; KLe3e}=z}:86&Tz' +1 .9 AU G 2002 SYNTHESI S OF GLYCOL ETHERS Thi s invention
reI ates to a process for the synthesis of glycol ethers over basic qzgqlgt 02
catal ysts. A ycol ethers are versatile nol ecul es which conbi ne the best
sol vencymmﬂmmmmml al cohol s and ethers. dycol ethers have miscibility
and sol v wi de range of organic chemcals as well as water. For
t hese reasonspo@t ycol ethers figure promnently in the (i) surface coating
i ndustry as active solvents for resins, (ii) brake fluid industry as
solvents) (iii) petroleumindustry as anti-icers in various petrol eum based
fuels, (iv) autonotive industry as anti-freezes and (v) speciality products
for use in households. It is well knomn that such glycol ethers can be to
produced by the reaction of an alcohol with an olefin oxide in the presence
of an acidic or basic catalyst One of the nost w dely studied inorganic
materials for their catalytic activity are the cationic clays These clays
conpri se negatively charged netal silicate sheets intercalated with
hydrated cations, eg the snectite clays. Qur prior 15 published EP-A-CS 1
SG3G descri bes the use of doubl e hydroxide clays conprising nmagnesi um and
alumniumin their framework structure in their uncal cined formfor
produci ng glycol ethers by reacting an al cohol with an ol efin oxide when
such cl ays have an ani on of the rgact ant al cohol incorporated in their
interlamellar space Such c have carbonate
anions in the i nt?ﬁlk&mhﬂlc&fre&{ﬁm@ arobash féﬁthssyrﬁh@}gm@medet%ﬂsr@vbhe ani ons
of the reactant ohoI conventional ionexchange techni ques Mire
recently, o rasn&z%g teﬁﬂgllysgshed PCT/ GB96/ 01462 di scl oses that hydrotalcite
ani oni ¢ cl ays havilygolstberexiedessavie malgness which abobineitherbest splperrcyand/ or
chromumin I A
(poly) oxorretftg{&?ge{seoffaﬁcl%gﬁg F(rj] enhgsd?dr;]l&l:a%tﬁeq F@k%xs%@ig gssgg)fencyefsopr)em ally in
t heir 25 Suncuidgiraras gferagniachemieds o welhaawgist. sFtﬂrdhe%ﬂF@m@@B rglyepl gders et hers.
In this procgage ron%nenlly%’%e’—@?%r@lcé B@atﬁﬁqg&lﬁgﬁ ak QY@ S%We}ﬁtsqgme@ing
significant Srguntz,l | yet hyl en ﬁ as a byproduct. US 5 6.3828
descri bes a ({65“ ufcb‘t“db?tﬁ’o‘ifcﬁo Vg‘}“%‘? U} PSR! ?%@é”ﬁﬂﬂ/%%‘?““\ﬂﬁ?réh” &%ﬂﬂﬂsl ses

reacting a g;bey(txbéunv\foisi’edeﬁhdﬂs/ |(B/I)%uwﬁrlcd®ellrliﬁufsh?a@ﬁr&B&B@&s@ﬁd &v)zpeciality
metal | osilicat SSIbI|Ity of

a cu
B koxy at | ngb aregR Bt els2 in poREnPBE TRCHeR A0y R ER, SRR e lf BB el o of
react ant ® r egrodnesd Hyohe ceactipn namaltolslohithean albfkosyilatn tha preseamdeiadan or
i ndeed what : obtained. It has now been found that by using a
specific rat%agppt)?s‘&ﬁﬂ?l%o olefin, to glycol ethers can be produced in
the substanti al a@@@@ééwedﬂoijow;idvﬁyudeqden%ym@mwmﬁmdmrcamiﬁwrdu ngly, the

present invegdivit) atestha cﬁﬁ&ﬁ@@ﬁyi Ul“hé@'élazgc&hb(ﬁs@neeﬁtlﬂfé'lysciﬁt?géa rﬁét@pess
| cohol over

conpri si ng re cti an ole

conpri sing a% %}?FTSNH@YWL?% YVHEI Wr@ée(deca\ﬂﬁ'i‘%ﬁg ithe gagstite ¢l Wscﬁé‘FB Per,

wherei n the ﬁ&ll@bécBEPxﬁaDsm@fé ciﬂs@rﬁlha@lthdlﬁseﬁdfﬁf)uhﬂe(hycﬂr@b&ldemIIiy@yeﬁlpnﬁth | east
2:1. The ol efjn oxi djsled.as r.e i S l at % dfdmf

propyl ene oxfnaénegﬁ'd? & “B‘U{‘Wé‘h eé{jf% oW E Y 85%'& ?Jgg'&f: C(Sr}e RE" r¥act i on
is suitably arczslatmggﬂ)@d) etbersdyghdctingran lcahalheith emaliefin oalde pitenisoh clays

cycl oal i phat £ ¢ %thglr@alc&%pgl @lﬁ’nc@y r?:%pemﬂgﬂ%t%gaﬂhl ar%ac@o' y- hydri c

al cohol . Mono y S are pr erred I C exa al cohol s
i ncl ude the Sa,lcltr»lasssl wsobilhssisedsnseirly have qaézqnawanloneﬂm&wom)erlamellar§m§r| c

pr opanol % angutttlﬂ% ib SRUMRhE& Rith BROIndnsRFTAE GHLALH exco%t Wc@nv@hhon-ﬁhﬁ)nal cohol
is suitably u n a nolar excess if the desired I:{_p duct 1S
monogl ycol aeril.angq ch@ﬂ'é?sall\jlo%el‘récer%lb’aﬁ?urrpétoir@U@fSha‘li EQ 6PBPe/ Ol fe2 oI efin

oxide is pr eﬂﬁél@b&s)‘thht%ﬂﬁ@‘ah@@gﬁlomc clays having hydroxides of magnesium,
aluminium, copper and/or chromium in their framework in addition to metal anions
or (poly)oxometallate anions in the interlamellar space thereof, especially in their
25  uncalcined form, are useful catalysts for producing glycol ethers. In this process
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25 from4:1 to 15:1, nost preferably in the range from5:1 to 12:1, The
nmetal l osilicates used as catalysts in the present invention have a1éehgﬁ|2@02
conposition in which the relative nole ratios of the various oxides may be
as follows: ' 0.9 0,2p20 : M20: ~ xSiOz : yH20 30 wherein A represents one
or nore alkali nmetal cations or a conb2nation thereof with hydrogen ions) M
represents a netal selected fromalumnium gallium iron and boron, x is

at |least 2 heranefromOto 25. Th he cr taII‘ine

net al | osi | |@‘5tpé ‘lfése'dv?aréabia?c’a]t?)g @”it‘r‘ia‘ftﬁé“%“bsc@;l%e”b\f e’teréy%’u' 8% l’ i nvention

are those ofprodeakened acidity, and are basic in character. It is 35

necessary to rep nunher f an drogen ions ent in the
S a0 b 2000 ST 24 4 FtElber Y PR sy Mhr PN G ARG R AR e
resul t ant nehiwhlcosgiprisesteacting dglyéal with ethdemecdade inlthe pssqmcefoéaabl e, however,

to replace lelall%ili&{??cﬂ QEP%Qdbaﬂﬁ%h%lsmﬁen”%hﬁh'e% xﬂnﬁ gaarga"
metal ions e nmetal [ osilicates used are suit osr es or

gal | osi | i caglegholyybunitris sitans op SefureBnapreportioel feBCtRHS WA feris 5

al uni ni um a&@rrﬁﬁgt)@rmﬁ ap MRGRLLA8H | e LD bl fi08, LA BALI 0 Of silica
to M03 is |§ range rom 1 are nost preferred. These

net al | osi | | E2REE are sui tably of the Iarge pore type with 12-nenbered rings

pore systens havuhrgasaohob@n%m l(hfit ab@suﬂio d spbchicratio dhgsshAk&oleh] known in
the art @nd ncll ernt r alja ul trastabl e

zeol i te! BGp 6 oSl ihtot SO BR LR G o BB HbBede siie B ¥
(UHP-Y), dear hat ed silicon enriched zeolites such as LZ-210, zeolite X
CSZ- | d CSzZ-3 t d th
Sonilar maturar oolME e BREGR Mo BY boBestibnatin Ebdl s FT O T
faujasite t y@ Preasss e@piesng teecting andolein crdpweth an ajqhigeaven a-ca@iypt of DonaI d
WBreck's %Gﬁ%t)h&ﬁg WRRE R mAafyBiate WHER sbaSicth bﬁcﬁﬁc{terp thl’é?rﬂ!h@g Co.

(1984). O 15 these, particularly preferred are zeol1tes of e faujasite

type (z@dli F&S’éa"\'ﬁ“‘aﬁﬁalﬁﬁ@?‘ﬁoQﬂ@cfrnﬁﬂ%?oqn@!’laﬁéﬁdﬂ%‘t leg2: (- zeol i tes USY) Were

the metallosili catreSolarrema@@bsefdee redcf@® & suitibly Beiylend SxRl¥bropfiereskifor m are

usually in th Eb, meta%iron exchanged form However) it nmay in sone

i nst ances b@“ a0ULIsNe QX1 nvert this assynthesised forminto the

corres pondr ng hydlrrwgéavhbbumdrfnr thedeactipo ipauitably atsamratsd Ztragghhtdresi sed

zeolite, e ] i nst ance,
%oﬁ@&‘c’?r‘r{eﬁn %zrlbrrarzi Qwoﬂrgr{%é‘&%h%&&r%ﬁcﬁ%nd H&ygg%hn@r{hh

t he hydrogen ormo e re-conver

cor r espdfdi ridr @ nAAY-hy@#rig %{Poh%nl\@(@hmﬂfe@c@@ﬂ&ﬂf@ orederred, eSpestfiglexawples cat es

whi ch are b%?'a&oh@lsmﬁcﬁoch@t‘l-d_ hﬁcomégr %@aal'lyo%thﬁot Qﬁﬁﬁol“ﬂ{@kdrﬁ’&ld i cates
are exchanged for one or nore i netal Ium sodi um

o} ch e
pot assi um rRJ%Wad‘iOl?rﬁ”érth??}oﬁlﬁE%SHW?lé ra%*rl?w}elwrréa%ét%r ;}FE? g]&%‘d ¥n the
present i nvenititdyussdush @dlar @ibe@%@hﬁh@@rr@c&éhdhﬁo@@dtﬁs #‘ﬁho@tﬁl y&dl egiRAVENt i onal

techni ques b ti t he. hydro Trcate with a

sol ution of géﬁeraﬁar e i o Aotonis GedPupiedapr el LidHas e the

ni trat epschifoom del wr 1 arostyrefemblyag tiaxcenge Bpmaf:1twé2:4al kal i metal .. This may
ypical v, be donouleSEiN g (0B, ERNAL ) e PERLARARLASEIA kKL ||
contact for cemposiiondn whirhsa edlativehoale satiasyaditiayaripup ogides m@mbh@nrs The
contact betwggsihe netallosilicate inits acid form and the sol ution of
the alkali metal salt) eg bé sl urryi ng/? i&g be repeated several
tinmes to achieve the desire d%?@zpo ZPOnX%‘ When the resultant

net al | osyol | o@h@eawréﬁrés%ne d?@sarqn&eanam@rtar chiiorsadt At mbsRdionshéesth or may

35 prior to use i 0 washed se er.a mes Wi th dei gni sed water
it 117 ee rVRRORE DR O Ao ey e o Breb T einish Blen r98s

ni trates etcandiforem xigt twstcﬂeirrd yeidialthd mngh&om al¥i.ic activity of the
metal losilicate f e n n L

netallosilicate n@f}”%@‘ %%lrhggl e E\S%I S use<|E1 §£ n%%‘wt? [}/trhe\tﬂp?chess OfthF ution of
al kal i et al prcsﬁnpmmdtmmaltchhwmfazrerakermdtaeldctwemd ?aﬁbarm ingghatsgtare ltdat i ons to
i npart 5;pasj ithe My be

desir abI53e to %g%/%r}la&srt% ﬁcﬂﬁo@r& Wé[[ﬂeb%ggggnﬁo@ dpﬁee%af&raﬁrgﬁrreltnat cations in
the inpregnating solution in order to increase the basicity of the
nmetallosilicate. The resultant basic netallosilicate nmay be further
activated by heating it in an air flow at el evated tenperature eg from
250-650C for a few hours) eg 5-30 hours, before use as to catalyst. Prior
to evaluation of the basic netallosilicate for its catalytic activity, the
netallosilicate is suitably granul ated using eg an infra-red press by
pressing to about 10 tonnes and then crushing and sieving to an average
partrcle srze of ‘range 0.5 - 1.0 mm Furtherrmre) the cataI yst partrcles

o o s L | e o a - I T B A NN PN .



The process of the present invention is suitably carried out in thegljygupsd2
20 phase. The optinumreaction tenperature will depend upon the reactants
used but will generally be in the range ti~om anbient to about 3 50C
suitably from80C to 330C. The reaction can be carried out at a pressure in
the range from atnospheric to about 50 bar (S000 |I<Pa) The process of the
present invention can be used for instdnce for the 25 reaction of

monogl yeol  Staioshens A G RuBioR it frcbes Sha iy BB Cugiibeste . e
reaction pr rm:elmﬂ&:tqzrarlt isqurtfardble, anwetdt| 1o neplabe Méc&thblhgdiroged ®ek invihey when
making the RRARlaERl hhaka .%@&51% iy rlefBALLAL ds3g b %ﬁﬁrgsrgy' | lustrated

W th reference ation of the
sodi um exchalum@ﬂhqaw ozegollwle:amsusz\rltlme@ms rangé.ohetallosditates (mrwh@dsérqoor ation)

CBV780 Ss/Naﬁmmuwme)prar@ﬁe&xmaﬂmﬂceks QAR ﬁx@ﬁr%lé‘?é!@%f‘%l?c@ M Bl sodi um

nitrate sol yt] on (500 M), 35 The zeolite was exchanged four tines; three
exchanges whi Brhegange Sont 3rlte@0Pgrare most pieferrgdp Gdpsemptllipglivasesane a fourt h

exchange pershRgblyVbf € 14rg peek (9pe Iamm méhb&ed BASNP GG @agsahadr a pafeal yst
was filtered, wt and t re slurried in sh soru nitrate
sol ution. USHE O(fé‘grﬁ te'); kgrfk"o&h?sr?e’*r? Xet! kaQwWRAN I art 3 ‘B%lt“gq A st $iltered
and | eft unrﬂurjsmés (ccg feotiveYl] uldasable aaslite IN(USeddaintihated zoise ¥, t hen dri ed
at 100C qver n| ara Sji_um ex zeo

caesi um contu:!ttlrmydmp §F ’te8f"e%<g{{é’g§f€8a B?l"@gﬁiasgbﬁof‘r?ﬁl\%éeq ngiétlef P (10 g, ex
Toyo Soda graad@-RIbO zeisite XK, ICINAANA WISZ3 @nd. 2N 6O momdendtet zeobitesBétati on (500
m) at 40C fQp;R4 %W&%er sﬁ\f\ﬂlﬁrm‘ﬁ"r\%hor%gﬁﬂg%élﬁ'@s ”Rttﬁ&'oﬁ h n fibd Sf ed, to

wi t hout washin slurried In ti-<e caesi um acet |on hIS

procedure wdge 4‘56? e zepkited can baeundin bhanter ?eQP@H%Fn%?elQ@so c?%?r”ra Y out over

a 96 hours. Breclefst‘zéolttemére&nar@r@mﬂgeoaehea m’eg&ar&lbrm.sgdbl sa)t O?0C. This
catal yst was, further activ air fore use

W, a
Pr epar ation tB'FseCB@?FﬁlFH %{ﬁ¢~d %{8 Z?@BF% ?fet ‘B “&SYEStYRﬁ%éﬁ‘Wd %Ir form
Bet a zeol i t aulradiide ﬂadvaftnvemzZembstBY)C&/B&a tr’éraahlrdws:a&-mrhm@ms at 40C

w thO. 1 Mcat5|um cetate sol uti.on as ellnrel tion to the
preparation ngeCﬂlet ehﬁfé%ﬁ%?ﬁﬁgéorﬂb\?'?e%\am@ t&%&@?@ ekt OR-SHE*# 8 Gcedur e
Prior to catfarmyt iHoveavat,uamayim sine insthryes Ak secossagy gy conyedited astsi ng an
infra-red 20,4 {l"fae§1§e&3§6rlwlﬁt%§h€‘9%1tr &la%gdlhﬁn?%?rp%rﬁh %rd:err't'éghp@ tﬁ@gs S' eving

toapartlcl sl ze O ran caaytlct strn
per f or nedd i nsyaﬂ@@laranzeelﬁes%:eterlempxelﬁweprlwuwé\&aﬁmlpurpreﬁorn% taﬁe tests)

all catal ystmstrameetrcea{ kS R4 faEm Mﬂgﬂésmerm@ Halvé kOBeRe-Edrured to@e cm / min
for 16 lours Produc o? d ycol Fheraéusm

Cs- Z- bet a 25°°fHEPY E%‘f A A&t &P ‘?eﬁ‘r"ef’ﬁéﬁ‘\&l\@&ﬁéi ‘rVIB\ﬁh&Fe gl ycol
et hers usi ngbasroehhyhreater oirhdeycangerbmhamthes&fméfhla)sd&hahy&tebeO\wamne used

was 5 cm- neach action carr dot n .M liquid
foed which oafesrmaR Tiesl SREUNERAETAGRL \afimobdep Sirn tupiall G || o
r eact i on2% hecaesiaot ordenxs tipr @salystiusetinttbe st nrg/e(redrﬂosaohml)ioatex¢rmog¢
tenperature b’aﬂlﬁgca{r é‘d&&%‘rjy co\ﬁ‘b&ﬂro‘hsl' t?clﬁﬁqrfe@%%x‘e?r{)hop{h%?&'ﬁ Sl Al PSR Re

attai ned and st sed Re'reactor at the
set rate of metalpsilieals wctmqg@ﬂu)on of an ionisable salt ofthe desired alkah metal such as

eg the nitrate, chloride or carboxylate (eg acetate) of the alkali metal. This may
typically be done by slurrying the crystalline metallosilicate in its hydrogen form

30  with a solution of the alkali metal salt and leaving it in contact for a duration eg
several hours, typically 12-100 hours The contact between the metallosilicate in
its acid form and the solution of the alkali metal salt, eg by slurrying, may have to
be repeated several times to achieve the desired degree of ion exchange. When the
resultant metallosilicate exhibits a basic character, it can be used as such or may

35  prior to use be optionally washed several times with deionised water until free from



The reactor tenperature was then slowy (at the rate of about 1C {rignhuG-)2002
increased to the reaction tenperature of | 50C Product sanpling was
performed at regular intervals. 35 The sanples were anal ysed using a

Pye- Uni cam 4500 gas chronat ograph 1' AUG 2002 6 fitted with WCOT fused
silica capillary colum (50 m 0.25 mminternal dianmeter, CP-Sil-5):-
operating with a terrperature programm& (80C for 10 m nutes, canping at the

e oo . SRR S iR il 24 Ra TR BBl R0 0o
typically SCGGF}'&I@nctiwglﬁﬁhef mletaélnyhttae@forpleer dested heactioguitiematvkiy ttbe wer e
oLt e hoheROBRLtghtsel s A MGRIRUIER oy MG bl LI o
bel ow. TABLmetal eamapyrsq Veigh caﬂqams S\dﬁmeoarnwrémé basi¢ getBaséeimpaty to d ycol

Ethers (%o Wbésmsl 'tﬁé ﬁfétbmbﬁh&e&’ewld 9 @t GHnbh bg%@ﬁble\&snﬁwa\* (ol e
% Mono gl yco ther r| - ycol . et hersNa- USY 2‘ 84.92. 3NaY8: 1
5392. 25. 42. & “110%062%8 Ei’ieza ”6%%‘ kPN § Qa'inpdﬂcf@éns)ﬁo BHORID 3. 2 10

Et hyl ene Ode&rc@mcmrssmrbamntpas&ﬁ lﬂ&’tal&isllilcﬁlﬂéy|Thetr€sﬂ1ltﬁﬁﬂ£hl9@es onl y Cs-Beta
= Caesiumico

or,m Tabl e
selectiviti ggeta(l%)%\lxﬁgte r%%obega% qu bé&‘ﬁé?“" 4 %réaxé@mvez\?ggevag& ng these
catal ysts. Mrparasreegdom 25@|=650é6 foua fdvohoursreg i-8@mo2B0bdéforaresean st ream
and no q actiuakj on of the catalyst was observed 15 and substantially no
pol yet hy ene ¢ ycoI - an undesirabl e by-product - was fornmed . 20 ,
Claims ~ s pus 20®r 1o eyluationcalshe basimmprtatiesilipatector itscatelytic agtiity, theocess

conpri si ng mgrdsmga@ras anﬁBlyrblrSMllﬂ@d %hhe@an ﬁlf&oﬂaelpr&\é%y pResSiAbaby st
conprising a %Stal l'ine | osi | is basic’in chaFact er,

C
wherei n t he HBHAHD A mraﬁlans: %c? 8?\@9%%@&9@%@&49 B08¢ east
2:1, wher ei 0.3 he 0ahiys tRidhengomethelcheist pardties i saitaepkaltited Bt mesi um i on

exchangeig fOI[evated temperature suitably from 150-350°C, typically about 160-180°C, under
flow of a gas inert under the reaction conditions, eg nitrogen, at about 500 cm*/min
for several hours, eg 5-25 hours, typically about 15 hours before evaluation thereof
for its activity.
The process of the present invention is suitably carried out in the liquid
20  phase. The optimum reaction temperature will depend upon the reactants used but
will generally be in the range from ambient to about 350°C suitably from 80°C to
330°C. The reaction can be carried out at a pressure in the range from
atmospheric to about 50 bar (5000 KPa)
The process of the present invention can be used for instance for the
25  reaction of butan-1-o! with one or more units of ethylene oxide to make butyl-
monoglycol ether (BMGE), -diglycol ether(BDGE), -triglycol ether etc. The
reaction proceeds particularly smoothly with very high selectivity when making the
monoglycol ether.
The present invention is further illustrated with reference to the following
30  Examples:
Example 1:
Preparation of the sodium exchanged USY zeolite
A USY zeolite (obtained from PQ Corporation, CBV780 Si/Al=80, 10 g)
was exchanged at room temperature with 0.1M sodium nitrate solution (500 ml).

35  The zeolite was exchanged four times; three exchanges which were performed for



2. A process as clainmed in claim1, wherein the olefin oxide is ag e?
~0 oxi de, propyl ene oxide andlor a butylene oxide. 3. A process a al ned
inclaiml or claim?2, wherein the alcohol is nethanol, ethanol, an
i someric propanol andlor an isomeric butanol. is , 4. A process as clained
in claim3, wherein the alcohol is butan-1-ol. 5. A process as clained in
any preceding claim wherein the nolad ratio of aI cohol to olefin oxide is
from4:1 to S | aim 5 wherein the nol ar
ratio of al %%%8}“!5 aé‘g ‘f%r‘l%;ééj 3 gPel'?Gcwnﬁcg?a%tetd OMPUS" 7 “A process as
clainmed in any prﬁé’tﬁedad‘gemhamgq thetmataysh wak 6ltenet adithost tingeg and themfe-t he | ar ge
pore type Wi r}?ergpg rd S

‘MsthédZin S%Gm lggé §8Q1 iBn. M@ér%[ﬁmh@t c}n”&tﬂe fast 8&[1&;%1 §-.% wher ei n

about 7-8. ess as aimed 1 n
the netall ogamIYétaW@s ﬁléerad ﬂ@dj]e&surtr@semmévﬁnf decagipmation. ZdsicptadsBeea. 9. A

process as ghedidRd dmo@qqy o%mp(ﬂgl ng claim which is carried out in the
l'iquid phas%. 10't' cess as cl al i n any preceding claim which is

carried out FENt to about 350C, and a pressure

in the to range f’li‘mrﬁa&ilmﬁsdbhﬁﬁrhﬁg t@bm@waﬁ pRPatediby CORAGLIAEANLY zedlite {(10AD. AGF. A
. AF% AFr . AF. Aar - *v=

7{{} xsni d_z8 8’&?8&? §8 %&jaé’a]l‘é’a]*&eé gﬁ) NAR Vi P I cagsi 2s83a 89109 a] cRa] cal

caV] caV] ca] ¢Cm])cadOa( daf 2ahadra] ARa} eadd]exahange the material was filtered,

ooy SR gl ool il o)
L y---9./ L/\zma@;performe three times. A fourth exchange was carried out over a 96 hours..

ZWZC2e2D4444a6ﬁ§e$5ﬁ@azt\/e7>&ch§rmaqﬁe/hMM %;\ eddsal 1@@1@@@?@&@ s aakRéal ca cal o

2 cal cal oal cal cal ol oal 5l elbodl galg gk gal oal ohalcal cal cal ca

o <<} =444 4mh AT desminhE_ N ad vl eslli€ BE@a] ca] ca] c*a] ca] ca] ca] c™a] pa] caj

calcal caloal o] sahspbstleath e sl el salral A agle ol rabspahe V(i K

@o%& ()-fl &k@l%ﬂa (ec) A@BAOVRIN) 4 MU act 0RO} ioB af AEXHbL above pO  xV7*

#LFI (! 10%% ion to the(préé)a(ﬁf dof d‘@s(un%gx/ﬁ‘m@ed N fY$} s () -! @LF 109%2& () -

() " LF10%&' (
eactor System and Procedure

Prior to catalytic evaluation all materials were granulated using an infra-red
20  press by pressing to 10 tonnes and then crushing and sieving to a particle size of
range 0.5 - 1.0 mm. All catalytic testing was performed in a stainless steel fixed-
bed flow reactor. Prior to the tests, all catalysts were calcined at 170°C under a
nitrogen flow of 500 cm*/min for 16 hours
Production of Glycol Ethers using Na-USY, NaY, CsNaY and Cs-Z-beta
25 The above catalysts weie tested for the production of glycol ethers using ,

ethylene oxide and butan-1-0ol The catalyst bed volume used was 5 cm’ in each
case. The reaction was carried out using a mixed liquid feed which contained
butan-1-ol and ethylene oxide At the start of the reaction the reactor was
pressurised to 30 barg (3100 KPa) at room temperature using the feed. When this

30 reaction pressure had been attained and stabilised, the liquid feed was pumped into
the reactor at the set rate of 5 cm'/hour (LHSV=1).

The reactor temperature was then slowly (at the rate of about 1°C min™)
increased to the reaction temperature of 150°C  Product sampling was performed
at regular intervals.

35 The samples were analysed using a Pye-Unicam 4500 gas chromatograph
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'@-! 10%8&t(\ér h%h§r" "ﬁ@@}[eﬂ A by-products formed. Mass balances were typically
5  96% or higher for any test period The liquid products were analysed for
monobutyl glycol ether, and also for di- and tri-substituted glycol ethers by gas
chromatography and the results are shown in Table 1 below.

TABLE 1
Catalyst feed Ethylene Selectivity to Glycol Ethers By-products
molar oxide (% wi/wt) (% wt/wt)
ratio
of BuOH | con- Mono glycol Di- and Tri-
to EO version™® ether glycol ethers
(mole %)
Na-USY 5:1 40 92.8 4.9 2.3
NaY 8:1 53 92.2 5.4 2.4
CsNaY 7:1 7272 86.8 12.6 0.6
Cs-Beta 8:1 91.4 860 10.7 3.2

10 * Ethylene oxide conversion is bascd on cthoxylated products only
e Cs-Beta = Caesium zcolile bela
It can be seen form Table | that very high selectivities to the mono butyl
glycol ether can be achieved using these catalysts. All tests were carried out for
more than 200 hours on stream, and no deactivation of the catalyst was observed

15  and substantially no polyethylene glycol - an undesirable by-product - was formed .
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alcohol to olefin oxide employed is at least 2:1, wherein the crystalline

metallosilicate is a zeolite in caesium jon exchanged form.

2. A process as claimed in claim 1, wherein the olefin oxide is an ethylene
10 oxide, propylene oxide and/or a butylene oxide.
3. A process as claimed in claim 1 or claim 2, wherein the alcohol is

methanol, ethanol, an isomeric propanol and/or an isomeric butanol.

15 4 A process as claimed in claim 3, wherein the alcohol is butan-1-ol.

5. A process as claimed in any preceding claim, wherein the molar ratio of

alcohol to olefin oxide is from 4:1 to 15:1.

20 6. A process as claimed in claim 5 wherein the molar ratio of alcohol to

olefin oxide is from 5:1 to 12:1.

7. A process as claimed in any preceding claim, wherein the metallosilicate
is of the large pore type with 12-membered rings pore systems having a

25 pore size of about 7-8.5 A,
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