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(54) Title: SYNTHESIS OF GLYCOL ETHERS
(57) Abstract

This invention relates to a prowssformakmg glycol ethers by reacting an olefin oxide with an alcohol over a catalyst comprising
a layered double hydroxide (LDH) clay with its layered structure intact and having interlamellar anions at least some of which are metal
anions or (poly)oxometallate anions. In the LDH clays, the interlamellar anions present are inorganic metal anions, oxometallats or
polyoxometallate anions and include inter alia one or more of the following anions: chromium, vanadium, molybdemnn and phosphorus,
and (poly)oxcanions thereof. A copper-chromium hydrotalcite anionic clay or a magnesium-aluminium hydrotalcise anionic clay exchanged
with (poly)oxometallate anions are preferred.




Such conpounds consi st of positively charged netal oxide or hydroxide
sheets with 25 intercal ated ani ons and water nol ecules. The positively
charged |l ayers are brucite-like WO 97/ 00842
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[ My( OH) [ er r ] Iwowiaesdz i val ent cations substituting for di valpgﬁ'fGBt?g(f"i‘%s in
oct ahedral sites of t he hydroxi de sheet. Sorption of hydrated ani ons
renders the structure electrically neutral . A wi de range
of. such LDHs contai ning various conbinations of the divalent 5 cations
Merr] (eg My[err], Zn[err], Cu[err], Ni f‘err]+ Fe[err], Co[err] etc) and
trivalent cations I\/[err] (eg Al[err], Cr[err], Fe[err] etc) and anions
Al:err] (eg hal ogens, oxoani ons, organic ani ons etc) can be synthesised
either by direct crystallizatiqn from aqueous sol utions t hereof or by
ani onsexchange of a pre-crystallized LDH Clay (of .KJ Martin and T J '

Pi nnavaia "J Am Chem Soc", 108, p. 541 (1986)). 10 ' The natur al
mnerals of this type containing Mg[err], Al[err] or CJerr] ions are

call et hydrotalcite (My[err]Al[err] (O—I)[err]]CQerr] 4H err] O, and account
for t he predom nate nonmencl ature in the literature of

"hydrotal cite-1like" conmpounds with a simlar structure. A
| ar ge number of publications disclose that cal cined LDHs have catal ytic 15
activity. For instance, US-A-4458026 discloses that catal ysts prepared by

cal cination of hydrotalcite-Iike conpounds may be used to perform

al dol condensations. JP-A- SYNTHESISIOF GISYCODETHERS pr epar at i on of

al kyl ene gl ycol ethefy i i Y,

EP- A- 339426 di scl os ?ﬁ%ﬁé@&é 108 pfied fﬁﬁg" sypthesis fighyoof Uit Ber

et hoxyl ati on an@¥ Righ\ppeides orhy. Wxtdéfrpounds contai ning active hydrogen

atons. 20 Nat ur al Ic}lyodetwslaregv&daueeﬁcﬂgcslecwhkmcmmtm lyest:mNmnayafeau&m ons

intheir interl d eridfa
Cactivity as cat aéqgié ts PS‘%“*‘?{% e!'w’%ﬁ%tl Ogeigg&%ty%és%@f% ther s'%“%t was .
ol i eved t hat - cSIRERR Shemrrlsat sl a6 waten okar tors BESE Tegions, Bl Rof ethers figure profifeEtifia i on
of LDHs can be mahe (lhwrfaeatooamgm@svwdeaqumgﬂveofs foraesire; (i) brabe fluidgndustry  fr om

200-600[ err] C, gapRRals @i mﬁ:@ﬁﬂﬁs@ta&uﬁm&ﬁ@m’m &u&m&amﬂ gvpual l'y
| eads to 25 the

o Rener b 1y BroEHSIe3h &sav R i hes 565° 0.
Eng. Chem, Prolis welbknowmthat speh glyoobehgs canbepeduced bY the rgaation @€ an aleohioh t he
I ﬁr rra})loeg gggﬁngﬁ?gﬂble% eﬁg& itk[ﬂze{ﬁhﬂl&rdﬂan atidig of mfc citalylt. free Mer L] o Al
carcined form - OREOkhEmotSiaty Syl ordid BalSudleof bR Aabeb pblit O
Qur prior publi m@ﬂﬂﬂm ?W@BIB@SG‘WH%@FEPM‘Y @geﬁmmlcw&m hydr OXi de
intercalated with hydrated cations, eg the smectite clays.
A further class of well known clays are the anionic clays which are the
15 intercalated metal oxides or hydroxides, especially layered double hydroxides
(hereafter "LDHs"). These anionic clays are different from the conventional cationic
clays in that these comprise positively charged double hydroxide sheets intercalated
with anions and, as such, form a complementary class of materials to conventional
cationic clays. Such compounds are described in eg "Anionic Clay Minerals®, by
20  Reichle, W T, "Chemtec", January 1986 and have the empirical formula:

. [MZ+) 1 (M3 ), (OH) X [(APF )y pry nHROTX-

Such cb;npoundé consnst of ﬁoéitively chargéd metal oxide or hydroxide sheets with
25 intercalated _anigqs_ and water molecules. The positively charged layers are brucite-like . .



cl_;ays conprising magnesium and alum niumin their framework structure in

their uncal ci ned formfor producing glycol ethers by reacting an
al-cohol with an ol efin oxide when such clays have an anion of the
reactant al cohol incorporated in their interlanellar space. Such

cl ays as syntWeg78m® normal |y have carbonate anions in the BGI/GBI6N1462
i nterlanellar space but this is exchanged with the anions of the reactant

al cohol by WO 97/ 00842
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conventi onal ion-exchange techni ques. JP- A- H1- 304043- di scl oses
that hydrotalcite-1ike conmpounds carryi ng copper i ons and in which

hydr oxyl ions aMg(PHglwith tivalenticatione sublstitoting for tivalent sativing coctdhedral sites of
vapour - phase hyaleayafs,haeaieetarseﬁbhsfwtaﬁﬁms%ndmmestmcmréeieaﬁchg; set of
such conpounds in he LDH cl ays have magnesi um and al um ni um
atons in their ¥¥ vvork and whi ch have ani ons of chloride, sulphate,

nitrate, carbonate, Awidgrangeaf such LDHsonliningsvanipus\cambisiations ofithe divalenti ybdenum
(the so- 5 CentibRAMZPIé Mgﬁ* )an-iﬂ@bapqqaﬂ-ep@l-n m@l% faleh et @ibAy space

and are describgg.in 4774212 .an conpounds
descri bed in tﬁgge (%& EEPE i‘é ‘!11 %ni% P8RS, gXRAnians, 190515636
because t hese raﬁmlsetcboa@ds&ﬂhaMﬁﬁ:psb;ad:rmgayﬂdMOn&oﬁﬁquhwsmﬁﬁsmhl ch

make no ref erenﬁerebpo 'ahi%h Ralld1BEECla (RCPMaRfhand T  NE
synt hesi s of t ,, Qg '%g}t ereof "as cat al ysts in sone
organi c 3 Qleé )i on or ammoxi d%t I on of

hydr ocar bonsQ |n parfhemmﬂﬂsef'ﬁbmpmmsb@zﬁmg ot €03 ionsaret has
now been found &ahadh;w&wtra ahPadobitht e dheprediiningb

copper and chro m um lw‘[;“e Zﬂémﬁarrevp?’ é%{:@@r“e can ggﬁﬁé?kﬁc@g whi ch
clays for ??1 5 po%l lg? ‘e p'wg N8R e terned as
LDH cl ays, and #metwg.so be converted into pillared clays by

i ncorporation in theal ﬁmmbmn&mmno@émh@damedmnswmmspem ally .

ound ¢hat et %? R Bissfelafs o o o Eiq:%‘%é’%"”%"?ﬁ Hebtrah,

al uni ni um coppek We-lelwmmpmdp fay hensed o p @l@omdmmsha?ré rret al
ani ons or 54mb47)dasama§ fhk brtharatich 6fatkylefle Elyeol iefhbrcdckiates ukifg cal¢nede
thereof, eSPeC' éP-A-339426Ud?£:ﬂJs9é :ﬁ?ﬂsef gwavarma&w fof fHedl YSt S
for produm ng g ccor Bg/ ﬁ resent
invention is a f‘ °’rﬂ£R?‘FF§IaE‘PWCﬂ°"'€P‘HE’F §°”§§T" aative ﬁﬁﬁ%"é’s‘é"m

conprising ee acNatugallmcmirﬂﬁg EDH clagie contdimmainlyaiarbohasé ardonsin theic iriterlapetlar
conpri si ng dorfdin, Lﬂéh%&amlstn%nhaw%@ao@%m{ylas Bathif P60} tHR MrepamifioR 6f
interlanel | ar gly 13 2l | Was gehevergethat calcmatlon en ances glreactq%t al “anions or
(pol y) oxonet al | BYEP SHEGHE t ty.
Calcmatxon of LDHs can be carried out over a wide range of temperatures, eg
from 200-600°C, depending upon their structure and composition, and usually leads to

25  the reversible collapse of their layered structure (Sato et al, Reactivity of Solids, 2, pp
253-260 (1986) and Sato et al, Ind. Eng. Chem., Prod. Res. Dev., 25, pp89-92 (1986))
and results in the formation of a spinel M2tM53+0y, together with free M210. All
the above documents require that the LDHs be used as a catalyst in the calcined form,
ie in a form having a collapsed layered structure.

30 Our prior published EP-A-0515636 describes the use of such double hydroxide
clays comprising magnesium and aluminium in their framework structure in their
uncalcined form for producmg glycol ethers by reacting an alcohol with an olefin oxide =

" when such clays have an anion of the reactant alcohol mcorporated in their
interlamellar space. Such clays as synthesised normally have carbonate anions in the
'35 interlamellar space but this is exchanged with the anions of the reactant alcohol by



The‘olefin oxi de used as reactant is suitably ethylene, propylene and/or a

butyl ene oxi de. 30 The al cohol used for the reaction is suitably
arr aliphatic, cycloaliphatic or an aromati c al cohol .and may be a
nono- di- or poly-hydric al cohol. Mnohydric al cohols are ngferred.

Specific exaWQ¥W08L 3| cohol s include the C1-C6 al cohols, &&MH ,
nmet hanol , ethanol, the isoneric propanols and the isoneric butanols. The

al cohol is suitably used in a nolar excess if the desired end product
i s a nonoglycol ether. In 35 general, ti3e nolar ratio of alcohol to the
olefin oxide is suitably at least 2: 1 and is WO 97/ 00842
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preferably in tdvaventiompbiohreachadgeltetimighes. 1, nost preferably in the range from

5:1 to 12:1. %ch E‘E&P% g%ﬁm s the
ef fecti veness of tatngjp'd‘ﬁgé:élgﬁe ks a%ﬁég%;ﬁg?ys%@b‘?‘g% g&g é(gtlon
whi ch is cont r dPYs and i yhic %xdrw}wﬂ%%fenm@éﬂmaxc in the
LDHs, the i nt ervapowrtghase hydiotysis ofaremetit hatides. i nor gani c rret aI anl ons 5

oxonet al | at es or pol y;?fﬁﬁl'ﬁisﬂ 61%&1 gg Wh:él’:‘fhkiﬂﬁ’ ﬁ%@ﬁ lﬁﬁmﬁi i a one

or nore of I on ana enum and
phosphor us, anoal“““m““‘(wwg%ﬂ' %?]MD ¥4ni ons and

(pol y) oxonet al | mtme,aaarbom aerephthalate, rmdmmdés@f vmﬂmnhan&br molybdmnmdths sand

2 Goppor - chr o (anEyAeE *““"‘fl‘éfﬂt ShbE Spce and b RlsBeg IS A=t ance.

(pol y) oxonet al I%ﬁéggﬁﬂ“g X‘F" %J]I%?s ﬁ‘“?FﬁE%’%‘? @Hﬁﬁggmgslaﬁerabl y

i mproved 10 sdiﬁ'cemtlﬁmttynomnﬁaﬁhbﬁﬁﬁé berause tiese retate foqpillaodd cldys ehagainsti t h

gl)ﬁfgzt 0>C<)In gleste@mnoﬁgesmmchmakeﬂ&eﬂ?eaaagh ﬂrea%nagarmeeeiuwgttegeﬁtdesgnbe hoa
v i u | Wi

chl ori de precur Y“?{ﬁﬂ ﬁt?’?s?pﬂi:@?a wﬁﬁ ?%5%’?%1 %ﬂ“ﬁ'@é‘?‘ﬂ?w n), a

t er epht hal at e preactignssuch wegadebmmmmmmpmmmcax@n&mpmcum

I\/Et hods of prepa-bmgﬁbﬁyu%aﬁscme anionic clays are well known in the art

met ho s de cr| A-,4458026. en olutions of.
soI ubl e sal ?g of Ch i"ﬁl'\?gl ST o(% gh?tr)ijg' t'gﬂfe %’P&ﬂ gaygpgnrﬁﬁyg ds her with
a sol ution of acdpaerand ghromium imgheir framewsdk strachipeicanbe geodured wlucb@byafm
carbonate at a m@awpeéehaﬂlthaﬁreéahmeﬁronrc&m@ be-EbﬁnedasLDHaél tdnagameawe is

vigorously stir whi ch
I's then opti onaﬁ%qe% é{tgﬁma}eﬁqgg%ﬁ“%&?meoﬁ' C for

several , until a‘“°“5 espegiaf YEF@M“‘QH‘% Wexem atBé’(‘!ﬁ?ss ?’Eﬂ"ﬁﬁ- DH. The
resul ting LBM i beehlfisund that suechdgdroralcite clayawlﬁddhaedydibxxéa ofncggsina; al |y has a

chloride or a Cé\ﬁm o Lr{?i%rcﬂltoﬁ{uh‘ﬂﬁﬁjhﬁ o??andwhl hhM %L
el { her I on ang or by adaptlng

£he. synt hest s ik GER)agmetaless i g G sl stace Urrrob SRt e ¢ he

interlanel | ar uncalcined form, are useful catalysts for producing glycol ethers.

Accordingly, the present invention is a process for making glycol ethers said

25  process comprising reacting an olefin oxide with an alcohol over a catalyst comprising
an LDH with its layered structure intact and having interlamellar anions at least some
of which are metal anions or (poly)oxometallate anions.

The olefin oxide used as reactant is suitably ethylene, propylene and/or a
butylene oxide.

30 The alcohol used for the reaction is suitably an aliphatic, cycloaliphatic or an
aromatic alcohol and may be 2 mono- di- or poly-hydric alcohol. Monchydric alcohols
are pret‘erred Specxﬁc examples of alcohols mclude the Cl-C6 alcohols especially,
methanol, ethanol the isomeric propanols and the isomeric butanols. The alcohol is

suitably used in a molar excess if the desired end product is a monoglycol ether. In

35 general, the molar ratio of alcohol to the olefin oxide is suitably at least 2:1 and is



25  domai n. O her nethods of synthesis of such LDHs in which

doubl e hydroxi des of magnesi um and al um nium are present in the
framework are described in US A 4774212 and US- A-4843 168 and in
whi ch nmetal anions or (poly)oxonetallate anions may be |ncor90rated
as pillars i n"WP909842 or | anel | ar space are referred to abovePCHEBIN

The process of the present invention is suitably carried out inthe liquid
phase. The optinumreaction tenperature will depend upon the
reactants used but wll generally be in the range fromanbient to
about 250[err]C suitably from50[err]C to 150[err]C. The reaction can

be carried out at a pressure in the range from at nospheric to about _
50 bar (5000 Kpeeferaldpin the range from#ictoi511cmest poéferablp inthemage from$drtoild:. can be

used for instance:f
PCT/ GB96/ 01462 The %ﬁ&%ﬁtﬁr@'&fﬁﬁs invention is the eHEMiVéde e uncalcined

but an- 1- ol wi t FrD5sces MF@YGHFW“Q%ﬁM%P&E?@WgSWm?

but yl - ronogl ycabowet I‘IhusmtheLDBMHE)mteﬂmghyaﬂﬂnsﬁdsmmMﬁgmdmm]gmpnnl et her
t Th t

ete. The {gaghggama&m@&d@ lyoxometRfiid dnfis dd eSS Bt ik YR of wbnd B

e present

n no et
invention is f m%{rﬁwgmgﬁ eﬁﬁmmaﬁheweme‘ah@% 2pd, phosply 5
Exanpl es: (ﬁﬂya)npomohs thereof. The tefine(polyddrioanionsfant hmly)htometaﬂate[aniensme or:

40 of @ T X'oitaf 18 inchuabobh ook bid it E’J'%“arzﬂ% o dertvatives, 1 o

CrCJerr]. 6H[er *utlons I n % }f
added at a condt ?f\H"(tﬂ‘cﬁia/WPB“‘l"Wa“% plalcie anionie Wﬂ"% exefyngad of o 2
MKCI aqueou$ suhtht(pdn)oxdmaalldte anmiohs xebuits inffma&terialswehicholye considerably ahprovedum

chioride LDH vagediviy kéatdtysitolihe FEidiGbr Ao ugtfht ofeif oMdbia Sl i RRY S

solution to the KCl sol tlons‘g an aut oma ator at rpom

t enper at ure un&EFaNge can be Gy F?'P"FW“"'I‘ B 90 BRTeqEoT SR AR B (i n 10
hours and the Mt@wdhaqmmwmr(m@bakmmﬂsmymhmsabbymoemmmwiaﬂsafor 14

hours. Three su&gﬁﬁmg{gp%mrrwgdg pecutser. of fresh distilled and
decar bonat e wat er

forned,t c.entr fugat i Q rpm
during 1 holr. The °é‘b‘{9§f’§ g 3?‘?1 '&?F‘é%ﬁ %WSJPGQHV“&Q/QW QP
60[err] C. Wﬁb%‘séﬁcébﬂdrmi@r&&ﬂsm{! brgenersl solutipng ofgelublealty efved to
col I ect parti cldbalesf andRfivalent mefalsZ@e Mixtd'togethérewith Dsolution &P basBgech ad g X-r ay

hycr ot 4l L."[‘epi‘ﬁﬁ{"“ “P%‘f*?%’f%%%%g@% ol o1 3 porS e o Bl e

the chromate piesslting mixture is vigorously sfier E@WW@HEP(‘E‘H] 3 shuryy is formedove (1 g)
was suspendmd iwhichis thaiy optithally heated, suitably between 50°C and 200°C for several, until

sufficient crystallisation occurs to form an LDH. The resulting LDH is then filtered,
washed and dried and generally has a chloride or a carbonate as the interlamellar anion.
Materials containing other ions may be prepared either by ion-exchange or by adapting
the synthesis method so that the desired ions are incorporated in the interlameliar

25 domain.

Other methods of synthesis of such LDHs in which double hydroxides of
magnesium and aluminium are present in the framework are described in US-A-
4774212 and US-A-4843168 and in which metal anions or (poly)oxometallate anions
may be incorporated as pillars in the interlamellar space are referred to above.

30 The process of the present invention is suitably carried out in the liquid phase.
The optimum reaction temperature will depend upon the reactants used but will
N __generally be in the range from ambxent to about 250°C sultably from 50°C to 150°C..
"The reaction can be carried out at a pressure in the range from atmosphenc to about
50 bar (5000 KPa). _
T3 The process of the present mventxon can be used for mstance for the reactlon of



solutlon (0.1M 100 m) of (ererr])[err] anion. The pH of this solution
was nmi nt ai ned at a value of 8.5 during 3 hours using a 1M NaCH
aqueous sol ution at room tenperature. The resulting product was then
washed and dried at 60[err]C as previously 25 described in 1(a) above in
order to obt aWP9@P842t s whi ch had a particle size between PCT/GB¥MI¢2 0.5
and 1.0 nm The XRD pattern was typical of a hydrotalcite anionic clay
with a [err] (003) spacing of 8.42[err]. C. Preparation of the

di chromat e phase: The procedurse described in 1(b) above was
repeated with a solution (0.1M 30 100 M) of a dichromate anion

mai ntai ned at a pH value of 4.5 by the addition of 1M nitric acid.
The XRD patt er n batag-1val withsingiot mbretunits beahmnebhaef&mmm -fioAcglydohetdrb)

above with a 8(Qﬁ é%ﬂgl&ﬁer&lﬁéﬂﬁ-#lgmlgﬁ etéj 'l‘he E‘E"%n of the

pyr ovenadat e phase epare bove (1 g)
was suspended i P WM’“&?‘*W&@ WR?“ E"#'?“’@ﬂ
vanadate. The pH of Thepmdnuhwmnommﬂhﬂﬂmmhnf«mcetoﬂWMQMZ

PCT/ GB96/ 01462 Exampies:
by the addItIOI’IEO M. sodi um hydr oxi de solution at a value of 10 over 3
hours at room —Z‘—E—:Fén'perature Wi th vigorous stirring in order to

i nt ercal at e t he apyr oRreparatidneofting « precursorspeci es, (V[err]derr])[err].

The washi ng and the foraims)

descri bed preV| Qus @@l’#\&ﬁd Bé.tgftigrd‘njé ﬁ%?gﬂf?ﬁ%ﬁ@%zo lutlonﬂ"()OS)

spaci ng of ‘éé'[ag fZIresp wglywere ALORA Pwt(ﬁé"/ﬂ@é'h%' k¥fat e

phase: 10 containifig 30¢rend of 2 2M KChaumeas solatidn( At a(fikgd pHas 55,ithe eoper |n an
| ut

aqueous sol u 'O%hﬁfmﬂnéhlondeLDﬁ/'via?ﬁn%Ei/?f&@dl”ﬁdﬁﬁcﬁ‘ig(g‘}gpamgﬁ fﬂa&)@ fours a

mai ntai ned at a ution

room t enper at ur &° ?"nt°3 5%?@@@@93;% PlysutomaL Ot roo)
t er epht hal at e plyigoeous sirsing hThe addition was.completed ]n(l(b(]ﬁ)lrsapdimempﬂm’r hqm:rgﬁfg err]

whi ch facilitat Qgedmeﬂtﬂwaﬁé&ama&nsafowm hoBH) AthPeedh &iﬁ;’!%ﬁgﬁﬁh 50 ml
In order to bt adte the t ase (1
was sufsgpen ﬂﬁﬁ‘%"g?fc gﬁlﬂ"?‘%ﬁ’ i ot

dat e
(100 m) nai nt ai4d@Qrpm during wn@wamwmﬁsdmslbmmm&nmmam pH

val ue of 4.5 dummgv&dﬂﬁﬂhﬁt@ﬁlmﬁéﬂ&okéﬂmhﬁdﬂéﬁdtﬂﬁlﬁ R 6fthe

treatments of e nner

I dentical to tho scr?%gic} T‘éé%my$§$ac§w att %P)oqr}%?mate"al
resul ting d’c‘P eW@W’% 5(0R3) spaging of 27PAsed, showed a 8(003)
spaci ng of 1. 6b[ err fithe isen of the heptanol ybdate phase:

The material prepared in 1(a) above (1 g) was suspended in an aqueous
solution (0.1M, 100 ml) of (Cr04)2‘ anion. The pH of this solution was maintained at
a value of 8.5 during 3 hours using a IM NaOH aqueous solution at room
temperature. The resulting product was then washed and dried at 60°C as previously
25  described in 1(a) above in order to obtain pellets which had a particle size between
about 0.5 and 1.0 mm. The XRD pattern was typical of a hydrotalcite anionic clay
with a 8(003) spacing of 8.42A.
c. Preparation of the dichromate phase;
The procedure described in 1(b) above was repeated with a solution (0.1M,
30 100 ml) of a dichromate anion maintained at a pH value of 4.5 by the addition of 1M
nitric acid. The XRD pattern was very similar to that of the chromate phase in 1(b)
above with a 5(003) spacing of 8.95A.

d. Prggaratlgn of the pgrovanadate phase
The material prepared in l(a) above (1 g) was suspended in an aqueous
35  solution (0 1M, 100 ml) of sodlum vanadate The pH of the solution was mamtamed




The terephthal ate phase prepared in 1(e) above (1 g) was suspended in an 20
aqueous solution (0.1M 100 m) of Na[err]MdJerr].2H err] O The pH of the

sol uti on was mai ntai ned at 4.5 by addition of dilute nitric acid over
3 hours at roomtenperature in order to keep the hept arml bdat e
ani on, [ Mo[ er MOJ78P84¢] [err], so formed in solution. The Fldfident

washi ng and drying treatnents were carried out in a manner |dent|cal to

t hose described in 1(d) above. The XRD pattern of the resulting product
showed a [err] 25 (003) spacing of 12.77[@rr]. g. Production of

G ycol Ethers using the Catalysts 1 (a)-(f) above: The above
catalysts were tested for their ability to pronote the epoxidation of
al-cohol s in a stbyiths ﬁﬂ'sionbé}Msodiamﬂnpdro(&ﬂe&a]unmiamwuedfwimmysdtird)drmd

with a thernowel, HieRals "l‘m"ﬁﬁfﬁ@“‘ iceach
case. The reactl%“rll wat%ew“-ﬁ gﬁﬁt*@g ‘B%Ehse?{ml am xgﬂe I qui eed prepared
under pressure SBFRESSK Zﬁ)g)crf'rbﬁma&ﬂ §35°°°d“f°“s was thegameste oxi de

(1 nole). The etdescribedcpreviowsly. (Fhe MR pateesn mlulpmduadhowedtdﬁ(ma)qpacmg of

phase in thesfeedyxot by having a 10 barg (1000 KPa) nitrogen head
pressure. The eacth as |n|t|a |y pressurised to 3000 KPa (30 barg)
at room t enper atur e &ESRAZUY 2 CecavanadaLP@¥td. \Wen this reactor pressure
had been attai ned and‘hsmatnnillpmtedumk(a)(ltgluwds.%pendﬁedmemsrsplndonnf@)]the

reactor at the nbeshinahOsd Q0O kit Ot pit-Wid¥ndfsihed sFBSaRE 8P Stsing 2 VIO
PCT/ CB96/ 01462 NaOH solution during 5 hours at room temperature with vigorous stirring. The XRD

t enper at ur e Mas petiem of thewdrephitmiatepimsd thi§ chtaihed shewed5(0AR) spacingof #2984 - t 0
reached at thi ﬁ"éﬁ‘pﬁ““*“"’m ol 8 ierRn Qe vehuAdulder S B 0 01T 0
hours on-streanm), ali 83“‘{'}'&“#@&%‘*&\ W hthal%?&%&rﬁﬂl“@a and
anal ysed at reg L;bipemhdtlmmheous'ﬁhbtl@am EM sodivm metavapasiate (190 md) maiftained

‘Ijgle #\ql cam 4500 pgafe mfmfﬁg‘gfﬁg}&gﬁtﬁgz meafms ]i“{wﬁ%:’;‘{""’&ﬁ C?EI ;I ary .

u i | i i.ng W

t enper at ur e rodn'h 2T f@ﬁf‘@ﬁ” 6’6 wﬁfqﬁlﬁ 2""%%‘8 ?‘ﬁé“?’at e of
6[ err] C/ mi nut e treanpeGientiedl @ thpse m:mrn!éd)tabeve ‘The XRD mtteveofahbmlgng)f

nono- gl ycol et hgirodut, mvakxsmeﬂmm&ea&ﬂma(aﬁqep@. Q:lt‘lIdelA Mass
bal ances were t)@pl cal% %m%goﬁ %t! thlgé I b%ateamset est perio The results of
the 10 tests are sh

TABLE 1 Cat al yibe terephthalate phase psenaged in 1(e) abowe ()i wasisyspenslediyam|  Et her s
By- Products 20  aqueous solution (0.1M, 100 ml) of NagM004.2H20. The pH of the solution was

maintained at 4.5 by addition of dilute nitric acid over 3 hours at room temperature in
order to keep the heptamolybdate anion, [M07024]6", so formed in solution. The
subsequent washing and drying treatments were carried out in a manner identical to
those described in 1(d) above. The XRD pattern of the resulting product showed a &
25 (003) spacing of 12.77A.
g Production of Glycol Ethers using the Catalysts 1(a)-(f) above:
The above catalysts were tested for their ability to promote the epoxidation of
alcohols in a stainless steel reactor (0.9 cm internal diameter) fitted with a thermowell,
The catalyst bed volume used was 5 cm3 in each case. The reaction was carried out
30  using a mixed liquid feed prepared under pressure consisting of butan-1-ol (6 moles)
and ethylene oxide (1 mole). The ethylene oxide co-feed was maintained in the liquid
_phase in the feed pot by havmg a 10 barg (1000 KPa) mtrogen head pressure. The
reactor was initially pressunsed to 3000 KPa (30 barg) at room temperature using the
. mlxed feed When this reactor pressure had been attained and stabilized, the liquid
'35 feed was pumped into the reactor at the rate of lOcm3/hour (LHSV = 2). The reactor




conversion (% w w) (% w w) (% w w)

BMGE Ot her Ethers a. 45 94
6 0.2 b. 48 95

5 0.2 C. 80 95

5 WO 97/08842 d. 29 PCT/GBY§jpj 462

0 0.1 e. 46 100

0 0.1 f. 46 100

0. 0.1 15 The above results show that the present
process achieves a very good - conversion and selectivity to the

nono- gl ycol ethers. Mireover, whilst the catal ysts with a dichromate
phase perfor m eesmpesatiregias tivealslowly (ataboat F per irinutd) inereasedso 120°C0dvets in

the case of cayaluphunbl Hbube e sy R Vs Mabikihe BiSRpebiraidifa Vanadat e

or . ybdat e 97/ 008
PCT/ GBO6/ 0 01462 pressurd (which ?P““Pmﬁ"z‘ﬁé’r'&’f’rscﬂ?‘wmk ﬁﬁrmwm e\g- Al
LDH wer@ Sanpidd and udlysediatiregilartintéryalbs.c Theodamplesiwere fanalysed nsings owa

Chemi tal | t
bagps)cawasngg?i ?& ;ﬁ:ﬁg’sﬁogrﬁg &9 %%d% %EP éa‘;m%gaat ;j ‘:?lalé lgl !su\gqc')ll ved

inl litre of ed by
t he additi on of(80%2 foy 10 nmiutes,rmmp:ag nﬁhe oatpof 6°Chniowe to Zﬁo&hpddteufunsmeour S.

After fil trat'qaaﬁ%hﬂfb?n%ﬁé c‘%l%ﬁ#e%%%dﬁ YT Bificts ¥Ad by- Mc?&‘fb mRdge! y 1
or;

litre of |l ed water led at 8 [ 16 hours.
T Bt epar at (¥ Balntes WAt dumical 44 o Bighel Erany et period ot e Boua
KW 2100 LDHOwagestsdre shayeh inTablgd[below] C f or 18 hours under nitrogen 10

at nosphere and cooled in a desiccator under dynam c vacuum 20 g of
cal ci ned material was slurried in ’Pﬁﬂiﬁsled distilled water (produced
by boiling distilled water Se====

Catalyst Ethylene oxide Selectivity to Glycol Ethers By-Products
conversion (% w/w) (% wiw) (% wiw)
‘BMGE Other Ethers
a. 45 94 6 0.2
b. 48 95 S 0.2
c. 80 95 S 0.3
d. 20 100 0 0.1
€. 46 100 0 0.1
f. 46 100 0 0.1
15 The above results show that the present process achieves a very good

conversion and selectivity to the mono-glycol ethers. Moreover, whilst the catalysts
with a dichromate phase perform exceedingly well, the selectivity improves to 100 %
in the case of catalysts which have a polyoxometallate phase of the vanadate or
molybdate type.
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and cooling under a nitrogen blanket) for 1 hour to ensure maxi num

di spersion. The m xture was kept under a nitrogen atnosphere to avoid
centam nati on by atnospheric carbon di oxi de. A suspension of 30.5 g of
sodium vanadate in 1 litre of degassed 15 water (0.25M was further
degassed wit h'WREM08¥an at 65[err]C for 1/2 an hour. Then t hECT/GB6/f2,¢ ¢ he
solution was increased to 10 by the addition of 2M NaOH when a cl ear

col ourl ess solution was obtained. This solution was then m xed to the LDH

wat er slurry and the mixture vigorousPy stirred at 65[err]C under a
ni trogen atnosphere. After filtration and washing wwth 2 litres of hot
degassed water, the resultant pale I I_W o ﬁuct was left to dry in a

desi ccat or undef™ dy nesparation ol g diffraction pattern

Iof kt he resul ;[jr ng whi 20g qf@ddﬂed Mdehﬂe(bbmneéhal(mbvd@khm&hhﬂuﬂq—%
i ke conpoun a |
Pr epar am)og of @éhﬁmgiﬁgfﬁ]@%%ﬁ%{@ gﬁglt? dm‘?l ared LDH

20 g of cal ci neXNWHRE Wt stilled
25 water fer Mjhawwwemﬁim&fmﬁyawaﬂnsp&dmpm4Stdvermeﬁwbmhmrsrg kept

under nitrogen V) ' E‘%Qf’a di oxi de. A
sol ution of 32. ﬁierﬂﬁ'?n&tﬂé QPL‘ Ifra \ err |n tre ofd&%e%éassed

distilled water @ nitrogen at room
terrperaturefor:OS Prpparationof dive » id '-“.i PHIrry with vigorous
stirring . The pale ﬁ Jd'auﬁﬁé%r m&‘i‘( itres of
hot degassed 30 (i eg] jn a Si ccat .or. . eparation
of re- hydratlgd 851‘%%%° ¢r;dypamig xgcpum. 20 g of calcin Ky owa

-2100 cal ci ned Inﬁtd:mhwasfshmddan degalsscd rdstilldtwa!&(@mduqed:byhoihng distilled watgen
f1ow for 18 Nougsy pdblingudlierd nitrB rga% &) a1 %@ﬁmaeﬂgﬁgmmmﬁmn fecsith, Fhet!! | ed

wat er whi ch ] a sfrea o Frpgen

The resul ting s/THHE WRg<cRzm ﬁé&?‘éﬁ?“?@ﬁ)"éﬂ%ﬁ‘r‘g]@‘ SARfamnaty

ni t rogen at nospleanben dioxide 8A kuspensionRE 30,8 of sddivme vanadate in 1 it a'aegaw

\IZ/aC'rr{a ?ng/ glflgtza rWatef (0.25M) ?r%srﬁxglh er degassed with mtrogen at 65°C for 1/2 anhour Fhen the tl} 1 C

gave the final &\{%PSBE]@E?W”I’W %@M&P&\é\‘?‘r"f M%‘lﬁﬁ E?L‘showed a

highly crystall |cnleuﬂ§seolmtwmwasobtamed S[Obmpt}w@s)tbynmptaétm@ewmwmr r].

éﬂt | P: oc(dgct |) ORBlugrly afid the Mixtinte &owsﬂﬁe&ittwaﬁﬁ&rbniﬁog&mm b Canol

alys g - but ano

(785 g) in a ﬁ% Eﬂdz“rﬁﬁﬁ S Bt sl Sl N Rl ol

ni t ragen, efetod rsimgdww gmru@ur@umg?éwmqwgﬂe@ne oxi de
= 5.0 on a rml ard:fhaaioﬁbattem of the sestilkifg whiskoisoydepivid ented aaegénedteawymmﬁ-

rai sed to 120[ engl Compdifia Wit 5 BE008) YRSing BETs &.
J)- reparation o -Al-Fe(IIT)(CN)g]- hexacyanoferrate: illared LD
20 g of calcined Kwaa-ZIOO LDH was slurried in 1 litre degassed distilled
25  water for 1 hour to ensure maximum dispersion, the mixture being kept under nitrogen
to avoid contamination by atmospheric carbon dioxide. A solution of 32.93 g of
K3(Fe[CNJg) in 1 litre of degassed distilled water (0.1M) was further degassed with
nitrogen at room temperature for 0.5 hour, and added to the LDH shurry with vigorous
stirring . The pale green precipitate was filtered, washed with 2 litres of hot degassed
30  water, and dried in a desiccator.
k. Preparation of re-hydrat: i -Al- tive Tes
Kyowa -2100 calcined LDH was further calcined at 450°C under a mtrogen _
flow for 14 hours. 41.9 g of this material was added to 500 ml of distilled water which
had been degassed by purging wrth a stream of nitrogen. The resulting slurry was
'35 heated to 80°C, and stirred under a nitrogen atmosphere for 48 hours. Removal of the



i ncreased to 3000 KPa (30 barg) by applying a nitrogen top pressure, and
reaction 10 conditions naintained until the ethylene oxide was consuned.

Li-qui d products were anal ysed by gas chronatography and the results of
the anal ysis are shown in Table 2 bel ow.

TABLE 2 . WORHI0RI2 st Selectivity to dycol Et her s (BT (FRRp01462

By- products (% w w) BMGE O her
Et hers h _ 91.6 ' 7.8

0.6 h (a) 91.7 ? 7.8

0.5 [ 83.6 15.6

0.6 ' 88. 4 11.

0. K J(b) water on a rotary evaporaigy; at,80°C followed by drying at 80°C gpve t%e gnal

0.3 m(b) product. THe X-tay powder diffraction pattern showed a highly crystallineSnaterial

0 At topegovered fromthe run above was recycled.

.1 15 (a) 7. lw@'n ,,
(b) Corrparative est NQ to the |nven |on) using 0.11g potassium
acet aj e. lEx anphies =PRSS K 2boy +=gher BMGE
selectivities can beamsa(s@(inmhbdlmteheh caseto <n|50 hmbwdsidﬂbdtdm-yumlal ysts

Conparative oxapee ﬁg@a&“@‘?ﬂmﬁ%ﬁm ‘f@gﬁ eﬁg |
t hat BMGE sel ecPPiA l%ltqucfgﬁ@éf'q"fm't‘ qUgthy %‘dﬁ? °“‘F ‘H’d’ﬂs'f?l | | ar ed
catal yst al so was then alded, pindthe salediantoelgve naysethtmdm‘?q:s'l‘lwlﬁresmreyva@ thenX- r ay

L o O i e
re-cycl ed wlh W&Sﬁ&’s’xq‘"ﬁ m@g‘eg@ﬁew T A= E’e‘flr(g‘ﬂ)' pseducts were VO

97/ 00842 analysed by gas chromatography and the results of the analysis are shown in Table 2
PCT/ GB96/ 01462 pejow. 10
TABLE 2
Catalyst Selectivity to Glycol Ethers (% w/w) By-products (%ow/w)
BMGE Other Ethers

h 91.6 7.8 0.6

h(a) 91.7 7.8 0.5

i 83.6 15.6 0.6

j 88.4 11.6 0

k (b) 80.4 19.3 0.3

m (b) 76.1 23.8 0.1

15 (a) 7.1 g of catalyst recovered from the run above was recycled.
{b) Comparative Test (not according to the invention) using 0.11g potassium acetate.

Examples (h) to (j) illustrate that higher BMGE selectivities can be obtained with the
pillared LDH clay catalysts than with a commercial potassium acetate catalyst
20 (example m). Comparative example (k), using a non-pillared Mg-Al LDH clay shows
that BMGE selectivity is reduced if the pillar is omitted. The non-piliared catalyst also
lost physical integrity and crystallinity (by X-ray diffraction) under reaction conditions.
With the pillared materials the catalyst was easily recovered post reaction, and could
be re-cycled with no loss in MBGE selectivity (example h(a)).



C-di ns: 1. A process for making glycol ethers said process
conprising reacting an olefin oxi de with an al cohol over a catal yst
conprising an LDH.clay with its |layered structure i ntact and havi ng
interlanellar anions at |east sonme of which are netal anio

(pol y) oxonet WP ¥W8Lni ons. 5 2. A process according tgﬁaﬁgln1qﬁmherein
the ol efin oxide used as reactant is et hyl ene, propyl ene and/or a
but yl ene oxi de. 3. A process according to C-a-mtor—2 wherein the
al cohol used for the reaction IS an allphatlc

aromatic al cohol which may be a nono- di *%r poly- 1 liﬂ m Eﬂ“lla 10
4, A process according to Caim3 wherein the al coh drd c
Cl- Co6 al cohol . 5. A process according to C|a|n13 or

wherein the al cohol is selected fromthe group consi sting of

met hanol , ethanol, the isonmeric propanols and the isoneric but anol s.
15 6. A process according to any one of the preceding O ains wherein
the al cohol is used in a nolar excess to obtain an end product which
i s a nonogl ycol ether. 7. A process according to Claim®6 wherein
the nmolar ratio of alcohol to the olefin oxide is at |least 2:1.

8. A process according to any one of the preceding Cains wherein in the
LDH 20 clays, the interlanellar anions present are inorganic netal

ani ons, oxonetallate or pol yoxonetal | ate ani ons and include inter
alia one or kﬁﬁ . the follow ng anions: chrom um vanadium

nol ybdenum and osphorus and (pol y)oxoanions thereof A
process accordilng t#é WB%HBS@VW‘F?#E’%EQPW@&%WW““*“

(pol y) oxonet al lgide withian aRkokd) everdatalybt comprising ANEDHRTy withiis laybred steucture Ons

and the 25 pelye%0: fiGkle\Rbiatfial RIS X least some of which $R mea 3 A<or T,

PCT/ GB96/ 01462 R
10. A procesépaieemetallataagions.ai m 9 wherein the catal yst conprises a
copper - 5 cl2rom WprbgessmaddMgtteChimam}ermimyokﬁmhddenmhmms

\(Aﬁglrgl) gx?gt gil ¢ and/or albhtylenedxiaE O0CeSs according to Claim9

ani oni c cl ay e;’chan #%S%&g}%t%g}vﬂl"?“hﬂ lﬁllfglén"?""’eH]f‘”')é Presién' ©

is an ahphatlc cycloaliphatic or an aromatic alcohol which may be a mono- di- or poly-
hydric alcohol.
10 4 A process according to Claim 3 wherein the alcohol is a monohydric C1-C6-
alcohol.
5. A process according to Claim 3 or 4 wherein the alcohol is selected from the
group consisting of methanol, ethanol, the isomeric propanols and the isomeric
butanols.
15 6. A process according to any one of the preceding Claims wherein the alcohol is
used in a molar excess to obtain an end product which is 2 monoglycol ether.
7. A process according to Claim 6 wherein the molar ratio of alcohol to the olefin
oxide is at least 2:1.
8. A process according to any one of the preceding Claims wherein in the LDH
20  clays, the interlamellar anions present are inorganic metal anions, oxometallate or
polyoxometallate anions and include inter alia one or more of the following anions:
chromium, vanadium, molybdenum and phosphorus, and {poly)oxoanions thereof.
9. A process according to Claim 8 wherein the (poly)oxoanions and N
- (poly)oxometallate anions include both oxcanions and oxometallate anions and the
25  polyoxo derivatives thereof.




5.7 12. A process according to any one of the preceding C ains wherein
the reaction of t he ol efjj | hol in the presence of an LDH
clay catalyst is carried out f”“ﬂlmu"“l"ﬂlmm d phase. 13. A process
according to any one ofthe precediny (raiyrs *wherein the reaction of

the ol efi n wwdwndegs2al cohol in the presence of an LDH cl ay PC3/GBASHIE] out
at a 10 tenperature in the range fromanbient to about 250[err]C. 14.
A proces according to any one of the preceding C ains wherein the reaction
of the olefin with the alcohol is cdtried out at a pressure in the
range from atnospheric to about 50 bar (5000 KPa). 15. A

process according to any one Qf the ,precedinhg C ajns whenever used for the
15 reaction of i%ut ohPro swr&mﬁw%hmﬁm OMRTISALORBS e to make

one or nore  chromium¥ytisdialcieranipnicoldy exthianged VA Gpply)odomethliabednions her ( BDCE) ,
tri-glycol ethgy. Apro%gss acoordmzé Claim 9 wh@lein the cataﬁri’t comprises a magnesium-
aluminium Aydrotalicite anionic clay exchanged with (poly)oxometallate anions.

5 12. A process according to any one of the preceding Claims wherein the reaction of
the olefin with the aicohol in the presence of an LDH clay catalyst is carried out in the
liquid phase. |
13. A process according to any one of the preceding Claims wherein the reaction of
the olefin with the alcohol in the presence of an LDH clay is carried out at a

10  temperature in the range ftom ambient to about 250°C.
14. A proces according to any one of the preceding Claims wherein the reaction of
the olefin with the alcohol is carried out at a pressure in the range from atmospheric to
about 50 bar (5000 KPa).
15. A process according to any one of the preceding Claims whenever used for the
15  reaction of butan-1-ol with one or more units of ethylene oxide to make one or more
of butyl-monoglycol ether (BMGE), di-glycol ether(BDGE), tri-glycol ether.
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