatgethylene
' ox g HeH P& st s ROHM

Vihd fesfh, Slﬂ'é&tﬁle%{@llilﬁgg &9 %&g tOVgel%Lﬁ To 308urt Are
_ volunmes of feed per volunme of resin bed per hour.
geiiralby sufficientqueous sol ution of HPA has been cont act ed
I c_acid. i.on exchan resin,

it h I th . .
bt A% SR Y P 0 ¥ G157 b onteid pith the resin

* forfaosufficientagioratisf tihe thuekerkailé feRbi BxdiRfze daP8iRPMERY Resin by

product containing HPA is depleted in netal speci es,

| YGW@%%F@t§WWimlmnﬁing ethglonp pride dereadrestest fiom the
B SN, O R L o

0 contact w e resin.
no ¢ g dioxarlei Thamnalalispeciesraipbgecoestd fibm thelBjokeie-frée spent acid

R Lo D N A A A—
procBeRbidaics. 3thefentith Aok At-AOLRAN GOHSv:AR Wikl tRbrRlessed as o

HPA cont ai ni ng et hyl ene oxi a water s

waste sti¢ans patbpetsthenedd fohanycspetiopytbeessactb derhove Bi-divmnge
r esi o renove the metal eci es fromthe aqueous, .
sol P %%“%PS ﬁfﬁﬁ?ctt"ﬂgta% I’n'ﬁ‘?ra‘ﬁp%éteé Srmthesarbpicylie agid ion

exchange resin may then be passed to the hydrogenation zone 13 and reacted with

hydrogen 14 in the presence of a hydrogenation catalyst to produce a hydrogenation
product mixture 15 containing PDO. The hydrogenation catalyst is preferably a fixed-bed
supported nickel catalyst, such as is available commercially as Calsicat E-475SR and R-
3142 from W.R. Grace.

14



10

15

20

25

30

acid wash at a tenperature of at least 60C to

regenerate the resin by i) renoving the netal species
woOnewosksdcresin and ii) elimnating ethyl ene oRCUAIS2006/003441

derived esters fromthe resin. Preferably the wash is

an acid wash having a pH of less than the pKa of the

carboxyl ic acid of the resin, and typically a pH of

Bhe hyelsagenafing prapess sambs GATpow R ANGE3EE prstwe orgmare
seég%ﬁt Lp‘lg)efaﬁnggfagem r@iie by é'rgﬁocﬁ&%ﬁtr hg&r'b géna%xldg I?s 1a11y

rrc aci or osp oric acl

camcedzbmsmdnmfzﬁmbviﬂﬁﬂ @ randesTI30P@ eI 1 30°C, fél[dwedm steeond stage
1000C, and nost preferably has a tenperature of from

cagig Qub abs temprratutedsgher thap thas of thetfisttséagewind Avithie theaatge of 70°C

f.QL, ri od suffici to renove  t
tog35:C BT e ouflont F whidistet b & e R bRl AL for
rebér8ith b Bedv§Entls toPI9O! 'H?Eﬁchta' P8&es8fthd ﬂRﬁt‘r@ce@ h?(ﬁ’dgeﬂaﬁogzone 13

hours are generall'y sufficient. The acid
meepghee agefiesofitwher mwse scpatatteareattmrr@smt acted with

t he f fic t

oo SRR e a3 bt R1eR0 b BTB e B0l Sstilgtion,gf the
hydecsgmaﬁtgl pro@udieiigdurs PR @%unam 06 ehd fék:ﬁcﬂéd ft0a WhEr extraction process
ﬁ% é ene oxi de derived esters fromthe resin. The

peistllafipa{potabpwnhand scpeation ard purge pelight eape FIRQ containing
profiht strdRPi § @%fe asgé?f%aa 11@901} ﬁé‘lmg]hq@afgfere J0&y 'g?i’ﬁb 20 from

speci es nay covere ron1t oxane-1ree spent
heagy dndsédh i n concentrated formfor conversion back
into the catalytic carbonyl formto inprove process
econoni cs. The remai ni ng di oxane-free spend acid wash
may be processed as a wasgeAsisrgam Wi t hout the need
for any special processes to renove 1,4-dioxane. The
aqu eHl@seffﬁcbmv@ss eforraabaryhg aHFbAorswhmﬁeefgsm toramdve water-soluble

n ma en S
o R G B A SRR A ARG RE 5B e v
anti4o ba réghﬁer@feﬂivﬁﬂib&t ik p@odwﬁdhﬁ@ﬁﬁaizir@ﬁn aédoadansé with a process of
pr oduce a hydrogenation product mxture 15 containing

thppryentionewps Aatergana. i Shaguersy splytiqncogfaigiag Agi7ywia % HPAand 78
i S GYBPGE Rl s gl P YO RO Bnb i s .
%f ffdnmaWdaus @slatzm Whedd)gedmgeﬁ@tto obtapr omessrecthat vimld foul a
coF Rl B SRugRE S5 B aHIR P, IS 8 Brh Ehnboxyic acd

1oﬁ )éﬁéé}ﬁﬁg’é@%in RCF6 Bt Rt % Hé‘e[s? WRfb &%Eac?éd ith 14-16 grams of the
EQ rrlgerature W|th|nthe range of 50C to 130C, fol | owed
¥

anced aareoys sajutioins viel sedled witha sepivps end wtete oy haetating

0 218 TR R 08 g e

retif BRQNVAEMIE L RInRE] rdlrawea%Q%tércwasﬁ genesfe@ﬁh afheRE¥Med
ends to PDO. I n such a process, the illustrated

solpivnogelidingdhe watee waghes, was then measured for cobalt by colorimetric

method, which result was recorded. The resin was placed back in the vial and 6 grams of
10 wt. % sulfuric acid in water were added to regenerate the resin. The resin was
regenerated in the sulfuric acid solution for 15 hours at 90°C, after which the spent acid
wash was separated from the regenerated resin. This cycle (contact of an aqueous solution
with resin, separation and measurement of cobalt in the separated solution, and resin

regeneration) was repeated 6 times with the same charge of resin but with different charges
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may include a series of two or nore separate reaction
vessel s. Residual solvent and extractant water can be
woecsmwssdd by distillation of the hydrogenati oRCPAS6H03441
m xture 15 in colum 16 and recycled to a water
extraction process for further distillation (not
own) and_ separation_and purge of light ends. PDO
Ofigﬁ‘ﬁﬁ)eﬂ‘i‘%@hﬁ‘ﬁoad‘f}é fhesyuliugfmagld sphytiop gegsaeranty Afderdhe final
o e AN Pt A58 ealon SRk Pl Bffacted with
methoxyokitykether] ahd the medtuxartdmtylethen phaserof thmextract was measured for
ter-soluble cobalt from an aqueous sol ution
LA e g PRl Siraping A1 UAVRS € BEAien CoFHIciERtRA GLbetween
MUBEdg daitfer! ThegesuBd sﬂﬁeg&ﬁag%ﬁdlpltéhotvmeanarmﬂ&km@é?&ﬁucﬁon are
di oxane in accordance with a process of the invention
shows iydelledi ned. An aqueous sol ution containing 12.7
wt. % HPA and 78 ppm cobalt was doped with excess
et hyl ene oxide (EO to an EO concentration of 4.8 w.

% The aqueous sol ution wasTahtgoerd with EO to obtain a
mtre—that—woul dfoul a carboxylic acid ion exchange
~ ' ith EQ 0Cobat )(dry) of al.éalidyene (pm)
aci d 0 @nitekchange resin (1 ROB from Rohm &Haasgt dsesceed
contactdd with 14-16 grans o0op the EO enhancedn@&qleeeied
. solutiorzin a vial sealed with a septum and patRiRed
on a rotating rack for 15 hguyrs at 25C. The s@liUiciRiRd
was themny separated fromthejggsin by filtering.tfie .4

resin ony a vacuumfilter fupnel, followed by t
s E fected

washi ng 4 he resin. The sepatated sol ution, includ|ng
é 59' Lt

[] J
colorinetric nmethod, which result was recorded. The

r esithewasultPkiRARthabRal réftive ré\ggr rafi‘(g‘g cObdl ARV stabflized at

wt. % sulfuric acid i n water e added to regenerate
greater thansT Yo forike lagisi gycleas Imprpané cobadicreinovalmeayshd éxpeeted for

coffile2 Bt ARl B e RoGine Sl fonaicins of
cofmpsdtébackiiting Wil 8o GodtanpleRireRByADIaR HipERY %é.'g%bb\éit}. hrhe
e

resin, separation and neasurenent of cobalt in
resyltp alsa slaqyv that i tegonerating therssin nochdwiaxane wag piedyced due to fouling
' ' r L0 but .
o e, B PR S R BB AR b o s
of sagefierntien @eled. sol uti on regenerant. After the final
regeneration of the resin, the final sulfuric acid
regeneration solution was extracted with

met hoxy-t-butyl ether, aMngjhoxy-t-butyl et her
phase of the extract was neasured for 1,4 di oxane by

gas Acserigsraf ogperplents wess oonidugted tp deteimine whethef 1,daliexine would
e Nt TRT ST ENE YN A
coltbiding ethylene oxide over various carboxylic acid ion exchange resins and under
varying subsequent acid regeneration conditions of the carboxylic acid ion exchange resins,
where the process utilized in the experiments was conducted in accordance with an
embodiment of the process of the present invention. An aqueous solution containing HPA
and a water soluble cobalt species was produced from the hydroformylation of ethylene
oxide and syngas in the presence of a cobalt carbonyl catalyst in a methoxy-t-butyl ether

solvent, followed by aqueous extraction of the hydroformylation reaction mixture, and
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shown in Table 1. Table 1 Cycle Cobalt (ppm
1, 4-di oxane (ppm O (initial) 78 not detected 1 9 not
wdetmosesdc2 17. 6 not detected 3 n.a. not detecPed/U$2006/003441
18.3 not detected 5 20.6 not detected 6 13.2 0 The
results show that with repetitive regeneration, cobalt
renpval stabi.l.ized at greater than 75% for the latter ]
SeRYf a‘il‘a’s‘?‘mf HpPGIuP S iha FaupeRoricelherguegs seluan pigh doped with
exBOR et Dxid R cbifERI AHon SHHREReenls WE % B3 ethylene oxide to
bat chwi se contacting under conditions of conplete
acprietatel felthigg of the ianoxchnge restmpiitbtethylenemxide. Gampies of the aqueous
i ppuri t .g.,copbalt). The resul.t | so..show, that Jin
sol iR o oo, SR B ebresnbndind S5k TP oS Rbins ducbee
redin—fefttibr IR 76f frdrh Roh@SE: Hank, Va3t foth E0Sy hbsftal, 8Y €041 from
t he presence of excess ethylene oxi de over a series of

Purelije akz Btio o org parbEesinpenlPPErts (by weightd aqusoussqletionrefirst least 5

t r..1,4-di oxan ul.d .
dafflenErsd b3 0%l SATHF b hate uEt RIS A8 e resin.
Tlspg?;h éonf czomsanplaousohis \saﬁlhad indth dgﬁmﬁz’ﬂdm’aﬁﬁ i b itleP Afine] and

oxi .oyer vari.ous carboxylic acid ion exchange resins
Vot G EaioAiR S ablBC L ator Y o BrR ConSGaHGN AR A0 garts of an hiueous

ixQRe bf s2RSicakidt %bé%f&)ﬁ G affital %ﬁ% S 9%
mlv\,her e the _r(J:r olcedgiaﬁﬁ [ zegthl” %ﬁf @aﬁ’gfg‘%n nts ?K/afglsiﬂ% 18 hours
to regeuiereteadsin napac ity rand tiespaint dvidiwaginwesseperateddfont e regenerated

rogpess. of the present invention. An eous, sol ution
reth PR oo S sented Y Pel iRy SRepLa wEc g wash
with 0eheLet-bugethbe fd1lowea by gi LhlonfoRhpiié MHIRNEAKE NEIBE phase

and syngas in the presence of a cobalt carbonyl
asPRIBE § 9107, H@ﬂﬁlqm)ﬁg’;w (MIBR/watere (The spspdtpare showh amEable 2.

by aqueous extraction of the hydrofornylation reaction

m xture, andseparation and air oxidation of the

aqueous extract. The aqueodabkd uti on was doped with

) ' tion of hetween B
S@\T‘fie % aan‘sqS ke B8t Hf] e ok Ukt o REEREMER at gRegen. Total

fouling of the ion exchange resin with éthyl end*¥kde. Dg’:;“e

Sanpl es maf76 t he ageous 5 11.8 1 90 not detected
2 IRC76 macro 30 6.8 10 90 not detected
3 IRC76 macro 30 6.8 10 80 not detected
4 IRC76 macro 60 5.0 10 90 not detected
5 Mac3 macro 5 8.0 10 90 not detected
6 Mac3 macro 9 12.7 10 60 not detected
7 Mac3 macro 9 12.7 10 75 not detected
8 Mac3 macro 9 127 3 75 not detected
9 CI104E gel 5 12.1 10 90 not detected
10 C104E gel 5 12.1 10 90 not detected

The results show no detectable 1,4-dioxane formation from regeneration of the
carboxylic acid ion exchange resins after treatment with an ethylene oxide rich aqueous

solution containing water soluble cobalt and HPA.

EXAMPLE 3
For comparative purposes, a series of experiments were conducted to determine
whether 1,4-dioxane would be formed in separating a water soluble cobalt species from an

aqueous solution containing ethylene oxide over a strong sulfonic acid jon exchange resin

17




10

15

20

25

solution were contacted with a corresponding acrylic
(carboxylic) acid ion exchange resin-either I RC7/6 from
weawolssaas, Mac3 from Dow Chem cal, or Cl04E PCDMS2006/003441
Purolite at a ratio of one part resin per 10 parts (by
meight) aqueous solution-for at |east 5 days (either

9, 30, or 60 days), and then the |liquid phase was
mlééphﬁear% agif spgenpEtipn of he sykenie aeid joy ¢WWSIQMF@aratlon of

ed

o R AR g P RAERCo YR8 if ofhohiab8l by o process of
thepresért @vention. aSdmaplesvvere piébaparm anﬁlyaeﬂ andiscioszd ifu Ekample 2

of sulfuric acid of var ng ren and . a var
aboyeneEr R k& fs Grotons gutonss aeit fog e?% fugg &vdt Hpw & gy Haas, was
usE@RRfchd ¥f 2 8ok 0§lﬁ: RREBH eﬁaraﬂ%a@e%ﬂl. Y SERR LA Gdwhif Table 3.

the regenerated resin. D oxahe concentration was

assessed by extraction of the spent sulfuric acid wash

wi th met hoxy-t-butyl et her’Taﬁa | ] owed by gas
chr omat ogr aphi ¢ anal ysi s of € MIBE phase assum ng a

$dmplé ParResih | ONR&GASpt | CEG bk ( VEORLWAT Gegenerahtl®s ' CR&tbrd. S Total
are shown in TabI e 2. Tod e 2 The resuIHz$)4showmﬁp°c Dioxane

detectable 1 =

the carb@}ylic g&‘imd i on xchan resins fter o7
tpeat menj. i t h a;gcr(et hyl egre oxi a@grl ch aqll(;;eous sog(ptl oN 499
cant ai ni Rgs wat ema&o0l ubl es cobal tirz.and HPA. o EXAMPLE98 For 1943
caonpar at AVe pur pexes, a deries @&‘ experrlﬁents wepe 1436

c@nduct eﬁ“go def®i ne vé@et her _ a{rﬁe woul dsg)e 2119

7851

fronran aqueous solutlon contalnlng ethylene OXIde

OV erTIR r8duli8 REow U4 @Bk fmedbinthtiofTrdd $dpRAGAL6:1E8f AIPMMonic acid ion

subsequent acid regeneratron of the sulfonic acid ion
exglasisa mesinsrexppseddn dreataat with en ediylene opustrichgiqueans splution
&Q%wrggﬁggrggﬁﬂm&ﬁﬁpg a process not enconpassed

roce e present invention. Sanples were

prepared and anal yzed as disclosed in Exanple 2 above,
except that A-15, a strong_sulfaonic acid ion exchange

==

COt‘I{dg
oy

resin from Rohm & Haas, é«dz‘f'nst ead of a
carb .
Sna el ) COBIERIGE 63 Sy b &y o

fofiled waithi aﬂmylérrermudeerwﬁmragdnemqnlfb}mﬂ acsclersimnca' @oceads iravcordance
resins e e r eat ment n et hyl en
B e S L B8 Gt 151 Lo o Ry 6P oL BYYBRES resins was
mé&deiRt by B atakiBfy a AWWPhRodht OR (HRXBAH WIBIN kit £R0GY6E €4 N KOH
to show that carboxylic acid ion exchange resins
overnight, with the 0.1N KOH being in excess. Titration of the residual KOH with 0.1IN
HC] allowed assessment of the capacity of the resin. The resins were then fouled with
ethylene oxide by soaking the resins in an aqueous mixture of 5 wt.% to 15 wt.% of
ethylene oxide in water for a minimum of 5 days. The fouled resin capacity (remaining
capacity) was then measured by recovering the resin by filtration, vacuum drying the
filtered resin, and measuring the capacity of the resin as described above with respect to
fresh resin. The fouled resins were then regenerated with aqueous sulfuric acid solutions
of various concentrations at various temperatures for various regeneration time periods,

after which each spent acid wash was separated from its respective resin. The regeneration

capacity of the resins was measured by filtering the resins, vacuum drying, and measuring
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fouled with ethyl ene oxide can be regenerated by an

acid wash in a process in accordance with the present
wonuensson. The fresh resin capacity of acryli ecaaiseoos/003441

i on exchange resins was neasured by contacting a known

amount of the resin with a known anmount of 0.1 N KCH

U s 08 Gy SR B0 A s

4.assessnent of the capacity of the resin. The resins
were then fouled with ethyl ene oxi de by soaking the
resins in an aqueous mxture of 5 w.%to 15 wt. % of
et hyl ene oxide in water forpgdy ni numof 5 days. The
fouled resin capacity (remaining capacity) was then

Syelsur Bephby Feuledy eRégergr-t heRegeasi N Regenbrl | (Regehordda, ViR UM Regen.
dryi ng;lfj'ch)e f ci;lm‘i‘ regféggsi fempamtreneatime i ng tréve capacatéy  rate
of t h@ndgRSi Nmge)de i *bed dBfdve wiltowsr esr?(@?f‘tyto (Peagdp)  (%/hr)
riesi n. 10e T out €d T esl NS WERE tHemegeneld v =
aqueoud&ul fur? c acim sol ut bons of 2yariougi; 0.16 46

oncent%&ti ond2 at val®i ous t&hperat @res forowvari ous.io 2.9

rsegenefgt i on :g e pelfi ods, ?;gter ch eac¥ spentogcid 15

wash wass sepafat ed flpom its;yespect] ve re@* . Theo'g 3-0

Tegenelledt i on €@paci tig of the resing was measur ed giys 4‘3

fgi I ter 9 t hed4 esi nd? vacuuéd dryi ng4 and measuri ngéshe 1

5 = i bovedhWith réépect (82 freskpol2 >2.16
resin. The results are shown in Table 4. Table 4

Sanmpherdsh ...fegener. .Regener. .
Regen e? gt Eﬁghﬁgggﬁfﬁ%‘gﬁn&? (éaérﬁ?f‘%' 15 20id ipp %’éﬁ‘aﬂge resin may be
regendrpled Ay gomactimith areajueonadudfuria beidGBR&SH by eledR@Llehberature; and

W, 9 0C) .(h it /g/h % h
2) %ﬁéﬁ? 8/3 re%%%yg%noclﬁﬁé%‘ﬁé?f%ggﬂ@g@%gﬁ% %i@{p)nzgccmlé)e @esiyincreases

with.ifcreasibg. t8mperdtudd i 0.4 -8 7.2 10 80
24 9. 7M§. 1052. 551;% n?%.e%’ﬁlf% l%ggéﬁiég?%ﬁ&%géncf??% 8¢5
10 4.937545.40.12 2.0 6 10.8 4.9 10 75 4 5.6 0.17
2.9 7 10.8 4.9 10 90 4 5.9 0.25 4.2 8 10.8 5.4 10 60
24 7.6 0.09 1.6 9 10.8 5.4 10 90 24 8.2 >0.12 >2. 16
The results show that 1) EO-foul ed carboxylic acid ion
exchange resin may be
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regenerated by contact with an aqueous sulfuric acid
solution at elevated tenperature; and 2) the rate of
woegwnasaati on of the EO foul ed carboxylic aci dPCOAIS2006/003441
exchange resin increases wWith increasing tenperature,
“increasing sulfuric acid strength, and increasing
time. CLAJMS 1. A process for treating an aqueous
m xture, conprising: cont Adé\_da% aqueous m xture
contai ning a water soluble al kylene oxide with a
carboxylic acid ion exchange resin at a pH of from2.0
1.t A pBo@sy fas tresglaneduedusanikenpeoatpuisingof from 5C to

45C) t .orm an _aqueous product; separatjng.the . )

A quesGelih T ERep e CeaeRyf e b GO LRE psavith
caﬂﬁﬁ(gﬁé 2@l i exPBRPAEIiNGt 4 P RHIRPLH 105 9L et 4tRGemperature

carboxylic acid ion exchange resin, contacting an acid

offecgin SUE 1 5°R9 ta fesinrenaiqueousgmpdiclit ure of at | east 60C
to regenerate the resin d forma di.oxane-free spent,
e FHEEHE R AU PR 4 RS A don e et
as haffek Sépatafifig iiRSdqleors profheet ROBLHS SaBbx Pl bn\WREEReP resin,

t he aguedus m xture contains a water sol uble cation Or
coptactingacagddmpslewith siradresinat a truapenaturerafcit Bast@OAC 46 regenerate the
l.ower .concentration of th ter,sol uble cation or
reg A T G R Wetde e i xture. 3. The
Pr 0CRpsraiilg tht dioKare-HE 5Rind adill VR ESM hekdspl.e cation or
cationic conplex in the aqueous m xture is a water
sol ubl e netal species. 4. The process of claim3
' 1t . r . ci.d.i.on_excha .
2 RGP PRS0l R RO G Lot RARLER Bl gation o
cafiomid doinplek pandithe adiedusiprodiet\ceftalis d 16wst conc@ifation Bf e water
L}Eﬂ? netal species fromthe resin such that the spent
sopblqcafgr QT sRoRicRoBp 8% than therqueysiXEHE-ai ns the net al
species. 5. The process of any of clains 3 or 4
wherein the water soluble netal species is a cobalt
3. ¢Hhe rncess ofclaio imberetratheovaterGoliblecation oe sationic aonaplex ih the
wherei.n, the water - Iubl§ al kyl ene oxide is ethyl ene
AqYEqUgdnxiire }FﬁeW?}Fro%Z‘g’éeWa&F%qc?‘/ﬁsﬁ wherei n the separat ed
spent acid wash contains no detectable 1, 4-di oxane. 8.

The process of any of clains 1-7 wherein the aqueous
4. rTharrpessg oftleinnd wWaered enattgatiog thmerriotio pridiiorexshargarssin with
r . .
R B3 A 0TI PRIV G AEL bRl et porion
oftivematatigieyide fromethe pdsin such lieat dgpspenitSacid whdhr epfrhiedfrdn®the resin

contacti ntg t he, aqueous m xture with the resin.
contains the mefal species.

5. The process of any of claims 3 or 4 wherein the water soluble metal species is a cobalt

cation or a thodium cation.
6. The process of claim 1 wherein the water-soluble alkylene oxide is ethylene oxide.

7. The process of claim 6 wherein the separated spent acid wash contains no detectable

1,4-dioxane.
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9. The process of claim8 wherein the al dehyde is
3- hydr oxypr opi onal dehyde. 10. The process of claim?9
wohers@isssot he aqueous mixture is forned by oxi degTmg2@6/003441
aqueous sol uti on of 3-hydroxypropi onal dehyde, ethyl ene
oxi de, and a cobalt or rhodi um carbonyl conpound under
acidic conditions at a tenperature of 5C to 45C 11.
8. THhe mpesse gfamfofginime i -Tcivhergia the aquephemEktHreqeatainsi ag aldehyde,

I .

ool S bR Ebls TR ol 08 8 ol HEL BT e hesin
cohtainslat Wasy i Mok lpercant of thasldeliygic poesenttin gl aquebud hixture prior to

carboxylic acid .ion exchange resin at a tenperature of
copfaging e adBeops ouxiE; WL 1918818 hours at a pH of 2 or

|l ess to regenerate the resin and formthe di oxane-free

spent acid wash.
9. The process of claim 8 wherein the aldehyde is 3-hydroxypropionaldehyde.

10. The process of claim 9 wherein the aqueous mixture is formed by oxidizing an
aqueous solution of 3-hydroxypropionaldehyde, ethylene oxide, and a cobalt or rhodium

carbonyl compound under acidic conditions at a temperature of 5°C to 45°C.

11. The process of any of claims 1-10 wherein the acid wash has a pH less than the pK, of

the carboxylic acid ion exchange resin.

12. The process of any of claims 1-11 wherein the acid wash is contacted with the

carboxylic acid ion exchange resin at a temperature of from 70°C to 100°C for 0.5 to 2

hours at a pH of 2 or less to regenerate the resin and form the dioxane-free spent acid wash.
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