WD 2004/ 101481 PCT/ EP2004/ 050795 - 1 PROCESS OF
REMOVI NG ORGANI C HALOGEN- CONTAI NI NG COVPOUNDS
of the invention The production proc P804/050795
gaﬁf/g@ﬁfsf&ggl described for instance in Kirk-OQ hngg?m
Encycl opedi a of Chem cal Technol ogy, 4th Edition,
Vol unme 12, pages 700 to 725, is 5 a widely applied
process. In such a process, nonoethylene glycol or
nonopr opyl ene glycol along with di- and triethylene
glycol, or di- and tripropylene glycol (all of which
are further referred to as glycols) are obtained by
di rect hydrol ysis of the correspondi ng al kyl ene 10
oxi des. The process has the di sadyantage of requiring
a |arge excess of water for the reaction with
al kyl ene oxides. Due to this excess the process
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d: Lflerent procegs %u&rlgxdg%aegmfoph,%yacgé%e&rr%@d for
al kyl ene oxi de e res_mu €55 ; r.and
t herefore hag an'fcev\fénr Qlerﬁce%%merr’ehﬁfc SRRt %’\%m “*hi gher
ef ficiency, Peehphiegyecath EMl@m @Ilkfw éihepweﬁ cPéO\MOtT?5r is
carbon sdi oxi desit@yoltpdida pfeeeOrmespprdpingeal, kytheaay e

f:gg?ngt & ggcgb%r%héﬁqm@ﬁi Eﬂlcéi Xidrg {ugragL Vel S

ion w r a nsesterifi

with al cohol “}N%hﬁ ta ‘3%"“"’% o Il é‘%ﬁ di nic e’fe o‘”“’i e
present i nveff "8 p&Tet BiThReTt beff’ﬁ’édrté’niﬂ/a Y"Sst) Yregairtred
hal ogen- cont ay nii-reyt Corpousidsof tomretrreanding Srlkylene
contai i Ng OBLLdRE. APY @réksPhyc Ohe a@bemtagedonlkephaing a
Such streans;can hg.dr odyesd M @eWe@@tﬁ§§ Wi 1V @1 Woh 1

the steps of 'a r%aCttl r]:gisa%xcaess #1 EIL%?]C%)IS(% ggns%éspmuch
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15 side products formed. A different process for production

of glycols from alkylene oxides, which requires much less
water and therefore has a lower energy requirement and a
higher efficiency, is the reaction of alkflene oxide with
carbon dioxide to obtain the corresponding alkylene
20 carbonate, and the subsequent catalytic hydrolysis
reaction with water or catalytic transesterification with
alcohol to obtain the corresponding glycol.
The present invention pertains to the removal of
eorganic halogen-containing compounds from streams
25 containing one or more of glycol, water and alcohel.
Such streams can be produced by a process lnvelving
the steps of {a) reacting an alkylene oxide with carbon
dioxide in the presence of a hallde-containing catalyst

to obtain a reaction mixture containing the corresponding



al kyl ene carbonate, and (b) contacting the reaction

m xture obtained in step (a) with water and/or al cohol
Wo 20bPfopesence of a suitable catal yst to obt agdypBpa004/050795
reaction mxture containing glycol. 5 A disadvantage
of the use of halide-containing catalysts in step (a)
is that their presence also |leads to formation of

or gani ¢ hal ogen-cont ai ni ng conpounds. US-A-5, 405, 977
descri bes the renoval of hal ogen- containing conmpounds
from al kyl ene carbonates produced 10 according to
step (a) with the help of a halide containing catal yst
by contacting the contam nated al kyl ene carbonate
with hydrotal cite under non-aqeeods conditions. In

t he process described in US-A-5,405,977, alkyl ene
carbonat e ikpeapareunaitd Phel’ SEPECEINGEIRBATHES" t he
initial reagktws avkained én dtey (Bngienesebandtre drolmdr o
vacuum di Stﬂhk';ﬁ-‘éée@t@e Sk ePsuiREbIRr cdte1ys€aVik a Of a tdegction
hal ogen- contig&nl ng QNN u S»1. Al t hough the process
described iMn this docu represents a v taq e way t
purify al kyl erfedtsé‘fi}ffélﬁ%ﬁee%f t ﬁ?é’ﬁ’flﬁgt‘:@a v

hal ogen- conaphishy 1t apR RIS tf‘hfe?‘éelér%e%eé‘ﬁ%ra po leads
di sadvant ages tassaeh atf eckgaichhall beenprootads $ng  qdmeounds.
required non- acﬁibl-lEQ;USthwﬁdbésicQIb%s MRK @ehdiel B QRESHEn-

itself currber OITEngt (c)o g Qrfgbrﬁ)gll@ﬁeﬂengﬁgﬁalt@ p§&:@!:§i

as all conponen essent al ter-free.
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loss of carh@mdioxifen. bhRkebyededicai Mgud-hes, oy pal,|
Yl el d as Iﬂ(dkcn%t C%Q'bgn§£efi K‘Qﬁ(}%gd a H%n aé;patég%rorﬂgo

Mor eover, ene Int ecgnp03|t

can r¥act V\H%i’?iéé?ldﬁ%alc“r?al 'T‘ldéurc%rff’ Ftr?ﬁcca’f aryst, el
t her eby | eadéqegn tbstahlathey eme@réﬁnf‘aﬁﬁ?élﬂ 8h "-B’F t he
al kyl ene cariepai-estwirdihg hatmwgen- cont ai ni ng conpounds.
A WO 2004/ 1014§ﬂthgg£/ ﬁBZ&QéésQS&LZ&&bed in this document
represents a viable way to purify alkylene carbonates

20 contaminated by halogen-containing compounds, there are
several disadvantages assoclated with the process.

The required non-agueous conditlons make the process
itself cumbersome to perform on an industrial scale, as
all components need to be essentially water-free.

25 Furthermore, under conditions suitable for
distillation of alkylene carbonates, part of the alkylene
carbenate decomposes to alkylene oxide under loss of
carbon dioxide, thereby reducing the overall yield, as
indicated for instance in US 5,510,499,

30 Moreover, alkylene oxide formed in this decomposition
can react with residual halide-containing catalyst,
thereby leading to an increased contamination of the

alkylene carbonates with halogen-containing compounds. A



3 further disadvantage resides in the fact that by
treatnment of al kyl ene carbonate with hydrotal cite,
Wigutoer01dgpunt s of the corresponding al kyl ene gpyePp2004/050795
i's produced. This alkylene glycol will however form
an azeotropic 5 mxture wth the al kyl ene carbonate,
and thus conplicate the distillation, thereby |eading
to an increased deconposition of alkylene carbonate
under the conditions of the distillation, as
mentioned in US-A-5,510,499. In particular when the

al kyl ene carbonate is further 10 reacted with water
and/ or al cohol for the formation of glycol as in step
(b) described above, an initial 3 separati on of

al kyl ene carbonate fromthe reaction m xture would
conpl i cat e fuKdep ey tagh gesidtfuie HEhéscoRetad viel d
of al kyl enecrgdtyens of 25yQmet trebotahe withahgirotaicitge minute
subj ect pragests dr. the thEIpoddiRy PIQULIR gIgEolSLePrédufed.s
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transest er i thecHsiidhatdntie Fharply e g‘bﬁ% inors2grcual |y
appl i ed. Suhopomditi onsliOapr Fedomdatuadtr Hy tdrditions
product of &taR §akiMetin)akelenOilonsd CONSIA-bIb10 a3,
presence  of NGl 1.000HEOLSCALAKSIGe SHEHaAS L eurcner

stabilized magnesi um oxi des as fgrl [ ns%aanggmggi%gréfbed
in JPPA- 062788168, VHEBBYET YT ATLEPS £F th &0

expect at i onglviel amdn fssemde) gesartkef abREe:t Fedtitait

usual | y appédpethtish 8t epkyibye dederitbddon Sloverctirnt he
presence of gk kyl fRN€s CakoNAL enandode®s) EhtAlreduce the

hal i de- cont a0l 10, Ga1 Qb VSky el f o8 | ncr ease of the
anount of organic ha ogen-cont a| ni ounds,in the

| co
react¥on m xt uPe PTG TBAY VA %F%Sﬁt BFoFhe h1%kylene
30 carbonat eye prrduch of AL lBath £orthesafppeiRirP step
reducti on ofs ckfieee a5ORPGHNESLE Ve RxpdTeer Cott 3nyuRalgetthe
reaction af Ecﬁ{tairﬁih@ SRR BbRoGRBIRLS] 08 refovad byl ene
carbonate, at,l|gast VQ 2004 10448% PGli&EPAR04RADA LR
20 usually applied. Such conditions comprise contacting the
product of step (a) with water or alcohel in the presence
of heterogenecus catalysts, such as stabilized magnesium
oxides as for instance described in JP-A-06238163.
However, contrary to this expectation, it was found
25 that the treatment usually applied in step (b) described
above in the presence of alkylene carbonate and residual
halide-containing catalyst led to an increase of the
amount of organic halogen-containing compounds in the
reactipn mixture during the conversion of the alkylene
30 carbonate, and did not lead to a sufficient reduction of

these compounds even when centinuing the reaction after

the complete conversion of alkylene carbonate, at least




4 under the conditions usually applied to avoid | oss
of alkylene carbonate to side reactions. It would
WeiRifsesPe desirable to have a process for tBer/EP2004/050795
preparation of alkylene glycol from al kyl ene 5

car bonate, which avoids renoval of the residual

hal i de- containing catal yst at stages where this can
affect the overall yield of alkylene glycol. It would
i kewi se be desirable to be able to renpve organic
hal ogen-contai ni ng conmpounds w thout the requirenent
for non-aqueous 10 conditions. The present invention
achi eves these objectives wthout involving the

di sadvant ages of the process described in

US- A-5, 405, 977. Summary of the invention 15 The
present i nv&rfeF gie FEBBEH ISP Y| PEedtty aoiprigeess of
renovi ng or gtkyienehedrogane corstide meawyigenpounds from a
l'iquid stream pRivBliy €RBBrNLEGePIRLIY tdBER OfprbdBs for

conpounds sepLetedrdii MLt hewarau Elfcemw g1 8e
gl ycol wat er Eafr%d al ¢ whi ¢

hol pr SS_conpr _
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sel ected freowrhhe yiglows ofkyldngdrlosdldelt ealdhnkvesahel
bi car bonat e gefiehitle RALHRBGS tPEbRRe Bhgdnll€ hbivseRHcbMiding

subj ect proggss periains & &qﬁ’irr%l?&§5fo‘ml%¥leaiqﬂe&s 25

liquid streamnmalnly conprising glycol, water and/or
al cohtl is SEHIT8Y to a purification treatnent to
remove or gani c ThaPBRfERs doYFPRICH 3791 VBRTBRATISCI e SHER®
streans camittesulibvdlrom themilstdvudgeobf dihe fropeest
industrial gpsReRsSasys-30s,Bbe obt.quid stream mainly

contai ns ong,or Mk&,of; Lhg:Lonmpounds sel ected from
the group c ' i , vvaé]tirelr1 an a@gc&hgl . In
rel at fon to thé"3@BIELY Proteds” TRE " EXpiessi®on

"mai nly" nmeansceEhaf CONPON ORI DAL TET 2oHE@? compounds

from a ligquid stream mainly containing one or more of the
compounds selected from the group consisting of glycol,
water and alcohol, which process comprises contacting at

20 least part of the stream with an ion-exchange material
containing basic anions selected from the group of
hydroxide, carbonate and bicarbonate.

Detailed description of the inventieon

The subject process pertains to a process wherein a

25 ligquid stream mainly comprising glycol, water and/or
alecochol is submitted to a purification treatment to
remove organic halogen-containing compounds. Such streams
can result from a multitude of different industrial
processes.

30 The liquid stream mainly contains one or more of the
compounds selected from the group consisting of glycol,
water and alcohel. In relation to the subject process the

expression “mainly” means that components other than one




WD 2004/ 101481 PCTI EP2004/ 050795 - 5 or nore
conpounds selected fromthe group consisting of

Qlo/smlot €r and al cohol are only present in np@pgEp004/050795
amounts, preferably |ess than 10% by wei ght, nore

prefer abl y less than 5% by wei ght, and nost preferably
5 less than 2% by wei ght cal cul ated on the total of
the stream A process that particularly results in
liquid streanms conprising glycols and/or water and

or gani ¢ hal ogen- contai ni ng conpounds is the process
for the production of 10 glycols from al kyl ene oxi des.
This process usually includes reacting al kyl ene

oxi des with carbon di oxide undey.catalysis of a

hal i de- contai ning catal yst to obtain al kyl ene

car bonat es ENPrEUIPTRINER SEIRCERERM g et $reuP epAPtieg of

al kyl ene cafibenat@tet tahd watedbl andotly gtededtoln iminok5 t he
presence of y@usdl, 1Bl 203t s Sthat Qo4 B wedHeSReOdi N

gl ycol . Althou Qb%hﬁ?srsemvaé% AFGA NG fodiNS. PLESAN!

i nvent.i on can

pressdre ratffd RARAEIH YHE™ 8?11‘:8%&'1%\'1‘8 thﬁaﬁ"éﬂ SF PE 20

active, forstirast-ance at or around amnbient tenperature,
the present progesespreirpailiylbslypashinnidlnid streans
t enper at ur e.dnp. {08y E_;Wl:g@s Qha/bF Qam:ea'oarg §:9adi208a 1058 €

preferably atntgmm%gm oder M 0picl $E000E pkBleciDy 6

preferably &

25 pri®f er abPyyregds ﬁr"ima??é‘éle&f’ °F‘i“%?ﬁT fﬁi%pf?fe%uﬁml ‘or der
to achi eveimlsigsf jegreing |atkylaps dxi%f ndlecarthor digeden
an i ndust r ider M0£1885s oSianbdladd-yontainihpugtrlydtete ovtain

renoval nayalagen@eéa‘r%mgs alq did-Lakent, RLessyr@s, it

pr TE? ﬁvb'n% LS ,geeff%geg al sfald n&% fe.I gg{%@ allcégh%l 190
* er a
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preferably atvecaltvange of from1l to 10 * 105 N nR.
Although the removal according to the present

invention can be performed at any temperature and
pressure range wherein the don-exchange material is

20 active, for instance at or around ambient temperature,
the present process preferably is performed at a
temperature in the range of from 20 °C to 120 °C, more
preferably at a range of from 50 °C to 100 °C, yet more
ﬁreferably at a range of from 60 °C te 90 °C, and most

25 preferably at a range of from 75 °C to 95 °C in order to
achieve a sufficiently rapid turnover for use in an
industrial process. Similarly, although the removal may
be performed at different pressures, it preferably is

performed at a range of from 0.1 to 100 * 10% N/m2
30 {0.1-10C bar}, more preferably at a range of from 0.5 to

20 * 102 N/m2, and most preferably at a range of from 1

to 10 * 105 w/m2.




WD 2004/ 101481 PCT/ EP2004/ 050795 - 6 Accordingly,
the present invention preferably pertains to a

NPsRes013s defi ned above, wherein the stream pcr/EP2004/050795
containing one or nore of glycol and water is

produced by a process involving the steps of: 5 (a)
reacting an al kyl ene oxide with carbon dioxide in the
presence of a halide-containing catalyst to obtain a
reaction m xture containing the correspondi ng al kyl ene
carbonate, (b) contacting the reaction mxture
obtained in step (a) 10 with water and/or al cohol in
the presence of a suitable catalyst to obtain a
reacti on m xture containing glycel-, and (c)
optionally separating at |east part of the glycol
forned in step”“("Bf‘.‘miJS('I‘ili‘esﬁréifnga?‘)“v?j’rt“?%&r?fﬁééy
process, al kyrteine oxp dwotess apcifirgd akPth dwrdlonthe
di oxi de t o edreah RomtakEAG tdn®brfoXé WE 61 yEQNEa WHtBE 1is
al kyl ene CaERQQ@etdeby Preb&eahvorvidiendl kibeng. oxide

has from 2 %%h%za(c::gfn%opn aik?{@freoogt;‘j}?efe ﬁ:gtrhg%rgrl:énkg%ogﬂge in the

> s
oxi des are ene oxl de" P a

butyl ene 20P%RPRRE, °% R AT CPFEP LIS BF2 b Ny 8tHyT éne
oxi de and pragpidnemieteonel chetduingt thet b rparbdicaladkylene
usef ul ness efrpvbheky derivatives such as 1, 2-ethane

diol (furthey, E&Iﬁ&mg th ref3 3 HPRQRLIY baRE A %L And
1, 2- propane dl ol urther

f referred to as .
nonoptlopy! eﬁJetthV%’éla)"?}lésal\?\%]]"F lé’ss’ﬁi TSR Sy @ suitapie
tri-ethyl eneatgltytore shichigis- reRftior M2 Py 8 Frreatatyg go6et
which are ferdred to a | esser extent along with the
al kanedi ol s .(c)Suptiabdi1gy GababkYySk Stfl MassShep: eAknareyddose

catal ysts tfp%gd%oggg[,emghe formati on of the al kyl ene
carbonate, and__ 30 referag%y'
S

i ncl ude : _
hal i d¥ cont ai nFAG DB ERSEL TR By eTs. S RRITSE e o

and/ or hal ogeartedmpBuRFE acEDT e ff %Hi“t%éeiﬁté‘g‘em"““
i nventi on cenitaimingre kolenaprxpondtet Foefrspiigy $he alkylene
oxide has from 2 to 5 carbon atoms. Preferred alkylene

oxides are ethylene oxide, propylene oxide and butylene
20 oxide, the most preferred being ethylene oxide and
propylene oxide due to the particular usefulness of thelr
derivatives such as 1,2-ethane diol (further referred to
as monoethylene glycel} and 1,2-propane dipl (further
referred to as monopropylene glycol), as well as di- and
25 tri—-ethylene glycol and di- and tri-propylene glycol,
which are formed to a lesser extent along with the
alkanediols.
Suitable catalysts for step (a) are those catalysts
that promote the formation of the alkylene carbonate, and
30 preferably include halide-containing homogenecus
catalysts. Halides and/or halogen compounds according to

the present invention contain one or more of the members

of group VIIB of the periedic system as described on




of group VIIB of the periodic systemas described on

WO 2004/ 101481 PCT/ EP2004/ 050795 - 7 page 1-11 of

ng Endbook of Chemi stry and Physics, 72nfler/mp2004/050795
ti ons 1991 The nmenbers of this group are F,

Br, | and At. In the case of halides, the hal ogen

atorrB of the 5 catalyst are in their anionic form

Contrary to this, in organic hal ogen conpounds the

hal ogen atons are covalently bonded to a carbon atom

Preferred halide-containing catal ysts are catal ysts

containing bromdes and i odides due to their proven 10

reactivity in the formation of al kyl ene carbonat es.

Yet nore preferred halide-contal ring catal ysts

i nclude netal, = ammoni um and phosphorus contai ni ng

catal ysts. PHEsHRbregstRe BhtkantReRY °Eo‘ili‘5’bidﬁ’@’sa%?1&"ﬁl%ﬁ‘e

sui t abl e catalymsssicas e 191hasp hiefigere itpoiadsoandre 7, C1,

phosphoni umycoppaungds. Even nore 15 preferably, the

catalyst is a ph honi u atal yst, speci.fically

a phosphoni um Ea?ﬁ%e ca?{'}’acl tdes' % haqo?en a"a‘F“)s ok tne

especi®al | y 8%?\?é¥ﬁta@'€oﬁ‘st’ieér SRPIES f87-eEPPAEAF K Ehis in

phosphoni unpimkidbaloatrabymprundadhe heirmeh fatensl 3 a

tributyl neshyéncphasphaniuincendi deotlue to its high

stability and glqefkﬁ\élﬂh%‘!?de-&fntaﬁh% Eeﬁzﬁﬁs‘thﬁe cﬁ@al“.o@ds

as good sol venc ea n m. xt F
g
Accordingl y¢ °’1tﬁ¥“"‘"? b§cém2 *3 ﬁvdc pildes i e “ates

to a Pr ocesgea%VéFéliﬁ "(hﬁef"ﬁ“&*’ltflﬂ?e%é‘g‘ﬁ’alﬁi’ﬁ ﬁ@‘bB'éﬁ"S‘i’y§?t
of step (ayeiespeipiresphbitktantrahing Frelystedagiude netal,
i nvention 2%5mahéen prepreablys ealtaimsg tcatdipess Hbpatibrus

process, whepgl.fy,q Jaagohm% mei;a.wlsagtawé aéea&;stfs%e
step (a) is used

S The
of such hal PBEPEEHt ?ac’mﬂw“gs an?ﬁposg%' i %mlf cmmdls i
assochat ed RFedsaHie: ftbe ﬁﬁ‘tallbﬁ i arPé‘P%%‘@PF”QO"a&B%’FE\'i APy
conpounds alsperg fisatly & hbomdhknyiuve rielsiar Gopses 1t wgg found
al ready di sgusseshiahRvataqdts @atabyst a degradayi-on
phosphonium halide catalyst, more specifically a tributyl
methyl phosphonium todide due to its high stability and

20 low level of side reactions, as well as good solvency in
the reaction mixtures.

Accordingly, the present invention preferably relates
to a process, wherein the halide-containing catalyst of
step (a) is a phosphonium salt., The present invention

25 also preferably relates to the subject process, wherein a
halide~containing catalyst for step {a) is used which
contains iodide.

The presence of such halide-containing catalysts is
usually associated with the formation of halogen

30 containing compounds along with the alkylene carbonates,

as already discussed above, and catalyst degradation

products. These halogen-contalning compounds include




products. These hal ogen-cont ai ni ng conpounds i ncl ude
WO 2004/ 101481 PCT/ EP2004/ 050795 - B inorganic
Wi‘ﬂo@? fggpounds such as salts and residual cap@t/¥pinns/050795
as we as organi ¢ hal ogen containing conpounds. In
the subject process, process step (a) is preferably
carried out in presence of a honbgeneous 5 catalyst,
and step (b) is preferably carried out in presence of
a heterogeneous catalyst. Mire preferably, the
honobgeneous catal yst present in step (a) is not
removed until after step (b). This has the advant age
that the honogeneous catal yst of step (a) does not
have to be 10 renoved under |ossgof al kyl ene

car bonat e. The hal ogen of inorganic haljde containing
conpounds, @H@Wﬂﬁ§“ﬁﬁklﬂﬂmﬁﬂﬂgéFﬂ1ﬁ@sﬁﬁ?a?Vs?ml%ﬁﬁ be
renoved for catadgttapt esByasAFERL e Relvariyeonie iing compounds .
sui t abl e ani oniexebhangect PRb@Es abrocass kEp {ansisance

descri bed i Bré@r&l?chrﬁgQ outl An HPVEMBE o Of g&@dbéneous
hal oges- contai Al N9 amUNgs ., WISEeLD, Lhe, halagsn | s

coval ent 'y 50% react oss of
hydr ogen haP5YERFUEE drgeArSgEh SPighy=twHiceh P* R en
be renoved bye inorpgesechadgelysthpxesedr iregtapf (3)r Emdeh ons

i s thereforeefdtd aRtianifaer exghangernas ndesoe iabedit2d that

US 4,547, 62Qp, %%Qﬁ&)ub@la@:ﬁ?& sp@téfy NGBS HEROURE S0 be

one hdf0gen a on1cova| ed to a carbon
backbone, and &FPe Pa¥igar 1°f ’dé’?‘ia{}jﬁ f‘i}‘ége antﬁiLWF &fgpounds,
oxi de and tsher halhrticlecwntanitioneptetshl wan be gremoved for
degradat i on 126 e BY GhSorOéxchitye hakh desaonhaianisrgexchange

gg%ﬂoysg ;Aqn%?%rgéfg!ay oz Lnﬁameg@a&g&b@@hgggnq &@Mtsas Ni ng
g? a?vgﬁyarcfamcgg&&gerh cfnta?nl r?p%g s, Swherem

vicin ns an al ni ng

chain and C)F@Fl‘"él%qehe‘PSCWﬁIr‘FBtth%‘f"g@%ﬁ%t detP 5?ﬁ?§lf“ e
conpounds. Antidroueds fanydreiehf degenid®Qoppgrapeen ion. which
hal ogen- contghninBg be AFROHALY DaneBEarhor Med sdriesbep
(a) v Pr edomxrégmio% €s lh%’e?@xjewdeﬁi Qfﬁo%@c&aﬂ@e £9rgescribed
20 in US 4,547,620. Organic halogen-containing compounds
within the meaning of the present invention contain at
least one halogen atom covalently bonded to a carbon
backbone, and are usually derivatives of alkylene oxlde
and the halide-containing catalyst, or degradation
25 products of the halide-containing catalyst. Rccordingly,
the organic halogen-contalning compounds include
nalogenated alcohols such as vicinal 1,2~halohydrins and
halogen~containing open chain and ¢yclic ethers, and
halogenated alkyl compounds. Although many different
30 crganic halogen-containing compounds can be formed in
step {a), predominant are 1,2-halohydrins such as for
instance i-ipdo-2-ethanol, l-bromo-2Z-ethanol, l-chloxro-2-

ethanol, l-iodo-2-propancl, l-bromo-2Z-preopanol and




I nstance 1-iodo-2-ethanol, 1-brono-2-ethanol,

1-chl oro-2- ethanol, 1-iodo-2-propanol,

woP4o8ifRn4sPr opanol and WO 2004/ 101481 PCT/EP2004/050795
PCT/ EP2004/ 050795 9 1-chl oro-2-propanol. O her

hal ogen- cont ai ni ng conpounds include cyclic

hal ogen-contai ni ng ethers such as for instance

i odo- net hyl - di oxol ane, bronp- net hyl - di oxol ane,

chl or o- net hyl - di oxol ane, and cat al yst degradation 5
products such as for instance nethyl iodide and nethyl
brom de. In the subject process, water and/or al cohol
such as methanol is added in step (b) to the reaction
m xture obtained in step (a). -However, preferably
only water is 10 added due to the higher efficiency of
t he hydr ol ydisslonoeh@rergnclovher helogpaRlus iy fiomepeundn,
and al so duéendlode thieisihaploer-cprtathicd svhectsusueh alst mirned.
Streans cong@itBidagdi RBaheOky1@MIoRo1ahe,t RN R 1-dioxolane,

consi St' ng of;, 9é—¥1§94y1~&ﬂ@;oqgn aﬁdaéa(tz.gﬂgl: 2 &gggllogg to

t he present invention usu y n, % total _of
| ess t5han 195°9BSF WG 6F tREYE H’SF’Uge’r? ESnEH ATHRY
conpounds. Prefds-ably, the streans contain |less than
1500 ppmw of swche GomEou BesesstDrEepradf Siradilcyhdlessh as
than 1000 pamanﬁvsmaac{éerﬁ olef @ ad@l phel BSSthan 600

ppmw, - agai n o5 & e F%?PJDY P%P JeES %1 ﬁégoo%?%mr is

particularly nore pre ess’ nw, , and

even Hore prete8rdBitP skt ﬁf%Sff‘nc ﬁWthhyd Felybis

hal ogen- conFaﬂCﬁimowmmessestﬁééwang @nd tahee Heg 6gen
atom as wel khasimlet Recdust mibachity ebiafinddne cont an nant s,

each _Of ot hese eEnRRYIRGRaidRg RAS @ did foRr@Rtgroup

O Mo ARG RE S el e AT R “B”&?“@’”“e

Neut rat HydPoisFst &“‘Eﬁ"“éi"h‘ﬂﬁuéﬂé Ere ot "tt':"s‘ll tess

| odohydri n, b3 .vAhsrEheitisee, hal%@‘CO’?‘?i"MQQP!“PUFﬁéS pr esent
method is par:etfieeaﬂlar ltye etfeiamé emttaim ledretha301 50 npwalof of

1, 2- hal ohy dis, 4 SenpbeRe GbAObYeretddBy SU4Y €dn 1000 ppmw, even
more preferably less than 500 ppmw, again more preferably
20 less than 400 ppmw, particularly more preferably less
than 300 ppmw, and even more preferably less than 150
ppmw of halogen-containing compounds.
Depending on the halecgen atom as well as on the
structure of the contaminants, each of these compounds
25 has a different reactivity, as described for instance by
H.D. Cowan, C.L. McCabe and J.C. Warner, A Kinetic Study
of the Neutral Hydrolysis of Ethylene Fluoro-, Bromo-,
and Iodohydrin, J.Am.Chem.Soc, 185¢, 72, 1194.
The present method is particularly efficient in the

30 removal of 1,2-halohydrines. Accordingly, the subject
process preferably relates to the removal of

1,2~-halohydrins from streams comprising one or more of

glycol, water and alcohol,




process preferably relates to the renoval of

1, 2-hal ohydrins from streans conprising one or nore of
Qlo/selaog@t er and al cohol . WO 2004/ 101481 PCT/EP2004/050795
PCT/ EP2004/ 050795 - 10 The organic halides are

undesi rabl e contam nants due to the potentia
environnental risks they pose. They also tend to form
al kyl ene oxi des upon exposure to heat or acidic
conditions, the presence of which in the 5 environnment
is al so undesirable. Furthernore, the organic

hal ogen- cont ai ni ng conpounds are often difficult to
separate fromthe al kyl ene carbonates, al kyl ene

oxi des and even the al kyl ene gky®wots by physica
separation nmethods such_as distillation, as 10 they
may have very CFOSEIRYT PRHESHB NP eaAP iR pypminants due
pressures, &andherrohenfiflopmiirreenterbFieksnthey roes. THiyerise
t he above- dess b @m0 BgOanadxagesu@ms Sopbatkedo nkt brt he

presence of ,tNESEGAHAPHINASe iRedehCe BE QHUG! 1n $hd €AM Of
step (@), their renpva desirable. 15 After

| ,Ls h
the purifi ca ‘lrid'"ﬁn"feFeéLtsr?elﬁ% uré%:eggllr%f ng to the  present

i nvention pref EFEBPYOLY HifsPr938 ?TFC%’F'@’:?PIF% compounds
hal ogen- contas wfny edhipodhds sshivatrd frantlinaikilete
treated st resdtnateel arpylendbelies abd yval tiDsikyldnepyiyoays

even rmr;e g%ﬁgh?g%gi%ée%rag@gtme@&dgmw‘ aPafib4iQudabh Y as
more pyrefer at_ nos W, even.

pr ef e?‘gbl y g S B T °l°%$8§°:’9rﬁ(“}?oF°e%”B?,ea¥’ cgrv Iy at
nost 1 ppnwPrEHH Iost T e HT P2 S oRFs T8 S ppnw of
or gani ¢ hal ogerpue dnt e ndbave-denrpEhgA di sadvertabee RrPoErted
stream Accafich REé predeh@ 5tibh@6tcofpEEsS Sn tBaPYEScat

| east 55 ZQtMa%ﬁe‘ S%Jae(agtgﬁgﬂtrcréa@mg@m%m} ?i'egﬁlrgfle. t
conmpounds from e treat trea r r a
loast 105 i BAFT FEUPSATY bar o aBry &t T eaat o0
W% again RPNt pREtei e PIPIetabl B A5 oS Sh PO YECTRBY R
preferably dtlé@astontgoingt Srremde sprugf erpinyingthy breged
99.5 Wt W an@dr#mStyet more preferably at most 15 ppmw, even more

preferably at most 10 ppmw, particularly more preferably

20 at most 5 ppmw, even more preferably at most 3 ppmw,
again more preferably at most 1 ppmw, and most preferably
at most 0.5 ppmw of organic halegen-containing compounds
remain in the stream.

Accordingly, the subject process removes at least

23 70 wt% of the organic halegen-containing compounds from
the treated stream, more preferably at least B85 wt$%,
particularly preferably at least 90 wt¥, again more
preferably at least 95 wt%, yet more preferably at least
89 wt%, more preferably at least 9%.5 wt%, and most

30 preferably at least 99.99 wt% of the organic halogen-

containing compounds.




30 preferably at |east 99.99 wt % of the organic

hal ogen- contai ni ng conpounds. WD 2004/ 101481 _
ROIBH2AHL050795 - 11 A suitable nolar rati op@f/pbiR4/050795
i on exchange material to hal ogen-contai ni ng conpounds
in the subject process can be in the range of from1
mol % to 100 nol % In step (b), the al kyl ene carbonates
are submtted to 5 a transesterification reaction
with | ower alcohols and/or to hydrolysis with water
to obtain the corresponding 1, 2-al kanediols
(nono-glycols). Preferably, step (b) is perforned as
hydrol ysis with water due to the high efficiency of
this reaction, and due to the sinpte 10 product

m xture obtained. Streans obtained in step (b) are
essential |y fr8e " 1Ponmatatyfadie obrgden e’FFﬁa§g%1F“F?ﬁﬁéal
perform ng $ebhsbggeerrentagriog doopeundist o the [sosischferocess
reactive prasuet Snoise fz@gsSbfl@rod Carls @asiodascs.i bed

above. The st f@@@%epeﬁ'i%f g‘ll.l{;galfk_r(%la Jc'ér&kms(é})e AR SLER
(C) hOSV\BVGI‘ naryansesLe OQ on reaca:lllon w1ifh Eart a(Rcoholi]se and/or

hal i de- cont &i M ng SRR

Preferably, Wé‘*@ll?r’%én"i%bt"’éﬁfeH PREH? §g%y5°’(”6)“?‘1“§1'§l S0
subst anti al Ry2-ktieeedipbmimdnkydlerd scafPbxdretbdy daeept &) is
potenti al SipdfokRACes RYISo3A0 Wocnf @rBRtdLW®Ro Ofhe high

addi ti onal %Qfleg&@g ¢ fal qgg&z&pnml BieNth CAITRAHALS.
Preferably, reamotalne fromstep (b)

cont alioﬁs I e§’s°dtuﬁtaﬁu’5“§%/°%ta "S%ei ght of al kyl ene
carbonat e. Mor &tysees é?@B‘I“V’ thétet fRafi® toRtdrhY T%8s
than 0. 15% fasrdaikyddnepr«afer alilly «f hevs sHer &gminsobtrasqrent
from step (RBred esswithanrt Dosk%: BaacvRie rbaak s Ahe abkiskene
;la;ggnat |e$ rQaé%E’J.%szO&%Lm%E@Qg&%L ;rgt@tsglrc]&%temp.%ﬁkg @forf he
(b). LI% s c&FP ¥ E’éc{ ftelprriecd VAR mé"lya?tnlf( Cf'ﬂta”f §Jaft| on
m xture obt &*FHedt *hh hatidp- CGB')aiPH’l‘?o“éa}Ysﬁu’lsﬁd $P r&&m'ahd
any gaseous pPstieegily 38he ghteam rmbhgined Cbonstpoit) dis, akaed
by further sepatmdiblg free from alkylene carbonate due to
potential side reactions and to formation of additional

20 organic halogen-containing compounds. Preferably, the
stream obtained from step (b) contains less than 0.2% by
welght of alkylene carbonate. More preferably the stream
contains less than 0.15%, and most preferably the stream
cbtained from step (b) less than 0.1%, by weight of

25 alkylene carbonate.

In optional step (c¢), at least part of the glycels is
removed from the reaction mizture of step (b). This can
be performed by separating the reaction mixture obtained
in step (b) into a liguid stream and any gaseous stream

30 containing carbon dioxide, and by further separating a
stream containing glycol from the remaining stream.

Depending on the way step (c) is conducted, on the

nature of the organic halogen-containing compounds and on




stream contai ning glycol fromthe remaining stream
Dependi ng on the way step (c) is conducted, on the

{3 og1@fist he organi c hal ogen-contai ni ng COITpOUjS@ﬁEﬁM‘m)SO'ygs
on WD 2004/ 101481 PCTI EP2004/ 050795 - 12 the way the

separation of the conponents of reaction mxture
obtained in step (b) of the streans is perforned, the
or gani ¢ hal ogen-cont ai ni ng conpounds may be found in
one or nore of these streams. The present invention
has 5 the advantage that it can be applied to any and
all of these streans, and does not require

non- aqueous conditions. In step (c), a stream

cont ai ni ng the residual halide~ wontaining catal yst
can be separated, which may be 10 recycled to step
(a). Such a‘R&ataf §is s%ﬁalr%%’rﬁ? FAYFPa I SBPORERHt U ReaREtBr
and/ or gl ycolsureohiayesd it heser 80yed ehestfmeamn is performed,
preferably kg BejansdbfichéedodtaidiRg oo @Bt mfyr RCESHA in

since this oM@UL Got£3E those OS3RL HRlRbyaE 1%0911&3&1‘ ﬁé’é

the purpose o ecy cli |y B,
gl ycolusrl s séhearagl émol’agfer %tti% ca“sb(?c%?ﬁgperde%"c 70 ande xlt Gre

Thi s separ atP¥f a5 Be 3PErieeT fed reduhransP W"thovm in
the art. A peefietoned separation conprises
distillation ofintdagps reachis@peai ochtHif1@bERI ARUdual MmaSiep

(b), more pr, g&%mk%gycamgyy%mb@tl%Jtrlaudon:héﬁpmay be

optiopally fol t one or
more 0t the* 8°y§??‘1 ?%t g"‘p bja)bogutcgrﬁ &% g" % Str%aﬁ"ema r %ﬁr e
of the fraGettais vEHEN T SEFarBcett M PVeRaVae AT gRetrean
content of patdeydapelsghorcoibnitvhetedde cubiecs prpddss hagiece
a high conten wafiawaberto Wi REUGHaIFst @hdaibibseak ynpur e

stream 25 cQQLALDI R0 9LN%E and/or vvater can be
obt ai n?e1d by%sll}%h “di etil'rl |lgdtl on

hal og&h- cont ai AFHG* & Hbdﬂns&gp ’ré’s cr? 5agneﬁo]fa%5d from the

separ at ed ofsEeRPt FALH P AVFTIG® t Ehlgpiﬂpyratwhﬁepyege performed

di still ati oninteghmiygues: thabhe Raveraretaryed egparation

ef ficiency. ;Thetefonatisueiondisstie tatiion ristnensisered

as in step (b), more preferably vacuum distillaticn,

20 optionally followed by further distillation of one or
more of the distillate or bottom streams. One or more of
the fractions then separated wilil have a higher content
of alkylene glycol, whereas others will have a high
content of water. Although a relatively pure stream

25 containing glycol and/or water can be obtained by such
distillation treatment, the halogen-containing compounds
present cannot be separated off witheut having to apply
complex distillation techniques that have a very low
efficiency. Therefore, such distillation is considered as

30 not sufficiently efficient for the removal oI organic
halogen~containing compounds.

The streams containing glycol and/or water obtained

in step () and preferably essentially free from catalyst




30 not sufficiently efficient for the renoval of
organi c hal ogen-cont ai ni ng conpounds. The streans

@4, 20s] gl ycol and/or water obtained in step-f/Br004/050795
an flerably essentially free fromcatal yst WO

2004/ 101481 PCT/ EP2004/ 050795 - 13 rmay be brought in
contact with the ion exchange material in any way
that is known as useful to the skilled person, as for
i nstance described for ion-exchange processes in

U | mann's Encycl opedia of Industrial Chemstry, 5 5th
Edition, 1989, Volune Al4, pages 422 to 440. Such
processes may be batch-wi se or continuous processes.
Preferably, the renoval is condusted in a continuous
process by passing at |east part of a stream

conpri si ng ™Y JeEFIsahdr P AT et FRe 1an BEdhapge Bprerial
sui t abl e i ofn k0y emg hamgeés rmadwardsabsefohttaithe eyl i grsson,
sel ect ed fr@msbhansiGhod pestiay o XicHasxcxasd @Pat=eseanth

bi car bonat e, ﬁu&ﬂ &Qpéfosuaw%fplrne&s%lsﬁscramfs%r} he

advant age that the 1on exchange material can
regenér at ed 5B Efigacox E494n JeLURR 1A 4 R§ERS0IRA to &‘hﬂrb%ﬁﬁte
or bi car bonat&eastisons wwhegtch-tvésel br contlewmius a:frotehegve is

exhaust ed by aRiHyexeHa38ERa ML Rondiat 206N 2 &ddh ORASeusSUCH
regenerati °n§%ce§9%§sp39§m§ a\ée.{e é‘BQanof EGSCCQQBQJ ch¥ris§£]gd

may be con déc Suit
i on- exchang@ Y&t e PHIE wéb?ﬁ %Yeﬁ %ngégla 5“1 o "" l"“‘

sel ected fr enshehes prtGairlofonkaidt i priane éa]reﬁbﬁfﬁ’afré’m?@eand
bi car bonat e gasw® tMeyganide, carrongannd ngbxengdes Smelvi ng

i on- exchangg iRkt ir8sesass hiffe tHASIRBRRgSRELAS theton N

Kirk-Q h f T I )
e:jlrt i on, nﬁrggégﬂv%cln%ggé acan he@%‘%&%tzed S§ b.glp QO ge4'tzrth

embodi ment  GFEEREL pFBEERES | °ﬁ3°éﬁ?’i 8pPs nf“’e"ssl wesdclhn t he
use ofSinor gah#e@tl%nthéﬁ%ﬁaﬁg%“ﬁ’aﬁtdew AMen SXARANEYIAL
hydr ot al ci t enadsu@n hiyteret duch tregehédebi@ePotards: a well-known
cont ai ni ng a3RLRS.FE! AetRY vl @ftddies gy up saftable way.
hydr oxi de, Carsb:?&%ﬁ.ee i@)p-Qx&ian%r Qé%@@itaﬁs containing hasic
anions selected from the group of hydroxide, carbonate
2¢ and bicarbonate are inorganic or organic materials having
ion-exchange properties as for instance described in
Kirk-Othmer, Encyclopedia of Chemical Technology,
4th edition, 1995, Volume 14, page 737.
A preferred embodiment of the present invention
25 resides in the use of inorganic ion-exchange materials
including hydrotalcite and hydrétalcite-like compounds
containing anions selected from the group of hydroxide,
carbonate and bicarbonate.
Hence, the present invention preferably relates to a
30 process for the removal of halogen-caontaining compounds,
wherein the ion-exchange material is a hydrotalcite-like

compound. Hydrotalcite and hydrotalcite-like compounds

are described for instance in the article of




Hence, the present invention preferably relates to a
30 process for the renoval of hal ogen-contai ni ng

GOReYIASsr Wherein the ion-exchange material igcBEP2004/050795
hydrotal cite-Iike conmpound. Hydrotalcite and

hydrotal cite-1i ke conpounds are described for
instance in the article of WD 2004/101481

PCT/ EP2004/ 050795 - 14 H. Schaper at al. in Applied
Catal ysis, 54, (1989) 79-90 and the article of

Wat anabe, Y. at al. in Mcroporous and Mesoporous
Materials 22 (1998) 399-407. Such hydrotalcite-like
compounds are conposed of |ayered 5 doubl e hydroxides
with the general fornula [[I\/E+1«J NB+(()—|)2(X+I)]+(Am
1/m ]nH20|nth|sfor ect ed
fromthe gr8uf"®Ehst nij‘ %ﬁpli\?&q?tafﬁéﬁ-' S?nz 282390
N12+, C02+ ardlthCapticliendl VBrrabs §eF'@@tled“f"?16¥ﬁPar‘g’FoiPﬁ
consi sti ng @&schOrold IterEeldF+22 amebs Crs8+-40Pr eficdr abl y due
to the hl gh hyé:to@glc“et-Yil@n&mE&%§|ag@cEn%@EJdi OMNSayeMBs i S
Ng2+ ngv!’tb%.e }Aé;%xid snwz.tt gh?%%}{eera (%%%HQ, X 1S a

p05|t|ve nu Pect e romthe range of from
0.1 to 5, nore preferably 15 in the range of froml
to 4, and nost prefiefabudt iom i hernamye oh fiom@. 5 to
3.5. Am represents in this fornula an anion having a
val ence of in. Preferably Am is selected fromthe
group consitatihhg fBJquFﬁ/rd%“LxW a pitehepiTEtdetzofgthe group
car bonat e, @Bﬁslszﬁgmfxﬁdzwe&azhezreer Mndt) ke, aszvend
formula, nis 03| Jve rrber in the ran of cf,gom

0to 2.0, pre% ?/ "ot® ferme(j’ HE™ % 95Pup con stlng
structure OfAlPl*ydrso"t*alami ttedcarreferabl s ded ke abe atégh

positivel y changed ol ahegdial -aBlighs, hydr axis ér@y@ﬂsis
of 25 [Wﬂ,fné.g’_') 2(x+1)], in which some of t

M2+-sites a ‘occupi ed by a trival ent netal at om M3+.

These positivellp thehpryedotnaifr 5 igre PedpHicatElehynd

char ge conpefisadtk@@rom the range of from 0.1 to 5, more preferably
15 in the range of from 1 to 4, and most preferably in the

range of from 2.5 to 3.5.

A~ represents in this formula an anien having a
valence of m. Preferably A"~ is selected from the group
consisting of hydroxyl, bicarbonate and carbonate, and

20 mixtures thereof.

In the above formula, n is a positive number in the
range of from 0 to 2.0, preferably of from 0.0l to 1.0.

The structure of hydrotalcite can be visualized as

positively charged octahedral metal hydroxide layers of

25 [M2+x (OH) 2 (x+1)], in which some of the M2*-sites are

occupied by a trivalent metal atom M3*. These positively
charged layers are separated by charge compensating,
wostly hydrated, anions. Therefors, usually also water
molecules are present in the hydrotalcite-like

30 structures. Thermal treatment of the hydrotalcite-like




nostly hydrated, anions. Therefore, usually also water
nol ecul es are present in the hydrotalcite-Iike 30

\ﬁbrzh'&h%’ . Thermal treatnment of the hydrotal cigcqrdizbf/osores
WO 2004/ 101481 PCT/ EP2004/ 050795 - 15 conpounds such

as for instance calcination to obtain essentially
wat er-free hydrotalcite-like material nmay however

| ead to a reduced capacity as ion-exchange naterial.
5 Naturally occurring hydrotalcite-1ike conmpounds

i ncl ude gahnite, hodgkinsonite, calcite, wllemte,
and serpentine, calcites and hydrotal cites, and
usually conprise Mgy and Al in a nolar ratio of 3:1,
together with traces of M andi1Zm. Hydrotalcite-like
compounds may 10 however also be prepared b

co- preci pi tEMPBRIGE O™ £or AMitEIFeeSAd AHIGET %’ RfdeduUs
sol uti ons, eaneirltdmllangpt@t-heae hysigetaddiite-Ifie metkrknlomwry t O
a skill ed pRheaR. leilhaous @eddtedyalia0itdl £4 ter-kidnenge
conpounds %tgxqgi exchange material has the advantage

t h talcite-1ik
COI’TpOElnggsdﬁe 8uﬁaﬁe¥ ogﬁ?\z%@ln gro%aic%te-x.gﬁo aﬁm gholdse

The hydr ot atiettde- yahpige. d’@ﬁ‘iﬂ‘é’ﬂﬁﬁ’&%tef Lﬁatlﬁéﬁ Wa%f’émftr?e and
advant age oferpethiigh celeigperaati Uwyeratakiittsanand, uskipddgver
a di sadvant @geriet MayshaokiahCiat i1hi ke i2300:CONP OLHREIS ek Svith

that they Cﬂf;cis%m'aqts%at@dm%qhmueoeompmInfagses
with glycols nce,

yir oBal of PTG BB HIGHMBE ey FPHf-CRSrEien TEsit ne
hydr ot al ci t &P} leBchasFrh 6T Fgeeout H@-'I"’éb?)‘sdeaééf‘irv%ﬂyl gt he
cat al yst anghicankeanithat knegn tther gkijléed pstspeam 25 In a
di fferent pr ef el gk enhedbi®Biteofikt RnRSLAE 1on-

i nventi on, cggnggrma\%hﬁgﬁ hgg tﬁylahmltggel 9@1&%%@&@9%m

materials i$

ve thi
di sad’\?ant ag%asy aﬁ‘f%%‘set? Sﬁdrg%ﬁ%ﬁ,?- 16)1: om ounf!s due éo their
or gani ¢ anum@le‘mh’amg@arﬁeﬁwa%%s Breekwgmlg;itgrﬁ%ﬁ

exchange r esémpsSundSuinktee Hams the advantage of a high
temperature resistance.
However, a disadvantage of hydrotalcite-like

20 compounds is that they can form bidentate coordination
complexes with glycols. Hence, metal long of the
hydrotalecite-like compounds may be dissolved from the
hydrotalcite-like compounds, thereby dsactivating the
catalyst and contaminating the glycoel stream.

25 In a differsnt preferred embodiment of the present
invention, another class of suitable icon-exchange
materials is used, which do not have this disadvantage.
These ion-exchange materials are organic anlon exchange
compounds, preferably anion exchange resins. Such resins

30 generally are basic anion exchange resins having a gel
structure or other structures. A further advantage of
organic anion exchange resins is that they can be




3D generally are basic anion exchange resins having a
gel structure or other structures. A further

ﬁ\é@&t,g,g&l organi c ani on exchange resins is l;tdwpmomsows
ey can be WO 2004/ 101481 PCT/ EP2004/ 050795 - 16

tailored for use and specific application, for
instance by using either a gel or parti cI es. The
resins may be based on pol yners produced from
styrene, divinyl benzene and acrylic nononers.
Preferred 5 are anion-exchange resins containing a
matri x of crosslinked polystyrene based on copol yners
of styrene and divinyl benzene. Such resins have a

hi gh nmechani cal and physical stability as well as a
hi gh resi stance against osnotic shocks and ox¥gen

and good r etdjepicAgror 19e FOE SRETIAIC aaHdciehafRfe B 16ns
bet ween t heby ugiwigdeiama 4 el solpadticiesn exchange resin
is controll ed B thend HChd 8RR G PAPnerdtfraghed sen t he
resin mtrix., gegaalk,&y@ mn@&cﬁaaareg ic b haefe%e@red
positive fixed C e an chan e 15 ne %lve y
char g&d i on¥® él’H'@V gE}@B?edF?? f3 © %ﬁf%ﬁnﬁ WEHK 'glp strong
base cat i onsroedliakehedlysysEersed of FEPPIEBes? HafiHrR e as
functi onal giOuUPSn@dr bdnzerct | wpalreeehange Sichegchanical
providing the plq,%héahvmﬁilxaﬂ asharyes aasighofesidtsiance

d i bed 20
Geset 1 G | LD b TP ARG 00 SR

740- 741, TRUSB®®inctional exchange sites may be

quat ernary anfmesarrepe fpsons rPeFVﬂ?nc’ﬁ‘gellS?idsi"ldoWg’ frade
resins, or iseegndsdeyrain tierdoharyleamnmnes fumctivgalc gsa@r
of weak basgtrabfsi 68 tndReSIiNSaCAR! Brfdrdig 5e&0BLkAENGe

am nes hOWEVEfingfha 0 R, i@de 39 edn&%{é GLBlonb RACKHLVT Y

in the subjec cess. lheretore

resen

i nventd on pf‘%’%"é?"ﬁ"&hﬁhmﬁé? AP 155Y £°pF4 &'é@% ?o?alf’ Hgak or
removal of hkhbicogense carired APRGEOHNPETATASCe Wetesih "eHd*
I on- exchanges mahafib@ll grospsatk Guwrgaitingl ie@rhaexc htirge

resin beari Bgoﬁﬁ%e{ﬂgaﬁo)ﬁi@% @xed charge, as for lnstance
described in Kirk-Cthmer, Encyclopedia of Chemical
20 Technalogy, 4th edition, 1995, Volume 14, pages 740-741.
These functlonal exchange sites may be guaternary
ammonium groups in the case of strong base resins, or
secondary or tertiary amines in the case of weak base
resins, Resins containing secondary amines however
25 exhibited an insufficient reactivity in the subject
process. Therefore, the present invention preferably
relates to a process for the removal of halogen
containing compounds, wherein the ion-exchange material
is an organic lon exchange resin bearing quaternary amino
30 groups.
The present process is of partlcular usefulness for
the purification of streams comprising mono-ethylene

glycol and mono-propylene glycol for the following




30 groups. The present process is of particular

useful ness for the purification of streans conprising
woofidiydiene gl ycol and nono- propyl ene gl ycol pdgEp2004/050795
the follow ng WD 2004/101481 PCT/ EP2004/ 050795 - 17
reasons. The al kanedi ol s are used for a range of

di fferent products, for instance as nmain conponent of
coolants for liquid-cooled engines. It is therefore of
particul ar inportance that the final products are 5
essentially free from any hal ogen-cont ai ni ng
conpounds, as these mght lead to increased
corrosion. The present process therefore preferably
relates to the renoval of organiic- hal ogen-contai ni ng
conpounds from streans conprising nono- et hyl ene

gl ycol, or F{SM5st FEatE2 v LSniFei ErhdoFdnt"Bf Gyl ene
gl ycol . Moneifferpy|erpducysy £l insitancg sasdmaii deolgongat of
addi ti ve f otodredhisCedri NipidG0cdTed k@ nédit L Oaderetbre of

itself it héértk’éu@kp%%élcarég%m ANE RinaPUSBaddS8Sire
hovvevesr requi ret.t ?16 absence of hahcl, Eptcetrl%gnl Ié/omngu>§1|c!9us
or dangerolis CORtam nant's, 1A particul ar o “o® ‘
hal ogen- conB&itht$igniohs 183G ANitB R IoTHEE 1 Fhe present
process al so r 8jeapesertoptdress errgviire gicelegpiganisdates to
hal ogen- cont@ Réddgax 0NRREIAS hhIQBR-Shit@aBg COFGIRASS it g

e ) PO 08 o 0 S i
- ! - y = g co
compotihds 26RF &5 R aﬁpﬁ%e%"evaqef%lf HEn s RaLens ghvsel
al kanedi ol sis UPffbividedE @ LHIE GG SAT SSUFBLIP 9 SPTREF L35 &
and noi st enifpgl. Tgérsedt ahdaadibioui @i myctrtatdes Fugh ushe
synt hesi s oOhowep@} Yeflied theIbdtGce af a0 |pbtaSiCay MokicEs or

for fragr an%%e%é%on%ﬂ}ﬂérﬁ@ﬁ ih @@rﬁgucﬁﬁfgq-ﬁlégen—containing
hal 09}?-{" cont ai ni ng organic 25 conpounds. Furthernore,
e

the present THVERCPER al°s0 preferably relates to the
removal of hal BgeRTE6ht ar?ﬁEﬁ@aeﬁnﬁ}aﬁﬁs“ FPofFEYat Peam
conpri si ng waseic Opl@gemcrtipiaingfeoghopeds| frppdstreams
comprising di- and tri-ethylene glycol, and from streams
comprising di- and tri-propylene glycol. These compounds
20 are formed along with the corresponding alkanedicls.
Their use as solvents, as plasticizers and meistening
agents and as building blecks for the synthesis of
polyester resins, as well as carriers for fragrances also
requires the absence of halogen—containing arganic
25 compounds.

Furthermore, the present invention alsc preferably
relates to the removal of halogen-containing compounds
from a stream comprising water or a mixture of glyccl and
water, as wastewater streams originating from industrial

30 processes for the production of glycols usually are
submitted to biotreatment. The presence of halogen-

containing compounds in wastewater can however negatively



water, as wastewater streans originating from
i ndustrial 30 processes for the production of glycols

\U?%%Jfl\blﬁ'ie submitted to biotreatment. The praggiE@004/050795
of hal ogen- containing conpounds in wastewater can

however negatively WO 2004/101481 PCT/ EP2004/ 050795 -
18 affect bacteria and/or other organisns usually
enployed in the biotreatnent. The extent to which the
hal ogen- cont ai ni ng conpounds are renoved fromthe
liquid streanms in the process of the 5 present

i nvention, can be inproved further by applying the
process of the present invention in conbination with
stripping. Stripping can be achiteved by carryi ng out
the process of the present of the invention at
reduced prEdeth BactyHE ¥/ TpPIAY FEPIYT Brabtyy *wiryced
out by a 1lOircorbbirteadmenst reduced pressure and the

i ntroduction ofhe @dtehtN€s tuhGASthe Thaodet st el npiee 8EEEds

for stri ppl eﬂg re[Ma@JdeEJ.%Ql %e l%.qﬁfd JtermsoinO%het 9:(:'(:@&05 Qﬁ@
1*1 5 Nn2, nore

105 .ﬁfgs?rﬁ i;rtveg .mn, f:an e ¥meroveJ gurtger B)é ag%ﬁurég
known to betgupPtoap1%e 6helsr§6’rFebWé“*‘sW|=1"e‘b°mP+PaHPé %htf‘
Pref er abl y, sttrhepinmestrigasigi @n hei 4ahdgyeA by TErerping ceis sthe
accordi ng tec-fe pf @5&£BlesdeRY @Nkth®AntemtidnUid Beduced

el uci dat ed Eg%sgﬁfeefﬁa%%ripmghfs quflapsw@arﬁé@rsm
Exanpl es Q of

nmol
4200 a cr Pttt o 5?5%?4 Prstelr e ik b"t“"ERgm °f
copol yner ge it"iFﬁegaémT&ﬁ reé‘iﬁ@ﬁé’ﬁ@%“?“eﬁ‘h She&P g
trimethyl ap¥eaeidny g6 ifPSomionod £6 125 ewnborrat@ sy, more

was 11 Lered. and ueshed (Luf oe Wi b1y vaberyd AVRERIET .5

a trademark h& &XCess of ter was ere
of f. The re§?ﬁ15\?ﬁgp‘t"ﬁe‘i?“tliea?f§f@rsr'@d“'i G° Fe1H9tHte to
pressur e fl| aslecequkigpet inithh agt r Bistferabsop i neFRedds 56
m nitrogen.
The process according to the present invention is
further elucidated by reference to the following

examples.

20 Examples

Erample 1
2,1 ml (3.0 mmol} of BMBERJET 4200 (a crosslinked

polystyrene-divinyl benzene copolymer gel-type anion
exchange resin bearing trimethyl ammonium groups) in its

25 carbonate form was filtered and washed twice with water
(AMBERJET is a trademark). Then the excess of water was
filtered off. The resin was then transferred tec a2 100 ml
pressure flask egquipped with a rubber septum. Then 30 ml
of demineralised water containing 5 mg of l-iodo-2-

30 ethanol {100 ppmw or 29 mmcl) were added at room
temperature to the resin in the flask. The temperature
was then raised to 80 °C under continuous rotation and

the mixture maintained for 5 hours at this temperature.



of demineralised water containing 5 ng of 1-iodo-2 30
et hanol (100 ppnmw or 29 mmol) were added at room
weyaued/ad1ee to the resin in the flask. The tenpgafpipsodsosores
was then raised to 80 C under continuous rotation and
the m xture maintained for 5 hours at this
tenperature. WO 2004/101481 PCT/ EP2004/ 050795 - 19
After this period of time, the total renmining anount
of 1-iodo-2-ethanol was determ ned by gas

chromat ography atom c em ssion detection (GC AED),
and was found to be below 1 ppmw. 5 Exanple 2 Exanple
1 was repeated, however enploying an aqueous solution
cont ai ni ng 100 ppnmw of 1-i odo-2- mropanol After the
treatnment, the total anmount of 1-iodo- ropanol in
the sol ution WAEeF SHHUPYEOHET HeFowthe b‘fﬁ?ﬁ/ e N ERGa ATAVBT
3 50 nl of nbneiggeEpytihems gHsyddkrgoed &Y Rhn ghHnBtaygarhl
1-i odo- 2- pr amnalem:(slﬂo% O EYYioWee-aa0hd] eshdt sOfadbd Go be
(0.35 mmol ) ,of,,a pafurally occurring uncal cined
hydrotal C|te cogtgl ning Mp to Al in a ratio of about.
3:1. °15 Af ours stirring at 80 C, the solution
contai ned | esE*a Rkl ¥apFaprased:10EERE- FPHPEPpaip| 2auecus
Exanpl e 4 Exawpie SnweisirepEated, chbvievel-prrspangl QARErg
(0.35 nmmol ) vef + ANMBRIRIFEndt 20611 dinobiksS o Y dfc@¥3ehpdoPbrBL in
After 20 5tﬁla095%t§4n' bl Modko8d ferod hegapno- propyl ene

gl ycol contained_l'ess than 1 ppnw of

1-i od0- 2- pr SFERE-2 Con'paratlve Exa 1 of the
aqueous sol ut i 8% Méfof1InETRIOR 8% SHISP cé’ﬁﬁi"&y%& P of
Exanpl e 1 weredbheatogdanehdanz $omr varg ddded t25.5 hour s
at 80 C, howevs@Imioly 3bsemiardfiy aBaireimexehnnge: r esin.

Aiter this peri.ofd ofe LRk ﬁgscglﬂ*it LY Stid be about 3:1.

cont a| ned 8 -
7f Jgnvvhggrslégiggigg ate 0 ag1o he solution contained

less than 1 ppmw of l-icdo-2-propancl.
Example 4
Example 3 was repeated, however using 0.25 g
{0.35 mmol) of AMBERJET 4200 in its hydroxyl form. After
20 5 hours stirring at 80 °C, the mono-propylene glycol
contained less than 1 ppmw of l-iocdo-2~propancl.

Comparative Example 1

50 ml of the aguecus selution of l-iodo-2-ethanol
employed in Example 1 were heated under stirring for
25 5 hours at 80 °C, however in absence of an lon-exchange
resin., After this period of time, the solutien still
contained 87 pprw of l-iodo-2-ethanol.

Comparative Example 2

Example 3 was repeated, however uging 0.75 g
30 {0.33 mmol) of TENTAGEL -NHy [a gel-type ion exchange
resins consisting of a divinyl benzene crosslinked
polystyrene matrix on which an amino-functional

polyethylene glycol is grafted), and 50 ml of mono-~



Conparative Exanple 2 Exanple 3 was repeated, however
using 0.75 g 30 (0.33 mmol ) of TENTAGEL -NH2 (a
\9@20643/{6?48'10” exchange resins consisting of a dicviEpshes/nsores
benzene crosslinked polystyrene matrix on which an
am no-functional polyethylene glycol is grafted), and
50 m of nobno WO 2004/101481 PCT/ EP2004/ 050795 20
propyl ene glycol containing 5 ng (112 ppmn) of
1-iodo-2- ethanol (TENTAGEL is a trademark). After 5
hours stirring at 80 C, the nono-propyl ene glycol
contained still 79 ppnmw of 1-iodo-2-ethanol, 5
Conpar ative Exanple 3 Exanple 3 was repeated, however
using 0.25 g (0.3 nmol) of a st abi-li zed magnesi um
oxi de having a ratio of to Al of 10:1 as descri bed
by H Schapaprideneaplycph co%ﬁbﬂn&di Tatlaly B! 9f4l-ipdg80)
79-90, and &bBamil GENTGEIOL4 6 prdgpkienerfky Gojours stirring
contai ni ng & 0 °¢ 11k RO ropfieds igDEB1 Zonelihanetiil Such

stabilized .;ga%r%gsgfumlggc!f_g_eetg%glbe enpl oyed in step

(b) as descri above tor_t hydronS|s of al kyl ene
car boRat es.SoAP3TAFVE BXBMRIE Lt rring at 80 C, the

mono- pr opyl eneéExgileol wapHERERFRSd ergver ‘{S’inﬁaﬁrﬁh of

1-i odo- 15 @-ethanobt al 4tabilieddesdonésiomotive Bydwea ratio
exanpl es t hat yprgani & 101al LONR=ERRYE By NH.NG-neMHOHIBMS in
in parti cul,@ " elﬁi bgssepyg{,' Pe62Ro 18, s.uscs%srﬁf ué l¥no-

renoved by &nt ac reans co
and/ 0 i GRESRIIERS 9 °éf8h*&ﬁ@@92%nﬁa‘&§ §T“§ ﬁplr"f‘%’.zﬁg

basi ¢ ani onethseslecivell stFdhiaey drrenepium oE4e tFGhakieee"ﬁh?jf‘?d
bi car bonat ein 2depC(d) #% Hedvk:{Ped.absvepfar bws hpfroked®WwEng

organi c hal Q;Qc?fbn(é%&@dnlaté@g AfEQITB QUA0ELS s 1rOMgaad BOUEd the

st ream el 1ot CORL AL 19,80 Sokn 0L O i GOTROUAIS

sel ect ed fromit group ‘consi st
2- ethanol

It is clear from the above examples that organic
halogen-containing compounds, in particular
1, 2~halohydrins can be successfully removed by contacting
streams comprising glycol and/or water with ion-exchange
20 materials comprising basic anions selected from hydroxyl.

carbonate and bicarbonate.
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of glycol, water and al cohol, which process conprises
5 contacting the streamw th an ion-exchange materi al
cont ai ni ng basic anions selected fromthe group of
hydr oxi de, carbonate and blgiobonate wherein at | east
part of the stream contains nopropylene gl yco

and/ or nonoet hyl ene gl ycol . . A process according
todaHnl\maeH1eremwm |srmHOHmdata
tenperature in the range of from60 C to 100 C. 3. A
process according to claim1l @rycjpaim2g Wherein the
streamis produced by a process—rnvofvrng the steps
15 of: (a) reacting an al kyl ene oxide with carbon
di?xid in_the 5 esence.of a_halide-cqntainin

al yStP¥8C8BParh 4°MPEARE] ﬁgﬁP%FuP@ O8RS irHag

COoESBpEands NGramky! Qﬂ%ulﬁabQQ@&hema%@ll%b)cdiﬁﬂﬁﬁtﬂ@g)ne or
the reaction m xture obtained in step wat er

arfBPBe @f cBhe| crMPPrBAEr 88dREEedf fxoguithgbigroumtcangitsting

to r 0 n :

| 5ECHFoR | SRELL OBl KokERord LA BNl copfll] e
25cédmt aeting Bhepstbpam4w1éhpancesa emxﬂumﬂya;ﬂateﬁﬁal
one of the wher_ ei

AL aP AP HG CBHOBHNAELaFEod: TopELhe GEouR Of

1, Bydmedeiady | eaﬁﬁaﬁaaadandlbzaaréonéter 0%%?:&910 QtdinR@st
to any one of the preceding clains, wherei n t he

'h&#!@% *brthe nFhgeant aPpsains monepremylepeaglycol and/or

¥l A process according to any one of
the precegf%g §1¥$°1ns wherei n the halide-containing

ca al wsthCﬂcess eepccéa:)-dtnglt Bonglaodi ge. wherdipr etessemoval

acpordln nz one of the precedln%
s per orme t a temperature in the range of from 60 °C

tc 100 °C.

3. A process according to claim 1 or claim 2, wherein
the stream is produced by a process involving the steps
of:

(a) reacting an alkylene oxide with carbon dioxide in the
presence of a halide-containing catalyst to obtain a
reaction mixture containing the corresponding alkylene
carbonate,

(b) contacting the reaction mixture obtained in step (a)
with water and/or alcohol in the presence of a suitable
catalyst to obtain a reaction mixture containing glycol,
and

(c) optionally separaﬁing at least part of the glycol
formed in step (b).

4. A process aecording to any one of the preceding
claimsg, wherein the halogen-containing compounds are at

least in part 1,2-halchydrin compounds.
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cl aims, wherein the ion-exchange material is a
hydrotal cite-1i ke conmpound which is conposed of

| ayered 10 doubl e hydroxi des with the general fornula:
[[M+x MB+ (OH) 2(x+l)] +(Am 5hsnm) - ] nH20 wherein M+ is
a netal selected fromthe group consisting of M2+,
Ca2+, Zn2+, M2+, N 2+, C02+ and CU2+, M3+ is

selected froma group consisting of Al3+, Fe3+, and
Cr3+, 15 x is a positive nunber and selected fromthe
range of fromO.1 to 5, Am represents an anion
having a valence of m and n is a positive nunber in
the range of fromO to 2.0. 8. A process according to

any. on® protéespaecedifg?@ochayndnewddr ehe Pieceding
i on- exchange material is_an organi ¢ ,anion exchange

r e%%ua%arwhgrﬁépt FaﬁyhﬁﬂlaﬁaFQPﬁéﬂFléﬁ ﬁ@taglryarw

step {(a) is a phosphonium salt.

6. A process according to any one of the preceding
claims, wherein the halide-containing catalyst of

step (a) contains iodide.

7. A process according to any one of the p:eceding
claims, wherein the ion-exchange material is a
hydrotalcite-like compound which is composed of layered

double hydroxides with the general formula:

[[M2+x M3+ (OH) g (x41)]+ (2™ g}~ 1-nH20
wherein M?+ is a metal selected from the group consisting
‘of Mg2+, ca2+, zn2+, Mn?+, Ni2+, Co2+ and cu2+, M3+ is
selected from a group consisting of Al3+, Fe3+, and Cr3+,
X is a positive number and selected from the range of
from 0.1 to 5, AM~ represgents an anion having a valence
of m, and n is a positive number in the range of from 0
to 2.0.
8. A process according to any one of the preceding
claims, wherein the ion-exchange material is an organic
anion exchange resin bearing tertiary or quaternary amino

groups.



