PROCESS AND ASSEMBLY FOR PRODUCI NG ALKYLENE OXI DES AND GLYCOL ETHERS FI ELD
[ 0001] The present invention relates to a process for manipul ating the
amount ofweanoeldoyissal cohol in a product stream conpri si mgras2a@lhloyiiene oxi de
and a process for producing an al kyl ene oxi de and one or nore glycol ethers
i ncorporating the process. Mnufacturing assenblies for the production of
an al kyl ene oxi de and one or nore glycol ethers are al so provided.

BACKGROUND [ 0002] Al kypeher X hfiesa semBEY Pk 8pURYNGeact i on of an

al kyl ene and hydrogen m@ﬁyiﬁwﬁO&mgﬁgg§ﬁpéng0U%Tﬁ%ﬁgen and hydrogen.
Cener al | yyptfjese reactions are carried out in a liquid solvent, e.g., an

al kyl al cohol and water, and in the presence of a solid, netal containing
catal yst. However, the use of one or nore alkyl al cohol s as a sol vent can
be probl d0RMi ¢ The Pieent MNeNtion selptat fosrpregest e nsaipelating the preukesion eyl kyl ene
oxi de rEQRbﬁ&%n%ﬂﬁﬁ&%t%@&ﬁﬁé&ﬁﬁmﬂ@%ﬁﬂhkﬁ&kﬂ&u&ﬁﬁk@ébRﬂ%quFR%H&ﬁﬂgmﬁ | arge
nunber of trays, d operated at high reflux rates. In order to reduce the
economi ¢ abwiederwidnwde@ew mére glg@l @fheltSHeCQil)%ytlmgamédmﬂeSS aMeajloetiting i f not
all, of t] c £ romthe
aIkerne %%,ﬁh&y%5@%§fpﬁk3§§§$5%§&$%#% gggﬁéﬁﬁ%%#i mgq%ﬁoggﬂaga*tggiatlve
separ at i pnovidedhni ques have been proposed, many invol ving the use of
extractive distillation. However, the proposed solutions often introduce
additionqbuﬁggﬁbe@ﬁ) For exanple, the addition of an extraction sol vent

i ncreases t size requirenent of the distillation colum used to renove
the al kyl al cohol due to the added vol une of the extraction sol vent.

[ 0004] DedP402b| yAlkrisne gerides gpayt he nienserdcby derction A1 kel allelersy japd hxdigken be
devel Ope%eltolﬂﬁlte }de%f)'eﬁi)%dfe Odr &Q&n%ﬁ@ ﬁ?cﬁ%!;éﬁn Géfnel‘aﬂy ahdey kea@thcfh@ Ial%lcaf'rfeg BN

al kyl ene oxi de’ with reduced difficu /or econom ¢ burden as conpared
to convent iadiald spiveaktergacan alleyldilephpl] ¢nétw@¢r, aed hoths presprRICER aDPSERMPE] ON

[ 0005] Th%o&ﬁ‘ﬁﬁl%%ta'l Y e WP PRI P o?éJSPm%re% eaiéohok@L% SRRG EdrCl | y’ the
present invention es a process nanlp atin e amount o

al kyl al podhddmatia 1rathm th¢ wpaatl@l @f the slumlfroasthadesah&ymmme o¥idedeqpres cuergy st ream
More par tlrlltc us&vae (, tilla? on Pl%er fO%STCBI%SIIISII%%? oy t%lr}%leersogfj %_a;%)’ Sit eg ojog:%lt%xh aﬁrhl%lbl y

subst ant i"&att
recycl ed reﬂlux rathe  pr @dernd rqdmacths sgonamg:rtmaieﬁ nmmsedmy thofuscad tkiyd alhylcatmhbcbl may be

allowed to remain in al | f|n | ene .oxi de gam The
est dual AR ashaf of B sligl oleh il Sy Sn FeSr RS oaR PP raBicbSd ™ o

f or m one atkyls®beiddownst r eam products, e.g., one or nore glycol ethers,
which are nore easily separated fromthe aIkerne oxide product stream

| ndeed, refined | ene oxi de
pr oduct 4@@@Zn1cdﬁd%éoggﬁé 6§198“%%6%6F% (% Pma mr?dpﬁged§3|¥ﬁﬂlone or
nore gl yeadposddnansy mnvzr)lvdgshened of Admamteagﬂmlusdry Hdsmen/dietmr@o@éd dogidnd 0 t he
al kyl ene axide refini not |ncr as ase when
oxt Yoot vEehgaeR, bRl BRAR e o el A atiiis e gty YeRF
pur pose. 11|r_dﬂéafséle&hé’rﬁidi‘r,eq1bﬁ>ﬁ®ﬂ5ﬁ thchﬁstﬂ&ﬁo@f:olﬁiﬁﬁ a@attd weenodb Sel dlitydbicetvl dan be
avoi ded, QF cgplt? qd energy costs associated with the sanme are al so
el i mi nat dythe added volume ot the extraction solvent.

[0004]  Desirably, methods for the production of alkylene oxide would be developed that

provide for the separation of an alkyl alcohol from an alkylene oxide with reduced difficulty

and/or economic burden as compared to conventional or extractive distillation methods.



[ 0006] I n one aspect then, the present invention provides a process for
mani pul ati ng the anount of an al kyl alcohol in a mxture, wherein the

m xt ure owoppizmwsisEr om about 5 to about 15 wei ght per cemrCTAlSkyi@mEOIDXI de,
about 50 to about 85 wei ght percent al kyl al cohol and about 10 to about 25
wei ght percent water. The process conprises introducing the mxture into a
distillation colum to produce a refined stream conprising fromabout 50 to
about 99 pkpghrseRieEiMN al kyl ene oxi de, about 0.5 to about 50 wei ght

percent al kyl al cohol and about O to about 5 weight percent water. In sone
enbodi ments, the refined stream nay conpri se from about, 65 to about 99

wei ght pdPQSht AhgPressis invenden Pnlst seshz pEceyoomssngeifigply. fer Rrasent a kyl

al cohol afgn vided £ pRBAN troPm¥¥Ep Ik IngRBE 685 Int Wb hikylTNBoHoE{d NEfxtElr €amis
then reacted with a caFaIyst conprising a metal -1igand conplex, an acid, a
base, a P& aruChrar@o%@i alkyleng ogide gHOUSRETEM. ofMarRypartisvisely. 88d iheerab ¢ educe
the al kyleoRleGAUAI pROBLENdrdhn SufsfStih 0o GAGHSCuSHOPRIIR dESSed BAN 1 i %
[ 0007] Such a mxture may typically bée found in; e.g., an al kyl ene oxide
product slesiehin reartrl:t:dslot ¢ PIesopF POesss armyatercmmne@ediwé plgolind njagdbgrefovert ed i nto
br poessesy [yl %) PIRANGERN Hh1@0 LKk RAE FALC TR ANG Bl TRIRAYCO

et hers. urt r aspect rese I nvention t i des a process
for the pu@p@maﬂyommomndhwahk%Ienecoxrﬂmmamd(mmenodmwunemgmywouset@ers. The
process cQ re K xi d

hydr oper OXIng oS gl}{]co?‘gtthers gwg‘lﬁlag‘rgxdorg easﬂx g eparat %c?rg nsg}g%*ef x?de ?’?dutct
produce anpnmdnmkasthﬁamnmonpﬂhﬁmm@thetmﬁmunﬂdnaﬁmﬁhmqemmxmdkIxmhetprocess

conpri ses |ntrod xtur i nt o | l,ati on col u uce a
Co T mod Stk E A s F et B bRt B¢ St e el BB il 36 oo S
oxi de, ahledtedO. fﬁivbﬁla@@ﬁ&lf/ thé€ vuramghﬁ‘ fEdrtc ed aldylkyd o;adia:@ttoingamteab@tmbt 0to
about 5 wei ght percepnt water. In sone inments, the r, tream may
oot e rra L BT B s iish Yot St Mep Eerauh i Ehe B Shout 5. 5
to about s3HilaMpugbic. PRIrGEeMorélsydus@ihe ABO bf aadctatmstmramtrpcaahewtvoﬁe&\&heght
per cent mater The refined product streamis then reacted wi th a catal yst
conpri si FgPIE! M%P@Vrceﬁﬁ%fswwt appnacig alsgelgaggted. o a conbi nation of any
nunber of these to produce a reacted stream conprising |less than 1 wt%
?I Kyl gl Godval , o &1 RPQUthed, tﬁc;,] toﬁbsabduten&& Iwe'mlga;ta ﬁ@b@@%rh@iﬂ@{?a&iﬂg Otlwi de an(cji
rom about 2 t ut wei ght ent col ethers. The refine reacte
product SPEH r‘% alterﬂertwiﬂtlraaa@@ ﬁtrsmatgf‘sfée&rracur&rtsrq frop bt & 60 oMt ¢ o

provi de assyhigitigieideatd d1iy101er il LBAM 50T oAbkt BNRcighd sleccandikd stdeapmef
gl ycol ethers. [0008] Because the present processes allow for the presence

of “a gredbe 18ipabaut 3f waighy Pergeté SHET- iLHe PHSSSS £PMPEICH yntradpsing tenik{rene

oxi de st r1ﬁ§@élmat1&%‘ﬁﬁﬂ{ to%éduc%%fﬁl%ﬁ%t%an@&gnﬂrﬂﬂ%%rﬁ Hout BE tdBILPYY at i on
of the sanme based g|@on t he desired production of glycol ethers, the use of

separ at i orﬁﬂghémrﬁfrnq wlopapyads) abayt 0.8 epahioat Ihyeighitpstearitalial pigohal pndsboptf al ky !
al cohol t?%edﬁ ke, q %}Meﬁc@ﬁ WXbdemPlL AR UG bof il RRT h%rrgﬁ&ﬁ trEaﬁH Wy &Bmphld SO,
the use o diti pl eces of equi pnent can be avor or “the equi pnent
requi r ed from ebpdue®b tatabowtrlp weighi pacenf alkylvee osidpartani 64 farﬂlt/omr 3pwreighi cat i on
may be 5:15%11 fital @PQ Mol SREMBET0 £ &Hrscsbe%gﬁ @1’8&%Wate?pﬁﬁ%ﬁned':sg{e&xﬁt—‘srtﬁgﬁ e, the
operatio 5t & second react i on s B 0céss bo produces a

subst ant iredcted vpllnraeca&ﬂ)rseacrmm‘fsugl alqyd:telrigaod(ccomplezqdn acidmols;tsaratrhahll ajkqaudee stream
of useful I anot her acturing
assenbl y % Pﬁglapornog{l Cliyl £ Ot theseth rf: fuce the the aﬁl? 88081 S{%nt il a re?uﬁ %/col

et hers |3ap&ﬂwudﬁdm1&@ﬂﬁﬁhﬁh%)hybrrd nanufacturrng assenbly conprises a
react or appropriate for housing a reaction to produce an al kyl ene oxi de

pr oduct rrsrn 5 t.0 about al kyl ene
i de.  anpf T 5oSRIPLEBPE gkl aER 85 sutfe 0P ol B R Ak 6 Nea e o5
wei ght pemtecntthe/\;ab&rsS ijned\asmgesdnbly bé umdoheratmmrprmmafdrtm prbdiua:tmmof col um

operatively ) Iatrve to.th ea t recer the Iene oxi de
roduct - S PUYIERERE abT Rt R of ehER I it Eibdty Be pBSr Rt Ee ana
appropri akg Ifrorld@rmdtwes@goﬁtheqfrepaedoﬁtorfearmuqmrdxmer@dfcrremrab@utglﬁel to
about 99 %E ercent al kyl ene oxi.de, o H %o out 50 we

percent &FKH aI DhIPCEH d“ GO GeatCSn%b%Put ylghs; TE8T RREYS aor from
about 65 to about 99 wei ght percent al kyl ene oxrde about 0.5to about 35
wei ght percent al kyl al cohol and about O to about 5 wei ght percent water.
The assenbly al so conprises a vessel operatively disposed relative to the
distillation colum to receive the refin stream t herefrom and housing a
catal yst capable of reacting with the refined streamto produce a reacted
stream conprising less than 1 wt % al kyl al cohol, fromabout 0.5 to about 98
merght per cent aIkerne oxrde and frontabout 2 to about 99 merght percent

Y - o -



beconme better understood when the foll ow ng detail ed description is read
wth reference to the acconpanying drawi ngs, wherein: [0011]FIG 1 is a
schemat i cwol2b1egopEssi on of a manuf acturing assenbl y accordirng2aia/oeie?
enbodi ment. DETAI LED DESCRI PTI ON [ 0012] The present specification provides
certain definitions and nethods to better define the present invention and
to guide those of ordinary skill in the art in the practice of the present
'nVent'O%,mpﬁéﬂkﬁéQﬂln@ﬁgEﬁﬁﬁigﬁw&HQmH&Q¥h§m9&ymﬁﬁméquﬁﬁ&i&é@qx5&kta
partlcular termor phrase is not" meant to inply any particul ar inportance,
or lack tsHeesPmpaEtipgthe derdred rlkedane ovdider wilde Miesead comprises infradueing (ke
understo t r in
X AECAIS éFﬁul‘ia%]oﬁ le‘{lﬁl@rth@%@&é ?&ﬁe@é’tréaﬁpgﬁp%m ffl)'n{'afo\ﬁf(%ﬂ

the relevant art. ' I'rst secon as used
her ei n dabetd) dengtt @craay abydime oxigaaavont &5 twbqutrﬁwvtemht:eercemualkylaalmpl are
used to [ apo " d "an"
do not dgggé%ﬂ%Hﬁ?%¥Bgs“%ﬁﬁﬁsg&ﬁgﬁgg%:& %HS raf%’ n@éﬁggg%&ﬂgﬁﬁgbs nce of
at | east comgrisef fréthabowfterte nbed Q%Qﬂghtmd;enmakyleremwa‘ rbntt ‘0,5 tbtm:okf 35

"bott om ed f
convent encilb e AR R AIED M8t S BSTT G BE B o
spati al orédaot satamris theN\@a&@daﬁtﬁ@%ﬁWﬁgyrﬁ@tﬂm@an OipldA, fan beidges are

di scl ose t he endpoi nts .of all es directed to the sane co ent or

o ooort s tusee OF pEPEBRURh GGy R AR § EBfsR i DR pRTRe ey 38 1o
abo:Jt 25 tmtnf l%rt;/@ﬁlkylrmufoﬁoﬁ ﬁsﬁlagblﬁ@lﬂ ¥, ab@b@!twe%hv\per%int Qlkﬂb?)dﬁx%&&n\dﬁfro% :c S

i nclusive o t he en nts an inte tevauso teraneso
"about 5 put %tt)ab%g@ @%t ch%gyalethfrs ”3 % %?aéte RESIYFSURHR SATS ar e

used to d@fddngdnBRY: sefontl ARtINARESIURARE pidviddh kitateRally|RSEs RN e Blk Hkfe
expected to include many of the enbodinents of the invention, they were

calculatéﬁ“%&%@ﬁ“ﬁﬁgﬁﬂ6 €olsiisddi ment, i.e., that enbodi nent wherei n t he
al kyl al cohol is nmethanol and the aIkerne oxi de conprises propyl ene oxide.

Those of (0008 NaBYcaGild thé picfent BRocakés dlol fof 8C PaREES of begteatelaaﬁleuﬂtaﬁgw may
vary i f dlfferent menbers, of these genus' are utilized. 0015]The nodi fier

"about " ¢abeliim the parially redinedlirlens Qrifersfrrany thes conyentippalrogspses fad &dsehd val ue
and has tf&eth@ﬁﬁﬁlwrauai &t @d %ebaasémpoﬁ% &X%fred L%o&lucnoﬁ BebiveR SthkRehd fﬁgéf ee of

error aSSOCIate wi th nmeasurenent of the particular g

ot her wi s& f geeratier technifues spradler o Sa@aéatwgévb%aalb}salmﬁ fbhﬁlkpsle%lef&%ﬁ gomme suf fi x
"(s)" as H3fHe %%fd%'ﬁ?odlét 'stFlJaﬁPQ%%E Qeq'u[}@d UQ&%dbs%t khehﬁ@ 0?1 0GHbRN PR Bf‘e

plural of the termthat it nodifies, thereby including one or nore of that
term (e. gauipmemecapaicatyipideds pr th@amum@mumu@ﬁb t%ﬁffmraée et éﬁqymdsfurthﬁaef er ence

th h
roug O%Epatr'ﬂf%n gf& {uq a't181?réﬁaa‘1 Sbeoﬂﬁqtll%gglg(géfla{ghqe’r to %ﬂ&h%@ran?}gp Q)géfg? eat ur e

enbodi nent™,
structur @urtherrdvomr th@ha)paf@tl@r o6tal sdcontb seactiyedtep nincthangotasorbothi predudee 2

enbodi msntbsta%ﬂal r% ?tg?ailg]nn%tﬁ%%lé}:rflgngs n’ﬁld arrsplgg:iln% Bur%ss?r ntl) %Euse% tgcycBl and may

or may not be p di ment's
under st oathetsh adtndt sloemdaastheli d:spd:t i ari%ntl |maeuﬂaetatmg @sendy fd]ehtﬁpInﬂndtlelﬂ of m any

sui tabl e aﬂ% the r0x1|dc£,] at aestr\ég'nrn 0 ngll%coq rTRlers is prOVI%ed

[0009]  The hybrid manufacturing assembly comprises a reactor appropriate for housing a
reaction to produce an alkylene oxide product stream comprising from about 5 to about 15
weight percent alkylene oxide, about 50 to about 85 weight percent alcohol and about 10 to
about 25 weight percent water. The assembly further comprises a distillation column
operatively disposed relative to the reactor to receive the alkylene oxide product stream
thereof, comprising fewer than 80 theoretical stages and appropriate for producing a refined
stream comprising from about 50 to about 99 weight percent alkylene oxide, about 0.5 to

about 50 weight percent alkyl alcohol and about 0 to about 5 weight percent water, or from



[ 0016] The present invention provides a process for mani pul ati ng the anount

of an al kyl alcohol in a mxture, e.g., such as a partially refined

al kyl ene wei2de/qeduct stream More particularly, and i RCTaIs201298210D

conventional processes wherein substantially all of the al kyl alcohol nust

be separated and desirably recycled, in the present process, a greater

anount of al kyl al cohol may be allowed to remain in a partially refined

al kyl ene ,9i:G8 Br.86H0 &é@ﬁaﬂ%}ceﬁ_thﬁkﬁ@&' Su@l aeluculs Rl HBMols hsighuhsqauent |y

substantlally entirely reacted f'orm one or nore domnstreantproducts

e.g., onalkyt algeliod apd gayt 0 ée plaqus ; 5 wmghé ipeiceyt grager e agsgmblyyalspetoaipaisesc f r om

the al kyleng scagta% cIpT ARGk réltﬁ@eatg\tré Qiseiin QORGH! Tt Y5 Abd sRLAFesS

yi el d/ speci y advant ageous be I ncr eased e mxture

subj ect edhetrdrqrmenct)he@mgta fﬁt@y:@@spabﬁyofbrea@mg wtihxthe rreﬁrmetreqnm tq prededely |

al cohol 9&’3&@%&?8& n@ si s1 ‘%ﬁé ﬁ‘&l(% Pél éﬂoﬁtf%% atfou 05 t& QOME 68l weithyf hout

application of conve / or ext |vé stil i on processes, which

can add emmmazdg&mcmwmehedﬁponﬂwst2n>ﬂhat%tWegbumﬂemmg@nﬂsﬂkmedﬁmﬂ&picaIIy

must | at and optiona over.ed and re

i xt ur os TR HES: PR BER RO RROLERTR IR Fufle FETRT LY

i ncl ude tthogssd h(a'tece@mﬂfel Ieecmjbttreeml ty pRoduet atsubsednyiallng pilire an‘mmmt)f alRylgne

greater thﬁp qgout 50 %ﬁ¥greater t han about 60 wt % or greater than 70
wt % or eVEH°gP %ﬁg?mfﬁ 03%3 85 wt% of an al kyl alcohol, but also

anounts of al kyl ene oxi de and water. [0018] Mbre particularly, the m xture

t o whi ch BRIEF pESCRIRT IO/ OBRAVIETDRYBONSISY be applied may conprise from about

5 to about 15 wei ght percent al kyl ene oxi de, about 50 to about 85 wei ght

per cent a 0 t based

upon the?{) p{i{l @\ge%@ Eud %pt%{ ?Q&?d‘llés J&%)Pegtg %ﬁ H{Vﬁgt%%%\eofgf;% p%ggn??ﬁvenﬁ\;ﬁlsglgl% fom

about 6 ﬂmaanMmmﬂmumsk@wamanbeﬁﬂbah@ykmﬂeidwndmumabomﬂ\6ﬂlmﬁxam@u1 80

wei ght pehqgngn%%k%>dalcogolhﬂmd about 10 to about 20 wei ght percent water.

In some efbodi nent 92 tNe"Sr 6¢8eE described herein may even be applied to

m xtures conpri sing frontabout 8 to about 10.5 wei ght percent al kyl ene

oxi de, aﬁ@ﬂﬂ]GSFKblabcu@hﬂﬁmweﬂgmmﬁpepﬁemmnakkwﬁnghﬁamwvz@ﬂmdmgmmbndo to

about 15 %ht percent water. [ 0019] The m xture may conprise any al kyl

al cohol déesrf Py separated fromsuch a m xture. Desirably, the alkyl

al cohol to be separated will be one typically present in m xtures al so

conpri si METYDEPRBESIRIBREONr nore al kyl ene oxi des. Al kyl alcohols typically

present in mxtures also conprising one or nore al kyl ene oxides generally

i ncl ude I'E‘@é E?noﬁ"h ﬁIIeMPQJ661ﬁQJtQ)H ?(RJ1des Q%M@éﬁmt%@ta@dqﬁﬁletho&et)é%@%r’deﬁne

2- ethylhexyl al c % tlons of any o hese. I n sone processes

for the phopugent ewemfonaﬁnldyb emaleghisdex), ord'rearhathtbll lnnthﬂy artypitcapiasticheof tbeed as a

sol vent 1 0 geously

conpri se et Pangiy G R AR Ty bl B S oL GERP HRKBAKADLEORCLS

oxi de. Ampjrasd isydoe neamgxo deplmyy ba‘tlpmlasmmtortaran,dortlwkl tba’eofaIB@]heerwdomled@s are

exenpl I T %%r\xt}gé note 3 A a{]rgtto by d rdtoo hccorcn}/ tenceongt)e(ltlg)gal R eplg Gl0S f(l de,

but yl ene "0Xl de; péntyl ene OX|8 RERYT ERe 0% nd' Conbi oS¢ Rer eof 1n

sone enbmﬂhmeﬂmeunhhemﬁwQM&me OX|de(s) may conprlse ethylene oxi de

propyl ene oxi de, butylene oxide or conbinations of these. Because of its

conmmer ci i,mpo »W de th duc I

cther s, e00ne hERER Ao TR  GERe' B aEnBER Yokt AR K

propyl enelummyj er 1mmaﬁﬂe1 znua%saemédjsmmgm@ &16):7e1§rﬁm Il]ontoémer Atlsloe

desired xture‘” LS. ni t nt r duc tjon colum to

orovi de Ao by P! BroleaMapR RS PO B eGPt T eam

wi | | desiof ableyst ool ths eféreeed abaudndahk feematfeunt”, 9Ghck i gbtonpe Ak “t@l”kyl ene

oxi de, abort 0h5 to abgut 50 yeig@%) er cent alh¥ alcoh%l and abog

about 5 WBIYHINPERESATMET BFC K ORI SRCHE S§“pt&’“gan, RN SR e aI kyI

al cohol caypid gRBioNet Manaloriamaidnhe al kyl ene oxi de conprise propyl ene oxi de,

the refined stream nay conprise fromabout 65 to about 99 wei ght percent

al kyl ene oxi de, about 0.5 to about 35 wei ght percent al kyl al cohol and

about O to about 5 weight percent water. O, in such enbodinents, the

refined stream may conprise fromabout 70 to about 95 wei ght percent

al kyl ene oxi de, fromabout 1 weight percent to about 30 wt % al kyl al cohol

and from about 0.1 weight percent to about 4.9 wt% water. O, the refined

stream may conprise fromabout 70 to about 90 w % al kyl ene oxi de, from

about 10 weight percent to about 30 wt % a} kyl alcohol and from about 1

wei ght percent to about 4 wt % water.

process



[ 0022] General |y speaking, the distillation operation may conprise fewer
than 80 theoretical stages, and nay conprise, e.g., fromabout 15 to about
70 t heor evocal2z/®bveges, or from about 30 to about 60 theecettse@li/osiiages.
Conventional distillation process utilized to separate such m xtures nmay
typically require the utilization of 80 or nore stages, and so, by virtue
of the application of the principles described herein, the theoretical

stages, 3§t 4gNefdynded El‘étdiscfogé]lu e @Fddothts QM%E ek Bﬁe&&p@ rtl‘?é- dafiR cBRAPoREt
reduced One or nore colums may be utilized % provi de the desired total

number ofor groagfésirp inglusie a@dmdmné%ﬂecen@eﬁﬂ%@a §angefhef apltuheuty VHeé.

suf i ci enf, m¥Rih&iRhAp BEQY HSBABEN BRALGY iBAALGAPLE B o a {1p023] The
distill at?onrll co*)u}mau i’ {)ze ro@%t e the rle%;ﬁ ned st ree(13 %‘ﬁ?% urt her

desi r abl yntheediate Ysdies @ﬁﬂletremgﬁewéf ahogt dfwts tmbmbot WARC ¢to).abouhermo€, or
from abo Cilefl 2 6

distill aﬁe %ﬁggéglgggl%ﬁs?(?godd%fgl %{ngpm}fgggth&léé lgéfr él?r %%%g%%lu@%fogg%ﬁﬂe to

about 10@®parizdrtp irmludb ey atth oluet erdl@Qlimdygy oft the atyenﬁonBCh(éy wear ¢alanatéd masedabout

500 nbar to abou mbar, . as_measur ed, at. m ui tabl e
conbi nat i"6R% °&F e‘{lbo né‘?“&tllfr’ethagnH‘bB TeaL YTy ﬂ“‘t ﬂfé"q ICOE’?H T “%"'%‘3%&. anglﬂﬁsde from
about 40GIKkytenabeidt cdfifiisangdrobylom abdut TIBOEO ofrbdinatyoskélbmuthe 200011 mdzagpizor from
about 46gltgiabout 64C andf%1 maboul? %tohnba to abglutd800 nbar, or from
about 52&% GCXHBNS SR VAN ¢! U SYO R T ABBEL700 nbar. [ 0024] The
refined streamis then reacted with a catalyst to reduce the alkyl alcohol
content i[@01&] r eShd tbdidjer ‘@hoite dscsitin eanmettionl veisis a tyinannitylis wiclosivivtuf ehe stated

parti cul ar act ed. st e les wt %

ool A randelGn e UesE o EBEh Vobeur Rk KSrers s 4 dedite b sihpout 2
Ww%to ab@%t:laQQ WitlYonghye@henetdiahs ,pa@ﬂ’culhﬁﬁﬁanhk}qn ableu;t ofBerSidst Jefmbd yall al cohol
and from about 10 wt%(}o about 90 wt % ‘ﬁ oxid and f.rom %lchUt 10 wt %
to about PSEHE FGPYEEFd 8t {E tpfafFenltSes HXa uf‘s (‘3}56?‘ W98 &1 Kndet &bhol  and
f rom abouiichaR votnhé gn@ba%d&{e % @ﬂtke/{eﬁﬂ%a@&lmlﬁeanme%}oﬁibﬁbmgtoné& w%to
about 50 wt % gl ycol ethers, 025a§'I;he particul ar glycol ethers obt ai nabl e
will depddde @ &thtff{@ (et ﬂ&%Faé?Y% ey t‘fiCB’rﬁiedFet%émér?&?tﬁyﬁ@ MRYEEEE . e.,
the part Itwhg{ouﬂhgwecﬁkﬁ%% “@B@m’%b&)ﬂeﬁﬂ“e"aﬁéfﬂl@leerﬂti&difrﬂéﬁt"m‘a?ﬁteﬁ{b%dmﬁﬁt"We| | as
the particular catalyst chosen. For m xtures conprising Cg met hanol and
pr opyl en@ndxe deth, mranssthpieh ppgeulg] glerpint &¢ He festuigy %ﬂéﬁec%ﬂd(%r FHYPTIGE)

di propyl Qi@?cnﬁéd/ &P lcofRBQIR WK th8 A odinfdRMis %ﬂld'g@rlf?part opxt @Re eﬁﬂb%&ﬁﬂenﬂm hyl
ethers (PM. In sonme particularly advantageous enbodinents of the present
met hod, tdawribed kdrgigtandimdyi oreepyt ot bearssenhint pthertrenbodiontsd s eddaen. dam tpr ovi de

Bo0r C2 e RAGENLAGR T (DRI AGUR: bl HOE GhKERh ALIBIBIShARRT Lhan
DPM e reacted stream may conprise reater an or greater

t han 95%1mrheevmusgméadlmentb‘han 98% of PM and | ess than 10% or even |ess
than 5% or even | ess than 2% DPM [0026] Furt her advantageous is the fact
that the Edhors), F3RERY! tLhe B2 @ CAL Shob R3NP o7 3@ OF
greater t anﬁ197@é) g‘etg,lveir%égt?)e (grl&étghgj &Sgsc};ggr ae ﬁa regterO&tﬁ)ar%l 9%@7/0

1- met hoxwlcthirlopanmurf( I@l\.@)suelnds ae@@alﬂmeﬁrﬁin@/@&ﬂmd @9@6 podurt 86ganpr Moess t han
1% or e Qpﬁe ponly
easily s Iglrc létltg Igd #?%&c&tﬁ@tﬁg@e@ﬁ@l pf'oa%sﬁés B Slgtfh% iall |c% t%e gg% but
al so, is awahollryuspbm/cpdetéd |amcl dessrablalodcgclpd omﬂretpraptecplrdqessaa geasr amaunt he same.
Separ at i ng. o the levels r r Qi e
oroduct - T eyt FEY BEAOGAOFnfl 5 £ bl Rl MAPRI R AR separ at o
t hese si riﬂhleaesmdnei dlkyigloohdlas Btﬂ)haluélRMZsubﬂaﬂtiahg eoelptrea@ted o &irm dnb ) norél 18- 119
C, PML bp, = And so ti.lized is desira one
exhi b t i R TR RLER ey BT o RO CE e YURL (4T e SR AN s o

al kyl ene fexi dee :Sldjilﬂlecakﬁlle)@foﬁud:tn@ﬂr@ﬁe bt sudh eciBddihén®, t @¢brdlD, pracekdi C,

basi c, and neutral catal ytic S?EEI es as well as netal-ligand conpl exes. The
cat al yst YehHsnseifipity ’é‘%@@ﬁ%tﬁ%e% Iy RpStsaitdus. Suitabl e catal ysts are

d| scl osed, for exanple in, K Tanabe, M M sono, Y. Ono, H Hattori

" St udi ed 0017$ur Tl@&lﬁmﬁﬁé arb@@team(dth%teabm@ic&essw BS@hy dmﬁﬁlied&ew’ldthBaB@B Thei r
Catal ytic Properties" 1989, Vol . 1-3. H ttari "Heterogengous
Basi ¢ Cat¥ M@lt %Gmeéﬁé]ﬁfireqiie\? depiely f@%llﬁ)“g%eﬁl% r atV@ﬂ‘P“‘t\l&%pll“%PO%GBF698 to
Sedon, and 2,807,651 to Britton, each of these being incorporated herein by
reference in its entirety for any and all purposes.



WO 2012/ 009155PCT/ US2011/ 042107 [ 0028] Exanpl es of suitable acidic catalytic
species include, but are not limted to, netal triflates, nmetal tosylates,
tris-perfwoanmabesd aryl borons, p-tol uenesul fonic aci dpcphuss@honiioe? aci d,
sul furic acid, boric acid, fluorine containing acids, chloric acids, acidic
i on exchange resin, acidic alum na, zeolites, acid nodified silicas,

al um nas, or silica-alum nas, netal oxides and sulfides, nounted acids on

silica, %H@Jehﬁorﬁﬁ%/or%&%@t@@df%ﬁlléiioﬁtp%@s%@s‘)%m%%ﬁ Rdd éﬂt?&edést% 'tlﬂ:e[%ocegéﬁ al
salts, heat treated charcoal, or conbinations thereof In sonme enbodi ments

wher ei n tihéhag heaxiFagtion sokyend i tyriestlly rawst dites beapmer aduvd toptignadly éecwgredje@d rably
be used. r&% 28] E%?e%ne?f nﬁigrﬁy '&lﬁbfﬁd B%bﬁaﬁﬂén%h%‘iﬂ G lﬁi%?f&dneéf 'tH%CégJe' but

are not ted to rOXI met al car ona
substit utpe@emmth@ub@@ |tltau@<enbrlsnmdtamm @@Iatlgdbéttghtamoent, @g gmtglbtban ahsmu@d

ani nes. Ykl Lk MO BUPRS LIHLPO RN hidh HB S0 Lol ALK e, RS ©
i i A AG5h

i on- exchange resfrns, baslic alumna, “a i on- exchang
hydrotal@w%esfmnﬂmyabOMﬂﬂund@pmmhmhﬁﬁamﬁbauppdrMEbmmn alunlna, Ianthanlde
imde, nitride on zeolite, or conbinations thereof In sone enbodi nents,

subst | t”gé‘&S r M’&Feﬁ%ﬁﬁchlaﬂ&etﬂe %%@kﬁngcﬁlhe PHeQrm zgroéd?élﬁég‘égﬁs@yﬁef %?Sh%;e and/ or

sodi um hydr oxi de use o asic ¢ I's ‘des
[ 0030] Fumidyerompriss, fr@u iabalySeo nmuallé h&ie@hplermnplkelﬁmom&ﬁc llorglé 50 bmboat & not

limted to, I r R.R1 R4 T2 . tr/md V(A
[0031] wher & PR oy Pgeto By @ptor%@ 23y pg‘%( it “nge,r’ od yponthe  x8
conpri se,tothlndagle rod @ret thigtuod. Or)eheannomdremaysuxlnpmetfummalmusélt@ebcmd12 woight he
group consi st.i of h halo al ken I
v bcar otee G AHELAREE 50 WURAERD Rief oo SR Rl Db 10 0
phosphonabeut 2p hegphpdresnt @@febqnybme crabdaoytlts, tii prydess debdiided hérbin @iy Reén
sulfonyl be%&'ﬂ%ﬂ‘i’g Enrllﬁlrlres L((?r}l]g?rlg%g frolnr(fI eb ¥1S[j gto ﬁ)out FOS§ \%E:i’ght percent alkylene oxide,

about 65 to about 75 weight percent alkyl alcohol and about 10 to about 15 weight percent

water.

[0019] The mixture may comprise any alkyl alcohol desirably separated from such a
mixture. Desirably, the alkyl alcohol to be separated will be one typically present in mixtures
also comprising amounts of one or more alkylene oxides. Alkyl alcohols typically present in
mixtures also comprising one or more alkylene oxides generally include methanol, ethanol,
propanol, butanol, pentanol, hexanol, 2-ethylhexyl alcohol, or combinations of any of these.
In some processes for the production of alkylene oxides, methanol may typically be used as a
solvent and thus, in some embodiments, the alkyl alcohol may advantageously comprise

methanol.

[0020] The mixture also comprises at least one alkylene oxide. Any alkylene oxide may
be present, and typical alkylene oxides are exemplified by, but are not limited to, ethylene
oxide, propylene oxide, butylene oxide, pentylene oxide, hexylene oxide and combinations
thereof. In some embodiments, the alkylene oxide(s) may comprise cthylene oxide,
propylene oxide, butylene oxide or combinations of these. Because of its commercial
importance and widespread use in the production of glycol ethers, in some embodiments, the

alkylene oxide may desirably comprise propylene oxide.



[0032] or wherein two or nore of R, R2, R3, R4, Yi, Y2, Xi, X2, X3, X4, X5,
X6, X7, and X8 together forma ring selected fromthe group consisting of a
car bocyclwo 2izxmgosad a heterocyclic ring, said ring haypog/dseamofivp 10
atons in the ring; [0033] wherein R5 group is selected fromthe group
conprising a carbon-carbon bond, a nethyl ene group, an ethylene group, an
am ne, an oxygen atom and a sulfur atom [0034] wherein M+ is a G oup

2- 15 met 3h0qaPaRihgte Ol tH@JH?ir&f(ﬁl&%rWﬂ 1@ uﬁuényq%}@@dukai afdf @&Etﬂf‘aﬁ&@bc}{%ﬁ to Wherei n
t is an integer between 2 and 4; [0035] wherein group Ais selected from

t he gr oupr¢d¥es? mmgorﬁﬁntw&dt&traamgqf@uwlenwﬁm ariegniieedgitiseip, Will rilssigaby ani oni ¢
group, _andnmGAERARLLARS ! BGEERT Wik ﬁde&eﬁt higyiteofRes @fs 6 SLeu

associ at ed e netal and i's an”integer between 0 and 2. [0036] In sone
enbodi nemesghdfperdeet pliyleatcohoh ani abgutcddal etboatnd weiglgnpar¢ese svagsar blox yirag e,

sul f onat I ' o) u r
hexafluo%ogﬁgkﬁﬁﬁa g’ggéﬁl ??p@ﬁﬁki#@?ﬁ%ﬁ#§@¥§5&h?ﬁﬁgﬁzhk 8%ﬁ%§3§%&3

enbodi merpmofiset prepylenceortidorihe ﬁeﬁnsd 3tream Magbwmelacemm‘ abvait &5 anchbsut=991.

003
o w0 RA! S Bl s TORSWPLs BhenSetseiine Mot ndifond;

interactn@mMWtShwquﬁﬁamﬂwnmnOOEnnmehbhkbmaem@nﬂ¢ngnmbmﬁﬂmnNWammpﬁm

o R G LS8 SRTHONRIL, S8 S SMANE, ALGHR ERIAPRLIRE! |

met al - | i gand 306¥ R Ayl ARYhEIQAP FioGEabatt @I WGRNEpereMIRY AbS U9 fm%maé:romr 1to

ot al - |1 QRO oy SHOURE Fom APSh g toouEdnh Al e S AFPL G can

be us ed 110G ek perBéHht tAERUNTY wioh Bkl PAcdh@l ardrddi B5at € wRRhY p&éent &ubout 4
i on-exchange resin, an inorganic support, a netal organic franmework, and

car bon. ?ﬁé”ﬁ%@élyst can be incorporated into or onto the support by any
sui tabl e method known to those skilled in the art including, but not
limted t[@o22¢0Vat@pfall Odpdiliigh, ﬂh@rthﬁﬂlb@cﬂﬁ|0BQat1chNﬂi’a99&ﬁhﬂi’i@@dbﬂ&, tHaBt &
conpl exi ng, encapsulatlng, and |ntercalat|ngh%£ The fol |l ow ng

document $N99FEGHI EASEY 4R MBY COMPELp F8r toRyakw Qﬁh@é‘ AhHheprrlcal S@&%Sr Pl

cont ent s RILLaRRE 8OYo LRGP %9@5@&&1%1&%@@ N By BRI ARGRatfoR préddYs @ndedkd
purposes: Baleizo, et. al. Chem cal Reviews 2006, 106(9) 3987-4043;

Orej 6n, eepate such peineres imgy tapisl i givedhe wizatran SRl or s spess. 2908, bY47( 21),

8032- 8036’11"[11%%%6 aggbh@altlom of;ﬁ’i’égﬂﬁél 12f d&@ltl&l(ﬁﬁ%feﬁl AR eord 81 st §1 “afd €ner) M et.
al., Catalysis To % . WD 2012/ 009155P 7 US2011/ 042107

[ 0040] Anynrof, mmeredbwendmt wew@p%atmmabéoeu iqdenehorQitced mereopwing rrasyi be
| f
structur %ﬁk?&%ﬁltﬂ%tb?tdtvﬁdgqge @égxﬁgﬁtfota f rﬁﬁe@ of gh%ffs@)[a%t an'&%‘ﬁ Q(Qﬁié d#%gﬁﬂentt oﬁémse 0

ordinary s OW Nng uneht's provi xanp es of such
t echni questumdunaydte safficieny sdhirlaalko piovidp ppace dné?gy yirerapBdisenegs. 2006, 101,
2431- 2436 Song, et al., Tetrahedron Letters 2003, 44, 7081- 7085, Kwon,

al ., %@% hs %@@%llﬁg%eolﬂn théra 1'(5}%1’0 (& ke refal Cﬁe ed‘fél ream Qﬂﬁ L dsizddl J}EUr opean

Jour nal 13, Zh eng, mstry o ean Jour na
2006, 121w676bm588tmzhewgwCéﬁoahmowAﬂV@n@eunsyﬁKh@sﬁsmamdmeéﬂéMyﬁxwt2008,

350, 255, 6%%‘ or %%ﬁlhabgflt %%3@%@ alBo%t %ﬁlﬁo r"ﬂl%rcﬁistt?lgu&y mg)ﬁlg ga?lri]@deou'? Gl ﬁ'ies@uliep of heir

entirety for an
from about 300 mbar to about 1000 mbar or from about 400 mbar to about 800 mbar, or

from about 500 mbar to about 700 mbar, as measured at the top of the column. Suitable
combinations of temperature and pressure for the distillation include from about 40°C to
about 70°C and from about 300 mbar to about 1000 mbar, or from about 46°C to about 64°C
and from about 400 mbar to about 800 mbar, or from about 52°C to about 62°C and from
about 500 mbar to about 700 mbar.

[0024] The refined stream is then reacted with a catalyst to reduce the alkyl alcohol

content in a resulting reacted stream to less than 1 wt%. More particularly, the reacted stream



[0041] If desired, a cocatalyst may be used in the process. Generally,

sui tabl e cocatal ysts conprise Lewis acid(s). Exanples of Lewis acids that
can be usw0,20idoodssi red, include, but are not limted t@®ecwasadiionitht at es,
netal tosylates, tris-perfluoronated aryl boron, netal halides, and

conbi nati ons thereof One non-limting exanple of a nmetal triflate that can
be used is alumnumtriflate. Wien a cocatalyst is used, the nole ratio of

the cat a'rﬁ(a%rtcoﬁf%ﬁge e {hQIQ% ewt‘%mi?ﬂ' AIRALS AMELRLN0 fvﬂ% t6 %&>§1!1t>9‘%twt'%S alWl%ném nomer
above, the'nole ratio of the mononmeri¢ unit) to the co-catal

gener al | yxidg, %nlﬂlé‘rona@)f@et VP torhoabBUt"4 ghycelstherse ot lepghan, abpedl %Wﬁéﬂwal ned
stream i $d,6AGhEto \Qﬁb%utt NEwis s Lt 6 %vﬂ Ira}g eH@Q e, aﬁ@%hl% EP }

appropriate given the conposition of |ne S$t'ream and osen
cat al yst ab@ﬁ@rvﬁ%l g}t}'@b@thmrﬂylessmanaMUéoﬁe’d% dlloyl atvoheliand dam abahyt S@O’V‘tffirl se a

Lo hbout ape 4P PRTEE Slae §BE R 1T Vst R e O about

60C. The reaction nmay take place |n'ani{wuw tabl e vessel or zone, including
a fixed li@Q;?S] a Thapadicnbd glyeel ctherscabtainableout dspdnd mpen ﬁlankm@é@rcqompoqlwl?)

bat ch, t d
vessel can e bt mRL. T MRS oR L FERD] ARG LRRL B Rl ©
thereof [vG048}Herpagimir @mbmﬂlclrmmt sl:"ortlmeture@acmmhll% agamethayolbled propyleged to a
second di S} .| !hgts][rg m %P Lg rym etﬂ?efrsp {nl(a?l% It}éﬁ?ca?ly r?gl?lgltl%nélpl% ¥nd’ #ﬁgoésrﬁon%%mhg[ he

al kyl ene OX|de an

al kyl ene edxi d®PiVRY a]hrb nprrrmpmbﬁam: @kicdle megind dthas S(Ph@amlmfsogieypmhmﬂmher S may
conprise substanti al.l 044 Those, o nth I
e bapab B B ERt et Mot et Srnsh B SumBrewiEt pmefe' §f B atet ng
a streamrefined Whsin@odn pﬂobme [aLg’r&tahJépdeﬁtB@ @ﬁ(ﬂh@l@l\/andlnalogﬁer @anm gfycgl oepd et hers
fromthe reacted ream described above, §j:n&ara é& of distillation
bei ng welSeahgRA T 1 hg: dFtreacksdetgym r‘?%i‘?’epo&lj?fl SR a0t P $T5BY Pt

provi de toRe;, glastk edatOthad 93NWIPE!, aad 15! BGLIOR! at &sn 180 thah BYUSer dvBelcdesi r ed
separation, and in some enbodi nents, one col um may be sufficient, while

al so proJWﬂﬁh@ EB% ener gy and capltal savings. [0045]By utilizing the
present process, the vol une of feed into a process for the production of

al kyl ene [godefle F@thepidvhnegeRase the fadl 60 HePAs horhGlogrRtthnelislytihater @hptisen, €. 9.,
extractive dlstlll tlon to achieve a simlar_ pur Fur t her nor since no
vol une | Ereatfadhin % ﬁbgrﬁw@rs@m TP dEEse ST oo ?V&P@feaﬁét@gﬁi dted from

t he desi nedetRs:gduplopsiol GAMN)AR Ie8s MR8V &AW thdh VOBY RRE ihanadd, Br cLEses that
nmay enpl extractive distillation. Because the use of extractive

di still attﬁlaérp %g@ “Bethex)ol-arganal Ml pP VA1 BetPnishesiy scpasted feoss Bropulesd wi t h

the same aig P %lﬁmamtﬁ&;eﬁ@al AL LHANA Ys chdiG ROGIGDInPAGHIE iy | des a
flexible method for converting a part of the propyl ene oxide to a hi gher

val ue gl yessificationsrvipthedare. SppriatingdiM hiftemyiM3 te dregevedi iguired. tg provifisthanol
and pr 0%%}%‘1@ R gl%ductt hen BL Gk 1P£né1940¥1%9'sm%£ ARGt Lyl t8%l§158ag‘/%t§@{296 I se

greater than 90% greater t % or even greater than
nmonopr opwlrlelivebgllllyg:mlatené‘s RN2 boiheg goiftPh atnafhd) £d$& 11 hdn PMI%p ot306¢en | ess
than 5% or even |ess than 2% di propyl ene gl ycol rnonomethyl ether (DPM.

Advant ag%@(@/h Y, Ahd&, 'ﬁl\é‘ é’é@a‘ﬁ% BB {YRE LAY Ynd &behﬁl{% SREPLSRY GG T han

95% or dgreater than 97% or even greater than or_even greater than
99. 7% 1- Wﬂ?ﬁ@%yimﬂlplalkplaﬂzﬂls iRy jena ayide.eSuchtchtalyss dgclusle, hug gre rthhm‘llt@%) or |ess

than 1% .of;C¥eR laﬁéﬁel}tlla?‘ga t?b(yg mgse%sh\Q%lYaslmQtrap 'ﬁalcogﬁ M. AR @ 8§§U|t

the present procéss nmay a eous e I ncorp rat ed I'nto a process for
t he produwen b@rhetafogamualokylbmngnom d&ulalhbb @tadystseaendotlogddy @l exempleris, K
Tanabe, M. Misono, Y. Ono, H. Hattori “Studied in Surface Science and Catalysis. New
Solid Acids and Bases: Their Catalytic Properties” 1989, Vol. 51. pp. 1-3. H. Hattori
“Heterogencous Basic Catalysts” Chem. Rev. 1995, 95, 537-558, US Patent Nos. 4,360,698 to

Sedon, and 2,807,651 to Britton, each of these being incorporated herein by reference in its

entirety for any and all purposes.



[ 0046] The provided processes will generally conprise reacting an al kyl ene
wi t h hydrogen peroxi de, hydroperoxide, or hydrogen and oxygen under

condi t i ons0ufAdogisent to produce a product stream conpripsrng2atheidesi red

al kyl ene oxide. In some enbodi ments, the reaction will result in a product
stream conprising fromabout fromabout 5 to about 15 wei ght percent

al kyl ene oxi de, about 50 to about 85 wei ght percent al kyl al cohol and about
10 to ab%ﬁz&% 5 E%!nﬂﬁés FPROIEB aci¥id %talyﬁassp%éieélﬁ@lﬂldé hgt 40t ln¥l§éc9t|8t mehi t he

m xture. aEroduct streammay C rise fromabout 6 to about 12

wei ght péliiﬂ?é%t rrar Jselgtes. gxip-erflugtopated ed bororh puelugBsylinighacip ehespherial ky |

al cohol apd aRRAKE ad, B&lcak?&“ﬂugﬁné"@dn%m %&gse%loi’i’@taaﬁs akfaléi%ﬁ%xa{lﬂ?géj' ment s,
t he product’ stream nay even conprise t 8 to about 10.5 werght
percent a¢siylasikc elindw, zadJvert 268 m@dlﬁ@balﬂlc%‘s alyiigpat Opelrllcemhtlmmak,ymefal cohol
and about, Pdg Ergd é\ﬁﬂ K, houlted 80ks gﬁﬁg&‘ uX‘@} §dna dl&%@ orpd?ééorﬂéééx&se&ﬁh”ay be
reacted wt rogen per oxi per oxi or oxygen and hydrogen,
and the $anaiwa@ebemge]edwedwbasadmupbmc@heoakkmbmamnmxmdeoﬂeSMIahhw
produced ui.t abl e .al kyl.enes i ncl for xa | ene, , pr ene,
byl ene BTG ReR T B S B Bk g BB R FRS s RlBRYbe

enbodi menke&l, the al kyl ene OXIde conprises propyl ene oxide. [0048] The term
"hydroperoxide" refers to a conpound of the formula ROOH, wherein Ris any
substit ut 8(%9‘1; L l‘1)esst0f ﬁa%ﬁie DAsIc a?alyqfcks%ec’ies%ﬂéﬂld Obur Xl gtl r}{nedgtr OHthal

Exanpl es o ydroper oxi des sui Ptaple forruse in e pre f proces

i ncl ude, higdox@ee motal |darbioh@&ek, t metat eixidesit ylhbshmtbdopenmxuMmutedt hmidhwmlmene

hydr oper o tert- ydr.ope oper oxi de cl ohexyl
et oner SpBed S R e HERHR R SRR SRR st NS Sne

hydr oper Q;mdaoneﬁchbmgey kd3iaeZ emdc h}adm@@eﬁlmqi den-exxhimped aRblitbal BRkotalcites,

hydr oper oxi de,. and ds sugp erac tic .aci.d. leta?es of .two or nore
hydroperdﬁpﬁggmdﬁﬁm émﬂ@g H’ﬁéﬁf@ "Gl SheavOler 8ki de i s

react ed WombBinkfigs desdolf e sahl&éhlemmmht@ samlmtw@ddsmhed irhiagzonydr.a@en
peroxide is desirably provided as an aqueous hydrdgen per oxi de sol uti on.

Such a sdPBESYR hydsexids maios sodiya rygiemidse X ibaeisst ifatse s debisicatatdyst &F  from
about 1 tggmhout 90 wt % or from about 10 to about 70 wt% or from about 30
to about 50 wt % based upon the total weight of the solution. [0049] The
reaction of the_desired al kyl ene and hydro OX|de hydr q erOX|de or
oxygen aﬁ%mﬁidr% RS ﬂ%@ngB@§ B@n@éPFPgﬁﬁbﬂF‘@ﬁ ?ﬁemﬁﬂg%éﬁ@@ o> one or
nor e Catqﬂy@ﬁ@mg@&ﬁ&ﬁ@kﬁ%ﬁﬁﬁ@ﬁystS for epoxidation reactions include, but
are not limted to, zeolites, and in particular, zeolites conprising
titanium e.g., titaniumsilicalites. In addition to titanium and silica,
zeolite materials KBy qpnprlse addi tional elenents, such as, e.g.,
al um num 2|rcoqﬁ dgﬁ Rijron, cobalt, nickel, gallium boron, or

[

fluorine. Ze eIenents in place of titanium may al so be
t\es/Wherein the titaniumis partially or conpletely
replaced b ahanli | 43;; ni obium or m xtures of these nmay be used.
[ 0050] I n soie \es odhﬁpnts /he 'zeol i te catal yst conprises at |east one of
titani um gerganisym teluriyym vanadi um chroni um niobium zirconi um or

5

conbinatlons of these. In sone enbodinents, zeolite catalysts having a
pentasi|l [ 9341 i t wheseip Uit BeeRs ey 1t Ke %ol te. Kat ¥ yst Xoothsr Ks €empriseani um

0 g M LBt 0 A A 10

TS-1, TShalogdisRlkyl, mikeed, stkyodt llwélecarbylarhydmfcylt héoayl, mayndenitrg.edmidas can

20121 0o £bembr LeBye B 18 s Hbab PRLR B ol e S 0

r eact i on selendether, dteone, elflcbydeydndretess t h t he

[0032]  or wherein two or more of Rj, Ry, R3, Ra, Y1, Y2, Xy, X, X3, Xu, Xs, Xe, X7, and
Xs together form a ring selected from the group consisting of a carbocyclic ring and a

heterocyclic ring, said ring having from 4 to 10 atoms in the ring;



hydr ogen peroxi de, hydroperoxi de, or hydrogen and oxygen in the presence of
a catalyst, if desired, is then introduced into a distillation columm to
produce awoebimmedisstream Desirably, the refined productcstuseamowiib?
conprise fromabout 50 to about 99 wei ght percent al kyl ene oxi de, about 0.5
to about 50 wei ght percent al kyl al cohol and about 0 to about 5 wei ght
percent water. In sone enbodinents, e.g., wherein the alkyl alcoho

conpr i segodsBi happlrciad bl @'s&%t&f‘ﬁoﬁ)ihéjgroﬁﬁmﬁl%]&%gpi ORYI ARG, a t he
refined stream may conprise 65 to about 99 wei ght percent al kyl ene oxi de,
about 0. Snathyleps@rruP3E QBN tErqyer eaing AR PKy gan e@ﬁoﬁndamﬂfabmm to about 5
wei ght percent water. In such enbodinents, the refined stream may conprise
from aboypozd wWehghbh RETSEMWrolP2-2D Hkal %ame%f@bﬂﬁmleﬁﬂgw@waq?gana fParRbout 1
wei ght percent to about 30 wt % al kyl al cohol and from about™ 0.1 wei ght
percent tcatalypisurhercint iypgdnfgaerpetveyn 2 anded r ef i ned stream may conprise from
about 70 wei ght percent to about 90 wt % al kyl ene oxi de, from about 10

wei ght pqoosggt {vBerdin Qdbup3Q 1W58‘fbébd<ﬁjomaﬂh§%li’&J[p NGt mheut gréupMogitt
percent to about 4 wt % water OOSZ%GEneraI speaki ng, the dIStI||atI0n
col urm utiopiEEHUPeUHIBY HEOGgropR Nt semiipptioariheEep! V8K S i theirbet An 80
theoret!9@%@§%@@§§mﬁﬁ&gﬂﬂﬁynﬁﬁﬂQﬁH§ﬁnn%g&%mh&%ﬁUhQPQUt 15 to about 70

t heoretica ages, or from about 30 to about 60 theoretical stages. The
distillation colum utilized tq provide the refined streamw || further

desi r abl yYOB&RYe B wBrteHbedimenis e deuireengen ¥ dhrest ghd Aoemnssesthoxyee, or
f rom abouyfréfafe, hﬁld@bﬁ%x1&4§exa@l[101fo?m&l@@%traﬁ%oﬁ&at@%ﬁﬂt%nnﬂabﬁhte or

distillation y be carried out a ressures of from about 300 nbar to
about 1000(HBkyIsilglantidom dbodite 4@0wﬁhhrﬂﬂ%ﬁawﬁﬁt0%0b3ﬂﬁﬁ@“m@rf¥r@n§about
500 nbarnhgmgggg&mﬁggkngg —@s nmeasured at the top of the colum. [0053] The
refined product streamis then reacted with a catal yst conprising a netal -

| i gand co an acid, a base, or a conbination of any nunber of these.

Such cat df ﬂs Hrsomg SEPmets apiisves mothel ResRi. Rins Meaks & St Peaks donpr i ses
I ess thang 1yt a@daj{g(}ﬂay EEJeCdaB'QJle of P%d@r@oytcoﬂ lgﬁieﬂtgryaigféi’gcng@wwﬁ' HicoRer cent
al kyl ene oxi de and from about 0 about 99 wei ght percent glycol ethers.

[ 0054] Thengyames, ifhaarcegrdieoio fetlméqt Soptsherivisalb o ¢ Forarspenidclagiethirpmehe

parti cul r un ' r al kyl
al cohol g%dﬁggﬁgﬁhgg?g%gje ﬁﬁbéﬁﬁéﬁ?gt(ﬁ%ﬁ& F%re 5%“{£%e§§?%?@%ké

cat al yst thchwsehligafd complerphaarcpmprixd ar elsgownrpomsmsn@ frem gboutnietohabont 2Gand
propyl en X of glycol ethers may typically conprise greater
t han 50"/(?61)%1!1 an%QFm hl @6or even greater than 95% of nonopropyl ene
glycol nethyl ethers (PM, and less than 50% or even |less than 25% or
even | esd0@38an Bosodicpmbpdinents, e wetil-liganderepleylis baundto ¢ DRPPLt. Framiping

honol ogu I i t.ha er than
07% or GucHsREhal chi'eh A4 ORE, (AERrORGAAL:a {2 Hip HonAleh 2hhon

1- et hoxy:XQﬁapgeowainmn PR ic amghottes metahargaﬁ%framewbécs snd ¢ralpon3%heartalysss t han
1% or even | ess t hox pr.opa ) 005

enbodi merits™ ‘t“ﬁ%rp?%ac ng%ors nr%oegaﬁir%] |psp0¥th ey n‘%lg‘gféd“gc"*éﬁvud knP‘LV o t%l)se ok

di stil | attheoart Gadlwding, ot pastdummm &, seMakhabbrdalg yoniubendatyy é&d‘fb@efn Bdndingene

oxi de and astr am of q lgfrs | t he exenpl ary enbodi ment, this
second df%??FP%PeﬂﬂgéB aHEya Sﬁ?gg%%usly be relatively sinple, and
well within the scope of know edge of those of ordinary skill in the art.
Because ﬂmB9mseTmfﬁﬂhwh@résemmnpmunaksmMsmkxpﬁcmgMnﬁmghthq@$uMdnmﬁprocess

f th duct t d t of
ext ract i ROSSVERT “ERSEhIyCB0RER I 68 BevRirdearo She vy ouer a0l de
st ream ofer. gl.\URhical Retisys 2006 /aOUOIBHOASHDEdior azpﬁb Vi&iuﬁ‘fﬂzab@ldn@qgadjeﬂdﬁgt ed

based upan the anount of alkyl al ~allowe partially
Port ned aeylanEerTh top sty QpESA%: Pt kit Phariehll AR R ecossary
to carry 204D12:h@mSan®, i sxsperiied2000, e 531-8pl.i fied as conpared to the
manuf act uri ng equi pment utilized to carry out the aforenentioned processes.

Furthernore, the process produces a substantially pure stream of al kyl ene
oxi de and a substantially pure stream of glycol ethers. And so, in another
aspect, a hybrid manufacturing assenbly for the production of an al kyl ene
oxi de and a stream of glycol ethers is provided. [0056] Such an assenbly is
shown in FIG 1. Mre particularly, the assenbly 100 of FIG 1 conprises a
reactor 102, first distillation colum 104, vessel 106 and second
distillation colum 108. Mre particularly, reactor 102 may conprise any
reactor suitable to house the reaction to produce an al kyl ene oxi de, e.g.,
as fromthe reaction of an al kylene with hydrogen peroxide in an al kyl
alcohol solvent For exanple reactor 102 may be a flxed bed a fIU|d|zed

_____________ e NN PN\ . T



t he product stream produced therein may be received by distillation colum
104. Distillation colum 104 is further configured to receive a product

st ream conproyaegistr om about 5 to about 15 wei ght per cemrcTalskyihemaopxi de,
about 50 to about 85 wei ght percent al kyl al cohol and about 10 to about 25
wei ght percent water, based upon the total weight of the product stream
and to produce a refined streamtherefrom conprising fromabout 50 to about

99 wei ght[ocmp cemolly ekl @RSeOXdtdGuts e@p%_igchot‘%parae@%wpo%émi GhtwRgr Gent

al kyl al cohol and about O to about 5 weight percent wdater. In sone

enbodi menti§zing agy of wyerekdiffercnemathrdy kngwagh ghose ofprdinass sl tim #isoirt. ahke t he

al kyl ene | I . i fijpe tr rise 65
Fo about 00"y ST isus B AC| SRR S SR LE HERE R P ol O

per cent dlokyler dtieuteod 006t /aBéiit 2436t Sorbaut!. Slanehehon peiteceR@03ndt.eT081-

[ 0058] Ad u v AL E 1,ST ddoh 8k oys)! conpyi f r than
80t hbor er o oy gt Culdih BlUaLdusrk, 30s-61 TR ok f, R FRTER KRR BT 10

t heor et i dalrngt 20§8s/4, G306HT30 ™ Alzogter 30 Creradyout A GOrdpbeofoatiat 20067 APES- As i S

h i 02 i cul . j ich fi .
PRt Rt e e L e TR

conposi t iimrpekatédiey pfeogidehersih fethair eetely Yadhng et @byurpdses. or der to recei ve the
product stream and provide the refined stream defi ned above, and in that
exenpl ar odj.nent wherein the al kyl . hal..c [lses . hanol,. and t he
a1 ko ene QBT Go Ir Rl LB RGBS yEE PRy SRR SB35 L0a

w || desicomptiye eviopad@t eBxaatpla didtetvoneidsehpenabenedoif desied) ablod, b40C t o

about 70C_ or ..from abgut .46C to out, 64C, or from.about 52C t out 62C.
The di st 113 S 1o RaE el bR iR e Sroadisb M7 Srodaot MeBE bar o
about 10Q0d gb@binativhs tHe@sdr. aldae hortObhitigagxainplealf@uhetd QOB @Nat can bd fiktia@bout
500 nbar to .about 700 ar, as 1measured at the to f@; thS, cgl(gr.m.

[ 0059] Fi ASHMIHR diiflaie oD dofasplyion v &ﬁel?lalﬁ%q@ SPBYEUPS R B9sel 106,
sO that vabhs@nclQ6yHRYn hRGelaket B thembRgHerSbbaamMd MEE eMiOM thyamaehedd6 may
conprise a,n%@vessel or reactor suitable to house the al kanolysis reaction,

and if degitHedhe retabrbis gancEalydn {hsirangaof Hombovidglsteebayglbay” be a fi xed
bed, a fluidized bed, or a continuous stirred tank reactor (CSTR), or a
bglz5 ch, sgm@pa; Thy, reﬂhecﬁﬁfbbinni@@bbﬁ:teﬂaﬁﬁih fhé,delﬁfedcdafmisﬂgﬁdeﬂ m@lct?acfn ¢dnasiens Vessel
1 may be configured to operate isothermally, adiabatica , Or a

conmbi nat iBRFOPREST RiyFn ﬁ’ﬁ copRestithfdnmisiingd siraakand toehaehpialits Caneilled bed

react or, sgQNRk Siithele %a&%%ﬁaiﬁ®srmgg%oﬂ AR npOiaRkEN thdlapdySitfrdnh@out S
typically operated isothernal Iea\é) o060]pThe particul ar conditions at which

0 y [ o o
vessel 108 Fstooperat®@iCwpt fromeperd Gpbnatont 1 pakt Pk diogy abank§9° Galoctvgl
desi r abl yjoh&TBY §GmTabQAM1 5#C o B bl HBEC. STEERIBHLE By YA&E platOm éﬂk%ﬁi’ta‘ble@kbs‘éﬂ col um
104 by vessel 106 and the cat al%lgt‘ chosen to do so. For the exergl ary
enmbodi mert zogfe iwslylinghe figpdhed, 4 Budiatd banpraosiaione stHendornlaractoheCldbal yst
conpri se h-110 i t : ' el 106
may vt ey R B bl g iRt 1300,
or from abeated 0Gemellabainbati@UEC wr combmatadichere®0C t o about 60C, and
pressures of fromabout 14.5 psig to about 300 psig, or fromabout 14.5
PSig to ahoet 13Pson¥ eiBAMAROH: rdibted sRSIIbO b2PRYKed B PRikbha fidREdA second
distillation colum 108 is operatively di sPosec! relative to vessel 106 to
recei ve &olgmde ppviicrsabntantielbyeurostrcadead atkalleds atifl¢ dnalts stiqarg of gliveelictheresi r abl y
confi gur i e hSi-NQ: d.€ kyl
al cohol , q?rs %I{r?ﬁ Earggﬁftl%%.t%iﬁevf %/\gligi% 02( C%’ut 9 wlﬁe%ldg’n%ﬁcgl(?%%,a&la%{fﬁcrgiom about
2 W % t o ctispunayd@mmridé gbyteoiallePNMer s, or | ess than about 0.8 wt % al kyl
al cohol and from about 10 wt % to about 90 wt % al kyl ene oxi de, and from
about 10 % t O %:4gl: hS, . - %
aUkyl al (b QTERPSE ot S KRG pF SRS Pl oGt SRR sttt
f r om abowbndionatcdpabls dipoutucis® a wirdadfisgldtanginlhepus allinldneg exigrand wseream of
subst anti al | t I 2 QX a @l vepl. et hers
ther et r oo bEBY] Fiul PSPt sBHL GRTRet b0 oA M RnEL"C)
i |1 ustratwetigknbve in theemt | ©mg or more columns may be utilized that provide the desired total
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but these exanples are not intended to limt the invention in any manner.

One skilled in the art will recognize a variety of substitutions and

nodi f i catwonsiafotshe exanples that will fall wthin thepPstaseoiafoszibe

invention. [0063] Exanple 1. Conparative Propylene Oxide Purification

Process [0064] Propylene is converted to propyl ene oxide by reacting

propylene w th hydrogen peroxide in the presence of nethanol as a sol vent

and TS-1 gabal é/ﬁétaée's/ﬁla%stélﬁa BhA9R 1&AEH sQArARLRCERISIn Wbl SfRAMANLIsOBnSt eps to

remove the raw materials fromthe crude propyl’ene oxide product Stream

[ 0065] Af tcelmpapayrbgrsidigicat, whHealshpresidingdpase opgreanad eapiph senagef f | uent stream

the crude oxide stream (9.49 wt % propyl ene oxi de, 72.38 wt % net hanol, 17.60
Wt % wat ergo43; 4313 %lelﬁlgpmé &t HoBdss, MRk WYdiuBe Rerfeed il %6o8% Oy ligne

gI ycol , 01 wt 9 gr opylene, 0.03 wt % acet al dehyde, and 0 1 w%

f or mal delyeytinsoaliseleng exide i Aotdmgiepsefl aty mtrgfttatgem%tbod@ thathygly M-t He-80

theoreti %Q!rac‘ﬁb@&%uatngn RPIceDe AsihfRr mrﬁés!ér PuGiRIRb e SINY iBlvoRhRAY LERE P X! de

with less than 0.001 w % onet%ano a bottons mxture with [ess than

0. 005 wt %\epp@ﬁﬁ}ll err@escaxltd@ed Wt hateg b@ra@u@a@%f@@ fheedpsisadr pradycd fstrga® a0 | b/ hr

to the t I |,a p

referred%t hggk@ggo%%ﬁ ens C%&Rﬂﬁ%nseg 5? egd%kﬂﬁmkgggﬁlﬁ$%.5§%%5 ene

oxi de pr dltucsk of axtrdgeveadiktilkatiemd can lteravaldmefthwaprtdtand codrgbcokB asoctaed widp of t he

tower an bl u ically. referred

to as thce!hersé1 Slaf)e a0 é?%na?ede%uq%ith%Q%'h tptreﬁelft%mcfgss%ﬁov(?se ar a%égon?le%iwg fo 33.82

Megawat t cOkaftingma paheotthaqupstene axnde 4dl a AighbValue gltml leéllaopﬂoéuct [ B666Dr Exanpl e

2. [0067] Propyl ene .i.s conver | 0, propyl ene .oxj de ctin ropyl ene
7 thhy o BSRRY sER B R S BT el BB REeRAROFrth S 8% SRR Te S
T02) Wit ﬁ”i?“yt““’?}pi‘mﬁz‘“’“emﬁ' T e o et om the or ude.
or omy! endr b il Teie L anis TRUE sphRet oy dhr b 1ot Ok & ARt el t ed
propyl engesk rigan bhe dphdpyuantgipdol e@moptthyPagtO(DRNZ, Abentkidelyoxicdenst ream
(9.49 W % propyl ene oxide, 72.38 wt % nethanol, 17.60 wt% water, 0.43 w%

pr opy| endopelpgs il furthsrigamprisss gesatir drm Py errates pa 87 %. o e geatsr
propyl engran®odBoitv¥h g&eﬁeamebyde 1-RBHA- L prophisn tmmnqqm%}l sbs opRpar ated

in distillation colum 104 at 0.5 bar wit 0 theoreti cal stagesto obtain

a top mithanr3%o.codest han Al of s desy then d- Bk Pakethexy H-rrepanoliPds e PR aritult. and a
bottoms i X{ilRt Woldds hé %%d&aﬁé?eo%s@% u‘{!fol{soﬁla&&ﬂ)ﬁ{oeaﬂﬁro@égk A8 thWrbMucBor® Bflde

oxi de feed streamof 74 hf to the tenth stage fromthe top of
distill at@@ﬂf}’@@‘t@ﬁﬁe@MS“’@M@O%@lmtﬂaﬁlmn can be achieved with a reflux ratio
of 3.37 at the top of distillation colum 104 and 0.262 boilup ratio at the

bot t om ofjoghigt i Tﬁ@-i&k%e@obfémséo%ﬂl Thechey '-Ho?ﬂé)ﬁ% '}%hng Uy o 1chdr&yith

separation is - MNin the condenser and MNTn the reboiler.
[ 0069] Thély@r@gerrrp@rmée hydioperakide.i 4rlhydiogen el merl@nde(r Fandig@s| syffppeont to

compri si g Al B9 Wk 0 ng e RXUdRAOM L. Bid MIBLDEARL kS YRPed tO

react or cont al ni e neta - gand conpl ex catal yst I n reactor
vessel 106ctiothailhetshianola me@ct straaint ¢pmireingrfopy labewe foi deout § oorbautal 830: 1

hyl ' .- M 2
08" oEXA B9kl T e SO s oy BBLL S PORPELf P 2
99. 95% oflOtthebothSan@ghtimrcEMewatelaba@d upere thestbrabamghsoitbavexrtued ©o the opyl ene

glycol ethers. The her m en. n r opyl ene
ox de. i n PLLCeUF oY SOBAT i SRE AT uRRE SER Peb Gt RSk SRR BHED
mai nt ai n 0he abc&ﬁ@() iweiht perpant atkyr @cadibl &RAIGbout 10 to about 20 weight percent water.

In some embodiments, the product stream may even comprise from about 8 to about 10.5

weight percent alkylene oxide, about 65 to about 75 weight percent alkyl alcohol and about

10 to about 15 weight percent water.

[0047] Any alkylene may be reacted with the hydrogen peroxide, hydroperoxide, or

oxygen and hydrogen, and the same may be selected based upon the alkylene oxide desirably
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[ 0070] The reactor effluent streamfromreactor vessel 106, consisting of
71. 4 wt % propyl ene oxide, 28.03 w %-net hoxy-2-propanol (PM2) and 0.08 w %
2- met hoxywbpoopmoss (PM 1), is separated in distillatiorctalsaom/0i187 at 0.5
bar with 25 theoretical stages to obtain a top m xture conprising of

propyl ene oxide with less than 0.001 w % al cohol s conpri si ng of nethanol
and propyl ene glycol nethyl ethers, and a bottons m xture conpri sing
noNopr opYk&REed! SEMbic Hﬁ%%lféb{és 1%11'&% fo%&ﬁnﬂl@%ﬁay!eﬁ@%r@py%@ %ﬁy%ﬂér B&éjléﬁe oxi de.
Wth a féed stream of hr to the distillation colum 1

separ at i dexdens. el eqiphieasions tﬂoieteﬁf aln eqmq gmbegimentnfthqalkBong oxtifecqrepsises
distilla&ﬁ kﬁgFHHQ 108 and 2.811 boilup ratio at the bottom of

distillati colum 108. The resulting heat duty of the separation is -
4.03 MNVin the condenser and 3.58 MNVin the reboiler. g0071 As shown in
Tabl e 1, [0M8] t ofkd tereahydamperpxise” fofess ioncasrnonehal the fopebRQOH, whergmR

descr i bed, iy, CRTRRAAL b EndEb@MRLE cl.d,S SRR o RIRILNEG0: OB MMiiEeapi red
for the inventive process, even using ah 80 stagé distillation colum 104
( Exanpl e hgjroperamities spitelle Eorahosthe n@sentt n@cms@t inglndy; @yt draneingnied tpoterti on of
the refi t n at ol um
104) whertof I BaRERdeS bihirbi, HERREAHET (SR HhyhEbidar B

f eed mat dwil@beroditie resswllcthsxyln Thetﬂr@eﬂ_omhow trh@thyltméohﬂ&jlorlh}sdrmer%ide ener gy

savi ngs ar.e.,achie 0 oid r|t illation
col urm. 109 SEOLBHEE A bSO e A G S P B 2 e
to 56.53 hly'ﬂbbf)ﬁbmd@ amd Poracddraniohs ekacatiqdodd. 2Ylixtfr&0af2vo Exmkmal Iy d®peroxides

007 1y %L 2T SUhe o SuBERP KPR SRS LGRS PR v

cat al yst avuylelﬁe NTit @@t te@bodiBnts tha hy ozt R@gRidedadésirably protdd s wh biuesepar at i on
st eps to nove the raw materials fromthe crude $ Bg‘?/rl ene oxi ﬂ% .Eroduct
0

stream [ PATIAPETOKIIE SPHIUART oRUDY 2t 1WA BALIEHPHopyTTaHE PHOTHR 8% | uent

st ream f rcoRach€ah OF frfbﬁQabothtchfHéd@(D‘)ﬂ%iEbrﬂohﬁﬁdﬂl( 2 bbbk ORYr eRe OXi de,
72.38 wt % net hanol 17.60 W % wat er, wt % pr opyl ene glycol nethyl

et her, 0.2B8AP 3R Fosh wite b@ft%@@ﬂ thetm ‘wg% priBpsalEied; 0.03 wt %
acet al dehyde, and 0.01 wt % f or mal dehyde) is separated within distillation

col um 1Qdo48| OTke kastion $ththd Qletif@odRflbeadndShag@sn tperaxRfecahiidrapdr@ddToxt ur e
conpri sing of pr%pél ene oxi de w 'hh 10. 0 wt.% net hanol ,. and a bottons m xture
wi th | es©XY$S hoesssh BpIsthie A cRFut IWIFWY%EG‘&“FL%Q“%Q‘E Qerer@RYSSt r eam of

740, 000 Ipdthdle tRalyQe fei opblidsifondBackibMMntiige, ttﬂpa@fno@lnlﬁﬁﬂedi k@tA-Ohes @hann 104,
the separatjon can be achieved with a refl'ux ratio of 3.89 at the top of

di sti| | at/PEisulabZertites COMPHHAS Ot0RE. B AR atifieplis. (naddienn g iitagrum and

di sti |l atien gwhwmnalé}ﬂals g &@}symlt%ﬁt cllHkts OEucthhes S@garﬁﬁm@aml S
-27.43 MV in the condenser and he reboi | 075] The top

m xture ZHeMENS, Ipacobt, siskelngpllimy boma, M@Orlbst thohée@ ﬁgmprswﬁgelmem Wt %
propyl eng, Bfé%éj& tﬁ*ﬂﬁiun:l' 91219 2l ¥ H?etdh @Bpéxah@lep%m%g wWhre[HSAC HiRhiuMES ﬁﬁ'ltlali}p 6

cont ai ni ng t
or completely replaced by vanadium, zirconium, niobium, or mixtures of these may be used.

[0050] In some embodiments, the zeolite catalyst comprises at least one of titanium,
germanium, tellurium, vanadium, chromium, niobium, zirconium or combinations of these.
In some embodiments, zeolite catalysts having a pentasil zeolite structure. When the zeolite
catalyst comprises titanium such structures may include those assigned to structure types
1ITQ-4, ITQ-9, SSZ-24, TTM-1, UTD-1, CIT-1, CIT-5, ZSM-48, ZSM-12, MFI, MEL,
MWW, BEA, TS-1, TS-2, TS3 or mixed structures of any of these, may be used, as can

zeolites displaying a structure that is amorphous to zeolite beta.
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metal -1igand conplex catalyst. In reactor vessel 106, the nethanol reacts
with the propylene oxide to forma 330:1 nonopropyl ene glycol nethyl ether
m xt ure oVOoleratohsRy- 2- pr opanol (PM 2) and 2- met hoxy- 1- pcopsoali/ oW 1) . | n
the isothermal reactor, 99.95% of the nethanol in the reactor feed stream
is converted to propylene glycol ethers. The exotherm c reaction between

t he nmet hanol and propyl ene oxide in reactor vessel 106 requires cooling
duty of ods181 MY bRafi® itath HrédiSed 6RGHd RActANPEMAtddlifdofikfilfe wiPQHE] The
react or effl uent streamfromreactor vessel 106, consisting of 71.4 wt%
pr opy| endyéereperaadn Bydippeorids, ﬁbkydrzge@ra@wmen(lpmezaresam @ a0 tafsooif

2- et hOXBﬁeélﬁﬁ RANRint SN B intoS: &ﬁﬁﬂ{i&{&ﬁ% EJBrBd&le%%ﬂideﬂts{r% calb4ipy 108 at
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of the starting mixture, i.e., the particular alkyl alcohol and alkylene oxide in the mixture, as
well as the particular catalyst chosen. For exemplary mixtures comprising, e.g., methanol
and propylene oxide, the stream of glycol ethers may typically comprise greater than 50%, or

greater than 80% or even greater than 95% of monopropylene glycol methyl ethers (PM), and
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Exarnpl e Af)rocc:gss or th%%?'ods AT aﬁgflene oxide to reduce, or replace, any amount of extraction

solvent that may otherwise be added, and further, a provide a stream of glycol ethers, the

amount of which capable of being adjusted based upon the amount of alkyl alcohol allowed

to remain in the partially refined alkylene oxide product stream the manufacturing equipment

necessary to carry out the same is expected to be simplified as compared to the

manufacturing equipment utilized to carry out the aforementioned processes. Furthermore,

the process produces a substantially pure stream of alkylene oxide and a substantially pure

stream of glycol ethers. And so, in another aspect, a hybrid manufacturing assembly for the

production of an alkylene oxide and a stream of glycol ethers is provided.

[0056]  Such an assembly is shown in FIG. 1. More particularly, the assembly 100 of FIG.
1 comprises a reactor 102, first distillation column 104, vessel 106 and second distillation
column 108. More particularly, reactor 102 may comprise any reactor suitable to house the
reaction to produce an alkylene oxide, e.g., as from the reaction of an alkylene with hydrogen
peroxide in an alkyl alcohol solvent. For example, reactor 102 may be a fixed bed, a
fluidized bed, or a continuous stirred tank reactor (CSTR), or a batch, semi-batch, or
continuous reactor, or combinations thercof. Reactor 102 may be configured to operate
isothermally, adiabatically, or a combination thereof. In some embodiments, reactor 102

comprises a supported catalyst.

[0057] Reactor 102 is operatively disposed relative to first distillation column 104 so that
the product stream produced therein may be received by distillation column 104. Distillation
column 104 is further configured to receive a product stream comprising from about 5 to

about 15 weight percent alkylene oxide, about 50 to about 85 weight percent alkyl alcohol
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and about 10 to about 25 weight percent water, based upon the total weight of the product
stream, and to produce a refined stream therefrom comprising from about 50 to about 99
weight percent alkylene oxide, about 0.5 to about 50 weight percent alkyl alcohol and about 0
to about 5 weight percent water. In some embodiments, e.g., wherein the alkyl alcohol
comprises methanol and the alkylene oxide comprise propylene oxide, the refined stream
may comprise 65 to about 99 weight percent alkylene oxide, about 0.5 to about 35 weight

percent alkyl alcohol and about 0 to about 5 weight percent water.

[0058]  Advantageously, first distillation column 104 may comprise fewer than 80
theoretical stages, and may comprise, e.g., from about 15 to about 70 theoretical stages, or
from about 30 to about 60 theoretical stages. As is the case with reactor 102, the particular
conditions at which first distillation column 104 is desirably operated will depend upon the
composition of the product stream received thereby. In order to receive the product stream
and provide the refined stream defined above, and in that exemplary embodiment wherein the
alkyl alcohol comprises methanol and the alkylene oxide comprises propylene oxide, first
distillation column 104 will desirably be operated at a bottoms temperature of from about
40°C to about 70°C, or from about 46°C to about 64°C, or from about 52°C to about 62°C.
The distillation may be carried out at pressures of from about 300 mbar to about 1000 mbar,
or from about 400 mbar to about 800 mbar, or from about 500 mbar to about 700 mbar, as

measured at the top of the column.

[0059]  First distillation column 104 is operatively disposed to vessel 106, so that vessel
106 may receive a refined stream therefrom. Vessel 106 may comprise any vessel or reactor
suitable to house the alkanolysis reaction, and if desired, the chosen catalyst. As such, vessel
106 may be a fixed bed, a fluidized bed, or a continuous stirred tank reactor (CSTR), or a
batch, semi-batch, or continuous reactor, or combinations of these. Vessel 106 may be
configured to operate isothermally, adiabatically, or a combination thercof. In some
embodiments, vessel 106 comprises a fixed bed reactor, comprising a supported metal ligand

complex catalyst that is typically operated isothermally.

[0060] The particular conditions at which vessel 106 is operated will depend upon the
particular alkyl alcohol desirably removed from the refined stream received from distillation
column 104 by vessel 106 and the catalyst chosen to do so. For the exemplary embodiment
wherein the alkyl alcohol comprises methanol and the catalyst comprises a metal-ligand

complex according to Formula I, above, vessel 106 may typically be operated at temperatures
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of from about -10°C to about 130°C, or from about 10°C to about 100°C or from about 20°C
to about 60°C, and pressures of from about 14.5 psig to about 300 psig, or from about 14.5
psig to about 150, or from about 14.5 psig to about 75 psig.

[0061] A second distillation column 108 is operatively disposed relative to vessel 106 to
receive a reacted stream therefrom. Second distillation column is desirably configured to
receive a reacted stream comprising less than 1 wt% alkyl alcohol, from about 0.01 wt% to
about 98 wt% alkylene oxide, and from about 2 wt% to about 99 wt% glycol ethers, or less
than about 0.8 wt% alkyl alcohol and from about 10 wt% to about 90 wt% alkylene oxide,
and from about 10 wt% to about 90 wt% glycol ethers, or less than about 0.7 wt% alkyl
alcohol and from about 50 wt% to about 85 wt% alkylene oxide, and from about 15 wt% to
about 50 wt% glycol ethers, and to produce a substantially pure stream of alkylene oxide and

a stream of glycol ethers therefrom.

[0062] The following examples are set forth for the purpose of illustrating the invention;
but these examples are not intended to limit the invention in any manner. One skilled in the
art will recognize a variety of substitutions and modifications of the examples that will fall

within the scope of the invention.
[0063] Example 1. Comparative Propylene Oxide Purification Process

[0064] Propylene is converted to propylene oxide by reacting propylene with hydrogen
peroxide in the presence of methanol as a solvent and TS-1 catalyst (in a two stage reaction
process with separation steps to remove the raw materials from the crude propylene oxide

product stream.

[0065]  After separation of the unreacted propylene from the effluent stream, the crude
oxide stream (9.49 wt% propylene oxide, 72.38 wt% methanol, 17.60 wt% water, 0.43 wt%
propylene glycol methyl ether, 0.05 wt% propylene glycol, 0.01 wt% propylene, 0.03 wt%
acetaldehyde, and 0.01 wt% formaldehyde) is separated in a distillation stage at 0.5 bar with
80 theoretical stages to obtain a top mixture comprising of propylene oxide with less than
0.001 wt% methanol, and a bottoms mixture with less than 0.005 wt% propylene oxide. With
a crude oxide feed stream of 740,000 Ib/hr to the tenth stage from the top of the distillation
tower (typically referred to as the condenser), the separation of the purified propylene oxide

product can be achieved with a reflux ratio of 6.73 at the top of the tower and 0.34 boilup
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ratio at the bottom of the tower (typically referred to as the reboiler). The resulting heat duty
of the separation is -33.82 Megawatt (MW) in the condenser and 41.41 MW in the reboiler.

[0066] Example 2.

[0067]  Propylene is converted to propylene oxide by reacting propylene with hydrogen
peroxide in the presence of methanol as a solvent and TS-1 catalyst in a two stage reaction
process (e.g., conducted within reactor 102) with separation steps to remove the raw materials

from the crude propylene oxide product stream.

[0068]  After separation of the unreacted propylene from the effluent stream of reactor 102,
the crude oxide stream (9.49 wt% propylene oxide, 72.38 wt% methanol, 17.60 wt% water,
0.43 wt% propylene glycol methyl ether, 0.05 wt% propylene glycol, 0.01 wt% propylene,
0.03 wt% acetaldehyde, and 0.01 wt% formaldehyde) is separated in distillation column 104
at 0.5 bar with 80 theoretical stages to obtain a top mixture comprising of propylene oxide
with 10.0 wt% methanol, and a bottoms mixture with less than 0.005 wt% propylene oxide.
With a crude oxide feed stream of 740,000 Ib/hr to the tenth stage from the top of distillation
column 104, the separation can be achieved with a reflux ratio of 3.37 at the top of distillation
column 104 and 0.262 boilup ratio at the bottom of distillation column 104. The resulting
heat duty of the separation is -24.48 MW in the condenser and 32.05 MW in the reboiler.

[0069] The top mixture from distillation column 104 (74,448 Ib/hr) comprising of 89.5
wt% propylene oxide and 10.0 wt% methanol is pumped to reactor vessel 106 containing the
metal-ligand complex catalyst. In reactor vessel 106, the methanol reacts with the propylene
oxide to form a 330:1 monopropylene glycol methyl ether mixture of 1-methoxy-2-propanol
(PM-2) and 2-methoxy-1-propanol (PM-1). In the isothermal reactor vessel 106, 99.95% of
the methanol in the reactor feed stream is converted to propylene glycol ethers. The
exothermic reaction between the methanol and propylene oxide in the reactor vessel 106

requires cooling duty of -1.81 MW to maintain the reaction temperature of 60°C.

[0070] The reactor effluent stream from reactor vessel 106, consisting of 71.4 wt%
propylene oxide, 28.03 wt%]1-methoxy-2-propanol (PM-2) and 0.08 wt% 2-methoxy-1-
propanol (PM-1), is separated in distillation column 108 at 0.5 bar with 25 theoretical stages
to obtain a top mixture comprising of propylene oxide with less than 0.001 wt% alcohols
comprising of methanol and propylene glycol methyl ethers, and a bottoms mixture

comprising monopropylene glycol methyl ether with less than 0.005 wt% propylene oxide.
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described in Comparative Example 1 is greater than the 66.65 MW required for the inventive
process, even using an 80 stage distillation column 104 (Example 2). Table 1 also shows that
the most energy intensive portion of the refining process is the first separation step (at
distillation column 104) where the propylene oxide is concentrated from the mostly methanol
feed material. The results in Table 1 show that the majority of the energy savings are
achieved by lowering the propylene oxide purity in distillation column 104; 75.27 MW are
required for 0.001% methanol (Example 1) compared to 56.53 MW for 10 wt% methanol
(Example 2).

[0072] Example 3.

[0073]  Propylene is converted to propylene oxide by reacting propylene with hydrogen
peroxide in the presence of methanol as a solvent and TS-1 catalyst within reactor 102 in a
two stage reaction process with separation steps to remove the raw materials from the crude

propylene oxide product stream.

[0074]  After separation of the unreacted propylene in the effluent stream from reactor 102,
the crude oxide stream (9.49 wt% propylene oxide, 72.38 wt% methanol, 17.60 wt% water,
0.43 wt% propylene glycol methyl ether, 0.05 wt% propylene glycol, 0.01 wt% propylene,
0.03 wt% acetaldehyde, and 0.01 wt% formaldehyde) is separated within distillation column
104 at 0.5 bar with 40 theoretical stages to obtain a top mixture comprising of propylene
oxide with 10.0 wt% methanol, and a bottoms mixture with less than 0.005 wt% propylene
oxide. With a crude oxide feed stream of 740,000 Ib/hr to the sixth stage from the top of
distillation column 104, the separation can be achieved with a reflux ratio of 3.89 at the top of
distillation column 104 and 0.286 boilup ratio at the bottom of distillation column 104. The
resulting heat duty of the separation is -27.43 MW in the condenser and 35.00 MW in the

reboiler.

[0075] The top mixture from distillation column 104 (74,448 Ib/hr) comprising of 89.5
wt% propylene oxide and 10.0 wt% methanol is pumped to reactor vessel 106 containing the
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metal-ligand complex catalyst. In reactor vessel 106, the methanol reacts with the propylene
oxide to form a 330:1 monopropylene glycol methyl ether mixture of 1-methoxy-2-propanol
(PM-2) and 2-methoxy-1-propanol (PM-1). In the isothermal reactor, 99.95% of the methanol
in the reactor feed stream is converted to propylene glycol ethers. The exothermic reaction
between the methanol and propylene oxide in reactor vessel 106 requires cooling duty of -

1.81 MW to maintain the reaction temperature of 60°C.

[0076] The reactor effluent stream from reactor vessel 106, consisting of 71.4 wt%
propylene oxide, 28.03 wt%]l-methoxy-2-propanol (PM-2) and 0.08 wt% 2-methoxy-1-
propanol (PM-1) is separated within distillation column 108 at 0.5 bar with 25 theoretical
stages to obtain a top mixture comprising of propylene oxide with less than 0.001 wt%
alcohols comprising of methanol and propylene glycol methyl ethers, and a bottoms mixture
comprising monopropylene glycol methyl ether with less than 0.005 wt% propylene oxide.
With a feed stream of 78,448 Ib/hr to the distillation column 108, the separation can be
achieved with a reflux ratio of 0.15 at the top of distillation column 108 and 2.811 boilup
ratio at the bottom of distillation column 108. The resulting heat duty of the separation is -

4.03 MW in the condenser and 3.58 MW in the reboiler.

[0077]  As shown in Table 1, the total heat duty of the hybrid process with the smaller
distillation column (Example 3) is less than the conventional process (Example 1), but greater
than the hybrid process with the 80 stage column (Example 2). The lower number of
theoretical trays for distillation column 104 in Example 3 to achieve the desired separation

would significantly lower the relative capital cost for the process.
[0078] Example 4.

[0079]  Propylene is converted to propylene oxide by reacting propylene with hydrogen
peroxide in the presence of methanol as a solvent and TS-1 catalyst within reactor 102 in a
two stage reaction process with separation steps to remove the raw materials from the crude

propylene oxide product stream.

[0080]  After separation of the unreacted propylene in the effluent stream from reactor 102,
the crude oxide stream (9.49 wt% propylene oxide, 72.38 wt% methanol, 17.60 wt% water,
0.43 wt% propylene glycol methyl ether, 0.05 wt% propylene glycol, 0.01 wt% propylene,
0.03 wt% acetaldehyde, and 0.01 wt% formaldehyde) is separated within distillation column

104 at 0.5 bar with 40 theoretical stages to obtain a top mixture comprising of propylene
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oxide with 20.0 wt% methanol, and a bottoms mixture with less than 0.005 wt% propylene
oxide. With a crude oxide feed stream of 740,000 Ib/hr to the sixth stage from the top of
distillation column 104, the separation can be achieved with a reflux ratio of 2.75 at the top of
distillation column 104 and 0.282 boilup ratio at the bottom of distillation column 104. The
resulting heat duty of the separation is -26.47 MW in the condenser and 34.03 MW in the

reboiler.

[0081] The top mixture from distillation column 104 (88,300 Ib/hr) comprising of 79.5
wt% propylene oxide and 20.0 wt% is pumped to reactor vessel 106 containing the metal-
ligand complex catalyst. In reactor vessel 106, the methanol reacts with the propylene oxide
to form a 330:1 monopropylene glycol methyl ether mixture of 1-methoxy-2-propanol (PM-
2) and 2-methoxy-1-propanol (PM-1). In the isothermal reactor vessel 106, 99.95% of the
methanol in the reactor feed stream is converted to propylene glycol ethers. The exothermic
reaction between the methanol and propylene oxide in reactor vessel 106 requires cooling

duty of -5.16 MW to maintain the reaction temperature of 60°C.

[0082] The reactor effluent stream from reactor vessel 106, consisting of 43.3 wt%
propylene oxide, 56.1 wt%]I-methoxy-2-propanol (PM-2) and 0.16 wt% 2-methoxy-1-
propanol (PM-1) is separated within distillation column 108 at 0.5 bar with 25 theoretical
stages to obtain a top mixture comprising of propylene oxide with less than 0.001 wt%
alcohols comprising of methanol and propylene glycol methyl ethers, and a bottoms mixture
comprising monopropylene glycol methyl ether with less than 0.005 wt% propylene oxide.
With a feed stream of 88,300 Ib/hr to distillation column 108, the separation can be achieved
with a reflux ratio of 0.318 at the top of distillation column 108 and 0.920 boilup ratio at the
bottom of distillation column 108. The resulting heat duty of the separation is -3.16 MW in
the condenser and 3.26 MW in the reboiler.

[0083]  As shown in Table 1, the total heat duty of the hybrid process with the smaller
distillation column with higher methanol concentration (Example 4) is less than the
conventional process (Example 1). The total heat duty for the process with 20% methanol in
the top stream from distillation column 104 (Example 4) is slightly higher than with 10%
methanol (Example 3). The total heat duty for the distillation column 104 with 20%
methanol in the top stream (Example 4) is slightly lower than with the same system with 10%

methanol (Example 3). However, the higher amount of methanol in the top stream from
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the al kyl cgf.GRNel SEREL eNt 1M a repul tgyng feackgd Sfreafpto(resgytman 1 wt %
2. The process of clFaim 1, further conpriging 1ntrpducing flhe reacted
st r eam i h€oluan 104 Condenser Duty (MW) -33.82 -24.48 -27.43 -26.47

Column 104 Reboiler Duty (MW) 4141 32.05 35 34.03

Reactor 106 Cooling Duty (MW) -1.81 -1.81 -5.16

Column 108 Condenser Duty (MW) -4.03 -4.03 -3.16

Column 108 Reboiler Duty (MW) 3.58 3.58 3.26

Total Cooling Duty (MW) -33.82 -30.32 -33.27 -34.79

Total Heating Duty (MW) 41.41 35.63 38.58 37.29

Total Heat Transfer Duty (MW) 75.27 65.95 71.85 72.08

[0085]

The total production rate of purified propylene oxide material is lower with the

hybrid process due to the conversion of methanol and propylene oxide to propylene glycol

methyl ether in reactor vessel 106 between the two distillation columns (104 and 108) in the

hybrid process. As shown in Table 2, the propylene oxide production is 20% lower than the

conventional process with 10% methanol in the top stream from the distillation column 104

(Examples 2 and 3) and 45% lower with 20% methanol (Example 4). Due to the conversion

of propylene oxide to propylene glycol methyl ether in the hybrid process, the total heat duty

per unit of propylene oxide is higher with hybrid process.

However, the total heat duty per

unit of final product (propylene oxide and propylene glycol ether) is significantly lower with

the hybrid process compared to the conventional process (Example 1).
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second distillation colum to provide a substantially pure stream of
3. The process of claim1,

al kyl ene

oxi de and a stream of gl ycol

et hers.

wher ei n twe 2aidpbesse oxi de conpri ses et hyl ene oxi de,

but yl ene

oxi de, pentyl ene oxide,

hexyl ene oxi de,

4. The process of claim1l, wherein the al cohol

pr opanol ,
conbi nat i
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wi th the [oo7al @ngleicalyaderiaint RGEFes REtMEBRNedioMadvelbeen illustrated and described

herein, many modifications and changes will occur to those skilled in the art. It is, therefore,

to be understood that the appended claims are intended to cover all such modifications and

changes as fall within the

true S

23

pirit of

the

invention.

SH-e—gFotip,
wherein s is the nunber of A groups associ ated



6. The process of claimb5, wherein A conprises carboxylate, sulfonate,
hal i de, al koxi de, phenoxi de, hexafl uorophosphate, tetrafl uoroborate,
hexaf | uorwarvizmonsse or bis(trial kylsilyl)am de. 7. Thecpruse@3s®4nh7 cl ai m
5, wherein one or nore of Rl, R2, R3, R4, YlI, Y2, X1, X2, X3, X4, X5, X6,
X2, and X8 are capable of providing a conplenentary interaction with a
second nononer to forma conponent selected fromthe group consisting of
ol i gomer ,cipahyrer, and copol ymer. 8. The process of claim1, wherein the
acid conprises a netal triflate, nmetal tosylate, a tris-perfluoronated aryl
boron, p-toluenesul fgnic acid, phosphoric¢c acid, sulfuric acid, acidic ion
exchange lr esi A, PraessHf® manipHatiag theenqung el appliy alendipl inggmistyre €9@PTidrd i nas,
or silicapytixdonas o Mehieds Wik ercandisnt bHas  abbRUb0LE S RE B S SRRt SrdehE a,
gquartz saned, alum na or diatomceous earth, m xed oxides, netal salts,
heat trealcebol@hdpayhl 0 togbow GADCHEAY PHFE! VRS 6OMPIINE The process of claim 1,
wherein the base conprises netal hydroxides, netal carbonates, netal

oxi des, subst ifiliSEn® thel AgkRS intd hedistimkigRzeluas S PReubd Ut REn& stream
unsubstituted am nes, substituted or unsubstituted pyridines, netal

al koxi desompasng: fp@rbas A ghoyt §9ivwright parsent alylene Aade.210RwI 05 foothoakEhanged
zeol i t es,,dwdpQtak Qlﬂc%rﬁa?oohgﬂ'hrnﬁ%%dtb% atR@Ps RbichGerdSht ﬁéﬂ&?&l{dt ed on al um na,

| ant hanide Tmde, nitride on zeolite, or combinations thereof 10. A
process for the preparation of an al kyl ene oxi de and a stream of gl ycol

et hers conpri 8pifgng the refined ghreapy Wigy 2 gAtaly Sk GanEising; & metaligend eampkoXi de or
hydrogen ,gjada 8% 9% ekiNERbxi8O N tchABMaBMH bl 4y &IbECOMAQHUS RodBedhOdGE stream
conprising the desired al kyl ene oxi de; | nt roduci ng the product
stream i rifcehe] cantaitiin p EsHIGAS Ecattedriirend tp keotiier]l #t'ref i ned product stream
conprising fromabout 50 to about 99 wei ght percent al kyl ene oxi de, about
0.5 to about TR WeicaRtoP@4iGENT fu&h&y&on@ﬂrgﬁlgqhu@dwingbtﬁytreaQteacgn@é}ﬁqﬁto% wei ght
percent water; Reacting the refined product streamw th a catal yst
conpri si AEFORd iR GpAHEN EHAMER 2 Blstartially parepdsam rallylensmyidsaiidon of any
number ofy theseiQ phaduce a reacted stream conprising less than 1 w%

al kyl al cohol from about 0.01 to about 98 wei ght percent al kyl ene oxi de and

fromabout 2 to_about 99 weight percent glycol ethers; and )
3. The process of claim 1, wherein the alkylene oxide comprises ethylene oxide,

propylene oxide, butylene oxide, pentylene oxide, hexylene oxide, and combinations thereof.

4, The process of claim 1, wherein the alcohol comprises methanol, ethanol,

propanol, butanol, pentanol, hexanol, 2-ethylhexyl alcohol, and combinations thereof.

5. The process of claim 1, wherein the metal ligand complex comprises a monomer
defined by the formula:
R R
R2 { 3 R4
T v
X4 _N\ . N=— Xg
/1\
X3 O : O X7
(A)s
X X4 Xs  Xe

wherein Ry, Ry, R3, Ry, Y1, Y2, Xy, Xy, X3, X4, X5, X6, X7, and Xg comprise, independently of
one another, substituents selected from the group consisting of hydrogen, halogen, alkyl,
alkenyl, alkynyl, hydrocarbyl, hydroxyl, alkoxyl, amino, nitro, amide, phosphoryl,
phosphonate, phosphine, carbonyl, carboxyl, silyl, ether, thioether, sulfonyl, selenocther,

ketone, aldehyde, and ester;
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I ntroducing the reacted streaminto a second distillation colum to provide
a substantially pure stream of al kyl ene oxi de and a stream of gl ycol

et hers. Wo0.20Re9Bs0ocess of claim 10, wherein said al kylpemassoxilde210s

propyl ene oxide. 12. The process of claim 10, wherein the al cohol conprises
met hanol . 13. The process of claim 10, wherein the netal |igand conplex
conpri ses a nononer according to formula | RRIR3 R4 yi 21,..... R5. ,

2 =N, . NX@nBikih thvo'or ot & R, @A)RQ’@?'Y’I' 9, K, X{\)g( BB x;5 By, XYiand X2 7tog§iher X2 X3

X4, X5, X6, X7, and X8 conprise, independent one anot her, substltuents

sel ect ed fompaTing ecleptedufore &r@sgr@qn Gogsigingtnf GrC@tj?@ﬁYChﬁ ainggatha hateregyclicaingeny!| |

alkynyl,sgﬁqu& %hmnaﬁgﬁ@ﬁ%hm1ﬁ&gﬁﬁ% am no, nitro, am de, phosphoryl
osp oxyl

phosphonat e | ne, car ony car silyl, ether, thioether,
sul fonyl , selenoether ket one, al dehyde, and ester; or wherein two or nore
of R, R2vhemd Rygroutyjs selgoted sgom tho growp comprisingsa caqgon- serbondond ygmedylether for m

a ring selap! SekdVIGNHOR, S SR SRORIEH Lt ofd AufAFRgRYCl i ¢ Ting and a

heterocyclic¢ ring, said ring having Trom4 to 10 atons in the ring;

wherein M"" is a Group 2-15 metal capable of complexing with a ligand to affect catalysis,

wherein t is an integer between 2 and 4;

wherein group A is selected from the group consisting of neutral group, bound anionic
group, unbound anionic group, and combinations thereof, wherein s is the number of A

groups associated with the metal and is an integer between 0 and 2.

6. The process of claim 5, wherein A comprises carboxylate, sulfonate, halide,
alkoxide, phenoxide, hexafluorophosphate, tetrafluoroborate, hexafluoroantimonate or

bis(trialkylsilyl)amide.

7. The process of claim 5, wherein one or more of Ry, Ry, R3, Ry, Yy, Yo, Xy, X, X5,
X4, X5, Xg, X7, and Xg are capable of providing a complementary interaction with a second
monomer to form a component selected from the group consisting of oligomer, polymer, and

copolymer.

8. The process of claim 1, wherein the acid comprises a metal triflate, metal tosylate,
a tris-perfluoronated aryl boron, p-toluenesulfonic acid, phosphoric acid, sulfuric acid, acidic
ion exchange resin, acidic alumina, zeolites, acid modified silicas, aluminas, or silica-
aluminas, Metal oxides and sulfides, mounted acids on silica, quartz saned, alumina or

diatomaceous earth, mixed oxides, metal salts, heat treated charcoal, or combinations thereof.

9. The process of claim 1, wherein the base comprises metal hydroxides, metal
carbonates, metal oxides, substituted or unsubstituted imidazoles, substituted or unsubstituted
amines, substituted or unsubstituted pyridines, metal alkoxides, basic ion-exchange resins,
basic alumina, alkali ion-exchanged zeolites, hydrotalcites, chrysotile, sepiolite, KF

supported on alumina, lanthanide imide, nitride on zeolite, or combinations thereof.

10. A process for the preparation of an alkylene oxide and a stream of glycol ethers

comprising:
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wherein R5 group is selected fromthe group conprising a carbon-carbon
bond, a nethyl ene group, an ethylene group, an am ne, an oxygen atom and a
sul fur atwopRomeessn M+ is a Goup 2-15 netal capabl e eCTasephexiing with a
ligand to affect catalysis, whereint is an integer between 2 and 4;
wherein group Ais selected fromthe group consisting of neutral group,
bound ani oni ¢ group, unbound ani oni c group, and conbi nati ons t hereof,
wherein s is k@g‘cuﬁgmealk%n& vafhomg)@mgéls990%@%%}&?0%heaﬂaewgeanﬂldbls an

i nteger between O : he” process of claim 13, wherein Mis cobalt.
15. The et S@ﬁt‘w@matp mOﬂBCG aiedust sireameemprisiagthe desiied atkblspe exidss ul f onat e
and s = 1. 16. The process of claim 13, wherein said netal |igand conplex
i's supported @frodud® the roduét%treéﬁhﬁmpa AR EBioR Lol i plbduccthelifidprddier aci d
conprises alum numtriflate. rocess of claim 13, wherien the base
conpr i sestredbsemprfiedren aﬁﬁ%&ﬁ&s@ qbewe%’p Prighiapsteat alkylgne prde. e dss tof ¢l ai m
13, wher b Gt Alredil Rl ABnGORREOREE | LRSS UTNIAERK S, or sodi um
hydr oxi de manuf acturlng assenbly for the production of an al kyl ene
oxi de and one or nore ycol et hers conpri sing A reactor

appropri ate f8fadiBasthhdge eﬁe@{@f‘%rﬁtrﬁ@npw%@céat%lﬁstaqq@gﬂﬂéwg Dyga-lisrsuct
Strea”‘CQHBbk§'BQa&&Qﬁb%@0&I émkﬁnﬁQEQH%%§1%@&£P5fﬁﬁ&ﬁ%ﬁ&o&kK¥Jﬁ&ﬁmpx'de
about 50 to about 85 weight percent alk al cohol and about 10 to about 25
wei ght  peéfessheompitseg; less than 1 wio alkgk 4l¢ghg] ﬁr@n ap@It Q9 to plequs P8 welght riregpbsed

rel ative { e EA: eof, conprising

f ewer thgﬁgg%pﬁﬁggégP?%% Q%%?g%%%g% hgﬂ%{gggggﬁgk§l ﬁ%o ucing a refined
stream conprising fromabout 50 to about 99 wei ght percent al kyl ene oxi de,
about 0.5 to abblodwingaicgisactere pEant inge I@yffec%i}dcéﬁ%lllatlaﬁcfohmmo oivsleabout 5

vei ght p%ﬁ&%ﬁal‘f%&é stream of alkylene oxide and a stream of glycol ethers.

11. The process of claim 10, wherein said alkylene oxide is propylene oxide.
12. The process of claim 10, wherein the alcohol comprises methanol.
13. The process of claim 10, wherein the metal ligand complex comprises a monomer

according to formula I

R, R1 R Ra R4
Y, \\’ s Y
X, =N, N= Xg
1
X3 O/i\o X7
(A)s
Xo X% Xs  Xg

wherein Ry, Ry, R3, Ry, Y1, Y2, Xy, Xy, Xs, X4, X5, Xe, X7, and Xg comprise, independently of
one another, substituents selected from the group consisting of hydrogen, halogen, alkyl,
alkenyl, alkynyl, hydrocarbyl, hydroxyl, alkoxyl, amino, nitro, amide, phosphoryl,
phosphonate, phosphine, carbonyl, carboxyl, silyl, ether, thioether, sulfonyl, selenocther,
ketone, aldehyde, and ester;

or wherein two or more of Ry, Ry, Rz, Ry, Y1, Y2, X1, X, X3, X4, Xs, X6, X7, and Xg together
form a ring selected from the group consisting of a carbocyclic ring and a heterocyclic ring,

said ring having from 4 to 10 atoms in the ring;
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A vessel operatively disposed relative to the distillation colum to
receive the refined streamtherefromand housing a catal yst capabl e of
react i ng wotznizdoeissef i ned streamto produce a reacted sPCEASRCOOPIINGI NQ
reacted stream conprising less than 1 wt % al kyl al cohol, fromabout 0.01 to
about 98 wei ght percent al kyl ene oxide and from about 2 to about 99 wei ght
percent glycol ethers; and A second distillation columm operatively
di sposed yild@t RY 8rohf ist Jéﬁac%é@%ﬁ%ﬁl thb groﬁls%sﬁlyﬁslﬁgﬂ@ca{rsap&a%n%@%aﬁ yRpoduce a

substantially pure stream of ene oxl de and a stream of gl ycol ethers.
group, an ethylene group, an amlne an oxygen atom, and a sulfur atom;

wherein M"" is a Group 2-15 metal capable of complexing with a ligand to affect catalysis,

wherein t is an integer between 2 and 4;

wherein group A is selected from the group consisting of neutral group, bound anionic group,
unbound anionic group, and combinations thereof, wherein s is the number of A groups

associated with the metal and is an integer between 0 and 2.

14. The process of claim 13, wherein M is cobalt.

15. The process of claim 13, wherein A comprises 3-nitrobenzenesulfonate and s = 1.
16. The process of claim 13, wherein said metal ligand complex is supported on a
matrix.

17. The process of claim 13, wherein the acid comprises aluminum triflate.

18. The process of claim 13, wherien the base comprises substituted or unsubstituted
imidazole.

19. The process of claim 13, wherein the metal alkoxide comprises potassium

hydroxide or sodium hydroxide.

20. A manufacturing assembly for the production of an alkylene oxide and one or more

glycol ethers comprising:

A reactor appropriate for housing a reaction to produce an alkylene oxide product
stream comprising from about 5 to about 15 weight percent alkylene oxide, about 50 to about

85 weight percent alkyl alcohol and about 10 to about 25 weight percent water;

A distillation column operatively disposed relative to the reactor to receive the
product stream thereof, comprising fewer than 80 theoretical stages and appropriate for
producing a refined stream comprising from about 50 to about 99 weight percent alkylene
oxide, about 0.5 to about 50 weight percent alkyl alcohol and about 0 to about 5 weight

percent water;;
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A vessel operatively disposed relative to the distillation column to receive the refined
stream therefrom and housing a catalyst capable of reacting with the refined stream to
produce a reacted stream comprising reacted stream comprising less than 1 wt% alkyl
alcohol, from about 0.01 to about 98 weight percent alkylene oxide and from about 2 to about

99 weight percent glycol ethers; and

A second distillation column operatively disposed relative to the vessel to receive the
reacted stream to produce a substantially pure stream of alkylene oxide and a stream of glycol

ethers.
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